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ABSTRACT
AIM: Obesity is a risk factor for colorectal neoplasia. Bioelectrical 
impedance analysis (BIA) is a novel and convenient method to 
measure body fat mass. The correlation between BIA and adenoma 
risk is unknown. We aimed to conduct a cross-sectional study to 
evaluate BIA and other measures of obesity as risk factors for 
adenomas.
METHODS: Participants underwent screening colonoscopy 
between 2006 and 2008. Waist-hip ratio (WHR) and body mass 
index (BMI) were measured. Percent body fat was calculated by BIA 
using a proprietary scale. Physical activity and other risk factors were 
assessed by telephone interview.
RESULTS: 255 patients with adenomas and 679 non-adenoma 
controls were included. Increased age, male sex, and decreased 
physical activity were associated with adenoma prevalence. In 
multivariate analysis, WHR and BMI were independently associated 
with adenoma prevalence. Patients in the highest tertile of WHR had 
an OR of 2.0 (95% CI 1.2-3.2) compared to the lowest tertile. Obese 
white patients had significantly increased odds of having adenomas 
[OR 2.0 (95% CI 1.3, 3.2)] compared to whites with a normal BMI.  
Percent body fat measured by BIA was not associated with adenoma 
status: patients in the highest tertile of percent body fat had an OR of 
1.0 (95% CI 0.7-1.6) compared to patients with the lowest tertile.
CONCLUSIONS: Percent body fat calculated by BIA was not 
associated with adenoma prevalence. Although BIA is a quick and 
convenient measure of adiposity, it is not predictive of adenoma 
risk perhaps because it measures the amount of fat but not the 
distribution. 
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INTRODUCTION
Colorectal cancer (CRC) is the third most common malignancy among 
men and women in the United States[1].  Despite a decrease in incidence 
in recent decades, it is estimated that there will be 143 460 new CRC 
cases and 51 690 deaths in 2012[2,3]. Variations in geographical CRC 
prevalence rates and migration patterns suggest that environmental 
and lifestyle exposures are important risk factors that influence the 
risk for colorectal neoplasia.  Epidemiologic studies suggest that 
factors such as increased body mass index (BMI), lack of physical 
activity, central adiposity and high fat diets are all independent, 
modifiable, risk factors for colorectal cancer and colorectal 
adenomas, the precursors to most cancers[4].    
   Obese patients consistently exhibit a higher prevalence of colonic 
adenomas than non-obese controls[5,6]. Despite the increased risk in 
obese individuals as a group, there is still considerable unexplained 
variation in risk between obese individuals. This might be explained 
by variations in individual body composition. The distribution and 
the composition of body fat, particularly visceral adiposity, is more 
predictive of complications from metabolic syndrome than weight 
alone[7], and this may be the case for adenomas as well. Indeed, 
some studies have shown a connection between visceral adiposity 
and colorectal adenomas[8,9].  
    Unfortunately, visceral adiposity is difficult to measure. BMI 
measurements remain the standard by which obesity is defined, 
but BMI poorly correlates with true body composition[10]. Most 
techniques used to measure body composition such as cross-
sectional imaging or plethysmography are limited to clinical 
trials. Traditional anthropometric measures such as waist-hip ratio 
(WHR) measurements are feasible to obtain but cumbersome, 
time-consuming, and may be embarrassing for patients. Recently, 
electronic scales able to measure both weight and body composition 
by way of bioelectrical impedance (BIA) have become available.  
These scales make it possible to obtain a potentially more sensitive 
measure of adiposity without adding significant cost or time. Of 
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were measured.  Percent body fat was obtained using a Tanita® model 
TBF-300WA scale (Arlington Heights, Illinois) (Figure 1). The 
participant’s gender, age, and height were entered into the scale and 
while the patient was being weighed, an imperceptible electrical 
current was passed from one foot to the other foot through the body 
via electrical contact pads incorporated into the base of the scale. The 
resulting electrical impedance was measured in ohms, and the scale 
then used the measured impedance to calculate percent body fat using 
a proprietary regression algorithm that incorporated age, weight, 
height and sex. Study patients then underwent screening colonoscopy 
per standard protocol.  
    Within 12 weeks of colonoscopy, each patient received a phone 
call from a trained interviewer who was blinded to the colonoscopy 
results. The interviewer collected information on diet, bowel habits, 
physical activity, age, sex, race, smoking history, alcohol use, 
nonsteroidal anti-inflammatory drug (NSAID) use, laxative use and 
other co-morbidities. 
    BMI was calculated as kg/m2 and further categorized by obesity 
status per the World Health Organization classification system; 
normal (BMI<25 kg/m2), overweight (BMI≥25 kg/m2 to <30 kg/
m2), and obese (BMI≥30 kg/m2). Waist and hip circumference were 
measured in centimeters and reported as a ratio (‘waist-hip ratio’ 
or WHR) that was then divided into tertiles for statistical analysis.  
Percent body fat was reported as the proportion body fat mass to total 
body mass and divided into tertiles. Physical activity was estimated 
using the validated International Physical Activity Questionnaire and 
reported as metabolic equivalents minutes per week (MET-mins/
week) and categorized into tertiles of activity[17].  

