
Introduction
Colorectal cancer (CRC) is the third most commonly diagnosed
cancer and the second leading cause of cancer mortality world-
wide, accounting for 1.8 million new cases and approximately
862,000 deaths in 2018 [1]. CRC develops from colorectal
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ABSTRACT

Background and study aims Serrated lesions are precur-

sors of approximately one-third of colorectal cancers

(CRCs). Information on their detection rate was lacking as

an important reference for CRC screening. This study was a

systematic review and meta-analysis to determine the over-

all detection rate for serrated lesions and their subtypes in

average-risk populations undergoing CRC screening with

colonoscopy.

Patient and methods MEDLINE and Embase were sear-

ched to identify population-based studies that reported

the detection rate for serrated lesions. Studies on average-

risk populations using colonoscopy as a screening tool were

included. Metaprop was applied to model within-study

variability by binomial distribution, and Freeman-Tukey

Double Arcsine Transformation was adopted to stabilise

the variances. The detection rate was presented in propor-

tions using random-effects models.

Results In total, 17 studies involving 129,001 average-risk

individuals were included. The overall detection rates for

serrated lesions (19.0%, 95% CI =15.3%–23.0%), sessile

serrated polyps (2.5%, 95% CI = 1.5%–3.8%), and tradition-

al serrated adenomas (0.3%, 95% CI =0.1%–0.8%) were es-

timated. Subgroup analysis indicated a higher detection

rate for serrated lesions among males (22.0%) than females

(14.0%), and Caucasians (25.9%) than Asians (14.6%). The

detection rate for sessile serrated polyps was also higher

among Caucasians (2.9%) than Asians (0.7%).

Conclusions This study determined the overall detection

rate for serrated lesions and their different subtypes. The

pooled detection rate estimates can be used as a reference

for establishing CRC screening programs. Future studies

may evaluate the independent factors associated with the

presence of serrated lesions during colonoscopy to enhance

their rate of detection.
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polyps over the course of many years, and detection and resec-
tion of these lesions reduce both its morbidity and mortality
[2]. In the past two decades, the use of colonoscopy for screen-
ing has been shown to increase steadily [3]. Although there is
evidence supporting the effectiveness of colonoscopy in redu-
cing CRC-related mortality, a certain proportion of screening
participants may have interval cancers, defined as those diag-
nosed between screening and the next post-screening surveil-
lance examinations [4].

In past decades, endoscopists tended to resect adenomas
during colonoscopy because adenomas were historically con-
sidered as the only type of malignant polyp [5]. Nevertheless,
recent studies have suggested that serrated lesions are also
precursors of CRC [6]. Approximately 15% to 35% of CRCs can
be accounted for by this serrated pathway [7]. According to the
World Health Organization (WHO), serrated lesions are classi-
fied into three types: hyperplastic polyps, sessile serrated
polyps (SSPs), and traditional serrated adenomas (TSAs) [8].
Recently, WHO has recommended using the term sessile serra-
ted lesions for SSPs [9].

Although there increasing knowledge about histological ca-
tegorization of serrated lesions, the detection rate is highly
variable [10]. For instance, several studies reported that the de-
tection rate for serrated lesions was between 1% and 20% in the
proximal colon [11–13]. serrated lesions, especially located in
the proximal colon, are usually flat and covered with a mucus
cap. They can be dismissed as “benign” HPs by some colonosco-
pists or they may be difficult to see during endoscopy [14]. Ow-
ing to the difficulties in diagnosing serrated lesions during co-
lonoscopy, the detection rate is highly variable among endos-
copists. For pathologists, interobserver agreement was only
moderate to low in diagnosis of SL subtypes [15]. Information
on prevalence will offer an important reference to establish a
standard detection rate or indicators of serrated lesions for var-
ious population subgroups. This study was a systematic review
and meta-analysis to determine the overall detection rate for
serrated lesions and their subtypes. It examined whether detec-
tion rates differ by gender, anatomical location, or ethnicity
and explored potential factors that may affect detection rates
in the average-risk population undergoing CRC screening.

