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ABSTRACT 

 

The gastrointestinal (GI) tract plays a key role in gut and systemic health, 

affecting distant and key organs through its functional relationship with the 

systemic blood supply. As such, disruption of GI motility can have a broad 

range of consequences in the GI system itself and beyond. Decreased GI 

motility reduces the movement of materials, with stagnating masses 

triggering local chronic inflammatory responses that may affect both the 

structural and functional integrity of the surrounding tissue. In addition, low 

GI motility is known to affect the efficiency of absorption of nutrients and 

therapeutic drugs. 

An important cause of low GI motility, and one of the easiest to correct, is 

physical inactivity. Indeed, some studies have shown that adding a routine 

of aerobic exercise can help to resolve constipation symptoms. Research to 

determine the underlying mechanisms of the relationship between exercise 

and constipation has demonstrated possible roles for increasing peristaltic 

movement and shortening of the CTT. Moreover, several epidemiologic 

studies have shown that decreased physical activity level correlates with 

increased prevalence of constipation. 

For the measurement of colorectal motor function, the methods with a radio-

opaque marker have been frequently performed. That is, if a radio-opaque 

marker is left in the right colon for long time after it was administered, a 

diagnosis of colonic inertia (slow transit-constipation) can be made. Besides, 
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if it is left in the sigmoid colon and the rectum at a higher amount, a 

presumptive diagnosis of the abnormal defecation can be made. It has also 

been widely used to make a differentiation between the subtypes based on 

the pathology by measuring a CTT of a radio-opaque marker. Because the 

methods based on the measurement of a CTT is advantageous in that it can 

be easily performed, can be repeated and is cost-effective. As described here, 

the importance of PA in the prevention of colorectal cancer has been well 

documented. To date, however, a very insufficient number of studies have 

examined the effects of the amount or intensity of PA on a CTT. The CTT 

measured with the use of a radio-opaque marker. The experiment was 

performed to identify the difference in the CTT depending on the amount or 

intensity of PA. Thus, attempts were made to provide the appropriate 

amount and level of PA for the healthy function of colon. 

As a measure of gastric motility, CTT has been shown to be correlated 

with physical activity level, with more sedentary individuals showing longer 

CTT than their physically active counterparts.  

The study revealed that increased physical activity level through a long-

term exercise program (12 weeks) was beneficial in reducing colonic transit 

time, in addition to eating habits, water intake, and fiber intake.  

Keyword: gastrointestinal, physical activity, exercise, colon transit time, 

radio-opaque marker, constipation 

Student Number: 2011-30462 
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INTRODUCTION 
 

 

A. SYNOPSIS 
 

Physical activity and Colon transit time 

According to studies which have recently been performed in western 

countries where the incidence of colorectal cancer is relatively higher, risks 

of developing colorectal cancer are decreased in the group where the 

amount of workload is relatively greater. In addition to the working time, 

the amount of physical activity (PA) during the leisure time also lowers risk 

of developing colorectal cancer. Inhibition of the occurrence of colorectal 

cancer by the PA is based on the following mechanisms: (1) the peristalsis of 

intestines is activated by the PA and this eventually shortens the colon 

transit time (CTT). Then, due to a shortened time during which the 

carcinogens within the colon have a contact with the intestinal mucosa, the 

carcinogenesis is suppressed. Otherwise, due to the increased synthesis of 

prostaglandin within the body, the peristalsis of intestines is promoted or 

increased (2) regarding the correlation between the PA and the pathogenesis 

of colorectal cancer, risks of developing colorectal cancer were decreased, 

do PA for more than four hours a week, including a walking or a riding a 

bicycle, as compared with those who maintain daily lives in a sitting 

position. These studies also reported that high-impact PA rather than light 

PA was effective in reducing the occurrence of colorectal cancer. In addition, 

case-control studies and cohort ones have also reported that the insufficient 



 

２ 

 

amount of PA raises the incidence of colorectal cancer. For the measurement 

of colorectal motor function, the methods with a radio-opaque marker have 

been frequently performed. That is, if a radio-opaque marker is left in the 

right colon for long time after it was administered, a diagnosis of colonic 

inertia (slow transit-constipation) can be made. Besides, if it is left in the 

sigmoid colon and the rectum at a higher amount, a presumptive diagnosis 

of the abnormal defecation can be made. It has also been widely used to 

make a differentiation between the subtypes based on the pathology by 

measuring a CTT of a radio-opaque marker. Because the methods based on 

the measurement of a CTT is advantageous in that it can be easily 

performed, can be repeated and is cost-effective. As described here, the 

importance of PA in the prevention of colorectal cancer has been well 

documented. To date, however, a very insufficient number of studies have 

examined the effects of the amount or intensity of PA on a CTT. The CTT 

measured with the use of a radio-opaque marker. The experiment was 

performed to identify the difference in the CTT depending on the amount or 

intensity of PA. Thus, attempts were made to provide the appropriate 

amount and level of PA for the healthy function of colon. 
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B. OVERVIEW AND SIGNIFICANCE 
 

Constipation has been recognized as a risk factor of colorectal cancer in 

many countries. In particular, 2%~28% of the American population suffer 

extensively from constipation (Locke et al., 2000; Song et al., 2012). 

Leading symptoms of constipation are excessive contraction of the anal 

sphincter, hard feces, sensation of incomplete evacuation, anal atresia, 

obstructed defecation, and a decrease in defecation (Metcalf et al., 1987).  

Although patients with functional constipation complain of several 

symptoms, they have been classified as a disease group with various 

pathophysiologic states such as slow transit constipation (STC) and pelvic 

floor dyssynergia, according to symptoms with no specific mechanical 

causes and based on physiological tests in the large intestine, colon, and anal. 

The American Gastroenterological Association medical position statement 

classifies the types of constipation based on ‘slow colonic transit’ and 

‘pelvic floor dysfunction’ (Locke et al., 2000).  

One of the most common signs of low gastrointestinal (GI) motility is 

constipation, which may cause discomfort and pain associated with 

increased gas, abdominal bloating and physical difficulties in passing stools. 

While the disorder-disease association is still under debate, chronic 

constipation itself remains a widespread problem. In particular, it has been 

estimated that up to 28% of the general population in the United States 

suffers from constipation (Locke et al., 2000), and it has been demonstrated 
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that the Western lifestyle (low activity, low fiber diet) is related to 

constipation in populations of East Asian countries as well (Song et al., 

2012).  

An underlying disorder in colonic motility can be determined by 

measurement of colonic transit time (CTT), by which material passing 

through the colon is tracked by real-time imaging of ingested radio-opaque 

markers (Jung et al., 2003; Metcalf et al., 1987; Song et al., 2012; Xu et al., 

2011). The technical ease (relatively non-invasive nature), low cost and high 

rates of reproducibility of this technique have promoted its use as a 

screening and treatment monitoring method in various patient populations, 

including those classified as difficult-to-treat (e.g. children and the mentally 

ill) (Jung et al., 2003; Metcalf et al., 1987; Prokesch et al., 1999). CTT 

measurement using a radiopaque marker is a commonly used technique in 

determining slow colonic transit time (Jung et al., 2003; Metcalf et al., 

1987; Song et al., 2012; Xu et al., 2011). Slower radiopaque marker 

(Kolomark
TM

, MJ Tech, Pyeongtaik Korea) transits can be assumed to be 

low and abnormal bowel movement (colonic inertia and slow transit-

constipation) (Prokesch et al., 1999). Moreover, the radiopaque marker 

technique is widely used to discriminate constipation subtypes according to 

pathophysiology in the CTT test (Metcalf et al., 1987).  

Some studies have verified that exercise improves constipation 

symptoms (De Schryver et al., 2005). According to these previous studies, 
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exercise has facilitated peristaltic movement and shortened colonic transit 

time (Ducrotte et al., 1986; Meshkinpour et al., 1998; Xu et al., 2011). 

According to several epidemiologic studies, insufficient physical activity 

level increases the prevalence of constipation (Everhart et al., 1989). 

However, the relationship between exercise and constipation remains 

controversial among many studies.  

Long-term care patients involved in limited daily physical activity and are 

more likely to contract physical and mental diseases (Shariati et al., 2010). 

Constipation occurs commonly because of lowered food digestion and 

absorption due to weakened physiological functions. Since mentally ill 

patients admitted to a hospital ward for a long period of time are involved in 

limited physical activity, basic physical fitness is considerably weakened, 

leading to a risk of various different diseases (Aoi et al., 2010). According to 

studies on the relation between physical activity level and colonic transit 

time of normal individuals, colonic transit time was shortened significantly 

as the physical activity level increased (Cho et al., 2013; Song et al., 2012). 

Moreover, walking, running, cycling, and other activities significantly 

reduced colonic transit time (Chaussade et al., 1990; Hinds et al., 1989; 

Metcalf et al., 1987).  

An important cause of low GI motility, and one of the easiest to correct, 

is physical inactivity. Indeed, some studies have shown that adding a routine 

of exercise can help to resolve constipation symptoms (De Schryver et al., 
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2005). Research to determine the underlying mechanisms of the relationship 

between exercise and constipation has demonstrated possible roles for 

increasing peristaltic movement and shortening of the CTT (Ducrotte et al., 

1986; Meshkinpour et al., 1998; Xu et al., 2011). 

As a measure of gastric motility, CTT has been shown to be correlated 

with physical activity level, with more sedentary individuals showing longer 

CTT than their physically active counterparts (Cho et al., 2013; Song et al., 

2012). Moreover, partaking in the active practices of walking, running, 

cycling and other aerobic activities has been shown to significantly shorten 

CTT in healthy individuals (Chaussade et al., 1990; Hinds et al., 1989; 

Metcalf et al., 1987).  

 
The previous studies that have investigated the effects of increasing 

physical activity by participation in an exercise program and changes in 

CTT have largely involved healthy subjects practicing a normal lifestyle. 

However, no studies reported in the publicly available literature to date have 

reported on the effects of exercise on colonic function in mentally ill 

patients residing in a closed hospital ward. The current study was designed 

to evaluate the effects of a long-term (12-week) exercise program on CTT to 

determine the potential benefits to gastric motility, as well as on the weight-, 

fitness and cardiovascular-related parameters. 
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C. STATEMENT OF PURPOSE 
 

 The purpose of this investigation was to examine the effects of physical 

activities and exercise on colon transit time to test the hypotheses that 

general people, inpatients and female college according to PA and exercise 

improves GI motility. 

 

1. We examined the colon transit time (CTT) according to the physical 

activity level (PAL) in adults. 

2. We examined the colon transit time (CTT) according to the total 

energy expenditure (TEE) in psychiatry unit patients. 

3. We examined the effect of aerobic exercise on colon transit time 

(CTT) in mentally ill patients admitted to a closed ward. 

4. we examined the effect of a combined exercise program on colon 

transit time (CTT) with mental illnesses patients who were admitted 

to a closed ward.  
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D. HYPOTHESES 
 

 

To better understand the effects of PA and exercise on GI motility, we 

have tested the following hypotheses. 

 

1. The colon transit time (CTT) would depends on physical activity 

level (PAL) in adults. 

2. The colon transit time (CTT) would depends on total energy 

expenditure (TEE) in psychiatry unit patients. 

3. The colon transit time (CTT) would decrease after 12 weeks of   

aerobic exercise on in mentally ill patients admitted to a closed 

ward. 

4. The colon transit time (CTT) would decrease after 12 weeks of   

combined exercise on in mentally ill patients admitted to a 

closed ward. 
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CHAPTER I 

 

 

 

Colon transit time according to physical activity level in 

adults 
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1.1 ABSTRACT 
 

AIM 

Physical activity (PA) is associated with a reduced risk of colorectal cancer. 

Thus, we examined the colon transit time (CTT) according to the physical 

activity level (PAL) in Korean adults. 

 

METHOD 

The study subjects were 49 adults: 24 males and 25 females. The subjects 

used an accelerometer for 7 consecutive days to measure the 1-week PAL. 

The subjects took a capsule containing 20 radio-opaque markers for 3 days. 

On the fourth day, a supine abdominal radiography was performed. 

According to the total activity count of all study subjects, the upper 25%, 

middle 50% and lower 25% were classified into the high (H), moderate (M) 

and low (L) physical activity (PA) groups, respectively. 

 

RESULTS 

The total CTT was significantly longer in the female (25.8 hours) than in the 

male subjects (7.4 hours) (P = 0.002). In regard to difference on PAL, 

although there was no significant difference among the male subjects, the 

right CTT in the female subjects was significantly shorter in H group than in 

M group (P = 0.048), and the recto-sigmoid CTT was significantly shorter 

in H group than in L group (P = 0.023). Furthermore, there were significant 
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differences in total CTT between L and M groups (P = 0.022), M and H 

groups (P = 0.026) and between L and H groups (P = 0.002). 

 

CONCLUSION 

The female, but not male, subjects showed that moderate and high PAL 

assisted colon transit. 

 

Key Words 

Accelerometer; Adult; Colon transit time; Physical activity; Radio-opaque 

marker 
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1.2 INTRODUCTION 

According to studies which have recently been performed in Western 

countries where the incidence of colorectal cancer is relatively higher, the 

risk of developing colorectal cancer is decreased with increasing workload 

and level of physical activity (PA) during leisure time. Colorectal cancer is 

the third most prevalent cancer worldwide with an incidence of 9.8% and a 

mortality of 8.0% (Ferlay et al., 2015). The recognized risk factors include 

westernized eating habits, obesity, drinking alcohol, insufficient PA level 

(PAL) and genetic factors (White et al., 1996). The inhibition of colorectal 

cancer by PA is based on the following 2 mechanisms. Peristalsis of the 

intestines is activated by PA and this eventually shortens the colon transit 

time (CTT). This reduces the time during which the carcinogens within the 

colon are in contact with the intestinal mucosa, thereby suppressing any 

carcinogenesis. Otherwise, peristalsis of the intestines is promoted or 

increased by the increased synthesis of prostaglandin within the body 

(Bartram & Wynder, 1989). Hormones involved in the synthesis of bile acid, 

cholesterol converted into the bile acid in the liver, and substances involved 

in tumor growth, such as interleukin-1, are affected by physical exercise 

(Chow et al., 1993; Demers et al., 1981; Zhang et al., 2006). According to 

White et al, (White et al., 1996) regarding the correlation between PA and 

the pathogenesis of colorectal cancer, the risks of developing colorectal 

cancer were decreased in women aged 45 years or older who did physical 
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activities for more than 4 hours a week, including walking or riding a 

bicycle, as compared with those who maintain daily lives in a sitting 

position. They also reported that high-impact PA was more effective than 

light PA in reducing the occurrence of colorectal cancer. In addition, case-

control studies and cohort ones have also reported that insufficient PA 

raised the incidence of colorectal cancer (Colbert et al., 2001; Demers et al., 

1981; Zhang et al., 2006). The importance of PA in the prevention of 

colorectal cancer has thus been well documented. To date, however, few 

studies have examined the effects of level or intensity of PA on CTT. 

Radio-opaque markers have frequently been used to measure colorectal 

motor function (Metcalf et al., 1987; Prokesch et al., 1999). Accordingly, in 

the current study, CTT was measured by using a radio-opaque marker to 

identify the dependence of CTT on the level or intensity of PA. The study 

results were used to determine the appropriate PAL for the healthy colonic 

function. 

 

1.3 METHOD 
 

Participants 

The study subjects were 49 adults including 24 males and 25 females and 

the mean age was 37.4 years with a range of 20-59 years who voluntarily 

gave written informed consent. The study was approved by the Institutional 

Review Board of Seoul National University (IRB No. 2010/1006). Of all 
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potential subjects, those with a possible restriction in normal PA, 

cardiovascular or orthopedic diseases which might affect CTT, woman in 

the menstrual period, inability to take drugs due to functional stomach 

diseases, a prescription course of anti-constipation drugs and diabetes 

mellitus or hypertension were excluded from the current analysis (Jung et al.,  

2003). 

 

Measurement of Physical Characteristics  

Bioelectrical impedance analysis (Inbody, Biospace, Seoul, Korea) was 

used in the measurement of height, weight and body mass index (BMI). 

Blood pressure was measured using a sphygmomanometer (SPRIT CK-101, 

Sankei, Japan) in the prone position after a 5-minute rest. Attempts were 

made to rule out any extrinsic factors that might affect the blood pressure, 

such as temperature, degree of PA, smoking and diet (Jung et al., 2003). 

 

Measurement of Physical Activity Level 

PAL was measured over a 1-week period using an accelerometer 

(Accelerometer, Mini mitter, Chicago, USA). For accurate PA measurement, 

the study subjects were advised to perform their daily physical activities 

freely. The accelerometer was attached to the iliac crest using a belt. Prior to 

the measurement, the age, sex, height and weight were entered. The total 

energy expenditure, activity energy expenditure, and time of activity 
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depending on the PA intensity and frequency were individually measured 

according to the time. The results were automatically stored. Using the 

recorded data, the energy expenditure was calculated based on Mifflin’s 

formula to calculate the basal metabolic rate. To differentiate the PA 

intensity according to the total activity count of all study subjects, the upper 

25%, middle 50% and lower 25% were classified into the high (H), 

moderate (M) and low (L) PA groups, respectively. 