Statistical Analysis
Bivariate analysis was performed using chi-square or t-tests to 
assess the association between adenoma status and the following 
measures: percent body fat, BMI, WHR, weight, physical activity, 
height, race, sex and age. Multivariable analysis was then performed 
using logistic regression to explore the relationship of the three main 
measures of adiposity; percent body fat, BMI and WHR, and their 
association with adenoma status. These three models controlled for 
potential confounders including age, sex, race and physical activity.  
Since the measure of percent body fat by BIA was dependent on 
age and sex, it was inappropriate to control for these factors in 
the adjusted model. Therefore, percent body fat was adjusted for 
only race and physical activity. Effect measure modification was 
assessed using likelihood ratio tests. If effect measure modification 
was identified, the analysis was then stratified by the effect measure 
modifier. A further exploratory analysis was performed using logistic 
regression to determine which factors were best associated with case 
status.  Factors not meeting the 10% change-in-estimate approach 
were dropped. All tests of significance were two-tailed and p-values 
<0.05 were considered significant. All data were entered into and 
analyzed using Stata 12.0 statistical software (StataCorp, College 
Station, TX).

RESULTS
Characteristics of Cases and Controls
A total of 934 patients (255 cases and 679 adenoma-free controls) 
had a complete colonoscopy and were available for analysis. Cases 
were older than controls, and more likely to be male (Table 1). On 
average, cases were 8.6 pounds heavier, 0.7 inches taller, had a higher 
BMI and a larger WHR. In addition, cases reported a significantly 
lower level of physical activity. Percent body fat was not associated 
with adenoma status in bivariate analysis.
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interest is that some studies have shown a link between certain BIA 
measurements and CRC risk[11,12], but to our knowledge, percent body 
fat measured by BIA measures has never before been examined as a 
predictor of adenoma risk.    
    The Diet and Health Study V (DHS-V) was a cross-sectional study 
designed to study environmental and lifestyle factors associated 
with colorectal adenomas. We hypothesized that percent body-
fat measured by BIA might be a better predictor of adiposity and 
therefore, adenoma risk than other anthropometric measures.

MATERIALS AND METHODS
Study Overview and Population
The DHS-V was one of a series of cross-sectional studies designed 
to assess environmental and lifestyle factors associated with the 
presence of colorectal adenomas. The study methods have been 
published in detail elsewhere[13-15], but are summarized here in brief.   
All patients referred for screening colonoscopy at the University of 
North Carolina (UNC) Hospitals during the years of 2006-2008 were 
eligible to participate. UNC Hospitals is an academic medical center 
with a large catchment area serving a diverse population. Inclusion 
criteria included all participants between the ages of 30 and 80 with 
a satisfactory preparation for colonoscopy and a complete exam to 
the cecum. Exclusion criteria included participants with a history of 
a prior colonoscopy, any patients with a history of a previous colon 
resection or a diagnosis of polyposis, colitis, or CRC. Following 
colonoscopy, additional data was collected via telephone interview 
(see below).
    Eligible participants for this study were those who had a complete 
colonoscopy with available anthropometric data. From the eligible 
participants, cases were designated as individuals with one or more 
adenomatous polyp identified after pathology review. Controls were 
subjects without adenomas, but could have had hyperplastic polyps 
only.   
    The UNC School of Medicine Institutional Review Board 
approved the study. The STROBE guidelines for reporting descriptive 
observational studies were followed[16].