Patients and methods
This systematic review and meta-analysis was conducted
according to a pre-registered protocol in PROSPERO
(CRD42019133940) and the PRISMA guideline [16]. MEDLINE
and Embase on Ovid were searched for population-based, epi-
demiological studies reporting the detection rate for serrated
lesions using colonoscopy as an initial screening tool from their
inception to 1st March 2019 without language restrictions. A
predetermined search strategy (Supplementary Table1) was
used to search the literature. A multidisciplinary group con-
ducted the systematic review with PSFC and TWYP as review-
ers. Consensus was reached by referral to a third reviewer (JH)
when there was disagreement. XC further verified the accuracy
for all data. All authors had access to the study data and re-
viewed and approved the final manuscript.

Study selection

All search results were screened by title and abstract first, fol-
lowed by full text if relevant. Studies included: (1) investigated
asymptomatic individuals undertaking first-time CRC screen-
ing; (2) used colonoscopy as an initial screening test; and (3)
presented data on the overall, age- or sex-specific detection
rate for serrated lesions, SSPs, or TSAs. Abstracts in the initial
screening stage were excluded if they: (1) included participants
receiving surveillance colonoscopy; (2) did not use a popula-
tion-based study design, which was defined as those that in-
volved most residents in a specific region as the sampling
frame; (3) only reported disease cases with serrated polyposis
syndrome; or (4) did not investigate the detection rate for ser-
rated lesions, SSPs, or TSAs or did not report original data. Eligi-
ble abstracts were selected for full-text screening.

Data extraction and quality assessment

Basic information collected from the individual studies included
the first author, publication year, study characteristics such as
study period, region where subjects were recruited, study de-
sign (cross-sectional or cohort), study setting (national screen-
ing program, multi-center or single-center study), detection
methods, definitions of serrated lesions, settings of screening
(routine or surveillance), and participant characteristics (gen-
der ratio, age, ethnicity, smoking status of the study partici-
pants). Outcome variables included sample size, case number
of serrated lesions and their subtypes, detection rate for serra-
ted lesions, and the age- or sex- specific information on the
above variables. The Newcastle-Ottawa-Quality Assessment
Scale (NOS), which has been recognized as a useful tool for
measuring quality in meta-analyses, was used to assess the
quality of each included study by two researchers (PSFC and
TWYP) independently [17]. The scale was modified in an at-
tempt to fit our study design, consisting of six dimensions with
a total score of eight points [18, 19]. The six dimensions were as
follows: (1) representativeness of the sample; (2) ascertain-
ment of the family history; (3) ascertainment of the outcome;
(4) ascertainment of the outcome for quality control; (5) pres-
ence of age- or sex specific information on detection rate; and
(6) presence of stratified data by any additional stratified vari-
ables. One point each was assigned to dimensions 1 to 4, and
two points each were assigned to dimensions 5 and 6.

