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Bowel preparation for colonoscopy 
may decrease the levels of 
testosterone in Korean men
Soo-Hyun Lee1, Seung Geon Park1, Moon-Jong Kim1, Hyejin Chun1, Doo-Yeoun Cho2, 
Doohee Hong3 & Young-Sang Kim   1

Although colonoscopy is commonly conducted for medical check-ups in Korea, investigations for the 
influence of bowel preparation on various health conditions are insufficient. This cross-sectional study 
investigated whether bowel preparation has an influence on serum levels of testosterone. A total of 
1114 men were divided into the bowel preparation group and control groups. The median total and free 
testosterone levels were significantly lower in the bowel preparation group (14.89 and 0.26 nmol/L, 
respectively) than in the control groups (15.72 and 0.28 nmol/L, respectively). The level of total 
testosterone significantly increased with age in the bowel preparation group (r = 0.103). The differences 
in the levels of total and free testosterone between the 2 groups were more prominent in younger 
men than in older men. In multivariate regression models, bowel preparation was independently 
associated with the levels of total and free testosterone. In these models, the interaction between age 
and bowel preparation was significant for the levels of total and free testosterone. In conclusion, bowel 
preparation may independently decrease the serum levels of total and free testosterone. The decline in 
testosterone was more evident in younger men than in older men.

Androgens play an important role in the male reproductive system, sexual functions, body compositions, and 
behaviours1,2. Low levels of circulating androgens may cause weakness, fatigue, anaemia, hair loss, decreased bone 
density and lean body mass, increased fat mass, and sexual dysfunction3–5. Hence, men with these symptoms 
may be suspected to have androgen deficiency. Men with the above mentioned clinical symptoms and deficiency 
of circulating androgen are defined as having hypogonadism6,7. In general, androgen deficiency is assessed by 
measuring serum total testosterone (TT) concentration6,7. In men who clinically manifest hypogonadism but 
do not present low levels of serum TT, the repeated measurement of TT and additional measurements of sex 
hormone-binding globulin (SHBG) or free testosterone (FT) are recommended7.

Serum testosterone levels are influenced by a variety of medical conditions and medications8,9. Previous 
studies have shown that testosterone levels may be reduced in certain stress conditions such as critical illness 
including acute myocardial infarction, surgical stress, and brain injury10. Physiological stress may modify testis 
functionality and disrupt the hypothalamic-pituitary-gonadal (HPG) axis11–15.

Colonoscopy is one of the useful methods for detection of colorectal cancers16. As colorectal polyps can be 
removed during the procedure, colonoscopy is commonly conducted for medical check-ups in Korea17. However, 
colonoscopy may result in adverse events such as abdominal discomfort or pain, perianal irritation, bleeding, and 
a tear in the colon wall18–20. In addition, adequate bowel preparation is essential for clear visualization of mucosal 
lesion21,22. Bowel preparation can also cause adverse events such as dehydration and electrolyte imbalance23–26.

Under the recent health screening procedure in Korea, drawing blood and colonoscopy are usually performed 
serially. Previous researches investigated the influence of such adverse effects, as dehydration and electrolyte 
imbalances on the levels of testosterone27–29, therefore we suspected that bowel preparation may affect the con-
centrations of serum testosterone. This study aimed to examine whether the physiological conditions induced by 
bowel preparation for colonoscopy have an influence on serum concentrations of TT and FT. We also investigated 
which factors other than bowel preparation may determine a difference in serum TT and FT concentration.