 

Measurement of Colon Transit Time 

CTT was measured using a multiple marker technique with a radio-opaque 

marker. The subjects took one capsule containing 20 radio-opaque markers 

at the same time every day for 3 days (KolomarkTM, MI Tech, Pyeongtaik, 

Korea). On the fourth day following the first administration, a supine 

abdominal radiography was performed. Mean CTT (hour) was calculated by 

counting the number of radio-opaque markers that were left in the total 

colon and the segment of the colon and then multiplying it by 1.2 (Jung et 

al., 2003). 

 

Statistical Methods 

The study data, expressed as mean ± standard deviation, were analyzed 

using SPSS PC+ for Windows version 18.0 (SPSS Inc., Chicago, IL, USA). 

To analyze the difference in CTT according to PAL between the 3 groups, 
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one-way ANOVA was performed. LSD post-hoc analysis was performed on 

the variables showing a statistically significant difference. A value of P 

＜ .05 was considered statistically significant. 

 

1.4 RESULTS 
 

Physical Characteristics 

The physical characteristics of the study subjects are shown in Table 1. The 

mean age was 39.7 and 35.3 years in the male and female subjects, 

respectively. The variables associated with physical characteristics, such as 

the height, weight, BMI and blood pressures, were significantly higher in 

the male subjects than in the female subjects (P ＜ 0.001). 

 

Level and Intensity of Physical Activity 

The level and intensity of PA in the male and female subjects are shown in 

Table 2. The values of total energy expenditure (P ＜ 0.001), total activity 

count (P = 0.003), energy expenditure of light intensity activity (P = 0.007) 

and energy expenditure of moderate intensity activity (P ＜ 0.001) were 

significantly higher in the male subjects than in the female subjects. 

 

Colon Transit Time According to Physical Activity Level 

The mean total CTT (TCTT) was 16.8 hours, 25.8 hours in the female 

subjects and 7.4 hours in the male subjects. This gender difference was 
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statistically significant (P = 0.002). Although there was no significant 

difference among the L, M and H groups in the male subjects, TCTT in H 

group of female subjects was significantly shorter than in L and M group. 

And also, TCTT in M group was shorter than in L group (Table 3). 

The results for segmental CTT according to PAL are shown in Table 3. 

Following a comparison of the segmental CTT between the male and female 

subjects, right CTT (RCTT) (P = 0.023) and recto-sigmoid CTT (RSCTT) 

(P = 0.004) were more prolonged in the female subjects than in the male 

subjects. In regard to the difference depending on PAL in the female 

subjects, RCTT in H group was significantly shorter than that in M group (P 

= 0.048). In addition, RSCTT in H group was significantly shorter than in L 

group (P = 0.023). 

 

1.5 DISCUSSTION 
 

The mean TCTT of 16.8 hours, 7.4 hours in the male subjects and 25.8 

hours in the female subjects, was shorter than the 35 hours reported for 

Caucasian people by Martelli et al (Martelli et al., 1978) and the 33.4 hours 

reported by Chaussade et al. (Chaussade et al., 1986) In addition, these 

study results are also shorter than the 21 hours for male subjects and 28 

hours for female subjects reported for Asian people by Chan et al. (Chan et 

al., 2004; Jung et al., 2003) This significant difference for the mean CTT of 

the male subjects compared to previously reported literature values could 
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not be explained, although possible reasons include differences in 

occupational characteristics, eating habits, living patterns and genetic factors. 

The previously reported factors affecting CTT include age, sex, BMI, 

dietary fiber, water intake and living habits (Metcalf et al., 1987). However, 

controversy continues as to the effects of these variables on CTT. In a 

literature review on the factors affecting CTT, CTT was relatively shorter in 

male subjects (Degen & Phillips, 1996; Metcalf et al., 1987). According to 2 

other studies, however, this gender difference was not statistically 

significant (Hinds et al., 1989; Wald et al., 1981). In our results, TCTT, 

RCTT and RSCTT were significantly shorter in the male subjects than in 

the female subjects. These results were analogous to reports that left CTT 

based on the segment was significantly shorter in male subjects than in 

female subjects (Metcalf et al., 1987) and that RCTT was significantly 

longer in female subjects (Danquechin Dorval et al., 1994; Rao et al., 2004; 

Rao et al., 2001). In women, the prevalence of constipation is relatively 

higher. In association with this, although it is presumed that CTT might be 

prolonged during the luteal phase where the concentration of progesterone is 

elevated based on the menstrual cycle, some other studies have reported an 

absence of any correlation between the menstrual cycle and CTT (Degen & 

Phillips, 1996; Lawson et al., 1985). 

Controversy also continues as to the effect of PAL on CTT. According to 

several reports, PA or exercise had no effect on CTT (Danquechin Dorval et 
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al., 1994; Metcalf et al., 1987; Rao et al., 2004; Rao et al., 2001; Robertson 

et al., 1993). In addition, significant differences have been reported for the 

effects of living and eating habits in patients with chronic constipation, 

although exercise caused no significant difference in CTT (Metcalf et al., 

1987; Robertson et al., 1993). Some studies have reported that PAL affected 

the body constituents and eating habits, and hence CTT (Irwin, 2009; 

Papathanasopoulos & Camilleri, 2010; Robertson et al., 1993). In the 

current study, there was a significant difference among the 3 subgroups of 

the female subjects. Furthermore, RCTT differed significantly between M 

and H groups. This might be not only because most of the studies chose 

PAL as a control variable but also because few quantitative studies have 

examined PAL. The current study was limited by the small sample size, 

which prevents any generalization of the study results, so further studies 

should be conducted with more variables and subjects. 

Most of the health benefits attributed to increased PA have been reported 

to improve the physical fitness associated with health (Irwin, 2009). Thus, 

chronic diseases such as hypertension, obesity and osteoporosis can be 

prevented or treated. In addition, the effects of PA on colorectal cancer, 

gastrointestinal symptoms and constipation have also been reported (Irwin, 

2009; Stephenson et al., 2009). Physical inactivity is an independent factor 

that is associated with the pathogenesis of type 2 diabetes mellitus, which 

can increase the incidence of type 2 diabetes mellitus in normal weight 
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people and obese people (Calle-Pascual et al., 1993; Mathieu et al., 2008). It 

has been reported that regular PA changes the distribution of body fat while 

also decreasing the body weight, and it can thereby contribute to the 

prevention of adult diseases (Papathanasopoulos & Camilleri, 2010). Living 

and eating habits, which account for a major part of the maintenance of 

health, along with exercise, not only activate physical development but also 

resolve the defecation symptoms by ensuring a correct diet with balanced 

nutrients (Papathanasopoulos & Camilleri, 2010; Stephenson et al., 2009). 

The previous studies showed that women had lower amount of PA than 

man and tend to be sedentary. Women with lesser experience on PA showed 

more positive effect through the PA. This study also considered that 

sedentary women showed a positive tendency of the CTT through the 

intensive PA and men also needed to have more amount of intensive activity 

for CTT. 

The current study was conducted to examine the effects of PAL on CTT. 

Of the powerful variables associated with CTT, however, those associated 

with food intake (ie, dietary fibers and water) were not included in the 

current study. This was a limitation of the current study.  

Based on these results, mean CTT was 16.8 hours in 49 adults. The 

female, but not male, subjects showed significant relations between PAL 

and CTT. Finally, the female subjects showed a tendency, for moderate and 

high PAL to help colon transit. 
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Table 1. Physical Characteristics of the Participants 

 
Male (n = 24) Female (n = 25) Total (n = 49) P value 

Age (yr) 39.7 ± 10.1 35.3 ± 5.6 37.4 ± 8.3 0.068 

Height (cm) 171.4 ± 6.1 159.8 ± 5.7 165.5 ± 8.3 <0.001 

Weight (kg) 73.6 ± 11.6 56.3 ± 6.4  65.5 ± 12.6 <0.001 

BMI (kg/m
2
) 24.0 ± 2.3  21.9 ± 2.2 23.0 ± 2.4 0.004 

SBP (mmHg) 117.8 ± 7.8 106.4 ± 9.5  111.3 ± 10.4 <0.001 

DBP (mmHg) 77.9 ± 8.8 65.6 ± 8.2  71.6 ± 10.5 <0.001 

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure;  

Values are Mean ± SD. P values are the difference between the male and female groups.  
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Table 2. Physical Activity Level and Intensity in Male and Female Subjects  

 

Male  Female  

L M H Total  L M H Total  

TEE (kcal) 452.4 ±85.7 697.4 ± 142.8 767.6 ±128.0 653.7 ± 172.8
a
  247.9 ± 63.1 357.8 ± 93.5 536.0 ±143.6 381.3 ± 147.3  

TAC (count) 155,774 ± 16,907 242,869 ± 33,888 345,714 ± 38,175 246,807 ± 75,167b  103,736 ± 14,872 164,817 ± 18,033 262,125 ± 93,899 177,404 ± 76,998  

EEL (kcal) 126.5 ±30.4 159.4 ± 44.0 137.8 ± 33.7 145.8 ± 39.8
c
  97.8 ± 36.4 105.5 ± 36.4 136.3 ± 56.3 112.3 ± 43.8  

EEM (kcal) 314.7 ± 51.4 517.7 ± 121.8 583.1 ± 143.3 483.3 ± 150.9
d
  165.9 ± 31.2 270.4 ± 58.7 372.4 ± 107.3 273.9 ± 102.0  

EEV (kcal)  11.1 ± 10.3 20.2 ± 31.1 46.6 ± 60.0 24.5 ± 38.1  0.8 ± 1.0 6.8 ± 18.5 27.2 ± 57.4 11.1 ± 33.0  

L, low physical activity group; M, moderate physical activity group; H, high physical activity group; TEE, total energy 

expenditure; TAC, total activity count; EEL, energy expenditure of light intense activity; EEM, energy expenditure of moderate 

intense activity; EEV, energy expenditure of vigorous intense activity.  

Values are Mean ± SD. Difference between the male and female groups at TEE (
a
P < 0.001), TAC (

b
P = 0.003), EEL (

c
P = 0.007), 

EEM (
d
P < 0.001).   
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Table 3. Segmental Colon Transit Time According to Physical Activity Level 

 

Male  Female  

L M H Total  L M H Total  

RCTT (hour) 4.0 ± 6.5 4.2 ± 6.7 1.4 ± 1.4 3.4 ± 5.7
a
  10.4 ± 10.6 14.5 ± 15.2

e
 2.4 ± 4.4 10.1 ± 12.7  

LCTT (hour) 0.8 ± 0.9 1.0 ± 2.7 1.0 ± 0.9 0.9 ± 2.0  3.2 ± 5.8 0.7 ± 1.4 0.6 ± 1.8 1.3 ± 3.1  

RSCTT (hour) 4.4 ± 9.0 5.2 ± 7.8 2.8 ± 3.2 4.4 ± 7.1
b
  21.8 ± 14.4 15.3 ± 13.8 3.8 ± 7.0

g
 14.0 ± 13.8  

TCTT (hour) 9.2 ± 11.2 7.6 ± 10.8 5.2 ± 4.0 7.4 ± 9.3
c
  35.4 ± 27.9

d
 30.5 ± 22.1

f
 2.8 ± 3.4

h
 25.8 ± 24.1 

L, low physical activity group; M, moderate physical activity group; H, high physical activity group; RCTT, right colon transit 

time; LCTT, left colon transit time; RSCTT, recto-sigmoid colon transit time; TCTT, total colon transit time.  

Values are Mean ± SD. Difference between the male and female groups at RCTT (
a
P = 0.023), RSCTT (

b
P = 0.004) and TCTT (

c
P 

= 0.002); Difference between the L and M at TCTT (
d
P = 0.022) in female subjects; Difference between the M and H at RCTT (

e
P 

= 0.048) and TCTT (
f
P = 0.026) in female subjects; Difference between the L and H at RSCTT (

g
P = 0.023) and TCTT (

h
P = 

0.002) in female subjects. 
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CHAPTER II 

 

 

 

Comparison of Segmental Colon Transit Time With Total 

Energy Expenditure in Psychiatry Unit Patients 
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2.1 ABSTRACT 
 

AIM 

Physical activity (PA) is associated with a reduced risk of colorectal cancer. 

we examined the colon transit time (CTT) according to the total energy 

expenditure (TEE) in psychiatry unit patients. 

 

METHOD 

The study participants included 67 adults, with a mean age of 49.8 years. 

The participants used an accelerometer for 7 days to measure their 1-week 

TEE. They took a capsule containing 20 radio-opaque markers for 3 days. 

On the 4th day and 7th day, a supine abdominal radiography was performed. 

According to the TEE of all study participants, the upper 30%, middle 30%, 

and lower 40% were classified into groups according to high (H), moderate 

(M), and low (L) physical activity. 

 

RESULTS 

 The mean total CTT was 52.0 hours. The segmental CTT for the right, left, 

and recto-sigmoid colon were 15.3 hours, 19.2 hours, and 17.4 hours. Total 

CTT in the H group was significantly shorter than that in the L group ( p 

= .010). A comparison of the segmental CTT between the L, M, and H 

groups showed that the right CTT ( p = .010) of the H group was 

significantly shorter than that of the M group. The left CTT of the M group 
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( p = .028) and H group ( p = .004) was significantly shorter than that of the 

L group. The recto-sigmoid CTT ( p = .016) of the M group was 

significantly shorter than that of the L group.  

 

CONCLUSION 

The study showed that moderate and high TEE was assisted with reduced 

CTT. 

 

Key words: Physical activity; Colonic transit time; Accelerometer; Radio-

opaque marker; Total energy expenditure  
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2.2 INTRODUCTION 

Colorectal cancer is the third most common cancer in humans, accounting 

for nearly 9.8% of all cancers with a mortality rate of 8.0%, according to 

recent studies performed in western countries (Jemal et al., 2011; Pham et 

al., 2012). The risk factors of colorectal cancer include eating habits, obesity, 

constipation, the lack of physical activity, and genetic factors (Pham et al., 

2012; Power et al., 2013; Speed-Andrews et al., 2014). Physical activity 

(PA) has been reported to significantly increase the survival rate of patients 

with colorectal cancer (Barton, 2013; Pham et al., 2012; Spence et al., 2009).  

An increase in physical activity level (PAL) with regular PA is profoundly 

correlated with relieving constipation, which is the potential etiological 

mechanism of colorectal cancer (Power et al., 2013; Shemerovskii, 2005). 

The outcome is attributable to reduced colonic transit time (CTT) shortened 

by increased PA, ultimately leading to reduced risk factors of colorectal 

cancer (Barton, 2013; Cho et al., 2013; Kim, 2012; Metcalf et al., 1987; 

Pham et al., 2012; Power et al., 2013; Robertson et al., 1993; Song et al.,  

2012; Speed-Andrews et al., 2014; Spence et al., 2009). 

The PAL of long-term care patients hospitalized due to chronic diseases 

decreases drastically compared with normal individuals (Metsios et al., 

2011). Moreover, mentally-ill patients hospitalized in a closed ward rarely 

maintain physical activities on a regular basis due to insufficient 

opportunities of PA. In addition, the physical and social functioning of such 
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patients is reduced due to the side effects of psycho-stimulant medication 

(Nyboe & Lund, 2013). 

Mentally-ill patients hospitalized in a closed ward for a long period of 

time are exposed to the risk factors of various chronic diseases and cancers 

due to the reduction of physical and social functioning. Therefore, 

sustaining and increasing PAL plays crucial roles in treating mental 

disorders and preventing cancers in patients with mental illnesses (Alvarez-

Jimenez et al., 2008; Richardson et al., 2005). 

A previous study performed to measure the PAL and CTT of normal 

individuals reported that increased PA levels result in significant shortening 

of CTT (Cho et al., 2013; Song et al., 2012). Other previous studies reported 

that CCT is more significantly shortened as PA levels increase in the case of 

individuals with a sedentary lifestyle, and that walking, running, cycling, 

and other exercises reduce CTT (Annells & Koch, 2003; Dukas et al., 2003). 

Furthermore, individuals who have regularly carried out PA for several years 

exhibited significantly shortened CTT even during the period without PA 

(Bartram & Wynder, 1989; Meshkinpour et al., 1998).  

A large number of studies conducted on normal individuals indicate the 

importance of PA in colonic function. However, no previous studies have 

investigated and compared colonic function according to the PA levels of 

mentally-ill patients who have relatively more risk factors than normal 

individuals.  
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Therefore, the purpose of this study is to assess the PA levels of mentally-

ill patients who have been hospitalized long-term in a closed ward and have 

relatively higher risk of chronic diseases and cancers. The study also 

examines how CTT affects colorectal cancer.  