Data synthesis and analysis

A systematic, analytical method was used to calculate the
pooled detection rate for serrated lesions from all included
studies. The command “metaprop” was adopted to conduct
the meta-analysis of rates to generate pooled estimates with
exact binomial and score test-based confidence intervals (CIs)
[20]. The method provided appropriate ways of combining
rates close to the margins by using the Freeman-Tukey Double
Arcsine Transformation to stabilize the variances [20]. A ran-
dom-effects model was used to pool the detection rate for ser-
rated lesions with proportions and 95% confidence intervals
(CIs). Heterogeneity was assessed using Cochran’s Q test and
I2 statistic. P=0.05 was adopted to indicate the statistical sig-
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nificance. I2 > 50% referred to substantial heterogeneity and in
such circumstances the causes of heterogeneity were investi-
gated. Subgroup analyses by gender, ethnicity, anatomical lo-
cation and subtype of serrated lesions were performed to ad-
dress heterogeneity. P values in subgroup tests were generated
by examining the heterogeneity of the results between differ-
ent groups. Multivariate regression analyses by study quality,
definition of serrated lesions, proportions of smokers, first-
time screening participants, and those with previous history of
polypectomy were also conducted to further explore the possi-
ble sources of heterogeneity. We performed sensitivity analysis
by excluding each study and pooling the results. Publication
bias was evaluated by Begg’s funnel plot with a significant P=
0.05. Choropleth maps, maps patterned in proportion to the
measurement of the statistical variable being displayed, were
created to show the overall estimated detection rate for serra-
ted lesions in different countries. All statistical analyses were
conducted and graphics created using Stata version 14.0 (Col-
lege Station, Texas, United States) and R version 3.3.2 (R Core
Team).

Results
Identification of studies

The PRISMA flowchart of the selected studies is presented in

▶Fig. 1. The initial search retrieved a total of 10,420 studies.
Additional records were searched by referring to the reference
lists of eligible papers (n =16). After removing duplicates and
screening titles and abstracts, 86 articles fulfilled the criteria
for full-text review. After going through the full texts, 69 arti-
cles were excluded, as they: (1) reported irrelevant information
(n =69); (2) recruited high-risk participants or did not report
whether the screening participants were asymptomatic (n =3);
or (3) did not include adequate information to estimate the de-
tection rates (n =2). Finally, 17 studies met the selection criteria
[10, 11, 13–15, 21–32].

Information of included studies

The characteristics of included studies are shown in ▶Table 1.
The studies were conducted in East Asia (n =6), North America
(n =6) and Europe (n =5). The study participants were Cauca-
sians (n=10), Asians (n=6) and a combination of them (n=1).
The data collection period for the studies ranged from 1996 to
2014 while the sample size of each study ranged from 926 to
35,126. The publication years ranged from 2010 to 2017. All
studies were cross-sectional with nine being single-center and
eight being multicenter studies. All studies used colonoscopy
as a screening tool in asymptomatic individuals. For diagnosis
of serrated lesion, most studies adopted the WHO criteria (n =
13) although it was not referenced in other studies (n=4).
Twelve studies provided definitions of proximal colon. In 10
studies, it was defined as proximal to the splenic flexure and in
two as proximal to the transverse colon. The detection rate for
serrated lesions, SSPs and TSAs reported in various studies was
11.3% to 27.2%, 0.5% to 8.2%, and 0.1% to 0.8%, respectively.
The detection rate at multiple time points was reported for the
United States (n =6, 1996–2013), South Korea (n=4, 2002–

2012), and the Netherlands (n=3, 2009–2010). For the detec-
tion rate for serrated lesions, the United States, South Korea,
and the Netherlands had ranges between 13.0% and 20.6%,
11.3% and 15.1%, and 12.3% to 27.2%, respectively. For SSPs,
the detection rate was lower in the United States (11.7%) than
in South Korea (14.7%) and the Netherlands (12.7%–23.8%).
For TSAs, the detection rate was relatively low in all three coun-
tries (0.1%–0.6%).

Quality assessment of included studies

Quality assessment of included studies is shown in ▶Table 2.
The overall quality of the included studies was high, and most
of them performed independent validation in the diagnosis of
serrated lesions. The majority of the articles (14/17) had an
NOS score≥5.Most of the studies (14/17) had ascertainment
of the exposure while all (17/17) had ascertainment of the out-
come with additional reports on the quality of colonoscopy (14/
17). In addition, most studies (13 /17) presented additional
stratified variables (e. g. anatomical locations and screening
year) other than age and gender.
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Records after duplicates removed (n=4545)

Records identified 
through database 

searching 
(n=10 420)

Additional records 
identified through 

other sources 
(n=16)

Records screened 
(n=845)

