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Background: Obesity is known as an important risk factor for colorectal adenoma. How-
ever, for the elderly with changes in body composition, reduced muscle, and increased 
fat, the body mass index (BMI), one of the most commonly used indicators of obesity, is 
limited in predicting a link to colorectal cancer. This study aimed to investigate the rela-
tionship between colorectal adenoma and grip strength that can predict muscle reduc-
tion in the elderly. Methods: This study included 262 participants aged ≥65 years who 
underwent medical examination between June 2015 and August 2018. The control 
group comprised participants with normal findings or hyperplasia and other benign le-
sions, except adenoma on colonoscopy, whereas the adenoma group consisted of par-
ticipants with more than one adenoma. Grip strength was alternately measured twice 
for each hand using a hydraulic dynamometer. Results: The grip strength was statistical-
ly lower in the adenoma group than in the control group among women (P=0.042). For 
both sexes, grip strength was significantly lower in participants with ≥5 adenomas than 
in those with <5 adenomas (P=0.021, P=0.007). Similarly, men with large adenomas 
(≥7 mm) exhibited significantly lower grip strength than did those with small adeno-
mas (<7 mm) (P=0.004). Even after correction for age, BMI, smoking status, alcohol 
consumption, exercise, insulin resistance, hypertension, and diabetes, the negative cor-
relation between grip strength and number of adenomas among men and women re-
mained (P=0.034, P=0.019). Conclusions: A significant relationship between hand grip 
strength and number of colorectal adenomas was noted.
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INTRODUCTION

Colorectal cancer had the second highest incidence rate among men and wom-
en in 2016 (17.1 deaths per 100,000 individuals) and was ranked as the third lead-
ing cause of death after lung and liver cancers (35.1 and 20.9 deaths per 100,000 
individuals, respectively), showing a continuously increasing trend in mortality 
rate from 2007 to 2017.[1] Thus far, the cause of colorectal cancer has not been 
clarified. Nonetheless, >95% of colorectal cancers have been reported to occur in 
colorectal polyps, and 5% to 10% of the colorectal polyps can progress to colorec-
tal cancer.[2] Furthermore, the “adenoma-carcinoma sequence” is characteristic of 
the pathogenesis of colorectal cancer.[3] Hence, the identification of risk factors 
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for colorectal polyps, as well as early colorectal cancer pre-
vention and colorectal polyp detection, is important.

Obesity is known to be an important risk factor for color-
ectal adenoma and colorectal cancer.[4] However, detailed 
studies have variously reported the effects of obesity on 
colorectal neoplasms according to different indicators of 
obesity and subject characteristics. In a study that used 
body mass index (BMI), the most commonly used indicator 
of obesity, no difference in adenoma frequency was ob-
served between obese and normal-weight Korean adults.
[5] A meta-analysis of studies with 70,000 cases revealed a 
higher incidence of colorectal cancer among individuals 
with BMI ≥30 kg/m2 than that among those with normal 
weight, although no clear difference was noted between 
men and women.[6] Abdominal obesity, and not BMI, was 
an independent risk factor for colorectal adenoma devel-
opment; however, the association between abdominal 
obesity and colorectal adenomas was observed to be less 
relevant in older adults aged >60 years, in whom colorec-
tal adenomas were common.[7] 

BMI estimates the obesity level based only on weight 
and without consideration of muscle and fat quantity, and 
does not correlate with the total fat percentage in the el-
derly individuals in whom body composition changes with 
decreased muscle mass and increased fat mass, which 
could explain why the association between colorectal ade-
noma and colorectal cancer has been variously reported 
according to the obesity index.[8] An increase in age leads 
to sarcopenic obesity, defined as decreased muscle mass 
accompanied by increased fat mass. Sarcopenic obesity is 
considered one of the important problems in older indi-
viduals and is associated with metabolic syndrome, cardio-
vascular diseases, frailty, and mortality.[9,10] As sarcopenic 
obesity progresses, muscle strength and mass decrease. A 
longitudinal study reported significant muscle loss in older 
participants compared with their younger counterparts 
and showed that the change in muscle mass was positively 
correlated with the change in muscle strength (e.g., knee 
extensor and flexor strength).[11] Handgrip strength, wide-
ly used for measuring muscle strength, because of cost, 
availability, ease of use, and its association with leg strength 
is related with muscle mass and could be one of the indica-
tors of body composition in the elderly.[12,13] The present 
study aimed to investigate the relationship between colorec-
tal adenoma and grip strength in the elderly.