Colonic transit time (CTT) measurement using a radiopaque marker is 

widely utilized as a method to determine slow CTT (Jung et al., 2003; 

Metcalf et al., 1987; Song et al., 2012; Xu et al., 2011). When the 

radiopaque marker (Kolomark
TM

, MJ Tech, Pyeongtaik Korea) is ingested 

and remains for a longer period in the right intestine, colonic inertia or slow 

transit-constipation can be diagnosed. When many markers remain in the 

colon and rectum, pelvic floor dysfunction can also be diagnosed (Prokesch 

et al., 1999). CTT measurement using radiopaque markers is also widely 

utilized as a method to differentiate constipation subtypes based on 

pathological physiology (Metcalf et al., 1987). Although it is difficult to 

differentiate constipation subtypes if there are two pathological physiology 

types, CTT measurement using a radiopaque marker is effective in 

determining chronic constipation since it is easy to perform, repeatable, and 

inexpensive (Jung et al., 2003; Metcalf et al., 1987). 

2.3 METHOD 

Participants 

Patients were recruited from the Somang Hospital Psychiatry Unit from 

March 1, 2012 to June 1, 2012. The study subjects included 67 adults with a 
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mean age of 49.8 years and an age range of 26-79 years. All subjects 

voluntarily gave written informed consent for us to use their data. Of all 

potential subjects, those with a possible restriction in normal PA, those with 

cardiovascular or orthopedic diseases which might affect CTT, those with 

an inability to discontinue drugs due to functional stomach diseases, those 

who were on a prescription course of anti-constipation drugs, and those with 

diabetes mellitus or hypertension were excluded from the current analysis 

(Jung et al., 2003; Song et al., 2012). 

 

Measurement of physical characteristics 

Bioelectrical impedance analysis (Inbody, Biospase, Korea) was used in the 

measurement of height, weight, and body mass index (BMI). Blood pressure 

was measured using a sphygmomanometer (SPRIT CK-101, Sankei, Japan) 

in the prone position after a 5-min rest. Attempts were made to rule out any 

extrinsic factors that might affect blood pressure, such as temperature, 

degree of PA, smoking, and diet (Jung et al., 2003; Song et al., 2012). 

 

Measurement of physical activity level 

TEE was measured over a one-week period using an Actigraph GT3X 

accelerometer (Actigraph, Pensacola, Florida, USA). For accurate PA 

measurement, the subjects were advised to freely perform their daily 

physical activities. The accelerometers were worn on an elastic belt 
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positioned over the wrist. Prior to the measurement, the subjects’ age, sex, 

height, and weight were entered. The total energy expenditure (TEE), step 

count, energy expenditure of sedentary intense activity (EES), energy 

expenditure of light intense activity (EEL), energy expenditure of moderate 

intense activity (EEM), energy expenditure of vigorous intense activity 

(EEV), and time of activity depending on the PA intensity and frequency 

were individually measured according to time (Sasaki et al., 2011). The 

results were automatically stored. Accelerometers were programmed to 

record data at 1 minute intervals over 7 consecutive days (McGuire & Ross, 

2011; Sasaki et al., 2011). Using the recorded data, the energy expenditure 

was calculated based on Mifflin’s formula to calculate the basal metabolic 

rate. To differentiate the PA amount according to the total energy 

expenditure (TEE) of all study subjects, the upper 30%, middle 30%, and 

lower 40% were classified into the high (H group), moderate (M group), and 

low (L group) PA groups, respectively. 

 

Measurement of colonic transit time  

CTT was measured using a multiple marker technique with a radio-opaque 

marker. The subjects were administered one gelatin capsule containing 20 

radio-opaque markers at the same time every day for three days 

(Kolomark
TM

, MI Tech, Pyeongtaik, Korea). At the same time on days 4 

and 7, a supine abdominal radiography was performed. Mean CTT (hour) 
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was calculated by counting the number of radio-opaque markers that were 

left in the total colon and the segment of the colon and then multiplying this 

by 1.2 (Chaussade et al., 1990; Metcalf et al., 1987; Prokesch et al., 1999; 

Song et al., 2012; Xu et al., 2011). 

 

Ethics 

This work was carried out in accordance with the Declaration of Helsinki 

(2000) of the World Medical Association. The study was awarded full 

approval from the Institutional Review Board of Seoul National University 

(IRB No: 1203/001-002). All patients provided informed written consent. 

 

Statistical analysis  

The study data, expressed as mean  standard deviation, were analyzed 

using SPSS PC+ for Windows version 18.0 (SPSS Inc, Chicago, IL, USA). 

To analyze the comparison of segmental CTT with TEE between the three 

groups, one-way ANOVA was performed. LSD post-hoc analysis was 

performed on the variables showing a statistically significant difference. A 

value of P < .05 was considered statistically significant.  

 

2.4 RESULTS 

Physical characteristics 

The subjects’ physical characteristics such as age, height, body weight, BMI, 
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and blood pressure etc., are indicated in Table 1. The average age, height, 

body weight, and BMI of the subjects were 49.8 years old, 166.1 cm, 68.5 

kg, and 24.7, respectively, while the average maximum and minimum blood 

pressure were 129.6 and 83.5, respectively. 

 

Level and intensity of physical activity 

The PA level and intensity and the differences among the three groups 

classified according to total energy expenditure (TEE) are shown in Table 2. 

First, the average energy expenditure of the subjects was 794.9 kcal. From 

the analysis, the average energy consumption for the L-group, M-group, and 

H-group was 478.5, 824.1, and 1242.6, respectively, and the differences 

were statistically significant (P<.000). Second, the average distance the 

subjects walked was 10466.8. The average distance walked by each group 

was 7551.3, 11149.6, and 14090.3 for the L-group, M-group, and H-group, 

respectively, and the differences were also statistically significant (P<.000). 

Third, the average EES for the subjects was 84.3%. The average energy 

consumption of the L-group, M-group, and H-group was 89.9%, 84.0%, and 

77.0%, respectively, and there were statistically significant differences 

(P<.000). Fourth, the average EEL of the subjects was 8.2%. The average 

EEL of the L-group, M-group, and H-group was 6.3%, 8.2%, and 11.0%, 

respectively, and even if the differences were statistically insignificant, 

significant differences were observed within 6.7% of a margin of error. Fifth, 
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the EEM of the subjects was 6.8% on average. The average EEM of each 

group was 3.6%, 7.1%, and 10.8% for the L-group, M-group, and H-group, 

respectively, and the differences were statistically significant (P<.000). 

Lastly, the average EEV for the subjects was 0.4%. The average EEV for 

the L-group, M-group, and H-group was 0.1%, 0.4%, and 0.9%, 

respectively, and there were statistically significant differences (P<.003).  

 

Colonic transit time according to physical activity level 

The total colonic transit time (TCTT) and partial colonic transit time (RCTT, 

LCTT, RSCTT) of the three groups and the differences among the three 

groups are presented in Table 3. First, the average TCTT of the subjects was 

52.0 hours. Analysis of the average TCTT of each group showed 65.1 hours, 

46.8 hours, and 37.2 hours for the L-group, M-group, and H-group, 

respectively, and there were statistically significant differences between the 

L-group and H-group (P = 0.010). Second, the average RCTT of the 

subjects was 15.3 hours. The average RCTT of the L-group, M-group, and 

H-group was 14.9 hours, 20.3 hours, and 9.3 hours, respectively; RCTT in 

the H-group was significantly shorter than that in the L-group and M-group 

(P = 0.010). Third, the average LCTT of the subjects was 19.2 hours. The 

average LCTT of the L-group, M-group, and H-group was 27.9 hours, 15.5 

hours, and 9.8 hours, respectively, and statistically significant differences 

were observed between the L-group and M-group and between the L-group 
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and H-group (P = 0.004). Lastly, the average RSCTT of the subjects was 

17.9 hours. The average RSCTT of each group was 22.2 hours, 10.9 hours, 

and 17.9 hours for the L-group, M-group, and H-group, respectively, and a 

statistically significant difference occurred between the L-group and M-

group (P = 0.016). 

 

2.5 DISCUSSION 

The results in the study showed that the average TCTT in the subjects was 

52.0 hours, representing relatively faster results (< 70 hours) compared to 

the results in the study performed by Martelli et al. (1978) (Martelli et al., 

1978) with a Western population and compared to the result of 67 hours in 

the study performed by Chaussade et al. (1986) (Chaussade et al., 1986). In 

studies performed in Asia, Y-K Chan et al. (2004) (Chan et al., 2004) 

obtained 21 hours for TCTT of males, indicating relatively faster TCTT 

than that of the results in the present study (Jung et al., 2003; Meir et al., 

1992). It has been reported that the factors affecting CTT include age, 

gender, BMI, fiber intake, water intake, and lifestyle etc. (Meir et al., 1992; 

Metcalf et al., 1987), but this is still controversial.  

Many controversies persist regarding the differences in CTT depending on 

the amount of PA. Several researchers showed that PA or exercise did not 

make a difference in CTT (Metcalf et al., 1987). Indeed, it has been reported 

that while lifestyle and diet habits showed significant differences in CTT for 
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patients with chronic constipation, no differences were shown for exercise 

(Metcalf et al., 1987; Robertson et al., 1993). According to recent studies 

however, variable PA levels induced differences in body composition and 

diet habits so that CTT would also differ (Irwin, 2009; Stephenson et al.,  

2009). In addition, other studies determined that females showed significant 

differences in CTT depending on the levels of PA; however, the 

controversies remain unresolved (Kim, 2012; Robertson et al., 1993; Song 

et al., 2012). 

In the present study, TCTT was compared by classifying PA levels into 

three groups including the H-group (Top 30%), M-group (Middle 30%), and 

L-group (Lower 40%) based on total energy expenditure (TEE). The results 

show that there was no significant difference between the L-group and M-

group, whereas there were significant differences between the L-group and 

H-group. These results are in agreement with the results in other studies as 

follows. An increase in physical activities will have positive effects on the 

prevention of adult diseases by providing changes in body fat composition 

along with body weight reduction
 
and physical activity induces appropriate 

and balanced food intake in terms of lifestyle and diet habits, thereby 

facilitating defecation as well as physical development (Papathanasopoulos 

& Camilleri, 2010; Stephenson et al., 2009). 

Furthermore, the results of the present study show that RCTT in the H-

group was significantly shorter than that in the L-group and M-group, and 
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that LCTT in the M-group and H-group was significantly shorter than that 

in the L-group. These results were similar to the study carried out by 

Prokesch et al. (1999) (Prokesch et al., 1999) in that CTT in the group with 

high physical activities was shortened due to the increase of bowl movement. 

In the case of RCTT, no statistically significant differences were observed 

between the L-group and M-group and the results agreed with the studies 

performed by Meir, R. et al. (1992) (Meir et al., 1992) and Hinds, J. P. et al. 

(1989) (Hinds et al., 1989) that demonstrate that PA and exercise did not 

significantly affect CTT and that various diet habits and diet styles affected 

the differences.  

On the other hand, the present study concluded that there were statistically 

significant differences in RSCTT between the L-group and M-group but not 

between the M-group and H-group. These were shorter compared to those of 

the results in the studies performed by Chaussade et al. (1986) (Chaussade 

et al., 1986), Hinds, J. P. et al. (1989) (Hinds et al., 1989),
 
and Meir, R. et al. 

(1992) (Meir et al., 1992), but longer than those of the results from the study 

performed by Chan, Y. K. et al. (2004) (Chan et al., 2004) in Asia. RSCTT 

differs according to fiber and water intake and further studies regarding the 

differences based on amount of PA or exercise need to be performed in the 

near future (Chan et al., 2004; Chaussade et al., 1990; Hinds et al., 1989; 

Metcalf et al., 1987).  

The objective of this study was to investigate CTT based on TEE amount. 
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Among the variables affecting CTT, however, food intake such as fiber and 

water intake was not included in the study. While this might be a limitation 

of the study, the study does provide an important implication regarding the 

relationship between physical activities and constipation. Thus, as the 

present study investigated the relationship of PA level and CTT without 

considering the food intake, this limitation should be considered when 

analyzing the results. 

Given the results of the study, the average CTT of 67 males was 52.0 hours 

and TCTT, RCTT, and LCTT were significantly shortened as TEE 

increased. 
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Table 1. Physical characteristics of the Participants 

 
Mean 

Standard 

deviation 
Range 

Age(yrs) 49.8 10.5 26-79 

Height(cm) 166.1 6.5 149.0-177.7 

Weight(kg) 68.5 12.2 45.5-101.1 

BMI(kg/m
2
) 24.7 3.7 17.7-35.3 

SBP(mmHg) 129.6 15.5 101-174 

DBP(mmHg) 83.5 9.0 66-106 

Note. Values are Mean ± SD.  

BMI = body mass index; DBP = diastolic blood pressure; SBP = systolic blood pressure. 
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Table 2. Physical Activity Level of Participants  

 

Group  

L (n = 28) M (n = 22) H (n = 17) Total (n = 67) p 

TEE (kcal) 478.5 ± 164.4 824.1 ± 121.8 1242.6 ± 370.5 794.9 ± 383.3 <0.000 

Step count (count) 7551.3 ± 2748.4 11149.6 ± 4408.9 14090.3 ± 3466.0 10466.8 ± 4411.1 <0.000 

EES (%) 89.8 ± 4.2 84.0 ± 5.6 77.0 ± 6.5 84.3 ± 7.4 <0.000 

EEL (%) 6.3 ± 3.6 8.2 ± 6.3 11.0 ± 7.4 8.2 ± 6.0 0.067 

EEM (%) 3.6 ± 2.0 7.1 ± 1.6 10.8 ± 4.3 6.8 ± 4.0 <0.000 

EEV (%)  0.1 ± 0.1 0.4 ± 0.3 0.9 ± 1.2 0.4 ± 0.7 0.003 

Note. Values are Mean ± SD. L = low physical activity group; M = moderate physical activity group; H = high physical activity 

group; TEE = total energy expenditure; EES = energy expenditure of sedentary intense activity; EEL = energy expenditure of light 

intense activity; EEM = energy expenditure of moderate intense activity; EEV = energy expenditure of vigorous intense activity.  
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Table 3. Segmental Colon Transit Time According to Total Energy Expenditure (TEE) 

 

TEE  

L (n = 28) M (n = 22) H (n = 17) Total (n = 67)  

RCTT (hour) 14.9 ± 12.2 20.3 ± 15.5 9.3 ± 9.3
 a
 15.3 ± 13.3  

LCTT (hour) 27.9 ± 26.9 15.5 ± 10.1
b
 9.8 ± 11.9

c
 19.2 ± 20.6  

RSCTT (hour) 22.2 ± 16.6 10.9 ± 11.1
d
 17.9 ± 20.0 17.4 ± 16.5  

TCTT (hour) 65.1 ± 39.8 46.8 ± 25.8 37.2 ± 34.4
e
 52.0 ± 35.9  

Note. Values are Mean ± SD. L = low total energy expenditure group; M = moderate total energy expenditure group; H = high total 

energy expenditure group; RCTT = right colon transit time; LCTT = left colon transit time; RSCTT = recto-sigmoid colon transit 

time; TCTT = total colon transit time. 

a
Difference between the M and H at RCTT (P = 0.010). 

b
Difference between the L and M at LCTT (P = 0.028). 

c
Difference between the L and H at LCTT (P = 0.004). 

d
Difference between the L and M at RSCTT (P = 0.016) 

e
Difference between the L and H at TCTT (P = 0.010). 
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CHAPTER III 
 

 

 

Aerobic exercise improves gastrointestinal motility in  

Psychiatric Inpatients 
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3.1 ABSTRACT 
 

AIM 

To evaluate the benefit of aerobic exercise on colonic transit time (CTT) 

for psychiatric inpatients in a closed ward.  

 

METHOD 

Sixty consecutive adult inpatients of the Somang Hospital Psychiatry Unit 

(Eumsung-gun, South Korea), without CTT-related diseases or drug 

therapies, were recruited for study from March to June of 2012. Upon 

enrollment, the patients were randomly assigned to partake in a 12-week 

instructor-led group aerobic exercise program (exercise group; n = 30) or to 

maintain their ordinary daily activities (control group; n = 30). The exercise 

program was structured as 10 min warm-up (stretching), 40 min exercise, 

and 10 min cool-down (stretching) for three days each week. The exercise 

sessions consisted of walking only in week one and aerobics from weeks 

two to 12, with increasing intensity (50% heart rate reserve (HRR) for 

weeks one to four, 60% HRR for weeks five to eight, and 70% HRR for 

weeks nine to 12). CTT was measured before (baseline) and after (week 12) 

the exercise program, in duplicate (on days four and seven), using 

abdominal radiography and the multiple radio-opaque marker technique. 