Data Collection
Patients scheduling a screening colonoscopy were mailed a brochure 
describing the study and the possibility that they would be selected 
to participate at the time of their procedure.  On the day of the 
scheduled exam, potential participants were recruited by a study 
coordinator prior to colonoscopy, at which time the participant’
s height, weight, waist and hip circumference and percent body fat 

Figure 1 Tanita TBF-300WA scale used for bioelectrical impedance analysis 
and measurement of percent body fat in this study. Image courtesy of 
Tanita Corporation.



Percent Body Fat, BMI, WHR, Physical Activity and Colorectal 
Adenomas
Logistic regression was used to calculate unadjusted and adjusted 
odds ratios for adenoma risk based on demographic and personal 
characteristics (Table 2). There was no association between tertiles 
of percent body fat as measured by BIA and adenoma status. In 
contrast, there was a significant relationship between case status and 
WHR, BMI and physical activity. The odds of having an adenoma 
doubled for patients in the highest tertile of WHR. Patients in the 
highest tertile of physical activity had almost half the odds of having 
adenomas compared to patients in the lowest tertile. Significant 
interaction was found between BMI and race. We therefore, stratified 
BMI results by race. Using whites with a normal BMI (<25 kg/m2) 
as the referent for all comparisons, both overweight and obese white 
patients had significantly increased odds of having adenomas. In 
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contrast, black patients with a normal BMI had 3.8 (95% CI; 1.3-10.6) 
times the odds of white patients with a normal BMI when adjusted 
for age, sex and physical activity. When overweight and obese blacks 
were compared to whites with a normal BMI, the odds of adenoma 
were increased, but these results were not statistically significant. 
 
Factors Most Strongly Associated with Adenoma Status
Exploratory models were created to determine which factors 
were most strongly associated with adenoma status. Case status 
was modeled with a logistic regression model and included the 
independent variables: age, sex, physical activity, weight, and race 
and WHR. BMI was excluded because it is a construct of height/
weight2 and interacts with race. Percent body fat was excluded 
because it was calculated using a proprietary equation which 
incorporated impedance, age, sex, and weight. Using the Wald 
test, all non-significant terms were dropped from the model. The 
final model showed that WHR adjusted for age was most strongly 
associated with adenoma status. For every 0.1 increase in WHR the 
odds of having an adenoma increased by 1.6 (95% CI; 1.3-2.0).

DISCUSSION
To our knowledge this is the first study to evaluate the relationship 
between percent body fat as measured with bioelectrical impedance 
using a commercially-available scale and adenoma status. Contrary 
to our expectation, percent body fat as measured by leg to leg BIA 
was not significantly associated to adenoma status. Both the control 
and case groups had equivalent percent body fat. In contrast, other 
anthropometric measures of adiposity such as weight, WHR, and 
BMI were statistically associated with adenoma status.     
    Obesity has been shown to be a risk factor for both colorectal 
adenomas and cancer. However, not all obese individuals exhibit the 
same risk. In this study, we hypothesized that percent body fat might 
be a more sensitive and convenient measure to identify patients at 
higher risk for adenomatous polyps. The ability to measure body 
composition using BIA has appeal because of its ease of use and 
acceptability to patients. Other methods require expensive equipment 
or are time-consuming. Scales with the capability of measuring body 
composition using BIA while a patient is being weighed add little 
extra time.  
    It is unclear why percent body fat did not correlate with adenoma 
status in this study. Other measures of adiposity such as weight, BMI 
and WHR correlated with case status as we had expected.  Perhaps 
the BIA measurements and/or the proprietary equation used resulted 
in inaccurate estimates of percent body fat. Bipedal devices such 
as that used in this study may be less accurate than tetrapolar and 
octapolar BIA instruments, particularly for body fat measurements[18]. 
However, this and similar devices have demonstrated accuracy for 
estimating body composition and body fat in validation studies[19,20]. 
BIA is a variable measure that can be affected by age, exercise, and 
fluid shifts[21-23]. It is possible, for example, that BIA measurements 
were influenced by the polyethylene glycol colon lavage solution 
ingested by patients in preparation for colonoscopy. It is also 
possible that the path of the electrical current from one leg to the 
other does not accurately assess abdominal and visceral adiposity, 
and it is the fat distribution that is the most important determinant of 
adenoma risk[8,9].      
    In summary, bioelectrical impedance measures of body 
composition did not correlate with adenoma status in this study as 
we had hypothesized. In contrast, BMI, WHR and physical activity 
did correlate with adenoma status, which is a consistent finding from 
previous studies. Waist-hip ratio measurements appeared to be most 
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Table 1 Characteristics of Study Population.

