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Abstract: Colonoscopy is routinely performed worldwide, but it is still a physically stressful screening method for colorectal
cancer, particularly in elderly individuals. No previous study has evaluated physical stress from colonoscopy itself and
polypectomy using blood-derived biomarkers. This study aimed to evaluate physical stress from colonoscopy and polypectomy
in elderly individuals using white blood cell counts (WBCs) and C-reactive protein (CRP) levels, which are widely used
blood-based biomarkers that respond quickly to tissue damage. In this single-center, retrospective observational study, 109
consecutive patients, aged > 80 years, were enrolled. In all patients, WBCs and CRP levels were measured before and half-a-day
after colonoscopy. The changes were subsequently compared. Patients were divided into two groups: those with polypectomy
(P+) and those without polypectomy (P-). The changes in WBCs and CRP levels were determined and compared between the two
groups. In the P + group, correlations between the number of resected polyps and changes in WBCs and CRP levels were also
evaluated. Of the 109 patients, there were 48 men and 61 women with a mean age of 83.9 + 3.1 years (range, 80-91 years); 58
patients received polypectomy. In all patients, the mean WBC after colonoscopy showed no significant change from that before
colonoscopy (before: 5400/uL, after: 5200/uL, P =0.092), and the mean CRP level showed a slight elevation after colonoscopy
(before: 0.05 mg/dL, after: 0.08 mg/dL, P < 0.001). Compared to before colonoscopy, the mean WBC after colonoscopy
decreased slightly in the P- group (before 5400/uL, after 4900/uL, P = 0.002), but showed no significant difference in the P+
group (5400/uL, 5400/uL, P = 0.48). Conversely, the mean CRP level increased very slightly in both the P- and P+ groups (from
0.06 mg/dL to 0.07 mg/dL, P = 0.003; from 0.04 mg/dL to 0.08 mg/dL, P < 0.001, respectively), but it was not significantly
different between the groups. The elevation of both WBCs and CRP levels showed only minor correlations with the number of
resected polyps. In conclusion, colonoscopy can be well tolerated even by elderly individuals because physical stress from
colonoscopy, with respect to WBCs and CRP levels, was minimal even if polypectomy was performed.
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for occult blood, they are referred for colonoscopy, which is a
more detailed examination. Colonoscopy is essential for
detecting colorectal cancer [7-9] and has become a common
examination in patients regardless of age. As there is no upper
age limit for colorectal cancer screening in Japan,
gastroenterologists accept many elderly individuals for
colonoscopy.

In general, any medical screening method that targets
healthy people must be minimally invasive and mostly
tolerable for patients who are usually asymptomatic. However,

1. Introduction

Colorectal cancer is one of the most common cancers in the
world. It is the third leading cause of cancer-related deaths in
men and the leading cause in women in Japan [1]. Since 1987,
annual population-based colorectal cancer screening using an
established and recommended screening method, i.e., an
immunochemical fecal occult blood test [2-8], has been
successfully performed in Japan. Examinees collect fecal
samples for two consecutive days, and if the sample is positive
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both diagnostic colonoscopy and polypectomy, which is often
performed during colonoscopy and considered a type of
surgery, may be considered as invasive, as they are both
physically and psychologically stressful, especially in
vulnerable elderly individuals.

It is well known that complications from colonoscopy,
including both major and minor, are more frequent than those
arising from any other screening method for colorectal cancer
[8, 10], and colonoscopy can affect not only the intestinal tract,
but also the cardiopulmonary system during the procedure,
especially in patients who have comorbid diseases. Major
complications from colonoscopy, such as perforation and
hemorrhage, have been noted in a large number of studies, but
minor complications, including physical and psychological
stresses, have not received attention. It is important in clinical
settings to understand how elderly individuals are affected by
colonoscopy physically and psychologically; in other words, a
sense of how stressful it is to undergo colonoscopy.

A few studies have evaluated physical stress caused by
colonoscopy using salivary alpha amylase activity, which
responds very quickly to stress [11, 12], but no previous
studies have evaluated physical stress caused by colonoscopy
using blood-derived data. Furthermore, no study has evaluated
physical stress caused by polypectomy.

The aim of this study was to evaluate physical stress caused
by colonoscopy and accompanying polypectomy in elderly
individuals by using white blood cell counts (WBCs) and
C-reactive protein (CRP) levels, which are well-known and
common blood-based biomarkers that respond quickly to any
damage or inflammation in the body.