Changes in the exercising patients’ CTT and weight-, cardiovascular- and 

fitness-related parameters were statistically assessed.  
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RESULTS 

The study dropout rate was 30.0%, with 23 patients in the exercise group 

and 19 patients in the control group completing the study. At week 12, the 

exercise group showed decreases in body weight ((mean ± standard error of 

the mean) baseline: 69.4 ± 2.8 vs. study-end: 67.6 ± 2.7; p < 0.635) and 

body mass index (BMI) (25.2 ± 1.1 vs. 24.9 ± 0.8; p < 0.810), but the extent 

of change was not significantly different from that experienced by the 

control group (body weight: 68.8 ± 4.0 vs. 68.8 ± 3.9; BMI: 24.3 ± 1.1 vs. 

24.4 ± 1.2). However, the exercise group showed significant improvements 

in leg muscle strength (baseline: 41.7 ± 4.3 vs. study-end: 64.1 ± 5.0; p < 

0.001), cardio-respiratory endurance (120.5 ± 4.5 vs. 105.4 ± 2.8; p < 0.004), 

and leg muscle elasticity and power output (21.5 ± 2.6 vs. 30.6 ± 2.8; p < 

0.001). The exercise group showed an exercise-induced reduction in total 

CTT (baseline: 54.2 ± 8.0 vs. 30.3 ± 6.1), which was significantly different 

from that experienced by the control group over the 12-week period (48.6 ± 

9.3 vs. 48.3 ± 12.3; p = 0.027); however, the exercise-induced decreases in 

CTT involving the three colonic segments examined (right, left and recto-

sigmoid) showed no significant differences from the control group.  

 

CONCLUSION 

 A 12-week aerobic exercise program can benefit psychiatric inpatients by 

increasing intestinal motility, possibly decreasing risk of metabolic- and 
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cardiovascular-related disease.  

 

Key words: Intestinal motility; Colonic transit time; Aerobic exercise; 

Radio-opaque marker; Psychiatry unit; Inpatient 
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3.2 INTRODUCTION 

The gastrointestinal (GI) tract plays a key role in gut and systemic health, 

affecting distant and key organs through its functional relationship with the 

systemic blood supply. As such, disruption of GI motility can have a broad 

range of consequences in the GI system itself and beyond. Decreased GI 

motility reduces the movement of materials, with stagnating masses 

triggering local chronic inflammatory responses that may affect both the 

structural and functional integrity of the surrounding tissue. In addition, low 

GI motility is known to affect the efficiency of absorption of nutrients and 

therapeutic drugs (Parkman, 2012; Sarnelli et al., 2013).  

One of the most common signs of low GI motility is constipation, which 

may cause discomfort and pain associated with increased gas, abdominal 

bloating and physical difficulties in passing stools. While the disorder-

disease association is still under debate, chronic constipation itself remains a 

widespread problem. In particular, it has been estimated that up to 28% of 

the general population in the United States suffers from constipation (Locke 

et al., 2000), and it has been demonstrated that the Western lifestyle (low 

activity, low fiber diet) is related to constipation in populations of East 

Asian countries as well (Song et al., 2012).  

Clinical symptoms of constipation include excessive contraction of the 

anal sphincter, hard feces, anal atresia and a decrease in frequency of 

defecation or size of stools (Metcalf et al., 1987). An underlying disorder in 
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colonic motility can be determined by measurement of colonic transit time 

(CTT), by which material passing through the colon is tracked by real-time 

imaging of ingested radio-opaque markers (Jung et al., 2003; Metcalf et al., 

1987; Song et al., 2012; Xu et al., 2011). The technical ease (relatively non-

invasive nature), low cost and high rates of reproducibility of this technique 

have promoted its use as a screening and treatment monitoring method in 

various patient populations, including those classified as difficult-to-treat 

(e.g. children and the mentally ill) (Jung et al., 2003; Metcalf et al., 1987; 

Prokesch et al., 1999).  

An important cause of low GI motility, and one of the easiest to correct, 

is physical inactivity. Indeed, some studies have shown that adding a routine 

of aerobic exercise can help to resolve constipation symptoms (De Schryver 

et al., 2005). Research to determine the underlying mechanisms of the 

relationship between exercise and constipation has demonstrated possible 

roles for increasing peristaltic movement and shortening of the CTT 

(Ducrotte et al., 1986; Meshkinpour et al., 1998; Xu et al., 2011). Moreover, 

several epidemiologic studies have shown that decreased physical activity 

level correlates with increased prevalence of constipation (Everhart et al., 

1989).  

Certain living conditions foster an inactive (sedentary) lifestyle, such as 

residence in a closed ward of a hospital. Attaining and sustaining an 

adequate level of physical activity is a particular challenge facing clinical 
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care teams working with mentally ill patients residing in closed wards. The 

daily routine of limited physical activity (with planned activities being 

largely sedentary, such as watching television, or low-impact, such as 

participating in a sing-along) may increase the risk of further mental illness 

as well as various chronic physical conditions (Aoi et al., 2010; Shariati et 

al., 2010), such as low GI motility, and related diseases, such as colorectal 

cancer (Kisely et al., 2012; Lin et al., 2013), obesity (Lin et al., 2013) and 

diabetes(Stanley & Laugharne, 2012). Indeed, studies have shown that 

increasing mentally ill patients’ physical activity level may help to prevent 

cancer among this patient population (Alvarez-Jimenez et al., 2008; 

Richardson et al., 2005).  

As a measure of gastric motility, CTT has been shown to be correlated 

with physical activity level, with more sedentary individuals showing longer 

CTT than their physically active counterparts (Cho et al., 2013; Song et al., 

2012). Moreover, partaking in the active practices of walking, running, 

cycling and other aerobic activities has been shown to significantly shorten 

CTT in healthy individuals (Chaussade et al., 1990; Hinds et al., 1989; 

Metcalf et al., 1987). The previous studies that have investigated the effects 

of increasing physical activity by participation in an exercise program and 

changes in CTT have largely involved healthy subjects practicing a normal 

lifestyle. However, no studies reported in the publicly available literature to 

date have reported on the effects of aerobic exercise on colonic function in 
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mentally ill patients residing in a closed hospital ward. The current study 

was designed to evaluate the effects of a long-term (12-week) aerobic 

exercise program on CTT to determine the potential benefits to gastric 

motility, as well as on the weight-, fitness and cardiovascular-related 

parameters that may affect the overall health of mentally ill patients residing 

in a closed ward. 

 

3.3 METHOD 

Participants 

Consecutive male inpatients with mental illness admitted for treatment in 

the closed ward of Somang Hospital Psychiatry Unit (Eumsung-gun, South 

Korea) over a 4-month period (March to June of 2012) were recruited to the 

study. Patients were offered enrollment if they had not participated in any 

structured exercise program in the past 12 months and had no physical 

limitations impeding normal activity. Patients were denied enrollment 

according to diagnosis of cardiovascular or orthopedic diseases with 

potential effects on CTT, diagnosis of functional stomach diseases 

(untreated or under current clinical management), undergoing treatment 

with anti-constipation drugs and diagnosis with diabetes mellitus or 

hypertension (Jung et al., 2003; Song et al., 2012). In addition, any patients 

with indications of irritable bowel syndrome, according to the Rome II 

criteria (Xin et al., 2014), or who were taking any drugs to address diarrhea 
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symptoms were excluded from the study. 

A total of 60 male patients were enrolled and randomly assigned to 

participate in a 12-week instructor-led group aerobic exercise program 

(exercise group; n = 30) or to maintain their ordinary daily activities 

(control group; n = 30). During the study period, seven patients from the 

exercise group were withdrawn due to change in mental illness that 

inhibited study participation, non-compliance with the exercise program and 

changes in therapeutic drugs or disease status that impacted the 

inclusion/exclusion criteria. In the control group, 11 subjects were 

withdrawn due to refusal to participate in study procedures, cancellation of 

consent and various personal reasons. The final groups were composed of 

23 patients (age: 46.4 ± 2.1 years) in the exercise group and 19 patients 

(age: 50.8 ± 2.6 years) in the control group. The included patients’ 

psychiatric diagnoses, according to that determined by the Structured 

Clinical Interview for Diagnostic and Statistical Manual of Mental 

Disorders 4
th

 revision (DSM-IV), are listed in Table 1. 

 

Ethics 

The study was designed in accordance with the Declaration of Helsinki 

(2000; World Medical Association) and carried out with pre-approval from 

the Institutional Review Board of Seoul National University (IRB No: 

1203/001-002). All patients provided written informed consent for study 
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participation and subsequent analysis and publication of all study-related 

data. 

 

Aerobic exercise training program 

Each of the participants in the exercise group participated in an instructor-

led aerobic exercise program that consisted of 60 min sessions, three days a 

week for 12 weeks. Each of the 60-min sessions included 10 min of 

stretching (warm-up), 40 min of aerobic activity of varying impact 

(exercise), and 10 min of stretching (cool-down). The aerobic activities 

started out as walking exercise in the first study week, to help the inactive 

patients adapt to the exercise routine. Starting in study week two, the 

aerobic exercise activities were modified to provide increasing impact, using 

a combination of walking, running and other types of aerobic movements to 

achieve 50% heart rate reserve (HRR) between weeks one and four, 60% 

HRR between weeks five and eight, and 70% HRR between weeks nine and 

12 (according to the recommendations of the American College of Sports 

Medicine (ACMS)). For each day’s exercise session, the patients wore a 

RS300X heart rate monitor (Polar Electro, Kempele, Finland) in order for 

investigators to ensure that the target heart rate was maintained during the 

aerobic exercise period.  

 

Control group activities 
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Each of the participants in the control group was instructed to maintain their 

ordinary daily activities. No restrictions were placed on participation in the 

normal planned group activities for the ward, such as watching television or 

partaking in a sing-along. 

 

Measurement of physical characteristics 

The InBody 3.0 bioelectrical impedance analysis system (Biospace Co., 

Seoul, South Korea) was used to measure each patient’s height, weight and 

body mass index (BMI). The Spirit CK-101 sphygmomanometer (Spirit 

Medical Co. Ltd., New Tapai City, Taiwan) was used to measure blood 

pressure with the patient in the prone position after a 5 min rest. In an 

attempt to rule out any extrinsic factors that might affect blood pressure, the 

following patient data was collected for consideration during the analysis: 

body temperature, general degree of physical activity, smoking practice and 

diet (Jung et al., 2003; Song et al., 2012). Thigh circumference was 

measured as the distance around the fullest part of the thigh. Waist 

circumference was measured as the distance around the abdomen, just above 

the hip bones. 

 

Measurement of fitness 

Each patient’s physical fitness was quantitatively assessed at study 

enrollment (first day of week one; baseline) and again at the end of the study 
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period (last day of week 12; study-end). Electronic-based measures were 

made for handgrip strength (Takei Kiki Kogyo (TKK) 5401 grip 

dynamometer; Takei Scientific Instruments Co. Ltd., Tokyo, Japan), leg 

strength (TKK 5710 dynamometer), and leg muscle elastic strength and 

power output (TKK 5406 vertical jump/Sergeant jump measuring 

instrument). Cardio-respiratory endurance was measured using the YMCA 

bench step test, which was carried out with patients taking 24 steps per min 

for 3 min using a 30.5 cm-high step box and accompanied by a metronome 

that was set to 96 beats per minute (bpm); the heart rate was measured 

during the rest period. Reach was measured using a trunk flexion meter 

(TKK 5404 instrument).   

 

Measurement of CTT  

CTT measurement was performed twice at baseline and twice at study-end 

using abdominal radiography and the multiple radio-opaque marker 

technique. Each of the patients ingested a single gelatin capsule containing 

20 radio-opaque markers at the same time every day for three consecutive 

days (Kolomark
TM

, MI Tech Co. Ltd., Pyeongtaik, Korea). Then on the 

fourth day (study days four and seven for baseline and study-end), a supine 

abdominal radiography was performed. The mean CTT (hour) was 

calculated by counting the number of radio-opaque markers that remained in 

the colon (total colon and the three colonic segments: right, left and recto-
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sigmoid) and multiplying this value by 1.2 (Chaussade et al., 1990; Metcalf 

et al., 1987; Prokesch et al., 1999; Song et al., 2012; Xu et al., 2011). 

 

Statistical analysis  

Data were expressed as mean  standard error of the mean (SEM). All 

statistical analyses were carried out using SPSS for Windows, version 18.0 

(SPSS Inc., Chicago, IL, USA). The significance of changes in fitness and 

segmental CTT following aerobic exercise was assessed by two-way 

repeated ANOVA. A P-value of less than .05 was considered statistically 

significant.  

 

3.4 RESULTS 

Effects of a 12-week aerobic exercise program on the physical 

characteristics of psychiatric inpatients  

The physical characteristics of the subjects in the exercise and control 

groups are shown in Table 2. At study-end, the patients in the exercise 

group showed decreases in the weight parameters of body weight (baseline: 

69.4 ± 2.8 vs. study end: 67.6 ± 2.7), BMI (25.2 ± 1.1 vs. 24.9 ± 0.8), body 

fat percentage (30.8 ± 2.4 vs. 27.9 ± 2.0) and waist circumference (88.3 ± 

2.9 vs. 85.5 ± 2.4), as well as in the cardiovascular parameters of systolic 

blood pressure (SBP) (116.5 ± 3.9 vs. 113.5 ± 3.9), diastolic blood pressure 

(DBP) (77.8 ± 2.5 vs. 71.9 ± 2.1) and resting heart rate (86.4 ± 3.8 vs. 79.8 
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± 2.8); however, the patients showed increases in lean body mass (46.8 ± 

1.5 vs. 48.7 ± 1.4) and thigh circumference (41.4 ± 1.4 vs. 49.6 ± 2.9). The 

control group showed similar trends for changes in each of these parameters, 

and only the exercise-induced decrease in SBP was significantly different 

from the decrease seen over the 12-week period for the control group (P = 

0.016).  

 

Effects of a 12-week aerobic exercise program on fitness of psychiatric 

inpatients 

The changes in variables of physical fitness for the subjects in the exercise 

and control groups are shown in Table 3. The patients in the exercise group 

showed significant exercise-induced improvements in leg muscle strength 

(baseline: 41.7 ± 4.3 vs. study-end: 64.1 ± 5.0), cardio-respiratory endurance 

(120.5 ± 4.5 vs. 105.4 ± 2.8) and leg muscle elasticity and power output 

(21.5 ± 2.6 vs. 30.6 ± 2.8). The control group also showed an increasing 

trend over the 12-week study period in leg muscle strength (42.5 ± 4.3 vs. 

43.8 ± 1.5), cardio-respiratory endurance (120.3 ± 4.7 vs. 119.6 ± 3.3) and 

leg muscle elasticity and power output (21.5 ± 3.3 vs. 24.3 ± 3.2), but the 

extent of improvement was significantly better in the experimental group for 

all three of the parameters (leg muscle strength, P = 0.005; cardio-

respiratory endurance, P = 0.048; leg muscle elasticity and power output, P 

= 0.015). In contrast, the improvements in grip strength and flexibility 
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experienced by the exercise group (grip strength, baseline: 26.3 ± 2.3 vs. 

study-end: 27.7 ± 2.2; flexibility, 6.5 ± 2.3 vs. 8.2 ± 2.1) were not 

significantly different from those experienced by the control group (grip 

strength, baseline: 29.4 ± 3.0 vs. study-end: 29.4 ± 2.2; flexibility, 2.9 ± 2.4 

vs. 5.4 ± 2.3) (exercise vs. control, P = 0.343 and P = 0.679 respectively).  

 

Effects of a 12-week aerobic exercise program on CTT in psychiatric 

inpatients  

The changes in CTT, in the entire colon (total CTT (TCTT)) and in the three 

different colonic segments, for the subjects in the exercise and control 

groups are shown in Figure 1. The exercise group showed reductions in 

CCTs of each of the colonic segments over the study period (right, baseline: 

14.5 ± 3.3 vs. study-end: 7.5 ± 1.9; left, 23.9 ± 5.3 vs. 12.1 ± 2.7; recto-

sigmoid, 15.0 ± 3.7 vs. 9.5 ± 2.7) but the differences were not significant 

from those seen in the control group (right, baseline: 14.6 ± 2.6 vs. study-

end: 11.5 ± 4.5; left, 19.4 ± 5.1 vs. 15.1 ± 4.8; recto-sigmoid, 14.9 ± 3.5 vs. 

16.2 ± 7.1). Only the reduction in the total CTT over the study period was 

significantly better for the exercise group (baseline: 54.2 ± 8.0 vs. study-

end: 30.3 ± 6.1) when compared to the control group (48.6 ± 9.3 vs. 48.3 ± 

12.3) (P = 0.027).  