METHODS

1. Participants
The medical records of participants aged ≥65 years 

who underwent routine health examination at a local uni-
versity hospital from July 2015 to September 2018 and re-
sponded to self-reported questionnaires were reviewed. 
Health-screening procedures included physical measure-
ments, laboratory tests, and colonoscopy. Participants aged 
≥65 years who were diagnosed with colorectal cancer 
during the study period (n=1), had a history of any cancer, 
including colorectal cancer (n=11), or were unable to com-
plete the study because of poor bowel preparation or fail-
ure to undergo cecal intubation (n=3) were excluded from 
the analysis. Finally, 262 participants were eligible after ex-
clusion.

This study was approved by an independent Institution-
al Review Board (Approval no. 2019-02-012) and was per-
formed in accordance with the principles expressed in the 
Declaration of Helsinki.

2. Measurement of grip strength
There is no standardized method to measure grip strength; 

in this study grip strength was measured, in accordance 
with the method described in many epidemiologic stud-
ies, as follows.[14] While sitting on a chair, participants 
held a dynamometer (Jamar 5030J1; Sammons Preston, 
Bolingbrook, IL, USA) with their elbow flexed and forearm 
parallel to the floor and were encouraged to squeeze the 
apparatus as hard as possible. Grip strength (in kilograms) 
was alternately measured twice for each hand using the 
dynamometer. The better numerical value for the domi-
nant hand was used for statistical analysis.

3. Colonoscopy
Experienced board-certified endoscopists performed 

colonoscopy using a videoscope (CF-Q260AI or CF-Q260AL; 
Olympus, Tokyo, Japan). Bowel preparations were carried 
out using a low-volume (2 L) polyethylene glycol solution 
with 20 g ascorbic acid (Coolprep; Taejoon Pharmaceutical, 
Seoul, Korea) or sodium picosulfate with magnesium ci-
trate (Picosolution; Pharmbio Korea, Seoul, Korea). The en-
tire colon (i.e., from the rectum to the cecum) was exam-
ined, and all the visualized lesions were biopsied and his-
topathologically assessed by experienced pathologists.
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The location, size, number, and colonoscopic appear-
ance of colorectal adenomas were recorded. Hyperplastic 
polyps were not regarded as neoplastic lesions, and sessile 
serrated adenoma or traditional serrated adenoma was re-
garded as colorectal adenoma. The size of each adenoma 
was estimated using open-biopsy forceps and was catego-
rized as either <7 or ≥7 mm, with the largest adenoma 
size used in the event of multiple adenomas. The location 
of adenomas was classified as proximal (including the ce-
cum, ascending colon, or transverse colon) and distal (in-
cluding the splenic flexure, descending colon, sigmoid co-
lon, or rectum). Histologically confirmed colorectal adeno-
mas were categorized as tubular or tubulovillous and were 
classified into low-grade and high-grade adenomas, ac-
cording to the degree of dysplasia. When multiple adeno-
mas were detected, they were prioritized according to the 
severity of the pathologic findings.

4. Covariates
Participants underwent anthropometric evaluation, in-

cluding height and weight. Body composition, including 
muscle mass and percentage of fat, was measured using a 
bioelectrical impedance analyzer (BIA; Inbody 720; Bio-
space Co., Seoul, Korea). Blood pressure was measured us-
ing an automatic digital BP monitor FT-700R (Jawon Medi-
cal Co., Seoul, Korea). Comorbidities, including hyperten-
sion and diabetes, and current smoking status were checked 
by using self-reported questionnaires. Alcohol consump-
tion was defined as alcohol intake more than 2 or 3 times a 
week, and regular exercise was defined as exercise for more 
than three times in a week.

5. Statistical analysis
Participants were classified according to sex and pres-

ence or absence of adenoma. Continuous variables were 
analyzed using t-test for the comparison of basic demo-
graphic characteristics and were expressed as mean±stan-
dard deviation. The χ2 test was used for categorical vari-
ables, which were presented as N (%). Subsequently, the 
characteristics of adenomas in participants with adenoma 
were analyzed. Multiple linear regression analysis was con-
ducted to estimate the crude and adjusted strength of as-
sociation between grip strength and number of colorectal 
adenomas. Outcomes were considered statistically signifi-
cant if P-values were <0.05. All statistical analyses were 

performed using IBM SPSS version 20.0 (IBM Corp., Armonk, 
NY, USA).