2. Patients and Methods

This retrospective observational study was performed at a
single center. One hundred nine consecutive in-hospital
patients who underwent colonoscopy with or without
polypectomy at our hospital between 2008 and 2012 were
enrolled. Patients were hospitalized to undergo colonoscopy
due to positive results of the fecal occult blood test for
colorectal cancer screening. Only patients aged >80 years
were enrolled in this study because patients aged >80 years
were recommended to be hospitalized for three days to
prepare for and undergo colonoscopy safely. Consequently,
the collection of sufficient blood data for this study was
performed during the patients’ stay. Written informed consent
was obtained from each patient on admission.

Prior to colonoscopy, for bowel preparation, patients
consumed two liters of a liquid medicine, including polyethylene
glycol-electrolyte solution, on the morning of the examination
day. All colonoscopies were performed by specialists in the field
of endoscopy. The colonoscopy devices used were the
CF-Q260AI or PCF-Q260AI (Olympus, Tokyo, Japan), and
selection of the device was at the examiner’s discretion.
Conscious sedation was administered to 25 patients (23%)
according to the examiner’s preference: 35 mg of pethidine in 22
patients (20%), 2.5 mg of midazolam in two patients (2%), and
15 mg of pentazocine in one patient (1%). To reduce bowel

movement, 5 or 10 mg of butyl scopolamine (52 patients [48%])
or 1 mg of glucagon (28 patients [26%)]) was intravenously
administered before the procedure. We did not use carbon
dioxide (CO,) insufflation. Polypectomy using electrocautery
was performed when adenomatous or cancerous polyps were
found, except when the patient was taking antithrombotic
compounds. In polypectomy cases, the choice of either snaring
polypectomy or hot forceps polypectomy was made on the spot
by the examiner mainly based on the polyp size. WBCs and CRP
levels were both measured on the day before and one-half day
after colonoscopy in each patient. Changes in WBCs and CRP
levels before and after colonoscopy were determined. Patients
were categorized into two subgroups, namely those with
polypectomy (P+) and those without polypectomy (P-). The
changes in WBCs and CRP levels were determined and
compared between the two groups. In the P+ group, the
correlation between the number of resected polyps and changes
in WBCs and CRP levels were also evaluated. The WBC was
determined by flow cytometry (Cell-Dyn Sapphire, Abbott
Diagnostic, Santa Clara, CA, USA), and CRP level was
measured by latex flocculation turbidimetry (CRP-Latexx2,
Denka-Seiken, Tokyo, Japan).

Patients who developed major complications, including
massive bleeding and colonic perforation, by the next day or
those who had advanced colorectal cancer were excluded from
this study because their blood data may have been affected by
the adverse event or cancer itself. Patients who received
biopsy (not polypectomy) were also excluded because
obtaining a biopsy can cause minor tissue damage to the colon,
which could affect the results. Patients who showed elevated
WBCs (>8500/uL, beyond the normal upper limit at our
hospital) or elevated CRP levels (>0.3 mg/dL, beyond the
normal upper limit at our hospital) before colonoscopy were
also excluded because they may have already considerable
stress or inflammatory disease.

The Wilcoxon signed rank test or the Mann-Whitney test
was used for evaluating changes in WBCs and CRP levels, and
the Spearman rank correlation coefficient was used for
evaluating the correlations between the number of resected
polyps and changes in WBCs and CRP levels. Statistical
significance was set at P < 0.05.

This study was approved by the ethics committee of our
hospital.

3. Results

Of the 109 patients enrolled in this study, there were 48 men
and 61 women with a mean age of 83.9 + 3.1 years (range,
80-91 years). Among these, 58 patients received polypectomy
(P+ group) and 51 did not (P- group) (Table 1).

Table 1. Characteristics of the study patients (n = 109).

83.9+3.1
48 (44.0)
51/31/11/10/6

5,400 [4,600 — 6,000]
0.05 [0.03 — 0.09]

Age (years)

Male (%)

No. of polypectomies (0/1/2/3/24)
WBC before colonoscopy (/L)
CRP before colonoscopy (mg/dL)
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In all patients, the mean WBC after colonoscopy showed no
significant change compared with that before colonoscopy
(before: 5400/uL, after: 5200/uL, P = 0.092), and mean CRP

(counts/uL)
6,500

P=0.092

6,000
5,500
5,000
4,500

4,000
3,500
3,000

WBC

(mg/dL)

level showed a slight elevation after colonoscopy (before:
0.05 mg/dL, after: 0.08 mg/dL, P < 0.001) (Figure 1).