Age 
Male 
Race  
   White
   Black
Height (inches) 
Weight  (pounds)
Percent Body Fat2 
Waist/Hip Ratio  
BMI (kg/m2)
Physical Activity  (MET-mins/week)
   Tertile 1
   Tertile 2
   Tertile 3

Adenoma-free 
controls (n=679)
Mean ± SE or n (%)
54.9 ± 0.2
241 (39%)

525 (89%)
65 (11%)
67.1 ± 0.2
172.3 ± 1.6
30.3 ± 0.4
0.901 ± 0.003
26.9 ± 0.2
2.535 ± 104
187 (31%)
205 (34%)
211 (35%)

Adenoma cases         
(n=255)
Mean ± SE or n (%)
56.6 ± 0.51

122 (51%)1

202 (87%)
29 (13%)
67.8 ± 0.31

180.9 ± 2.41

30.7 ± 0.7
0.929 ± 0.0051

27.8 ± 0.41

2.237 ± 1521

92 (39%)
74 (32%)
68 (29%)

1 p≤0.05; 2 as measured by bioelectrical impedance analysis; BMI: Body 
mass index; MET: metabolic equivalent of task.

Table 2 Odds Ratios (95% CI) of Adenoma Risk by Demographic, 
Anthropometric and Lifestyle Factors.

Predictor

Age (per 10 year increase)
Male
Race
  White
  Black
Height (3 inch increments)
Weight (per 10 lbs. increments)
Percent Body Fat  by BIA
  Tertile 1 (referent)
  Tertile 2
  Tertile 3
Waist-hip Ratio 
  Tertile 1 (referent)
  Tertile 2
  Tertile 3 
BMI by Race
  Whites
     BMI < 25 (referent)
     BMI 25 to <30
     BMI >30
  Blacks
     BMI < 25
     BMI 25 to <30
     BMI >30
Physical Activity
  Tertile 1 (referent)
  Tertile 2
  Tertile 3

Unadjusted OR  
(95% CI)
1.5 (1.2,  1.9)
1.6 (1.2,  2.1)

1.0
1.2 (0.7,  1.9)
1.1 (1.0,  1.2)
1.05 (1.02,  1.09)

1.0
0.8 (0.5,  1.2)
1.1 (0.8,  1.6)

1.0
1.5 (1.0,  2.2)
2.2 (1.5,  3.3)

1.0
1.9 (1.3,  2.8)
1.8 (1.2,  2.9)

3.3 (1.2,  8.9)
1.9 (0.8,  4.5)
1.2 (0.6,  2.4)

1.0
0.7 (0.5,  1.1)
0.7 (0.5,  1.0)

1 Adjusted for race and physical activity; 2 Adjusted for age sex race and 
physical activity; 3 Adjusted for age sex and physical activity; 4 Adjusted 
for age sex and race; BIA: bioelectrical impedance analysis; BMI: Body 
mass index.

Adjusted OR 
(95% CI)

1.0 1

0.7 (0.5, 1.11

1.0 (0.7, 1.5) 1

1.0 2

1.5 (1.0, 2.3) 2

2.0 (1.3, 3.3) 2

1.0 3

1.7 (1.2, 2.5)3

2.0 (1.3, 3.2)3

3.8 (1.3,  10.6)3

1.8 (0.7,  4.4)3

1.3 (0.7,  2.6)3

1.0 4

0.7 (0.5,  1.0)4

0.6 (0.4,  0.9)4
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closely correlated with adenoma status and this supports the concept 
of abdominal and visceral adiposity as a significant modifiable risk 
factor for adenoma formation. It is important to continue to explore 
additional ways of measuring abdominal and visceral adiposity and 
their relationship to colon adenoma status and colorectal cancer. 
However, our results suggest that percent body fat as measured by 
bioelectric impedance, as performed in this study, does not correlate 
with adenoma risk. Therefore, this technique has limited usefulness 
in colorectal neoplasia research or risk stratification.
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