RESULTS

Of the 262 participants included, 144 (55.0%) were men, 
whereas 118 (45%) were women. The mean age of the 
men was 69.04 years, irrespective of the presence or ab-
sence of adenomas; in contrast, the mean age of the wom-
en with adenoma was 70.33 years, which was higher than 
that of women without adenoma. No difference in obesity, 
as assessed using BMI, was observed between men and 
women irrespective of colorectal adenoma. Similarly, body 
fat percentage and muscle mass, which were estimated by 
a BIA, showed no statistically significant differences. How-
ever, the grip strength in women with colorectal adeno-
mas was significantly different than that in women with-
out adenomas. A similar trend was observed in men, albeit 
without statistical significance. Furthermore, no differenc-
es in insulin resistance, as evaluated using homeostasis 
model assessment of insulin resistance (HOMA-IR), and co-
morbidities in men and women were observed between 
the adenoma and control groups. Lifestyle factors, such as 
smoking, alcohol consumption, and regular exercise, were 
not different among participants regardless of sex and the 
presence or absence of adenomas (Table 1). 

The difference in grip strength in relation to the charac-
teristics of adenomas was analyzed in men and women 
with adenomas (Table 2). The grip strength of men and 
women with ≥5 adenomas was significantly lower than 
that of men and women with <5 adenomas. Among men, 
participants with large adenomas (≥7 mm) had lower grip 
strength than those with small adenomas. Nonetheless, 
grip strength showed no relation to dysplasia, pathophysi-
ology, and the location of adenomas in both men and women. 

The relationship between grip strength and number of ad-
enomas was analyzed by controlling variables that could af-
fect grip strength and adenomas (Table 3). After adjustment 
for age, BMI, smoking status, alcohol consumption, and exer-
cise, grip strength was shown to be significantly related to 
the number of adenomas in both men and women (Model 2). 
The relationship between grip strength and number of ade-
nomas remained statistically significant after adjustment for 
insulin resistance evaluated by HOMA-IR and medical history 
of hypertension and diabetes mellitus (Model 3).
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DISCUSSION

In this study, we analyzed whether grip strength, which 
can be easily assessed in the clinic, is related to colorectal 
adenoma, a precursor to colorectal cancer. The results of 
our study indicated that the number of colorectal adeno-
mas was significantly related to a reduction in grip strength, 
and that grip strength was associated with the size of ade-
nomas in men. 

Thus far, few studies have confirmed the association be-
tween body composition and colorectal adenoma or can-
cer. One study, which enrolled adults aged >18 years who 
underwent medical examination, reported the association 
between the risk of colorectal neoplasms and skeletal mus-
cle mass, as measured using a BIA.[15] In that study, even 

after correction for risk factors of colorectal neoplasms 
such as family history, the negative correlation between 
muscle mass quartile and the risk for developing colorectal 
neoplasms remained significant, and muscle mass was ob-
served to be related to advanced colorectal neoplasms in 
men. A previous study measured muscle mass using BIA in 
men and women aged ≥40 years and <90% of the stan-
dard skeletal muscle mass, and found that participants be-
longing to the sarcopenia group more frequently had ad-
vanced adenomas (adenomas ≥10 mm in diameter, ade-
nomas containing >25% of villous component, and/or 
high-grade dysplasia or serrated adenoma >10 mm in 
size).[16] In another study in which muscle mass measured 
by BIA in adults aged ≥50 years was corrected by weight, 
and sarcopenia was categorized into classes I and II accord-

Table 1. Comparison of baseline characteristics between the adenoma and control groups

Men Women

Participants without 
colorectal adenoma 

(n=45)

Participants with 
colorectal adenoma 

(n=99)
P-value

Participants without 
colorectal adenoma 

(n=63)

Participants with 
colorectal adenoma 

(n=55)
P-value

Age (year) 68.24±3.14 69.42±4.00 0.083 68.94±3.45 70.33±3.98 0.045

Height (cm) 165.12±5.72 165.88±4.83 0.413 152.27±6.61 153.29±4.78 0.346

Weight (kg) 69.16±8.86 70.34±8.83 0.459 58.86±8.65 59.48±7.02 0.667

BMI (kg/m2) 25.35±2.91 25.57±3.02 0.688 25.32±2.95 25.31±2.65 0.980

Body fat (%) 27.20±5.30 28.25±5.83 0.304 37.36±6.13 37.28±5.51 0.943

Muscle mass (kg) 27.77±3.22 27.67±3.07 0.857 19.30±2.37 19.94±2.29 0.154

Grip strength (kg) 33.71±6.88 31.70±5.27 0.056 19.96±4.16 18.43±3.87 0.042

SBP (mmHg) 131.44±11.96 132.58±11.03 0.580 131.37±9.59 133.82±11.77 0.215

DBP (mmHg) 76.80±9.72 79.47±8.58 0.099 77.32±10.44 78.02±8.14 0.688

Fasting glucose (mg/dL) 106.67±22.20 108.87±23.68 0.599 101.35±14.32 106.13±18.30 0.115