  

3.5 DISCUSSION 
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This study showed that participation in a 12-week aerobic exercise program 

benefited inpatients of a psychiatric closed ward by improving CTT. This 

finding concurs with the results from one of the earliest studies of CTT 

measurement using abdominal radiography and the radio-opaque marker 

technique in normal (non-hospitalized) healthy men (Martelli et al., 1978). 

However, the mean CTTs reported in subsequent studies of Asian males 

were relatively shorter (Chan et al., 2004; Jung et al., 2003; Meir et al., 

1992). The longer CTTs found for our current study cohort may simply 

reflect the difference of the population studied, namely their mentally ill 

status and current residence in a closed ward with limited practice of 

physical activity on a daily basis. We showed that patients who increased 

their normal physical activity by participating in an aerobic exercise 

program experienced a corresponding reduction in CTT. Although the 

current study was not specifically designed to allow for a direct comparison 

between normal (non-mentally ill, healthy, non-hospitalized) Asian 

populations and our study cohort, many potential factors may be theorized 

as contributing to the difference in CTT among these two populations, 

including activities related to job functions, eating habits and diet, and social 

and lifestyle patterns, as well as hereditary components.        

Several biological and behavioral parameters have been characterized in 

previous studies as influencing factors of CTT, including age, sex, BMI, 

dietary fiber intake, water intake and various lifestyle habits (Meir et al., 
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1992; Metcalf et al., 1987). However, the precise interplay of these factors 

and underlying molecular mechanisms leading to changes in CTT remain 

largely unknown. In addition, studies on the effect of exercise on CTT have 

provided inconsistent results, with some studies showing no effect of 

increased physical activity or exercise on CTT (Metcalf et al., 1987). 

Similarly, when the effect of increasing physical activity level on CTT was 

evaluated with respect to the various colon segments, in addition to the total 

colonic structure, the results suggested no benefit of exercise for managing 

chronic constipation (Robertson et al., 1993). In the current study, the 

patients experienced significant improvements in lower extremity muscle 

strength, endurance and leaping ability as a result of participation in an 

aerobic exercise program, but the CTT of the three segmental colon 

structures was not changed; although, the TCTT did appear to decrease 

significantly in these patients during the same period. The relationship 

between exercise and CTT remains to be absolutely established, even for the 

study cohort of mentally ill Asian patients in a closed ward. The study 

cohort (comprised of mentally ill individuals) is inherently more difficult to 

control in an experimental study, which complicates analysis of their data 

and limits the power of a study to make definitive conclusions regarding 

etiologies and influencing factors of CTT.  

The general benefits of exercise are well known and primarily involve 

strengthening of physical fitness (Irwin, 2009). Exercise has been 
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characterized as a preventive and therapeutic approach for a wide array of 

metabolic (diabetes, obesity), cardiovascular (hypertension) and bone 

(osteoporosis) diseases, which are interrelated from a mechanistic 

standpoint; in addition, there are benefits to GI organs and GI-related 

disorders, such as colorectal cancer and various gastrointestinal conditions 

including constipation (Irwin, 2009; Stephenson et al., 2009). Certainly, 

exercise is not an exclusive etiologic factor for these diseases and their 

prognosis, and a person’s lifestyle and eating habits are important 

contributing factors for maintaining health by promoting cardiorespiratory 

endurance, mechanical integrity of muscle and bone, proper intake of 

nutrients and avoidance of detrimental substances (such as carcinogens). 

Furthermore, studies have suggested that an inactive (sedentary) lifestyle 

increases CTT and risk of constipation (Sandler & Drossman, 1987) and 

have demonstrated that implementing an active (vs. sedentary) lifestyle and 

healthy eating habits can improve symptoms of obstructed defecation 

(Papathanasopoulos & Camilleri, 2010; Stephenson et al., 2009). The 

practice of aerobic exercise, in particular, may help to alleviate constipation 

by stimulating intestinal muscle contraction as a consequence of increased 

respiration and heart rate.  

Several studies have been performed to identify the direct relationship 

between exercise and CTT. In a group of individuals with a sedentary 

lifestyle who partook in a one-week aerobic exercise program (one hour per 
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day, three days a week) no significant difference was found in their CTT 

measurements recorded during the exercise period and the rest period (one 

week of no exercise) (Robertson et al., 1993). Another study of a longer 

(four-week) aerobic exercise program also showed no benefit, with the 

participants’ symptoms of constipation being unimproved over the study 

period (Meshkinpour et al., 1998). In the current study, a substantially 

longer exercise period was implemented (12 weeks). Again, there was no 

significant shortening in CTT of the colonic segments in comparison to the 

control (non-exercise) group; however, the control group experienced 

shortening of CTT during the study period, which may have been due to 

their being placed under a well-regulated lifestyle and provided with a 

balanced diet during their time of residence in the closed psychiatric ward. 

The exercise group of the current study did show a significant improvement 

in TCTT when compared to the control group.  

A key difference between the previous related studies that failed to 

observe an exercise-related difference in CTT and the current study is the 

duration of the exercise program participation (1 – 4 weeks vs. 12 weeks); 

thus, it is possible that participation in an aerobic exercise program of 

sufficient or sustained duration (≥12 weeks) may be necessary to facilitate a 

beneficial change in CTT and improvements in gastric health, possibly 

lowering risks of subsequent development of related disorders, such as 

colorectal cancer. Since the current study’s subjects were inpatients residing 
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in a closed ward, many variables with potential influence on CTT (i.e. 

lifestyle and diet) were controlled, which strengthened the likelihood that 

the observed reduction in TCTT in the exercise group was a result of the 

exercise program. However, further studies with large sample sizes are 

needed to understand the dose-response relationship between exercise type 

and intensity and changes in CTT and in symptoms of constipation.   

In summary, increasing psychiatric inpatient physical activity level 

through a long-term (12-week) exercise program can benefit the patients’ 

overall health by helping to reduce CTT and improving their risk for 

developing subsequent diseases related to low gastrointestinal motility, 

which can range from colorectal cancer to life-threatening cardiovascular 

and metabolic disorders.  
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Figure 1 Effects of a 12-week aerobic exercise program on segmental 

and total colon transit time (TCTT) in psychiatric inpatients. CTT 

measured in the exercise and control groups (mean ± SEM) at baseline 

(white bars) and study-end (grey bars) for A: right colon; B: the left colon; 

C: the recto-sigmoid colon; D: the total colon. * P = 0.003, baseline to 

study-end change in TCTT for the exercise group vs. the control group.



 

８０ 

 

Figure 1 Effects of a 12-week aerobic exercise program on segmental and total colon transit time in psychiatric inpatients.  
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Table 1 Psychiatric disorder
†
 distribution of the study participants 

Psychiatric disorder 

Exercise group,  

n (%) 

 Control group, 

n (%) 

P* 

Schizophrenia 16 (69.6)  12 (63.2) 0.661 

Depression 5 (21.7)  4 (21.1) 0.957 

Bipolar disorder 2 (8.7)  3 (15.8) 0.480 

Total 23 (100)  19 (100)  

† 
According to the DSM-IV diagnostic criteria.  
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Table 2 Effects of a 12-week aerobic exercise program on the weight- and cardiovascular-related parameters in psychiatric 

inpatients  

Parameter 

Exercise group 

(n = 23) 

 Control group 

(n = 19) P* 

Baseline Study-end Baseline Study-end 

Body weight, kg 69.4 ± 2.8 67.6 ± 2.7  68.8 ± 4.0 68.8 ± 3.9 0.706 

BMI, kg/m
2
 25.2 ± 1.1 24.9 ± 0.8  24.3 ± 1.1 24.4 ± 1.2 0.759 

Lean body mass, kg 46.8 ± 1.5 48.7 ± 1.4  44.7 ± 1.4 46.8 ± 2.0 0.909 

Body fat, % 30.8 ± 2.4 27.9 ± 2.0  33.3 ± 2.8 30.8 ± 2.5 0.830 

SBP, mmHg 116.5 ± 3.9 113.5 ± 3.9  126.0 ± 4.7 110.8 ± 5.4 0.016
a
 

DBP, mmHg 77.8 ± 2.5 71.9 ± 2.1  87.1 ± 4.2 76.9 ± 3.6 0.251 

Resting heart rate, bpm 86.4 ± 3.8 79.8 ± 2.8  87.4 ± 2.8 80.5 ± 2.3 0.894 
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Thigh circumference, cm 41.4 ± 1.4 49.6 ± 2.9  44.0 ± 1.6 46.3 ± 2.3 0.074 

Waist circumference, cm 88.3 ± 2.9 85.5 ± 2.4  91.8 ± 3.5 90.5 ± 4.0 0.675 

Data are presented as mean ± SEM. * P-values for baseline to study-end change for the exercise group vs. the control group. 
a
 

Statistically significant difference (P < 0.05). Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic 

blood pressure; bpm, beats per minute. 
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Table 3 Effects of a 12-week aerobic exercise program on the fitness-related parameters in psychiatric inpatients 

Parameter 

Exercise group 

(n = 23) 

 Control group 

(n = 19) P* 

Baseline Study-end Baseline Study-end 

Grip strength, kg 26.3 ± 2.3 27.7 ± 2.2  29.4 ± 3.0 29.4 ± 2.2 0.343 

Leg strength, kg 41.7 ± 4.3 64.1 ± 5.0  42.5 ± 4.3 43.8 ± 1.5 0.005
a
 

YMCA bench step test, bpm 120.5 ± 4.5 105.4 ± 2.8  120.3 ± 4.7 119.6 ± 3.3 0.048
a
 

Jump, cm 21.5 ± 2.6 30.6 ± 2.8  21.5 ± 3.3 24.3 ± 3.2 0.015
a
 

Reach, cm 6.5 ± 2.3 8.2 ± 2.1  2.9 ± 2.4 5.4 ± 2.3 0.679 

Data are presented as mean ± SEM. * P-values for baseline to study-end change for the exercise group vs. the control group. 
a
 

Statistically significant difference (P < 0.05). Abbreviations: bpm, beats per minute.
 

 

 



 

８５ 

 

CHAPTER IV 
 

 

 

Combined exercise improves gastrointestinal motility in 

psychiatric inpatients 
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4.1 ABSTRACT 
 

AIM 

To examine the effect of combined exercise on colonic transit time (CTT) in 

admitted psychiatric patients.  

 

METHOD 

Over a 6-mo period, consecutive in patients with mental illness were 

recruited from the Somang Hospital Psychiatry Unit. A combined exercise 

program that included 60 min per day of exercise 3 d per week for 12 wk 

was performed. Physical fitness and CTT of the patients were measured 

twice before and twice after the exercise program. CTT was measured using 

a multiple marker technique with a radio-opaque marker. Changes in the 

exercising patients’ CTT and weight-, cardiovascular- and fitness-related 

parameters were statistically assessed. 

 

RESULTS 

After the 12-wk combined exercise intervention, decreased intestinal transit 

time was observed in all CTTs of the exercise group, including the right 

CTT (exercise: 15.6 ± 15.2 vs 9.2 ± 11.9, control: 13.1 ± 10.4 vs 10.9 ± 

18.7), left CTT (exercise: 19.7 ± 23.5 vs 10.4 ± 13.2, control: 19.2 ± 19.0 vs 

16.9 ± 19.8), recto-sigmoid CTT (exercise: 14.3 ± 16.7 vs 6.7 ± 7.9, control: 

15.0 ± 14.4 vs 19.3 ± 30.3), and total colonic transit time (TCTT) (exercise: 
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50.2 ± 38.1 vs 27.1 ± 28.0, control: 47.4 ± 34.6 vs 47.3 ± 47.3). After the 

12-wk combined exercise period, TCTT was significantly shortened in the 

exercise group compared with that in the control group. In addition to eating 

habits, water intake, and fiber intake, the increased physical activity level as 

a result of the 12-wk combined exercise program reduced the CTT.  

 

CONCLUSION 

The CTT of the psychiatric patients was reduced due to increased physical 

activity via a 12-wk combined exercise program. 

 

Key words: Constipation; Colonic transit time; Combined exercise; Radio-

opaque marker; Psychiatry unit patient 
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4.2 INTRODUCTION 
 

The estimated incidence of colorectal cancer according to the 2014 Cancer 

Statistics in the United States was 5.8% (96830 people), and the estimated 

mortality rate was 8.5% (50310 people) of overall cancer mortality (Siegel, 

Desantis, & Jemal, 2014). Colon cancer is the third most common cancer 

and reportedly affected 9.7% (1.2 million people) of the world’s population 

in 2008 (Ferlay et al., 2015). The risk factors for colon cancer can be 

divided into physiological factors, such as age and heredity, and lifestyle 

factors, such as smoking, drinking, and poor eating habits. Among the risk 

factors for several colon cancers, constipation is a concern in many 

countries and is a factor that can be reduced by lifestyle changes.  

According to cohort research in 2010, 4176 people reportedly suffered 

from constipation (Chang et al., 2010). Typical symptoms of constipation 

according to the Rome Criteria are excessive squeezing, hard stools, 

sensation of incomplete evacuation, sensation of anal closure, ongoing 

treatment for evacuation, and an abnormal number of evacuations (less than 

3 times a week) (American College of Gastroenterology Chronic 

Constipation Task, 2005). Constipation is diagnosed when two or more 

symptoms are concurrent. In addition, constipation types are classified into 

'slow colonic transit' and “pelvic floor dysfunction” categories (Locke et al.,  

2000). 

“Slow colonic transit” refers to slow movement from the proximal colon 
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to the distal colon and then to the rectum and is thought to be caused by 

poor dietary habits, cultural habits, and pathophysiology. The method for 

measuring “slow colonic transit” frequently involves a radio-opaque marker 

(Xu et al., 2011), and the results can form the basis of a constipation 

diagnosis; if the radioactive non-transmission marker remains in the colon 

for a long time (KolomarkTM, MJ Tech, Pyeongtaik Korea), then a decrease 

in colonic inertia and disordered evacuative function are indicated. Previous 

studies have shown that increased prevalence of constipation is correlated 

with decreased levels of physical activity (PA) (Aoi et al., 2010; Everhart et 

al., 1989; Shariati et al., 2010). 

Lower PA (e.g., sitting, watching television) may increase the risk of low 

gastrointestinal (GI) motility, and colorectal cancer (Kisely et al., 2012; 

Kisely et al., 2013), obesity (Lin et al., 2013), and diabetes (Stanley & 

Laugharne, 2012) on mentally ill patients in a closed ward. Promoting PA 

levels can be challenging for medical care system working with mentally ill 

patients in a closed ward. 

Many studies have been conducted to identify strategies to reduce colonic 

transit time (CTT) and thus improve constipation, including changes in food 

intake and increasing PA (Dahm et al., 2010; Eswaran et al., 2013; Maffei & 

Vicentini, 2011; Meyerhardt et al., 2009).  

Some studies have shown that increasing PA levels may help to short 

colon transit time and to prevent constipation on mentally ill patients. 
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Recently, various studies have been conducted on the effects of combined 

exercise, which entails both aerobic and resistance exercises to maximize 

their effects. However, no studies have been conducted on the effect of 

combined exercise on mentally ill patients hospitalized in closed wards.  

Although studies on aerobic exercise among the exercise therapies for 

colon peristalsis are increasing, research on the effect of combined exercise 

on constipation is limited. Therefore, we examined the effects of a combined 

exercise program on CTT and physical characteristics of mentally ill 

patients in a closed ward to provide basic evidence for prescribing a 

combined exercise program to patients alongside medication.  

 

4.3 METHOD 

Participants 

Consecutive male in patients with mental illness admitted for treatment in 

the closed ward of Somang Hospital Psychiatry Unit (Eumsung-gun, South 

Korea) over a 6-mo period were recruited to the study. Men with mental 

illness who did not participate in any regular exercise program over the past 

year were selected; the combined exercise group included 31 men, and the 

control group included 21 men. Among the forty men selected to participate 

in the combined exercise group, 9 men left the study due to personal illness, 

nonparticipation in exercise, or a change in medication. Among the thirty 

men selected to participate in the control group, 9 men left the study due to 
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nonparticipation at the time of measurement, discontinuation of further 

exercise, or for personal reasons. 

All subjects voluntarily provided informed written consent for the use of 

their data. Among all potential subjects, those with a restriction in normal 

PA, those with cardiovascular or orthopedic disease that could affect CTT, 

those who were unable to discontinue drugs due to functional stomach 

diseases, those who were on a prescription course of anti-constipation drugs, 

and those with diabetes mellitus or hypertension were excluded from the 

current analysis (Jung et al., 2003; Song et al., 2012). 