P<0.001

0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

before
CRP

Figure 1. Changes in WBC and CRP before and after colonoscopy in all patients. Median values with quartiles (25% - 75%) are presented. P values were

determined using the Wilcoxon signed rank test.

In the subgroups, a comparison of results before and after
colonoscopy showed that the mean WBC decreased slightly in
the P- group (before: 5400/uL, after: 4900/uL, P = 0.002) but
was not significantly different in the P+ group (before:
5400/uL, after: 5400/uL, P = 0.48). The difference in WBC
elevation (AWBC) between the P- and P+ groups was
significant (P = 0.004) (Figure 2). On the other hand, the CRP
level showed a slight elevation in both the P- and P+ groups
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(before: 0.06 mg/dL, after 0.07 mg/dL, P = 0.003; before: 0.04
mg/dL, after: 0.08 mg/dL, P < 0.001, respectively). However,
the difference in CRP elevation (ACRP) between the P- and
P+ groups was not significant (P = 0.076) (Figure 3).

There was a very small correlation between the number of
resected polyps in each patient and both AWBC (r=0.307, P=
0.001) (Figure 4) and ACRP (r = 0.245, P =0.010) (Figure 5).
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Figure 2. Changes in WBC before and after colonoscopy in the two subgroups. Median values with quartiles (25% - 75%) are presented. P values were
determined using the Wilcoxon signed rank test or Mann-Whitney test. AWBC, white blood cell count elevation.
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Figure 3. Changes in CRP before and after colonoscopy in the two subgroups. Median values with quartiles (25% - 75%) are presented. P values were
determined using the Wilcoxon signed rank test or Mann-Whitney test. ACRP, C-reactive protein level elevation.
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Figure 4. Correlation between the number of resected polyps and AWBC in each patient. Spearman s rank correlation coefficient was used. AWBC, white blood

cell count elevation.
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Figure 5. Correlation between the number of resected polyps and ACRP in each patient. Spearman's rank correlation coefficient was used. ACRP, C-reactive

protein level elevation.
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4. Discussion

In this study, physical stress caused by colonoscopy and
polypectomy was investigated using two blood-derived
damage biomarkers, the WBC and CRP level. The results
showed that the WBC was not elevated after colonoscopy
even when polypectomy was also performed. In contrast, the
CRP level showed elevation both after colonoscopy alone and
after polypectomy.

To evaluate physical stress, WBCs and CRP levels in blood
were measured, both of which are nonspecific but widely used
markers. Changes in the WBC occur rapidly following tissue
damage, inflammation, and other abnormal conditions. CRP is
one of the acute phase proteins, which are induced within 6-10
hours in response to any tissue-damaging process and/or
inflammation [13-15]. It is a liver-derived pentameric protein,
and the main stimulus for its secretion is interleukin (IL)-6
derived from macrophages and T cells [15]. The WBC and
CRP level were considered to be pertinent for this study
because they respond quickly to tissue damage and can be
easily measured.

Generally, there are two types of stress, namely
psychological and physical stresses. There are several studies
on the rapid evaluation of psychological stress in various
conditions using biomarkers, such as salivary alpha amylase
[16-25] and salivary cortisol [18, 25-27]. However, to our
knowledge, only one study has evaluated psychological stress
among endoscopy examinees using the biomarker
chromogranin A [28]. In comparison, various studies have
evaluated physical stress using biomarkers such as salivary
alpha amylase [29] and several blood-derived biomarkers,
including glucose, cortisol, catecholamine [30, 31],
somatotropin, insulin, CRP [31], toll-like receptors, IL-6,
tumor necrosis factor-alpha, high-sensitivity CRP [32],
alpha-defensin [33], IL-8, IL-10, albumin, prealbumin, and
total iron-binding capacity [34], but these biomarkers were
mostly measured in surgical situations. Only one study has
evaluated endoscopic physical stress using blood-derived
biomarkers that demonstrated a significant increase in
norepinephrine and cortisol concomitant with a significant
peak in heart rate and mean arterial blood pressure [30], but it
was performed in patients who underwent upper
gastrointestinal endoscopy. Yet, no study has evaluated
physical stress caused by colonoscopy using blood-derived
biomarkers.