Fasting insulin (μU/mL) 8.10±9.83 8.30±9.80 0.910 6.75±4.16 6.72±4.74 0.972

HOMA-IR 2.09±2.40 2.32±3.17 0.677 1.79±1.22 1.81±1.66 0.961

C-reactive protein (mg/dL) 0.13±0.16 0.29±0.97 0.276 0.15±0.3 0.20±0.38 0.471

25(OH)D (ng/mL) 24.12±7.63 23.04±8.13 0.457 21.26±9.10 22.67±8.93 0.423

Cholesterol (mg/dL) 184.69±38.83 175.34±40.08 0.193 200.10±34.32 192.05±36.84 0.222

Triglyceride (mg/dL) 92.47±48.77 110.83±60.86 0.077 100.79±63.66 104.22±70.63 0.782

HDL-C (mg/dL) 51.62±11.14 49.34±12.36 0.293 56.21±11.09 55.16±13.24 0.643

LDL-C (mg/dL) 113.31±33.39 105.46±36.49 0.222 123.70±33.83 116.58±33.65 0.256

Hypertension 21 (46.7) 48 (48.5) 0.859 28 (44.4) 26 (47.3) 0.758

Diabetes 9 (20.0) 24 (24.2) 0.671 5 (7.9) 7 (12.7) 0.390

Hyperlipidemia 13 (28.9) 27 (27.3) 0.841 18 (28.6) 21 (38.2) 0.268

Current smoking status 6 (13.3) 22 (22.2) 0.212 3 (4.8) 2 (3.6) 0.762

Alcohol consumption 25 (55.6) 49 (49.5) 0.500 3 (4.8) 4 (7.3) 0.565

Regular exercise 24 (53.3) 57 (57.6) 0.718 49 (77.8) 38 (69.1) 0.285

The data is presented as mean±standard deviation or as number (%).
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HOMA-IR, homeostatic model assessment for insulin resistance; 
25(OH)D, 25-hydroxy-vitamin D; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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ing to severity, class I sarcopenia increased the risk for de-
veloping advanced colorectal neoplasia (adenoma >1 cm 
in size, any adenoma containing a villous component, high-
grade dysplasia, or invasive colorectal cancer) by 1.14 and 
1.5 times compared to class II sarcopenia.[17]

The findings of the abovementioned studies suggest 
that the pathophysiology of muscle loss is considerably 
similar to that of colonic neoplasms. Increased body weight 
owing to reduced physical activity, increased production 

of pro-inflammatory cytokines (interleukin-6 [IL-6], tumor 
necrosis factor-α [TNF-α]), and decreased level of insulin-
like growth factor 1 (IGF-1) are among the major causes of 
reduced muscle mass and quality in the elderly.[18] Both 
adipocytes and immune cells (e.g., macrophages) are pres-
ent in adipose tissues, which secrete various inflammatory 
substances. Consequently, inflammatory factors, such as C-
reactive protein, IL-6, and TNF-α are increased in obese pa-
tients. These substances increase muscle catabolism, de-
crease the amount of muscles, cause malignant tumors in 
the gastrointestinal tract, and can become risk factors for 
both colorectal cancer and adenoma.[10,19] Like colorec-
tal adenoma, many other gastrointestinal diseases, such as 
inflammatory bowel disease and celiac disease are linked 
with osteoporosis, which is closely linked with muscle loss 
owing to chronic inflammation.[20,21] The reduction in 
muscle mass that occurs during the aging process leads to 
a decrease in insulin-responsive tissues, resulting in insulin 
resistance. Furthermore, insulin and IGF-1 are increased in 
obese patients; they directly inhibit apoptosis and pro-
mote cell division, thereby increasing the incidence of 
colorectal cancer.[22] 

Despite the probable link between muscle mass and 
colorectal neoplasms, several different diagnostic criteria 
for muscle mass assessment exist. The use of BIA is a rela-
tively easy and rapid method for measuring muscle mass. 