 

Combined training 

All subjects in the exercise group were asked to perform a combined 

exercise program for 12 wk. Elastic band exercises and a running program 

were used for resistance exercise and aerobic exercise, respectively. The 

elastic band program based on the Thera-band manual was used to 

determine exercise intensity. The Thera-bands are color-coded to match 

various intensities (kg) and stretch lengths; according to the manual, the 

green band was used for this program. The first 2 wk served as an 

adjustment period; from the third week, the intensity increased from 10 RM 

to 15 RM with a 10-s rest period between each interval. According to the 

ACSM (2006) guidelines, aerobic exercise was regulated to achieve a 

maximum volume of oxygen (VO2 max) of 60% for target heart rate and 
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was maintained using a Heart Rate Analyzer (Polar Electro OY, Finland). 

The combined exercise program is presented in Table 1. 

 

Measurement of physical characteristics 

Bioelectrical impedance analysis (Inbody 3.0, Biospase, South Korea) was 

used to measure height, weight, and body mass index (BMI). Blood pressure 

(BP) was measured using a sphygmomanometer (SPRIT CK-101, Sankei, 

Japan) in the supine position after a 5-min rest. Efforts were made to rule 

out any extrinsic factors that could affect blood pressure, such as 

temperature, degree of physical activity (PA), smoking, and diet (Kisely et 

al., 2012; Lin et al., 2013). Thigh circumference was measured as the 

distance around the fullest part of the thigh. Waist circumference was 

measured as the distance around the abdomen, just above the hip bones. 

 

Measurement of fitness 

Physical strength measurements included grip strength, leg strength, 

standing high jump, sit and reach, balance, and cardiopulmonary endurance. 

Grip strength was measured using a dynamometer (T.K.K 5401, Japan), leg 

strength was measured using a leg-extension machine (to measure isometric 

knee extensor force) (T.K.K 5710M, Japan), and vertical jump was 

measured using a Sargent jump measurement device (T.K.K 5406, Japan). 

The cardiopulmonary function evaluation was performed using the YMCA 
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step test. Heart rate was measured during recovery after the subject stepped 

up and down repeatedly on a 30.5-cm high step box 24 times per minute to a 

metronomic beat of 96 beats per minute for 3 min (Jung et al., et al., 2003; 

Song et al., 2012). 

 

Measurement of CTT 

CTT was measured twice, after exercise and before exercise using a 

multiple marker technique with a radio-opaque marker. The subjects were 

given one gelatin capsule containing 20 radio-opaque markers at the same 

time every day for three days (Kolomark
TM

, MI Tech, Pyeongtaik, South 

Korea). At the same time on days 4 and 7, supine abdominal radiography 

was performed. The mean CTT (in hours) was calculated by counting the 

number of radio-opaque markers remaining in the entire colon and in the 

segments of the colon and then multiplying this number by 1.2 (Chaussade 

et al., 1990; Metcalf et al., 1987; Prokesch et al., 1999; Shariati et al., 2010; 

Xu et al., 2011). 

 

Statistical analysis  

The study data, expressed as the means  SD, were analyzed using SPSS 

PC+ for Windows, version 18.0 (SPSS Inc., Chicago, IL, United States). 

Changes in fitness and segmental colon transit time pre- and post-exercise 

training were assessed by two-way repeated ANOVA. A value of P < .05 
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was considered statistically significant.  

 

4.4 RESULTS 

Changes in the physical characteristics of the subjects after 12 wk of 

combined exercise training 

The physical characteristics of the subjects are shown in Table 2. The 

subjects in the exercise group showed decreases in body fat percentage 

(baseline: 30.7 ± 9.5 vs study-end: 28.0 ± 9.3), systolic blood pressure 

(SBP) (122.0 ± 20.1 vs 115.7 ± 15.4), diastolic blood pressure (DBP) (79.3 

± 10.2 vs 73.8 ± 9.2), resting heart rate (88.1 ± 15.7 vs 81.2 ± 11.9), and 

waist circumference (90.8 ± 12.2 vs 87.5 ± 11.7); however, the patients 

showed increases in lean body mass (47.4 ± 7.1 vs 49.2 ± 8.1) and thigh 

circumference (42.6 ± 5.9 vs 47.0 ± 11.4). No significant differences in 

demographic variables (e.g., age, height, BMI, lean body mass, body fat 

percentage, SBP, DBP, resting heart rate, thigh circumference, and waist 

circumference) were shown between the combined exercise group and the 

control group.  

 

Changes in the physical fitness of the subjects after 12 wk of combined 

training 

The changes in physical fitness variables for the subjects are shown in Table 

3. The patients in the exercise group showed significant improvement in leg 
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strength (42.5 ± 21.0 vs 62.6 ± 21.6, P = 0.009). The improvements in grip 

strength, YMCA step test, vertical jump, and sit and reach exhibited by the 

exercise group (grip strength, 25.8 ± 9.3 vs 28.0 ± 8.6; YMCA step test, 

122.4 ± 16 vs 111.0 ± 13.9; vertical jump, 21.5 ± 10.1 vs 27.8 ± 11.2; and sit 

and reach 4.3 ± 8.9 vs 5.7 ± 8.8) were not significantly different from the 

control group (grip strength, 29.5 ± 10.0 vs 29.3 ± 8.2; YMCA step test, 

120.3 ± 16.4 vs 119.6 ± 11.7; vertical jump, 21.5 ± 12.2 vs 24.3 ± 11.2; sit 

and reach 3.9 ± 8.5 vs 5.4 ± 8.1) (exercise VS control, P = 0.113, P = 0.084, 

P = 0.159 and P = 0.549 for grip strength, YMCA step test, vertical jump, 

and sit and reach, respectively). 

 

Changes in segmental colon transit time among the subjects after 12 wk of 

combined exercise training  

Table 4 shows colon transit times according to colon segments among the 

subjects after the 12-wk combined exercise program. Right colonic transit 

time (RCTT) (15.6 ± 15.2 vs 9.2 ± 11.9), left colonic transit time (LCTT) 

(19.7 ± 23.5 vs 10.4 ± 13.2), recto-sigmoid colonic transit time (RSCTT) 

(14.3 ± 16.7 vs 6.7 ± 7.9), and total colonic transit time (TCTT) (50.2 ± 38.1 

vs 27.1 ± 28.0) decreased in the combined exercise group. In contrast, in the 

control group, only the RCTT (13.1 ± 10.4 vs 10.9 ± 18.7, P = 0.593) and 

LCTT (19.2 ± 19.0 vs 16.9 ± 19.8, P=0.489) were decreased, whereas the 

RSCTT (15.0 ± 14.4 vs 19.3 ± 30.3, P = 0.412) increased. The items with 
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significant differences between time points and groups were the RSCTT (P 

= 0.041) and TCTT (P = 0.019). 

 

4.5 DISCUSSION 

We analyze that the effect of combined exercise on CTT of mentally patients 

in a closed ward through a combined exercise program including resistance 

training with an elastic band and an aerobic exercise. Implementation of the 

combined exercise program resulted in a significant improvement in muscle 

strength and decreased colon transit time in the exercise group compared 

with that before the program. 

In general, patients held in a closed ward lack PA because of long-term 

hospitalization and medical treatment. Therefore, various consequences, 

such as obesity, weakening of heart function, and depressive symptoms, 

manifest due to lethargy, weight increases, and muscle weakness. Problems 

such as lack of physical strength and symptoms of constipation in 

schizophrenic patients can be reduced by implementing the exercise 

program presented in this study as an alternative to medication. 

The results of this study are meaningful, as they provide baseline physical 

fitness data among schizophrenic subjects and their data after a 12-wk 

combined exercise program aimed at schizophrenic patients. The results of 

the combined exercise program show that leg strength significantly 

improved.  
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Among the many studies examining the direct relationship between 

exercise and colon transit time between two groups of subjects, one study 

included one group that engaged in a sedentary lifestyle for one week and 

another group that participated in aerobic exercise 3 times in the same week. 

However, significant differences were not observed in colon transit time 

between the sedentary lifestyle group and the exercise group (Robertson et 

al., 1993). In addition, another study reported that 4 wk of aerobic exercise 

did not improve constipation (Meshkinpour et al., 1998). However, in these 

previous studies, the exercise effect was observed over a relatively short 

period (1-4 wk). In this research, although the transit time of each colon 

segment decreased, it was not significantly reduced compared with that in 

the control group. The reduced colon transit time in the control group was 

attributed to the effect of balanced meals and a regular lifestyle during 

hospitalization. Although significant differences in the colon transit time of 

RCTT and LCTT were not observed, the RSCTT and TCTT were 

significantly reduced in the exercise group compared with those in the 

control group. The results of this research may be related to the relatively 

long-term (12 wk) observation period compared with that in previous 

research. Therefore, combined exercise can improve constipation by 

reducing the colon transit time, thus preventing colon cancer. Moreover, the 

colon transit time decreased despite general confounding variables, which 

were well controlled in this study because the patients in the exercise group 
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and the control group were admitted to closed wards. Future research is 

required to examine the effects of exercise on colon transit time and 

constipation according to the dose of exercise, the exercise type, and 

exercise intensity in a greater number of subjects. This research showed that 

increased PA through long-term exercise (12 wk), in addition to eating 

habits, water intake, and dietary fiber intake, can reduce the colon transit 

time. Additionally, the results indicated that the risk of colon cancer can be 

reduced through exercise, which has an effect on functional constipation 

relief. This research is significant, as it provides basic evidence in support of 

prescribing exercise to specific patients who are admitted to a closed ward. 

In conclusion, among the patients who were admitted to a closed ward, 

participation in an exercise program improved leg strength and reduced 

colon transit times. Therefore, regular exercise is considered essential to 

improve physical health and reduce colon transit times among schizophrenia 

patients. 
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Table 1 Combined exercise program for 12 wk 

Combined exercise program 

Frequency 60 min, 3 times/wk, 12 wk 

Exercise 

Program 
Exercise (time): Contents 

Warm-up Stretching (10 min): Various stretches 

Main 

exercise 

(40 min) 

Resistance exercise
1
 (20 min) Aerobic exercise (20 min) 

Chest press 

Seated row 

Squat 

Shoulder press 

Bicep curl 

Tricep extension 

Calf raise 

Reverse crunch 

Jogging/running 

10 reps, 2 sets VO2max 60% 

Cool-down 

(10 min) 
Stretching (10 min): Various stretches 

1
With Thera band. 
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Table 2 Changes in the physical characteristics of the subjects after 12 wk of combined exercise training 

Variable 
Combined exercise (n = 31)  Control (n = 21) 

P 

Pre Post Pre Post 

Age (yr) 48.8 ± 9.5   49.9 ± 11.2   

Height (cm) 165.6 ± 6.7 165.7 ± 6.6  168.2 ± 4.1 167.8 ± 5.2 0.804 

Weight (kg) 70.9 ± 12.8 69.1 ± 11.3  68.6 ± 13.9 67.0 ± 14.3 0.961 

BMI (kg/m
2
) 25.8 ± 4.4 25.0 ± 3.9  24.1 ± 4.1 24.2 ± 4.7 0.557 

Lean body mass (kg) 47.4 ± 7.1 49.2 ± 8.1  44.7 ± 5.2 46.8 ± 7.3 0.890 

Body fat percentage (%) 30.7 ± 9.5 28.0 ± 9.3  33.4 ± 10.4 30.9 ± 9.2 0.913 

SBP (mmHg) 122.0 ± 20.1 115.7 ± 15.4  125.9 ± 16.9 112.8 ± 19.3 0.075 

DBP (mmHg) 79.3 ± 10.2 73.8 ± 9.2  87.1 ± 15.3 76.9 ± 13.1 0.154 

Resting heart rate 88.1 ± 15.7 81.2 ± 11.9  87.4 ± 10.2 80.5 ± 8.5 0.980 

Thigh circumference (cm) 42.6 ± 5.9 47.0 ± 11.4  44.0 ± 6.0 46.3 ± 8.5 0.496 

Waist circumference (cm) 90.8 ± 12.2 87.5 ± 11.7  91.8 ± 12.7 90.5 ± 14.6 0.532 

The values are shown as the mean ± SD. BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure. 
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Table 3 Changes in the physical fitness of the subjects after 12 wk of combined exercise training 

Variable 

Combined exercise 

(n = 31) 

 Control 

(n = 21) P 

Pre Post Pre Post 

Grip strength (kg) 25.8 ± 9.3 28.0 ± 8.6  29.5 ± 10.0 29.3 ± 8.2 0.113 

Leg strength (kg) 42.5 ± 21.0 62.6 ± 21.6
b
  42.4 ± 15.2 42.8 ± 5.5 0.009

d
 

YMCA step test (beat per min) 122.4 ± 16.0 111.0 ± 13.9  120.3 ± 16.4 119.6 ± 11.7 0.084 

Vertical jump (cm) 21.5 ± 10.1 27.8 ± 11.2
f
  21.5 ± 12.2 24.3 ± 11.2 0.159 

Sit and reach (cm) 4.3 ± 8.9 5.7 ± 8.8
a
  3.9 ± 8.5 5.4 ± 8.1 0.549 

The values are shown as the mean ± SD. The change in leg strength reflect the difference in the time × group interaction bet

ween the exercise and control groups (
d
P = 0.009); Significant differences between pre and post combined exercise group in leg 

strength (
b
P = 0.003). Significant differences between pre and post combined exercise group in vertical jump (

f
P = 0.001). 

Significant differences between pre and post combined exercise group in sit and reach (
a
P = 0.033).
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Table 4 Changes in segmental colon transit time among the subjects after 12 wk of combined exercise training 

Variable 

Combined exercise 

(n = 31)  

Control 

(n = 21) P 

Pre Post Pre Post 

RCTT (h) 15.6 ± 15.2 9.2 ± 11.9  13.1 ± 10.4 10.9 ± 18.7 0.370 

LCTT (h) 19.7 ± 23.5 10.4 ± 13.2
f
  19.2 ± 19.0 16.9 ± 19.8 0.207 

RSCTT (h) 14.3 ± 16.7 6.7 ± 7.9  15.0 ± 14.4 19.3 ± 30.3 0.041
a
 

TCTT (h) 50.2 ± 38.1 27.1 ± 28.0
h
  47.4 ± 34.6 47.3 ± 47.3 0.019

d
 

The values are shown as the mean ± SD. The change in RSCTT reflects the difference in the time × group interaction betwee

n the exercise and control groups (
a
P = 0.041). The change in TCTT reflects the difference in the time × group interaction betwe

en the exercise and control groups (
d
P = 0.019). Significant differences between pre and post combined exercise group in LCTT 

(
f
P = 0.040). Significant differences between pre and post combined exercise group in TCTT (

h
P = 0.017). RCTT: Right colon tr

ansit time; LCTT: Left colon transit time; RSCTT: Recto-sigmoid colon transit time; TCTT: Total colon transit time. 
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SUMMARY AND CONCLUSIONS 

Increased physical activity level with exercise reduced the colonic transit 

time. Although the reasons for the slightly longer CTT than those of normal 

Asian individuals was not able to be identified in this study, job 

characteristics, eating habits, lifestyle pattern, hereditary causes, and other 

factors are thought to be attributable. 

Factors associated with colonic transit time include age, sex, BMI, dietary 

fiber, water intake, and lifestyle habits (Meir et al., 1992; Metcalf et al., 

1987). However, parameters influencing colonic transit time remain 

controversial. According to several studies on the effect of exercise on CTT, 

physical activity or exercise showed no difference in CTT (Metcalf et al., 

1987).
 
Moreover, no significant difference was found in the effect on 

lifestyle and eating habits of patients with chronic constipation (Metcalf et 

al., 1987; Robertson et al., 1993). However, a significant difference in CTT 

resulted from the differences in the structural components of the body and 

eating habits according to the physical activity level (Robertson et al., 1993). 

In this study, lower extremity muscle strength, endurance, and leaping 

ability were significantly improved in the exercise group, and a significant 

difference was observed in the TCTT between control and exercise. The 

relationship in the differences between exercise and colonic transit time has 

not been clarified because complete control is difficult in various factors 
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affecting colonic transit time and the effect of exercise on various physical 

mechanisms is difficult to prove.  

Benefits of exercise are mostly related to a strengthening of physical 

fitness (Irwin, 2009). 
 
Exercise prevents or treats adult diseases such as 

hypertension, obesity, diabetes, and osteoporosis, in addition to many 

positive effects on colorectal cancer, gastrointestinal symptoms, and 

constipation symptoms (Irwin, 2009; Stephenson et al., 2009). Along with 

exercise, a person’s lifestyle and eating habits are the greatest contributing 

factors for maintaining health through proper food intake with balanced 

nutrition. Furthermore, many studies have suggested that these daily habits 

improve defecation symptoms (Papathanasopoulos & Camilleri, 2010; 

Stephenson et al., 2009).  Aerobic exercise, in particular, is known to be 

effective in alleviating constipation by stimulating intestinal muscle 

contraction by increasing respiration and heart rate. In addition, physical 

inactivity or sedentary lifestyle was found to raise the risk of constipation by 

1.16~1.2 times due to increased CTT (Sandler & Drossman, 1987).  