1Department of Family Medicine, CHA Bundang Medical Center, CHA University, Seongnam, 13496, Republic of 
Korea. 2Department of Clinical Pharmacology and Therapeutics, CHA Bundang Medical Center, CHA University, 
Seongnam, 13496, Republic of Korea. 3Suwon Central Hospital, Suwon, 16391, Republic of Korea. Correspondence 
and requests for materials should be addressed to Y.-S.K. (email: zeroup@cha.ac.kr)

Received: 21 January 2019

Accepted: 26 April 2019

Published: xx xx xxxx

OPEN

https://doi.org/10.1038/s41598-019-43598-5
http://orcid.org/0000-0002-7397-5410
mailto:zeroup@cha.ac.kr


2Scientific Reports |          (2019) 9:7080  | https://doi.org/10.1038/s41598-019-43598-5

www.nature.com/scientificreportswww.nature.com/scientificreports/

Results
The general characteristics of the participants are presented in Table 1. The median age was 51 years in both 
groups. The median TT levels were 14.89 and 15.72 ng/mL in the bowel preparation and control groups 
(P < 0.001). SHBG levels were not different between the 2 groups. FT levels were significantly different between 
the 2 groups (0.256 and 0.279 ng/mL in bowel preparation and control group, respectively). The bowel prepa-
ration group had a significantly higher phosphorus level (2.10 mmol/L) than the control group (1.07 mmol/L). 
Levels of calcium, sodium, and potassium were significantly different between the 2 groups.

The correlation between the levels of TT and FT and the metabolic factors were analysed (Table 2). TT was 
positively correlated with SHBG and high-density lipoprotein (HDL)-cholesterol, and negatively correlated with 
waist circumference, glucose, and triglyceride in both groups. The correlation between TT and age was signifi-
cantly positive in the bowel preparation group (r = 0.103). In the bowel preparation group, calcium and phospho-
rus were significantly correlated with FT, but not with TT.

The levels of TT and FT were compared between men with a high urine specific gravity and the others, and 
between men with urine ketone body and those without ketone body (Fig. 1). The levels of TT and FT were not 
significantly different according to the criteria of urine specific gravity or urine ketone body. The levels of TT 
and FT were compared between the bowel preparation and control groups according to age groups (Fig. 2). In 
younger groups (aged <40 and 40–49), the levels of TT and FT were significantly different between the 2 groups. 
However, in older age groups (aged 50–59 and 60 or older), the differences were not significant between the 2 
groups.

Bowel preparation 
(−)

Bowel preparation 
(+)