Table 2. Grip strength in relation to characteristics of colorectal adenomas among participants with colorectal adenoma

Men Women

n Grip strength P-value n Grip strength P-value

No. of adenomas 0.021 0.007

   <5 88 32.80±5.86 44 18.92±3.42

   ≥5 11 29.61±5.31   9 14.47±5.28

Size of adenomas 0.004 0.495

   <7 mm 67 32.74±4.82 45 18.60±3.80

   ≥7 mm 32 29.53±5.59 10 17.67±4.30

Dysplasia 0.059 0.190

   Low-grade 91 31.88±5.14 49 18.60±3.73

   High-grade   8 24.80±8.76   6 15.57±6.03

Pathology 0.379 0.939

   Tubular 96 31.61±5.33 53 18.44±3.92

   Tubulovillous/Villous   3 34.00±3.79   2 18.27±3.60

Location 0.155 0.907

   Proximal colon 72 32.18±5.39 33 18.48±3.78

   Distal colon 27 30.45±4.90 22 18.36±4.09

The data is presented as mean±standard deviation. 

Table 3. Linear regression analysis of grip strength in relation to the 
number of colorectal adenomas participants with colorectal adenoma

β (95% CI) R 2 P-value

Men

   Unadjusted -0.081 (-0.17, 0.01) 0.027 0.103

   Model 1a) -0.111 (-0.21,-0.01) 0.054 0.037

   Model 2b) -0.120 (-0.22, -0.01) 0.078 0.028

   Model 3c) -0.118 (-0.22,-0.01) 0.056 0.034

Women

   Unadjusted -0.126 (-0.25, -0.00) 0.073 0.046

   Model 1a) -0.127 (-0.25, 0.00) 0.078 0.051

   Model 2b) -0.127 (-0.25, -0.01) 0.090 0.049

   Model 3c) -0.162 (-0.39, -0.03) 0.127 0.019
a)Model 1: adjusted for age and body mass index. b)Model 2: adjusted 
for age, body mass index, smoking status, alcohol consumption, and 
exercise. c)Model 3: adjusted for age, body mass index, smoking status, 
alcohol consumption, exercise, homeostatic model assessment for insu-
lin resistance, hypertension, and diabetes mellitus.
CI, confidence interval.
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Nevertheless, magnetic resonance imaging and computed 
tomography are considered the gold standard for the mea-
surement of muscle mass. Besides, dual-energy X-ray ab-
sorptiometry is recognized to be more relatively accurate, 
but the use of these tools for measurement in the clinic is 
not easy.[23] Because muscle mass is affected by different 
body compositions, the evaluation of muscle mass should 
consider height, weight, and BMI, and the consensus re-
port by the Asian Working Group for Sarcopenia recom-
mends the use of height-adjusted muscle mass indices.[24] 
However, which indicators suitably reflect health outcomes 
remains controversial, and various cutoff values have been 
suggested.[25] Moreover, contrary to predictions, Korean 
women tend to maintain muscle despite the aging pro-
cess.[26] Interpretation of the muscle mass of elderly wom-
en is difficult, as the index indicates minimal muscle loss.
[27] In comparison, measurement of grip strength can be 
easily and rapidly performed in the clinic and is not diffi-
cult to repeat. Various cutoff values for decreased grip strength 
have been reported, but the difference is not significant 
compared to the difference in the muscle mass indices. 
The consensus report by the Asian Working Group for Sar-
copenia recommends <26 kg for men and <18 kg for wom-
en.[24] In addition, measurement of grip strength is ad-
vantageous in that the elderly can intuitively evaluate their 
condition based on the amount of muscle and can frequent-
ly confirm changes attributable to exercise and diet, there-
by promoting education and lifestyle changes; furthermore, 
grip strength is easy to monitor and observe for clinicians.

The present study is the first report on the relationship 
between muscle strength and colorectal adenomas. In this 
study, only participants aged ≥65 years in whom the inci-
dence of colorectal adenomas was relatively high were an-
alyzed. The use of the Jamar grip gauge, which is widely 
utilized for the measurement of grip strength, was also a 
study strength.[28] Nevertheless, this study has some limi-
tations. It was difficult to elucidate the cause-effect rela-
tionship between decreased grip strength and adenoma 
occurrence with a cross-sectional design. Moreover, selec-
tion bias might have occurred, as this study analyzed the 
health examination data of numerous individuals who 
were interested in their health and underwent regular 
checkups. In addition, other risk factors for colorectal can-
cer and colorectal adenoma, including family history of 
colorectal cancer and meat consumption, were not exam-

ined. This study was conducted in one center in Korea. The 
prevalence of colorectal cancer, dietary habits, and envi-
ronmental influences differ among different races, so the 
race of the participants must be considered when inter-
preting the results. Despite these limitations, understand-
ing the changes in body composition in the elderly and as-
sessing these in detail to clarify their association with health 
outcomes are valuable. Future studies evaluating health 
outcome risk according to changes in the body composi-
tion of the elderly are required.
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