Several studies have been performed to identify the direct relationship 

between exercise and colonic transit time. G. Robertson et al. compared 

CTT by implementing a program for subjects of a sedentary lifestyle for 

one week and one hour of aerobic exercise three times a week to verify the 

association between physical activity and colonic transit time. No 

significant difference was found in CTT between the sedentary and exercise 
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periods (Robertson et al., 1993). Moreover, H. Meshkinpour et al. reported 

that a 4-week aerobic exercise plan did not improve constipation 

(Meshkinpour et al., 1998). Previous studies investigated the effect of 

exercise for relatively shorter periods (1`~4 weeks). Although CTT in the 

different parts of the colon were shortened in this study, they were not 

significantly reduced in the control group. The shortened CTT in the control 

group is thought to be attributable to a well-regulated life and a balanced 

diet along with hospital admission. CTT showed no significant differences 

between the different parts of the colon. However, TCTT significantly 

decreased in the exercise group compared to that of the control group. A 

comparison with previous studies revealed that this outcome is thought to 

be influenced by the relatively long exercise intervention (12 weeks). 

Therefore, constipation could be prevented since exercise is shown to 

reduce CTT and is anticipated to be effective in preventing colorectal 

cancer.  

Since study subjects in exercise and control groups were patients admitted 

to a closed ward, the reduced CTT with well-controlled confounding 

variables is considered to be the effect of exercise. Further studies on the 

effects of dose-response relationship and exercise type and intensity on 

colonic transit time and constipation with a sufficiently large sample size 

are crucial.   

The study revealed that increased physical activity level through a long-
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term exercise program (12 weeks) was beneficial in reducing colonic transit 

time, in addition to eating habits, water intake, and fiber intake.  
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국문초록 
 

위장관 운동성은 소화 기관 및 전신 건강에 중요한 역할을 하며 전신 혈액 

공급 및 주요 기관에 영향을 미친다. 따라서 위장관 운동성의 저하는 소화기능 

및 인체 주요 시스템에 영향을 가져온다.   

위장관 운동성이 감소하면 음식물 소화를 위한 연동운동이 줄어들고 주변 

조직의 기능에 영향을 줄 수 있는 만성 염증 반응을 일으키는 정체 현상이 

발생한다. 또한, 낮은 위장관 운동성은 영양소 및 치료 약물의 흡수 효율에 

영향을 미치는 것으로 알려져 있다. 

 낮은 위장관 운동성의 중요한 원인이자 가장 쉽게 교정 할 수 있는 방법은 

신체 활동을 높이는 것이다. 많은 연구를 통해 유산소운동이 변비 증상을 

개선하는 데 도움이 될 수 있음을 보고하고 있으며 운동과 변비 사이의 관계의 

기본 메커니즘을 파악하기 위한 연구에서는 운동이 장내 연동 운동을 증가시켜 

대장통과시간을 단축시키는 역할을 한다고 보고하고 있다. 더욱이 일부 역학적 

연구에 따르면 신체 활동 수준이 감소하면 변비가 증가하는 것으로 나타났다. 

이러한 신체활동과 변비의 연관성을 알아보기 위하여 음식물의 

대장통과시간을 측정을 통해 빈번하게 수행되어왔다.  방사능 비투과 표지자가 

투여 된 후 오랜 시간 동안 오른쪽 결장에 남아 있으면 결장 관성, S 형 결장과 

직장에 더 많은 양이 남아 있으면 비정상적인 배변을 추정 할 수 있다. 이는 

방사능 비투과 표지자를 통해 대장통과시간을 파악하고 병리학에 기초한 변비 

아형을 구별하는 데 널리 사용되고 있다.  

 그러나 지금까지 대장통과시간을 줄이기 위한 신체활동의 양 또는 강도의 

영향에 대한 연구는 매우 부족한 실정이다.  

따라서 본 연구에서는 신체활동의 양과 운동의 종류에 따라 대장통과시간의 
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차이를 확인하기 위해 수행되었다.  총 4가지 챕터를 통해 위장관 운동성의 

척도로서, 대장통과시간은 신체활동 수준에 따라 줄어들며, 12주간의 유산소 

운동과 복합운동에서도 유의하게 줄어드는 것을 확인 할 수 있었다. 본 연구를 

통해 향후 변비 개선 프로그램으로 신체활동의 증가를 제시할 수 있는 중요한 

사료가 될 수 있음을 제언한다. 

 

주요어: 위장관, 신체활동, 운동, 대장통과시간, 변비 

학  번: 2011-30462 
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Appendix 3. 인천기계공고 연구 참여자 동의서 및 설명문 

 

피험자용 설명서 및 동의서(직접 참여자용) 

연구 과제명 : 고등학교 남 녀 교사의 신체활동량 및 식습관에 따른 

대장통과시간 비교 연구  

연구 책임자명 : 김 연수  

연구 담당자명 : 송 봉길 

 

이 연구는 (고등학교 남 녀 교사의 신체활동량 및 식습관에 따른 대장통과시간 

비교 연구)에 대한 연구입니다. 귀하는 (일상적인 신체활동수행에 제한을 줄 수 

있거나 대장통과시간에 영향을 줄 수 있는 심혈관계 또는 정형외과적 질환을 

가지고 있지 않기에 또한 기능성 위장 질환으로 약을 복용하지 않고 변비약을 

복용하지 않는 건강한 성인)이기에 이 연구에 참여하도록 권유 받았습니다. 이 

연구를 수행하는 서울대학교 소속의 송봉길연구원 (송봉길, 010-4556-

0794)이 귀하에게 이 연구에 대해 설명해 줄 것입니다. 이 연구는 자발적으로 

참여 의사를 밝히신 분에 한하여 수행 될 것이며, 귀하께서는 참여 의사를 

결정하기 전에 본 연구가 왜 수행되는지 그리고 연구의 내용이 무엇과 관련 

있는지 이해하는 것이 중요합니다. 다음 내용을 신중히 읽어보신 후 참여 

의사를 밝혀 주시길 바라며, 필요하다면 가족이나 친구들과 의논해 보십시오. 

만일 어떠한 질문이 있다면 담당 연구원이 자세하게 설명해 줄 것입니다.  

 

1. 이 연구는 왜 실시합니까? 

이 연구의 목적은 (본 연구의 목적은 가속도계를 이용하여 신체활동량을 

측정하고 동시에 식이 및 식습관을 조사한 후 신체활동량 및 식습관이 

대장통과시간(colon transit time)에 미치는 영향을 비교 분석하는 것을 목적으로 

한다. 또한 신체활동과 대장통과시간을 측정하여 그 관계를 확인하고 대장암의 

일차적 원인이 될 수 있는 변비증상을 완화시키기 위한 성별 및 연령대의 적절한 

신체활동량을 찾는데 그 목적이 있다)  

 

2. 얼마나 많은 사람이 참여합니까? 

약 (인천기계공업 고등학교 남자 교직원 28명 여자 교직원28명으로 총 
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56명)이 참여 할 것입니다. 

 

3. 만일 연구에 참여하면 어떤 과정이 진행됩니까? 

 만일 귀하가 연구에 참여해 주신다면 다음과 같은 조사가 진행될 것입니다. 

-신체 계측, 체력측정, 신체활동량 측정, 설문지 검사(신체활동량, 

배변상태 평가, 영양소 섭취), 혈액검사, 방사능 비투과 표지자 복용, X-

ray 촬영을 실시할 예정이다. 모든 측정변인들은 모두 1 회 측정할 예정이다. 

 

 신체계측은 Inbody 3.0(Inbody, Biospase, Korea)를 이용하여 신장, 

체중, WHR(waist to hip ratio), BMI(body mass index), 체지방량, 

근육량 등을 인천기계공업 고등학교 양호실에서 측정 예정이다. 

  체력측정은 일반운동체력인 심폐지구력(Harvard setp test, USA), 

근지구력(윗몸일으키기, Hanyang In., Korea), 근력(GRIP-D, KATEI, 

Japan), 민첩성(HS30w, CASIO, Japan), 순발력(JUMP-MD, TAKEI, 

Japan), 유연성(FLEXON-D, TAKEI, Japan), 평형성(HS30w, CASIO, 

Japan)을 인천기계공업 고등학교 체력 단련실에서 측정할 예정이다.  

 신체 활동량 측정은 가속도계(Actical, Mini Mitter, USA)를 이용하여 

연구참여기간 총 7 일간 동안 측정할 예정이다. 가속도계(크기 

2.8*2.7*1.0cm, 무게 17g)로 탄력성이 있는 벨트에 결합된 가속도계를 

오른쪽 골반위에 착용하여 활동량을 측정한다. 

 신체활동량, 배변상태 평가, 영양소 섭취에 대한 조사는 설문지를 

통해서 실험 진행 고등학교 양호실에서 조사하고자 한다(설문지 첨부). 

 채혈 및 혈액검사는 의료법인 녹십자 의료 재단에 의뢰 하여 진행 할 

예정이며 검사 항목으로는 Cholesterol, HDL Cholesterol , LDL 

Cholesterol, Triglyceride , Glucose(S) 로 기본적인 혈중지질 성분을 

분석을 한다.(채혈 및 혈액검사 의뢰 확인서 및 채혈 간호사 면허 

첨부). 채혈장소는 인천기계공업고등학교 양호실에서 진행될 것이다. 

채혈량은 15~20cc 로 한다. 

 방사능비투과표지자 복용 

아래 그림과 같은 방사능 비투과 표지자 캡슐 1일 1회 1캡슐을 총 3일

간 복용  
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그림 1. Radioopaque marker (KolomarkTM). 

소화물이 대장을 통과하는 시간을 측정하기 위하여 방사선 비투과 표

지자를 이용하여 측정을 할 것이다. 방사선 비투과 표지자법은 간편하고 

단순복부촬영만으로 진단할 수 있으므로 일차의원에서도 시행할 수 있

다.
37

 방사선 비투과 표지법의 방법으로는 1캡슐에 24개 혹은 20개의 방

사선 비투과 표지자가 들어 있는 캡슐(그림 1)을  캡슐을 하루 한 개씩 

3일간 복용한 다음 첫 투약 후 4일째 누워서 팔을 위로 올려  복부 방사

선 촬영을 시행하여 평가하는 방법이다. 우측 대장에 방사선 비투과 표지

자가 오랫동안 남아 있으면 심한 대장 운동 저하를 진단할 수 있으며 S

자 결장과 직장에 표지자가 많이 남아 있으면 배변기능 이상을 추정할 

수 있다.  

 

 X-ray 촬영 

X-ray 촬영은 한국건강관리협회 인천광역시 지부에 의뢰하여 건강검진 

이동식 X-ray 버스를 인천기계공업고등학교 운동장으로 이동 촬영을 

진행한다. 1회 앙와위 복부 방산선 촬영을 한다. 

 

4. 연구 참여 기간은 얼마나 됩니까? 

 

총 참여 기간 : 1주일  

 1 일차,  3 일차에 각 1 회 설문조사 각 10 분 내외 

 4 일차, 5 일차, 6 일차 방사능 비투과 표지자 복용 매일 1 회 오전 

8 시~9 시 사이 캡슐 1 정 복용 



 

１２５ 

 

 7 일차 X-ray 촬영은 이동식 방사선 촬영 버스가 인천기계 공업고등학교 

운동장에서 오게 되며 오후 3 시~5 시까지 2 시간 이내에 촬영이 이루어 

질 것입니다.(1 인당 5 분 내외 소요예상) 

 7 일차 채혈 x-ray 촬영 직 후 1 시간 내로 이루어 질 것입니다.(1 인당 

1 분 내외 소요예상) 

 활동량측정은 참여 시작일과 마지막일 까지 7 일 동안 측정하도록 요청 

받을 것을 것입니다. 

 체력측정은 총 6 개종목으로 하버드스텝, 윗몸일으키기, 제자리 높이뛰기, 

한다리들고 버티기, 좌전굴, 악력으로 1 인당 10 분이내 모든 종목 측정이 

이루어 질 것입니다. 

 

5. 참여 도중 그만두어도 됩니까? 

예, 귀하는 언제든지 도중에 아무런 불이익이 없이 그만 둘 수 있습니다. 

만일 귀하가 연구에 참여하는 것을 그만두고 싶다면 담당 연구원이나 연구 

책임자에게 즉시 말씀해 주십시오. 

 

6. 부작용이나 위험요소는 없습니까? 

검사를 실시하는 동안 운동 검사 중 어지러움, 구토, 호흡 곤란 등이 발생할 

수 있으며 채혈 이후 계속된 통증 혹은 부어 오르는 증상이 생길 수 있습니다. 

또한 방사능비투과 표지자 복용 중 속 쓰림, 구토 같은 이상이 발생될 수도 

있습니다. 그러나 검사요원은 검사 전에 피험자의 과거 병력, 건강과 체력에 

관한 문진과 책임연구자인 김연수교수(전문내과의)의 혈압과 맥박의 

사전검진이 이루어질 것이며 검진내용과 개인의 이름, 나이, 연락처는 별도의 

파일로 보관하여 참가자와 책임연구자 및 연구담당자 외에는 공개하지 않을 

것입니다. 검사 동안에는 주의 깊게 개인별로 신체 변화를 관찰하여 위와 

같은 위험을 최소화 할 수 있도록 노력할 것입니다. 그리고 참가자가 검사 

실시 중에 몸에 이상을 호소하거나 호흡곤란, 어지럼증, 구토와 같은 이상을 

보일 경우 검사를 중단하고 본 연구의 책임연구자의 응급조치와 함께 

의료진에게 즉시 안내할 것이며 사전, 사후 검사 중에 이를 거부하거나 

건강상의 이상 증상이 나타날 경우 검사를 중단 할 것입니다. 
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7. 이 연구에 참여시 참여자에게 이득이 있습니까? 

귀하가 이 연구에 참여함으로써 얻는 직접적인 이득은 없습니다. 그러나 

귀하께 제공하는 정보는 신체활동량과 식습관이 대장통과시간에 미치는 영향에 

대한 이해를 증진하는데 도움이 될 것입니다. 또한, 연구담당자는 모든 참여 

교직원에게 검사결과를 통지하고 희망하는 교직원의 경우에는 개인적인 상담을 

실시할 것입니다.  

 

8. 만일 이 연구에 참여하지 않는다면 불이익이 있습니까? 

귀하는 본 연구에 참여하지 않을 자유가 있습니다. 또한, 귀하가 본 연구에 

참여하지 않아도 귀하에게는 어떠한 불이익도 없습니다. 

 

9. 연구에서 얻은 모든 개인 정보의 비밀은 보장됩니까? 

개인정보 관리 책임자는 서울대학교의 김연수교수 전화번호 : 02-880-

7794 입니다.  저희는 이 연구를 통해 얻은 모든 개인 정보의 비밀 보장을 

위해 최선을 다할 것입니다. 이 연구에서 얻어진 개인 정보가 학회지나 학회에 

공개 될 때 귀하의 이름과 다른 개인 정보는 사용되지 않을 것입니다. 그러나 

만일 법이 요구하면 귀하의 개인정보는 제공될 수도 있습니다. 또한 모니터 

요원, 점검 요원, 생명윤리심의위원회는 피험자의 비밀보장을 침해하지 않고 

관련규정이 정하는 범위 안에서 본 연구의 실시 절차와 자료의 신뢰성을 

검증하기 위해 연구 결과를 직접 열람할 수 있습니다. 귀하가 본 동의서에 

서명하는 것은, 이러한 사항에 대하여 사전에 알고 있었으며 이를 허용한다는 

동의로 간주될 것입니다. 

 

10. 이 연구에 참가하면 대가가 지급됩니까? 

본 연구에 참가하는데 있어10만원 상당의 사례품(운동복)이 제공 됩니다.  

만일 중도에 실험을 중단한 사람에게는 지급이 되지 않음을 알려드립니다. 

 

11. 연구에 대한 문의는 어떻게 해야 됩니까? 

본 연구에 대해 질문이 있거나 연구 중간에 문제가 생길 시 다음 연구 

담당자에게 연락하십시오. 
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이름: ____송봉길_______ 전화번호: ____010-4556-0794_______________  

 

만일 어느 때라도 피험자로서 귀하의 권리에 대한 질문이 있다면 다음의 

서울대학교 생명윤리심의 위원회에 연락하십시오. 

서울대학교 생명윤리심의위원회 (SNUIRB) 전화번호: 880-5153 

 

동 의 서 

 

 

1.  나는 연구 담당자(송봉길; 연락처; 010-4556-0794)의 ‘고등학교 남 녀 

교사의 신체활동량 및 식습관에 따른 대장통과시간 비교 연구’의 

연구내용과 절차에 대하여 설명을 듣고 의논하였습니다.  

2.  나는 위험과 이득에 관하여 들었으며 나의 질문에 만족할 만한 답변을 

얻었습니다. 

3.   나는 이 연구에 참여하는 것에 대하여 자발적으로 동의합니다.  