PN = 386 N = 728

Age 51.0 (45.0–61.0) 51.0 (45.0–57.0) 0.089

Body mass index (kg/m2) 24.5 (22.7–26.0) 24.3 (22.6–26.3) 0.719

Waist circumference (cm) 86.0 (81.0–91.0) 86.0 (81.0–91.4) 0.722

Alcohol consumer 280 (72.5%) 579 (79.5%) 0.010

Current smoker 155 (40.2%) 298 (40.9%) 0.851

Routine exercise 99 (25.6%) 174 (23.9%) 0.568

Hypertension 96 (24.9%) 147 (20.2%) 0.085

Diabetes 33 (8.5%) 89 (12.2%) 0.077

Systolic blood pressure (mmHg) 121.0 (111.8–131.0) 121.0 (113.0–131.0) 0.808

Diastolic blood pressure (mmHg) 78.0 (71.0–86.0) 78.0 (72.0–86.0) 0.600

Laboratory tests

Haemoglobin (g/dL) 15.4 (14.6–16.0) 15.5 (14.8–16.1) 0.211

Glucose (mmol/L) 5.44 (5.05–5.94) 5.38 (5.00–5.94) 0.342

Total cholesterol (mmol/L) 5.00 (4.45–5.57) 5.15 (4.53–5.72) 0.011

HDL-cholesterol (mmol/L) 1.24 (1.08–1.47) 1.25 (1.09–1.46) 0.494

Triglyceride (mmol/L) 1.50 (1.06–2.12) 1.43 (0.98–1.97) 0.068

Aspartate aminotransferase (U/L) 22.0 (18.0–27.0) 26.0 (21.0–33.0) <0.001

Alanine aminotransferase (U/L) 25.0 (19.0–37.0) 30.0 (22.0–43.0) <0.001

Blood urea nitrogen (mmol/L) 5.05 (4.32–5.89) 4.39 (3.71–5.28) <0.001

Creatinine (mg/dL) 1.1 (1.0–1.2) 1.1 (1.0–1.2) 0.474

Estimated GFR (mL/min/1.73 m2) 71.4 (63.3–78.5) 70.3 (64.1–77.9) 0.749

Sex hormone-related factors

Total testosterone (nmol/L) 15.72 (12.38–19.92) 14.89 (11.63–18.31) <0.001

Free testosterone (nmol/L) 0.279 (0.224–0.341) 0.256 (0.203–0.323) <0.001

Sex hormone-binding globulin (nmol/L) 40.67 (31.29–54.12) 39.93 (29.72–52.08) 0.449

Electrolytes

Sodium (mEq/L) 141.5 (140.0–143.0) 143.0 (142.0–144.0) <0.001

Potassium (mEq/L) 4.2 (4.1–4.4) 3.9 (3.7–4.1) <0.001

Chloride (mEq/L) 103.0 (102.0–105.0) 104.0 (102.0–105.0) 0.049

Calcium (mmol/L) 2.35 (2.28–2.43) 2.25 (2.18–2.35) <0.001

Phosphorus (mmol/L) 1.07 (1.00–1.20) 2.10 (1.91–2.33) <0.001

Urinalysis*
Urine ketone body (+) 26 (6.8%) 22 (3.0%) 0.006

Urine specific gravity (≥1.030) 111 (28.8%) 624 (86.1%) <0.001

Table 1.  General characteristics of the study population. The values are presented as median (interquartile 
range) or number (proportion). *Urine samples were not collected in 4 subjects. HDL, high-density lipoprotein; 
GFR, glomerular filtration rate.
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Multivariate regression models were formulated using candidate factors influencing the levels of TT and FT 
according to the bowel preparation and control groups, respectively (Table 3). In the model for TT, age was a 
significant factor in the control group, but not in the bowel preparation group. TT level was negatively correlated 
with the phosphorus level only in the bowel preparation group. Blood pressure (BP), HDL-cholesterol, and tri-
glyceride were significantly associated with TT levels only in the bowel preparation group. BP, triglyceride, and 
phosphorus were significantly associated with FT in the bowel preparation group in FT models. The majority of 
variables, excepting age and smoking, that were included in the models for FT were not significant in the control 
groups.

Multivariate regression models for TT and FT were formulated including age, bowel preparation, their inter-
action, and potential confounders (Table 4). The variables of age, bowel preparation, and their interaction terms 
were significant in both models for TT and FT. Smoking and triglyceride were also significantly related to TT and 
FT.

Total testosterone Free testosterone

Bowel preparation (−) Bowel preparation (+) Bowel preparation (−) Bowel preparation (+)