Records excluded
(n=759)

Full-text articles 
assessed for eligibility

(n=86)

Studies included in 
qualitative synthesis

(n=17)

Studies included in 
quantitative synthesis 

(meta-analysis)
(n=17)

Full-text articles 
excluded, with 
reasons (n=69)
▪ Irrelevant (n=64)
▪ High risk or no 
 status on the 
 symptoms (n=3)

prevalence or 
enough information 
to calculate the 
values (n=2)

▶ Fig. 1 PRISMA flow diagram. From: Moher D, Liberati A, Tetzlaff J,
Altman DG, The PRISMA Group (2009). Preferred Reporting Items
for Systematic Reviews and Meta-Analyses: The PRISMA Statement.
PLoS Med 6 (7): e1000097. doi:10.1371/journal.pmed1000097
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Detection rate for serrated lesions

The overall detection rates for serrated lesions (19.0%, 95% CI
= 15.3%–23.0%), SSPs (2.5%, 95% CI = 1.5%–3.8%), and TSAs
(0.3%, 95% CI =0.1%–0.8%) are shown in ▶Fig. 2, Supplemen-
tary Fig. 1, Supplementary Fig. 2, and Supplementary Fig. 3.

Compared according to gender, the detection rate for
serrated lesions was higher among males (22.0%, 95% CI =
16.4%–28.2%) than females (14.0%, 95% CI =8.2%–21.0%)
(Supplementary Fig. 4), while the detection rate for SSPs was
similar between males (2.9%, 95% CI =1.0%–5.7%) and females
(2.4%, 95% CI =0.8%–4.9%) (Supplementary Fig. 5). The over-
all detection rate for serrated lesion in the proximal colon was
8.5% (95% CI = 6.8%–10.5%) (Supplementary Fig. 6).

In terms of ethnicity, the overall detection rate for serrated
lesion was higher among Caucasians (25.9%, 95% CI = 16.4%–
28.2%; n =4) than Asians (14.6%, 95% CI =11.6%–18.2%; n =
4) (Supplementary Fig. 7). This difference was also observed
for SSPs among Caucasians (2.9%, 95% CI = 1.5%–4.7%) and
Asians (0.7%, 95% CI =0.4%–1.2%). The ethnicity specific data
on TSA was not available for the present analysis (Supplemen-
tary Fig. 8).

Regionally, the highest detection rate for serrated lesions
was reported in the Netherlands (27.2%) followed by Poland
(26.6%) (Supplementary Fig. 9). For SSPs, the Netherlands
(3.9%), the US (2.8%), and Italy (2.3%) had higher rates than
other regions. In terms of detection rate for TSAs, Poland
(0.8%), Italy (0.5%), and the United States (0.4%) reported re-
latively higher rates.

Subgroup difference and meta-regression

The differences between subgroups were statistically signifi-
cant in the detection rate for serrated lesion between Asians
and Caucasians (P <0.001) but not between males and females
(P=0.077). The differences in rate of detection of SSPs between
Asians and Caucasians was statistically significant (P<0.001)
but not between males and females (P=0.786) (▶Fig. 2). Multi-
variate regression showed that study settings (P=0.294–
0.848), study period (P=0.444–0.870), proportions of smokers
(P=0.721–0.879), definition of serrated lesions (P=0.744), and
study quality (P=0.383–0.995) were not the source of hetero-
geneity observed in the present analysis (▶Table 3).

▶Table 1a Characteristics of included studies (N=17).