4. 나는 이 연구에서 얻어진 나에 대한 정보를 현행 법률과 

생명윤리심의위원회 규정이 허용하는 범위 내에서 연구자가 수집하고 

처리하는데 동의합니다. 

5.  나는 담당 연구자나 위임 받은 대리인이 연구를 진행하거나 결과 관리를 

하는 경우와 보건 당국, 학교 당국 및 서울대학교 생명윤리심의위원회가 

실태 조사를 하는 경우에는 비밀로 유지되는 나의 개인 신상 정보를 

직접적으로 열람하는 것에 동의합니다. 

6. 나는 언제라도 이 연구의 참여를 철회할 수 있고 이러한 결정이 나에게 

어떠한 해도 되지 않을 것이라는 것을 압니다.  

7. 나의 서명은 이 동의서의 사본을 받았다는 것을 뜻하며 연구 참여가 끝날 

때까지 사본을 보관하겠습니다.  

 

피험자 성명;                    서 명                  

날짜(20  년/     월/    일) 
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동의서 받은 연구원 성명;   송봉길  서 명              

날짜(20   년/      월/   일)  

 

연구책임자 성명;          김 연수  서 명              

날짜(20 년/     월/    일)  

 

 

만일 있을 경우 

 

법적 대리인 성명   서 명    날짜 (년/월/일)  

 

 

입회인 성명    서 명    날짜 (년/월/일)  
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Appendix 4. 소망병원 연구 참여자 동의서 및 설명문 

 

연구참여자용 설명서 및 동의서(직접 참여자용) (Ver. 1) 

연구 과제명 : 운동의 유형 및 신체활동량에 따른 우울증상, 기초체력 및 

대장통과시간의 비교 

연구 책임자명 : 김 연수 (서울대학교 체육교육과 부교수) 

연구 담당자명 : 송 봉길 (서울대학교 체육교육과 박사과정) 

 

이 연구는 (운동의 유형 및 신체활동량에 따른 우울증상, 기초체력 및 

대장통과시간의 비교)에 대한 연구입니다. 귀하는 (일상적인 신체활동 수행에 

제한을 줄 수 있거나 심혈관계 또는 정형외과적 질환을 가지고 있지 않는 자, 

대장통과시간에 영향을 줄 수 있는 기능성 위장 질환으로 약을 복용하지 않는 자, 

변비약을 복용하지 않는 자)이기에 이 연구에 참여하도록 권유 받았습니다. 이 

연구를 수행하는 서울대학교 소속의 송봉길연구원 (송봉길, 010-4556-

0794)이 귀하에게 이 연구에 대해 설명해 줄 것입니다. 이 연구는 자발적으로 

참여 의사를 밝히신 분에 한하여 수행 될 것이며, 귀하께서는 참여 의사를 

결정하기 전에 본 연구가 왜 수행되는지 그리고 연구의 내용이 무엇과 관련 

있는지 이해하는 것이 중요합니다. 다음 내용을 신중히 읽어보신 후 참여 

의사를 밝혀 주시길 바라며, 필요하다면 가족이나 친구들과 의논해 보십시오. 

만일 어떠한 질문이 있다면 담당 연구원이 자세하게 설명해 줄 것입니다.  

 

1. 이 연구는 왜 실시합니까? 

이 연구의 목적은 (정상인에 비하여 상대적으로 신체활동이 떨어지는 

입원환자를 대상으로 운동의 형태와 신체활동량이 우울증상, 기초체력 및 

대장통과시간(colonic transit time)에 미치는 영향 분석하고, 그들의 관련성을 

분석하여 우울증상완화, 기초체력증진 및 변비증상을 완화시키기 위한 적절한 

신체활동량 및 운동의 유형을 찾고자 함에 있다.) 입니다. 

 

2. 얼마나 많은 사람이 참여합니까? 

약 (음성소망병원 입원환자 남자100명, 여자 100명 총 200명)이 참여 할 
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것입니다. 

 

3. 만일 연구에 참여하면 어떤 과정이 진행됩니까? 

 만일 귀하가 연구에 참여해 주신다면 다음과 같은 조사가 진행될 것입니다. 

 

신체계측, 신체활동량 측정, 설문지 검사, 방사능 비투과 표지자 복용 후 단

순 복부 촬영을 실시할 예정이다. 이후 총 3그룹 (운동을 수행하지 않는 그룹

(non-exercise group; NE), 규칙적인 유산소 형태의 운동을 수행하는 그룹

(aerobic exercise group; AE), 규칙적인 저항성 형태의 운동을 수행하는 그룹

(combined exercise group; CE))으로 나누어 12주 동안 주 3회, 회 당 90분

씩 유산소 운동 및 저항성운동을 진행할 계획이다. 12주의 운동중재가 완료 된 

후 사전검사와 동일한 항목으로 사후검사를 반복 실시할 예정이다.  

 

 신체계측은 20 월 일(사전검사) 20 년 월 일(사후검사)로 총 2 회에 걸쳐 

Inbody 3.0(Inbody, Biospase, Korea)를 이용하여 신장, 체중, WHR(waist to 

hip ratio), BMI(body mass index), 체지방량, 근육량 등을 음성소망병원 

신체계측실에서 측정 예정이다. 

  체력측정은 20 년 월 일(사전검사) 20 년 월 일(사후검사)로 총 2 회에 걸쳐 

일반운동체력인 심폐지구력(Harvard setp test, USA), 근력(GRIP-D, KATEI, 

Japan), 유연성(FLEXON-D, TAKEI, Japan), 평형성(HS30w, CASIO, 

Japan)을 음성소망병원 체력 단련실에서 측정할 예정이다.  

 신체 활동량 측정은 20 년 월 일부터 월 일까지 가속도계(Actical, Mini Mitter, 

USA)를 이용하여 연구참여기간 총 7 일간 동안 측정할 예정이다. 

가속도계(크기 2.8*2.7*1.0cm, 무게 17g)로 탄력성이 있는 벨트에 결합된 

가속도계를 오른쪽 골반위에 착용하여 활동량을 측정한다. 

 배변상태 평가, 영양소 섭취, BDI(Beck Depression Inventory), 

AUQ(Alcohol Urge Questionnaire), Rosenberg Self-Esteem 

Scale(RSES), PANSS(Positive and Negative Syndrome Scale)에 

대한 조사는 20 년 월 일(사전조사) 20 년 월 일(사후조사) 설문지를 통해서 

실험 진행 음성소망병원 급식실에서 조사하고자 한다(설문지 첨부). 

 채혈은 병원의 협조를 받아 간호사가 위생적이고 안전하게 채혈을 실시한다. 

검사항목으로는 BDNF, IL-15 이다. 채혈장소는 소망병원 채혈실에서 진행될 

것이다. 채혈량은 15~22cc 로 한다.  
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 방사능비투과표지자 복용 

아래 그림과 같은 방사능 비투과 표지자 캡슐 20 년 월 일부터 일까지(사전검

사), 20  년 월  일~ 20  년 월  일(중간검사), 20 년 월 일부터 일까지(사후

검사)로 총 3회에 걸쳐 1일 1회 1캡슐을 총 3일간 복용  

 

그림 1. Radioopaque marker (KolomarkTM). 

소화물이 대장을 통과하는 시간을 측정하기 위하여 방사선 비투과 표지자를 이

용하여 측정을 할 것이다. 방사선 비투과 표지자법은 간편하고 단순복부촬영만으

로 진단할 수 있으므로 일차의원에서도 시행할 수 있다. 방사선 비투과 표지법의 

방법으로는 1캡슐에 24개 혹은 20개의 방사선 비투과 표지자가 들어 있는 캡슐

(그림 1)을  캡슐을 하루 한 개씩 3일간 복용한 다음 첫 투약 후 4일째 복부 방

사선 촬영을 시행하여 평가하는 방법이다. 우측 대장에 방사선 비투과 표지자가 

오랫동안 남아 있으면 심한 대장 운동 저하를 진단할 수 있으며 S자 결장과 직

장에 표지자가 많이 남아 있으면 배변기능 이상을 추정할 수 있다.  

 

 X-ray 촬영 

X-ray 촬영은 20 년 월 일(사전검사) 20 년 월 일, 20 년 월 일(사후검사)로 총 

3 회에 걸쳐 음성소망병원 X-ray 촬영실에서. 1 회 누워서 팔을 위로 올리고 

복부 방산선 촬영을 한다. (X-ray 촬영 협조 공문 첨부) 

 

 12 주간 운동 

20 년 월 일부터 20 년 월 일까지 주 3 회 1 시간 걷기 운동과 고무밴드를 

활용한 운동을 실시 한다. 

고무밴드 운동의 경우 1.2M 길이의 고무밴드의 장력을 이용하여 가벼운 

저항성 운동을 실시 하는 것이다.  

 

 

4. 연구 참여 기간은 얼마나 됩니까? 
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총 참여 기간 : 13주일  

 1 일차,  3 일차에 각 1 회 설문조사 각 1 시간 

 4 일차, 5 일차, 6 일차 방사능 비투과 표지자 복용 매일 1 회 오전 

8 시~9 시 사이 캡슐 1 정 복용 

 7 일차 X-ray 촬영은 소망병원 X-ray 촬영실에서 오후 3 시~5 시까지 

2 시간 이내에 촬영이 이루어 질 것입니다.(1 인당 5 분 내외 소요예상) 

 7 일차 채혈, x-ray 촬영 직 후 1 시간 내로 이루어 질 것입니다.(1 인당 

1 분 내외 소요예상) 

 활동량측정은 참여 시작일과 마지막일 까지 7 일 동안 측정하도록 요청 

받을 것을 것입니다. 

 체력측정은 총 3 개종목으로 하버드스텝,  좌전굴, 악력으로 1 인당 

10 분이내 모든 종목 측정이 이루어 질 것입니다. 

 8 일차부터 12 주간 주 3 회 1 시간씩 걷기 운동 혹은 고무밴드를 활용한 

운동을 하게 될 것입니다.  

 12 주 운동 이후 다시 방사능 비투과 표지자를 복용 매일 1 회 오전 

8 시~9 시 사이 캡슐 1 정 복용  

 7 일차와 똑 같은 X-ray 촬영과 채혈이 이루어 집니다. 

 체력측정 총 3 종목 하버드스텝, 좌전굴, 악력을 측정합니다.  

 12 주 운동이후 1 일차, 3 일차에 진행했던 설문조사를 똑같이 한번 더 

진행합니다. 

 

5. 참여 도중 그만두어도 됩니까? 

예, 귀하는 언제든지 도중에 아무런 불이익이 없이 그만 둘 수 있습니다. 

만일 귀하가 연구에 참여하는 것을 그만두고 싶다면 담당 연구원이나 연구 

책임자에게 즉시 말씀해 주십시오. 

 

6. 부작용이나 위험요소는 없습니까? 

검사를 실시하는 동안 운동 검사 중 어지러움, 구토, 호흡 곤란 등이 발생할 

수 있습니다. 또한 방사능비투과 표지자 복용 중 속 쓰림, 구토 같은 이상이 

발생될 수도 있습니다. 그러나 검사요원은 검사 전에 연구참여자의 과거 병력, 
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건강과 체력에 관한 문진과 책임연구자인 김연수교수(전문내과의)의 혈압과 

맥박의 사전검진이 이루어질 것이며 검진내용과 개인의 이름, 나이, 연락처는 

별도의 파일로 보관하여 참가자와 책임연구자 및 연구담당자 외에는 공개하지 

않을 것입니다. 검사 동안에는 주의 깊게 개인별로 신체 변화를 관찰하여 

위와 같은 위험을 최소화 할 수 있도록 노력할 것입니다. 그리고 참가자가 

검사 실시 중에 몸에 이상을 호소하거나 호흡곤란, 어지럼증, 구토와 같은 

이상을 보일 경우 검사를 중단하고 본 연구의 책임연구자의 응급조치와 함께 

의료진에게 즉시 안내할 것이며 사전, 사후 검사 중에 이를 거부하거나 

건강상의 이상 증상이 나타날 경우 검사를 중단 할 것입니다. 

 

7. 이 연구에 참여시 참여자에게 이득이 있습니까? 

귀하가 이 연구에 참여함으로써 얻는 직접적인 이득은 없습니다. 그러나 

귀하께 제공하는 정보는 신체활동량과 식습관이 대장통과시간에 미치는 영향에 

대한 이해를 증진하는데 도움이 될 것입니다. 또한, 연구담당자는 모든 참여 

환자에게 검사결과를 통지하고 희망하는 환자의 경우에는 개인적인 상담을 

실시할 것입니다.  

 

8. 만일 이 연구에 참여하지 않는다면 불이익이 있습니까? 

귀하는 본 연구에 참여하지 않을 자유가 있습니다. 또한, 귀하가 본 연구에 

참여하지 않아도 귀하에게는 어떠한 불이익도 없습니다. 또한 연구 진행 시 

연구 과정에 진행되는 연구 방법에 빠지게 되거나 혹은 연구과정 중 퇴원하게 

된다면 연구 책임자가 연구 참여자의 동의 없이 연구 참여를 중단 시 킬 수 

있습니다. 

 

 

9. 연구에서 얻은 모든 개인 정보의 비밀은 보장됩니까? 

개인정보 관리 책임자는 서울대학교의 김연수교수 전화번호 : 02-880-

7794 입니다.  저희는 이 연구를 통해 얻은 모든 개인 정보의 비밀 보장을 

위해 최선을 다할 것입니다. 이 연구에서 얻어진 개인 정보가 학회지나 학회에 

공개 될 때 귀하의 이름과 다른 개인 정보는 사용되지 않을 것입니다. 그러나 

만일 법이 요구하면 귀하의 개인정보는 제공될 수도 있습니다. 또한 모니터 
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요원, 점검 요원, 생명윤리심의위원회는 연구참여자의 비밀보장을 침해하지 

않고 관련규정이 정하는 범위 안에서 본 연구의 실시 절차와 자료의 신뢰성을 

검증하기 위해 연구 결과를 직접 열람할 수 있습니다. 귀하가 본 동의서에 

서명하는 것은, 이러한 사항에 대하여 사전에 알고 있었으며 이를 허용한다는 

동의로 간주될 것입니다. 

 

10. 이 연구에 참가하면 대가가 지급됩니까? 

본 연구에 참가하는데 있어1만원 상당의 사례품(간식)이 제공 됩니다.  만일 

중도에 실험을 중단한 사람에게는 지급이 되지 않음을 알려드립니다. 

 

11. 연구에 대한 문의는 어떻게 해야 됩니까? 

본 연구에 대해 질문이 있거나 연구 중간에 문제가 생길 시 다음 연구 

담당자에게 연락하십시오. 

 

이름: ____송봉길_______ 전화번호: ____010-4556-0794_______________  

 

만일 어느 때라도 연구참여자로서 귀하의 권리에 대한 질문이 있다면 다음의 

서울대학교 생명윤리심의 위원회에 연락하십시오. 

서울대학교 생명윤리심의위원회 (SNUIRB) 전화번호: 880-5153 

 

동 의 서 

 

1.  나는 연구 담당자(송봉길; 연락처; 010-4556-0794)의 ‘운동유형 및 

신체활동량에 따른 대장통과시간 비교 연구’의 연구내용과 절차에 대하여 

설명을 듣고 의논하였습니다.  

2.  나는 위험과 이득에 관하여 들었으며 나의 질문에 만족할 만한 답변을 

얻었습니다. 

3.   나는 이 연구에 참여하는 것에 대하여 자발적으로 동의합니다.  

4. 나는 이 연구에서 얻어진 나에 대한 정보를 현행 법률과 

생명윤리심의위원회 규정이 허용하는 범위 내에서 연구자가 수집하고 
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처리하는데 동의합니다. 

5.  나는 담당 연구자나 위임 받은 대리인이 연구를 진행하거나 결과 관리를 

하는 경우와 보건 당국, 학교 당국 및 서울대학교 생명윤리심의위원회가 

실태 조사를 하는 경우에는 비밀로 유지되는 나의 개인 신상 정보를 

직접적으로 열람하는 것에 동의합니다. 

6.  나는 언제라도 이 연구의 참여를 철회할 수 있고 이러한 결정이 나에게 

어떠한 해도 되지 않을 것이라는 것을 압니다.  

7.  나의 서명은 이 동의서의 사본을 받았다는 것을 뜻하며 연구 참여가 끝날 

때까지 사본을 보관하겠습니다.  

 

연구참여자 성명;                    서 명             

날짜(20  년/     월/    일) 

 

동의서 받은 연구원 성명;   송봉길  서 명              

날짜(20  년/      월/    일)  

 

연구책임자 성명;          김 연수  서 명               

날짜(20 년/      월/    일)  

 

 

만일 있을 경우 

 

법적 대리인 성명   서 명    날짜 (년/월/일)  

 

 

입회인 성명    서 명    날짜 (년/월/일)  
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