r P r P r P r P

Age −0.050 0.323 0.103 0.006 −0.327 <0.001 −0.187 <0.001

Systolic blood pressure −0.044 0.384 −0.111 0.003 0.019 0.717 −0.109 0.003

Diastolic blood pressure −0.007 0.895 −0.041 0.267 0.053 0.297 −0.018 0.626

SHBG (log) 0.485 <0.001 0.509 <0.001 −0.224 <0.001 −0.221 <0.001

Body mass index −0.086 0.093 −0.170 <0.001 0.172 <0.001 0.050 0.178

Waist circumference −0.152 0.003 −0.190 <0.001 0.048 0.345 0.029 0.436

Glucose (log) −0.134 0.009 −0.078 0.035 −0.091 0.074 −0.036 0.336

Total cholesterol 0.033 0.513 −0.030 0.413 0.034 0.503 0.023 0.529

HDL-cholesterol 0.171 <0.001 0.124 <0.001 0.011 0.832 0.004 0.921

Triglyceride (log) −0.125 0.014 −0.117 0.002 0.095 0.063 0.106 0.004

Aspartate aminotransferase −0.045 0.381 0.041 0.272 −0.074 0.146 −0.039 0.292

Alanine aminotransferase −0.097 0.056 −0.029 0.441 −0.052 0.304 0.017 0.641

Estimated GFR −0.035 0.493 0.003 0.941 −0.020 0.701 −0.017 0.642

Calcium 0.062 0.223 0.060 0.108 0.042 0.412 0.088 0.017

Phosphorus −0.005 0.929 −0.043 0.247 −0.002 0.971 −0.086 0.021

Table 2.  Pearson correlation coefficients of the variables for the levels of total and free testosterone. SHBG, sex 
hormone-binding globulin; HDL, high-density lipoprotein; GFR, glomerular filtration rate.

Figure 1.  Mean levels of total and free testosterone according to dehydration. The levels of total (A) and free 
testosterone (B) were not significantly different according to dehydration defined by urine specific gravity or 
ketone body formation in both groups of bowel preparation and control. SG, specific gravity.
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Discussion
In the present study, the levels of serum TT and FT were significantly lower in subjects with bowel preparation 
than the ones in the control groups. The difference of TT and FT between the 2 groups was higher in younger 
men than in older men. The interaction between bowel preparation and age was a significant factor influencing 
serum levels of androgens.

Bowel preparation for colonoscopy may induce various adverse events. The most harmful adverse event 
caused by bowel preparation using sodium phosphate is phosphate nephropathy30,31. The effects are known to 
be related to age and dose32,33. Sodium phosphate can cause the imbalance of fluid and electrolyte in vulnerable 
subjects34–36. In our study, bowel preparation induced imbalances in various electrolytes and resulted especially 
in hyperphosphatemia. However, a significant difference in indices of renal function was not seen between the 
2 groups. This suggests that sodium phosphate can induce electrolyte imbalances even though it does not cause 
significant nephropathy. On the other side, nephropathy is not a major cause of the androgen decrease shown 
in the bowel preparation group of our study. The electrolyte imbalance may be a candidate in causing andro-
gen decline. However, although the hyperphosphatemia was more prevalent in the elderly as expected (data not 
shown), TT level was not correlated with phosphorus concentrations without adjusting for age in both groups. 
The sodium phosphate-induced hyperphosphatemia might be influenced by age and play only a partial role in 
reducing the circulating androgen. Some studies have reported that sodium phosphate may also cause elevated 

Figure 2.  Mean levels of total and free testosterone according to age groups. Bowel preparation group had a 
significantly lower total (A) and free testosterone (B) than the control group in younger age groups (<40 and 
40–49 years). However, no significant difference between bowel preparation groups and controls was seen in the 
older groups.

Total testosterone Free testosterone

Bowel preparation (−) Bowel preparation (+) Bowel preparation (−) Bowel preparation (+)

B (SE) P B (SE) P B (SE) P B (SE) P

Age (10 years) −1.25 (0.30) <0.001 −0.36 (0.23) 0.113 −0.03 (0.01) <0.001 −0.01 (0.00) 0.001

SHBG (log in nmol/L) 8.05 (0.72) <0.001 6.88 (0.47) <0.001

Systolic BP (10 mmHg) 0.25 (0.20) 0.221 −0.40 (0.13) 0.003 0.00 (0.00) 0.307 −0.01 (0.00) 0.002

Waist circumference (10 cm) 0.13 (0.36) 0.717 0.06 (0.24) 0.800 0.01 (0.01) 0.163 0.01 (0.00) 0.208

Glucose (log in mmol/L) −1.14 (1.71) 0.505 −1.75 (1.06) 0.097 −0.03 (0.04) 0.375 −0.03 (0.02) 0.203

HDL-cholesterol (mmol/L) 0.56 (1.00) 0.578 1.29 (0.61) 0.035 0.01 (0.02) 0.787 0.02 (0.01) 0.072

Triglyceride (log in mmol/L) 0.19 (0.62) 0.758 1.00 (0.39) 0.009 0.01 (0.01) 0.695 0.02 (0.01) 0.004