Physical stress associated with colonoscopy includes both
bowel preparation, which requires consuming as much as two
liters of polyethylene glycol solution, and the colonoscopy
procedure itself, which seems to cause major stress. Bowel
preparation may lead to dehydration or electrolyte imbalance,
particularly in elderly patients. Colonoscopy
procedure-related physical stress can be caused by air
insufflations and by colonoscope manipulation. It is inevitable
that during colonoscopy, a large amount of air supplied
through the colonoscope extends the large intestine beyond
the physiological threshold. In addition, although colonoscopy

devices have become more flexible recently, they significantly
stretch the intestinal wall and the mesenterium. Carbon
dioxide (CO,) insufflation can reduce the undesirable
symptoms derived from excessive intraluminal air [11, 12],
but use of the CO, insufflation system is not wide spread
because of its high cost.

Endoscopic polypectomy, which is considered a type of
surgical procedure, is frequently performed during
colonoscopy. When polypectomy is performed, a burning
effect can cause additional substantial damage to the intestinal
wall.

Physical stress from both colonoscopy and endoscopic
polypectomy may lead to procedure-related acute minor
symptoms after colonoscopy, including abdominal discomfort,
gas bloating, nausea, and abdominal pain. Unfortunately,
severe complications, such as bleeding and perforation, may
also occur, but they are rare. Examiners can ascertain physical
stress in patients by their complaints about these symptoms or
by changes in their vital signs. However, it is unknown what
changes may occur in the blood.

As mentioned above, salivary alpha-amylase is most
frequently measured as an immediate stress biomarker
because it is a surrogate for sympathetic nerve system activity,
but it seems to be more useful when evaluating psychological
stress rather than physical stress. In this study, the WBC and
CRP level were used as physical stress biomarkers in the
blood because they can reach high levels in response to
various invasive injuries to the body even if the damage is not
severe. Tomizawa et al. reported that an elevated CRP level
measured before colonoscopy predicted lower gastrointestinal
tract bleeding [35]. This report suggested that an elevated CRP
level in response to lower gastrointestinal tract bleeding
indicated substantial physical stress.

We assumed that stress from colonoscopy could be strong
enough to affect the WBC and CRP level and that
polypectomy would add more stress compared to diagnostic
colonoscopy alone. Unexpectedly, there was no significant
WBC elevation after colonoscopy or polypectomy. On the
contrary, the WBC decreased after colonoscopy in the P-
group, and the cause of which is unclear. However, five
patients (including four of the five who underwent
polypectomy) showed WBC elevation of 2000/uL or more.
This result implies that the WBC could be affected by
polypectomy because the burning effect may vary
substantially among patients.

As for the CRP level, slight elevations were demonstrated
in both the P- and P+ groups. However, even in the P+ group,
no more than three of 58 patients showed CRP elevation after
polypectomy beyond the normal upper limit of 0.3 mg/dL.
Although both the WBC and CRP level are recognized as
rapid biomarkers of damage and inflammation to the body,
they may respond differently. It is possible that CRP level is
more sensitive to damage or stays abnormal for longer periods
than the WBC.

Both WBC and CRP elevation showed only very minor
correlations with the number of resected polyps. These results
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may be attributed to the small number of multi-polypectomy
cases. Further study should be conducted to clarify the
correlation between the number of resected polyps and
physical stress.

In conclusion, in elderly individuals, colonoscopy can
cause physical stress, which is expressed as elevations in the
blood-derived biomarkers. However, these elevations were
very minor, as observed in this study, and polypectomy rarely
added further physical stress.

Several limitations of this study should be acknowledged:
this study was conducted in a single center; the difference of
colonoscopy devices used may have affected the results; use
of sedation may have masked the physical stress from
colonoscopy; total procedure time and burning effect of
polypectomy could be different among patients because the
skill levels of endoscopy examiners were not the same,
although they were all endoscopic specialists; results are only
applicable to elderly people aged >80 years; and there might
be better blood-derived biomarkers than the WBC and CRP
level to express physical stress adequately. To evaluate
physical stress from different aspects, further studies using
other stress markers are required. Furthermore, physical stress
from endoscopic submucosal dissection, which is recognized
to be a more invasive procedure than polypectomy, should be
evaluated as well.

5. Conclusions

Physical stress associated with colonoscopy in elderly
individuals seemed to be minimal, even if polypectomy was
performed, based on blood-derived damage biomarkers such
as the WBC and CRP level. On the basis of these results,
colonoscopy can be well tolerated and serve as a good
examination modality, even for elderly individuals.
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