Calcium (mmol/L) 0.92 (2.30) 0.689 1.98 (1.06) 0.062 0.00 (0.05) 0.935 0.03 (0.02) 0.106

Phosphorus (mmol/L) −1.45 (1.48) 0.327 −1.09 (0.47) 0.021 −0.04 (0.03) 0.255 −0.02 (0.01) 0.038

Current smoker 1.12 (0.57) 0.048 0.69 (0.36) 0.055 0.03 (0.01) 0.028 0.01 (0.01) 0.154

Alcohol consumer 0.59 (0.61) 0.333 −0.08 (0.43) 0.848 0.01 (0.01) 0.372 0.00 (0.01) 0.795

Routine exercise −0.70 (0.61) 0.251 −0.12 (0.40) 0.757 −0.01 (0.01) 0.421 0.00 (0.01) 0.892

Hypertension −0.17 (0.65) 0.798 −0.28 (0.44) 0.525 0.00 (0.01) 0.894 −0.01 (0.01) 0.375

Diabetes −0.60 (1.03) 0.558 0.86 (0.60) 0.148 0.00 (0.02) 0.970 0.02 (0.01) 0.148

Table 3.  Unstandardized regression coefficients of the variables for the levels of total and free testosterone 
according to bowel preparation. SHBG, sex hormone-binding globulin; BP, blood pressure; HDL, high-density 
lipoprotein.
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blood urea nitrogen levels, hypocalcaemia18,37, hyponatremia, and seizures26,38. However, the subjects undergoing 
bowel preparation in our study did not show these findings except for hypocalcaemia.

Common symptoms like diarrhoea and vomiting may induce dehydration during the process of bowel 
preparation18. In a previous study, the degree of dehydration was inversely related with TT levels27,39. However, 
although our study showed that bowel preparation might elevate urine specific gravity, dehydration assessed by 
urine specific gravity or ketone body was not related with levels of TT and FT in both bowel preparation and 
control groups.

Bowel preparation commonly causes anal irritation, abdominal cramps, abdominal distention, nausea as well 
as diarrhoea and vomiting18,19. These events easily cause pain and sleep disturbances40. Hence, bowel preparation 
can be considered an iatrogenic acute stress condition such as acute disease or surgery. Studies have reported the 
correlation between pain or sleep disturbances and testosterone41–43. Low levels of testosterone were reported in 
acute stress conditions44. According to previous studies, testosterone level was inversely correlated with cortisol 
level45,46. Cortisol is secreted in stress conditions, acting upon the HPG axis to induce negative feedback, and 
finally inhibiting the production of testosterone at gonad level47,48. The activation of the sympathetic tone may 
also cause vasoconstriction in the gonads, resulting in a decreased testosterone synthesis12,49.

The differences in androgen levels between the bowel preparation group and the control group were higher in 
younger subjects. Contrasting the control group, the levels of TT were significantly increasing by age in the bowel 
preparation group. These results implied that bowel preparation may reduce circulating testosterone, especially in 
younger men. Considering that hyperphosphatemia was more induced by bowel preparation in older men partic-
ipating in the study, lower testosterone levels in younger men were difficult to predict. Moreover, the interaction 
between age and bowel preparation for TT and FT levels was significant in the multivariate regression models. It can 
be suggested that the influence of bowel preparation on the levels of testosterone depends on age. It is known that 
the response of the hypothalamic-pituitary-adrenal (HPA) and HPG axes to acute stress decreases with age50–52.  
It is also known that circadian changes of testosterone decrease in elderly. Therefore, it may be believed that the 
reduction in TT under the same stress may be higher in younger men than in older men. It may be inferred that 
bowel preparation represents a sufficient stress that influences the HPG axis, and that it is incredible to collect 
blood samples to measure testosterone serially after bowel preparation especially in young men.

Low levels of testosterone are recognized as a metabolic disorder53–56. Our study also showed that the level of 
TT is well correlated with metabolic parameters such as waist circumference, glucose, HDL-cholesterol, and tri-
glyceride. However, most parameters did not have significance in the multivariate model including the variable of 
SHBG. Similarly, FT levels calculated using SHBG levels were not well correlated with most metabolic parameters 
in the univariate or multivariate models. These findings are consistent with those of the previous studies57–62. It 
may be inferred that SHBG is an important metabolic marker.

This study has some limitations. First, the current study was conducted in a cross-sectional manner. If TT 
levels data can be collected before and after bowel preparation, longitudinal analysis can be conducted. To reduce 
study design error, a large control sample was used in our analysis. Second, important hormonal factors consist-
ing of players in the HPA and HPG axes were not evaluated. Further measurements of cortisol, luteinizing hor-
mone, adrenocorticotropic hormone, et cetera may help in interpreting the results from a variety of viewpoints. 
Third, we did not survey the severity of common symptoms such as vomiting, diarrhoea, and abdominal cramps 
after bowel preparation. The additional symptom data might further support our objective dehydration and elec-
trolyte imbalance data.

The current study is the first study to investigate testosterone levels related to bowel preparation, an essential 
step in colonoscopy. The FDA has issued a box warning against using sodium phosphate due to the potential risk 
of renal injury and electrolyte imbalance63. Our study added that the low levels of testosterone may be associated 

Total testosterone Free testosterone

Beta (SE) P Beta (SE) P

Age −0.09 (0.04) 0.021 −0.14 (0.04) <0.001

SHBG (log) 0.56 (0.03) <0.001

Systolic blood pressure −0.04 (0.03) 0.131 −0.05 (0.03) 0.104

Waist circumference 0.01 (0.03) 0.673 0.06 (0.03) 0.071

Glucose (log) −0.05 (0.03) 0.097 −0.05 (0.03) 0.142

HDL-cholesterol 0.06 (0.03) 0.037 0.05 (0.03) 0.112

Triglyceride (log) 0.07 (0.03) 0.012 0.09 (0.03) 0.007

Bowel preparation −0.13 <0.001 −0.14 <0.001

Interaction between age and bowel 
preparation 0.08 0.033 0.11 0.012

Current smoker 0.07 0.009 0.07 0.021

Alcohol consumer 0.02 0.559 0.01 0.638

Routine exercise −0.02 0.425 −0.02 0.563

Hypertension −0.01 0.735 −0.01 0.654

Diabetes 0.02 0.490 0.03 0.353

Table 4.  Standardized regression coefficients of the variables for the levels of total and free testosterone. SHBG, 
sex hormone-binding globulin; BP, blood pressure; HDL, high-density lipoprotein.
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with sodium phosphate used in bowel preparation regardless of renal dysfunction or electrolyte imbalance. 
Further studies should be conducted to determine whether testosterone levels are influenced by using sodium 
phosphate or by the bowel preparation process itself, and whether the observed levels are temporary or not.

In conclusion, bowel preparation may independently decrease the levels of serum TT and FT. The reduction 
in serum testosterone levels is prominent in young men. We do not recommend measuring serum testosterone 
concentration right after the bowel preparation for colonoscopy. The mechanisms of the testosterone level decline 
induced by bowel preparation may be investigated in the further studies.

Methods
Study population.  The participants in this cross-sectional study were male adults who visited the hospital 
for health check-ups from January 2008 to May 2010. A total of 1161 subjects had serum TT and SHBG con-
centration levels measured. Among them, we excluded participants who were receiving hormone therapy. We 
also excluded patients with an acute disease, liver disease such as chronic hepatitis and cirrhosis, chronic kidney 
disease, and a history of stroke, angina, myocardial infarction, or any type of cancer. A total of 1114 men were 
finally included in the analyses.

Clinical and laboratory parameters.  We collected information regarding medical history and lifestyle 
habits of participants using self-report questionnaires. Smoking history was used to categorize participants into 
current smokers or not (ex-smokers and non-smokers). Drinking history was categorized into current consumer 
and non-consumer. Exercise was classified into routine (moderate-to-strenuous intensity, 3 times a week or more 
frequent) and non-routine. Body mass index was defined as body weight (kg) divided by the square of height 
(m2). Waist circumference was measured to the nearest 0.1 cm midway between the lower rib margin and the iliac 
crest in a standing position. BP was measured after resting for 10 minutes in a sitting position using an automatic 
sphygmomanometer (TM-2655; A&D Co.,Tokyo, Japan).

Venous blood samples were drawn from the antecubital area between 7:30 a.m. and 10:30 a.m. after an over-
night fast of 8 h. Serum samples were stored at 4 °C and analysed within a day of sampling. Serum analyses were 
performed on a daily basis. Glucose, creatinine, liver enzymes, electrolytes, and lipid profiles were measured 
using an automatic analyser (Roche/Hitachi Modular Analytics D2400 & P800 module; Roche, Tokyo, Japan). 
Glomerular filtration rate was estimated using the Modification of Diet in Renal Disease method64. Urine samples 
were simultaneously collected with blood samples. Urinary ketone and urinary specific gravity were measured 
using an automated strip reader. (Sysmex UC 3500; Sysmex, Kobe, Japan).

TT was measured by radioimmunoassay using Coat-a-Count® Total Testosterone kit (Siemens Healthcare 
Diagnostics Inc., Tarrytown, NY, USA) with inter- and intra- assay coefficient of variation of 5.9–6.7%. SHBG 
levels were measured by electrochemiluminescence immunoassay, Cobas 6000® analyzer (Roche, Mannheim, 
Germany) with inter- and intra- assay coefficient of variation of 1.3% and 2.4%. FT levels were calculated using 
the Vermeulen’s method65.

Bowel preparation.  Bowel preparation before colonoscopy included the oral administration of 2 bottles of 
sodium phosphate. All participants received a 90 mL sodium phosphate solution (Phosphanol®, DONGINDANG 
Pharmaceutical Company, Gyeonggi-do, Korea: each 100 mL containing 48 g sodium dihydrogen phosphate and 
18 g sodium hydrogen phosphate) for bowel preparation. At 7 p.m. the day before, half of the sodium phosphate 
solution (45 mL) was mixed with a cup of water (240 mL) and at least 3 cups of water were consumed at 10:00 p.m. 
At 5:00 a.m. on the day of the test, the remaining half of the sodium phosphate solution (45 mL) was mixed with 
a cup of water (240 mL) and then 2–3 additional cups of water were consumed before the health examination.

Statistical analyses.  For the descriptive analysis, the results were expressed as median (interquartile range) 
or number (proportion). The difference in variables between the bowel preparation and control groups were ana-
lysed using Mann-Whitney U test or chi-square test. Skewed variables were used in the subsequent analyses after 
being logarithmically transformed. Pearson correlation analyses were used to investigate the linear relationship 
of the levels of TT and FT with age; the levels of SHBG, liver enzymes, calcium, and phosphorus; renal function; 
and metabolic parameters. To compare the levels of TT and FT according to dehydration and age groups, inde-
pendent sample t-test and one-way ANOVA were used for the bowel preparation and control groups, respectively. 
To find the factors influencing the levels of TT and FT, multivariate regression models were constructed based 
on the results of the correlation analyses according to the 2 groups, respectively. Finally, to confirm the influence 
of bowel preparation, age, and their interaction on the levels of TT and FT, potential factors were included in a 
single regression model.

All analyses were conducted using SPSS version 21.0 statistical analysis software (IBM, Armonk, NY, USA). 
P < 0.05 was considered statistically significant.

Ethics approval and consents to participate.  All participants were unconditioned volunteers in our 
study. Informed consent was obtained from all participants, and the study was approved by the Institutional 
Review Board of the CHA Bundang Medical Center, Korea (BD2013-081). All methods were performed in 
accordance with the relevant guidelines and regulations.
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