Study Region State/city Study

type

Data

collection

Ethnicity Sample

size

Male propor-

tion (%)

Mean age/

(age range)

Liang 2012 USA Cleveland 1 1996–2006 Caucasians 18,003 56.1 61.4

Kahi 2011 USA Indiana 1 2000–2009 Caucasians 6,681 49 58.9

Hetzel 2010 USA Boston 1 2006–2008 Caucasians 7,192 44 58

Abdeljaward
2015

USA Indiana 1 2005–2012 Caucasians 1,910 46.2 (≥50)

Sanaka 2014 USA Cleveland 1 2008–2009 Caucasians 2,167 52 (≥50)

Ross 2015 USA Texas 1 2010–2013 Mixture 2,833 35.4 (50–75)

Pyo 2017 South Korea Seoul 1 2002–2012 Asians 35,126 50.5 48.5

Min 2012 South Korea Seoul, Chung-
cheongnam-do

1 2007–2008 Asians 926 52.1 (> 45)

Kim 2014 South Korea Seoul 1 2005–2012 Asians 28544 60.8 (22–88)

Lee 2013 South Korea Seoul 1 2011–2012 Asians 1,375 52.4 (> 50)

Wijkerslooth
2013

Netherlands Amsterdam,
Rotterdam

1 2009–2010 Caucasians 1,354 NA (50–75)

Hazewinkel
2014

Netherlands Amsterdam,
Rotterdam

1 2009–2010 Caucasians 1426 51 (50–75)

Grobbee 2017 Netherlands Amsterdam,
Rotterdam

1 2009–2010 Caucasians 1,256 51 (50–75)

Leung 2012 Hong Kong Hong Kong 1 2008–2011 Asians 1,282 48.4 49.1

Chang 2017 Taiwan Taipei 1 2010–2014 Asians 6,198 51.1 (≥50)

Buda 2012 Italy Feltre 1 2007–2008 Caucasians 985 38 (≥50)

Ijspeert 2016 Poland NA 1 2009–2012 Caucasians 12361 NA (50–65)

Notes: Study type: 1 = cross-sectional, 2 = cohort
NA, not available
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Sensitivity analysis and publication bias

Sensitivity analysis showed no significant changes in the results
after excluding each of the studies (Supplementary Fig. 10).
This indicated that the estimation for serrated lesions, SSPs,
and TSAs was stable and robust. The funnel plots are shown in
Supplementary Fig. 11. Publication bias was not significant for
the results with serrated lesions (P=0.902), SSPs (P=0.087),
and TSAs (P>0.999) based on Begg’s statistical tests.

Discussion
Summary of major findings

This was a systematic review and meta-analysis of 17 studies in-
volving 129,001 average-risk individuals undergoing CRC
screening with colonoscopy. The detection rates for serrated le-
sions and their different subtypes were estimated. The differ-
ence in detection rates between groups of different genders,
ethnicities, and anatomical locations was also tested. The major

findings are as follows. The overall detection rates for serrated
lesions, SSPs, and TSAs were 19.0%, 2.5%. and 0.3%, respec-
tively; 2) The detection rate for serrated lesions was higher in
male than in female subjects (22.0% vs 14.0%), and in Cauca-
sians than Asians (23.6% vs 14.7%). The detection rate for SSPs
was higher among Caucasians than Asians (2.9% vs 0.07%), but
similar between male and female individuals (2.9% vs 2.4%).
The detection rates estimated were not significantly affected
by study settings, study periods, proportion of smokers, defini-
tions of serrated lesions, study quality, or publication bias.

Relationship to literature and explanations of
findings

The wide range of detection rates for serrated lesions could be
accounted for by interobserver variability among endoscopists
and pathologists caused by the variation in experiences and
procedure-related factors. Serrated lesions are difficult to vi-
sualize during endoscopy and SSPs might be misclassified as
“benign” HPs by colonoscopist. There is growing evidence that

▶Table 1b Characteristics of included studies (N=17).

Study Setting Detec-

tion

method

Smoker

propor-

tion

Routine vs

opportu-

nistic

Defini-

tion_SL

Defini-

tion_lo-

cation

SL (%) HP (%) SSP (%) TSA (%)

Liang 2012 3 1 NA 1 WHO – 20.6 – – –

Kahi 2011 2 1 NA 1 WHO a 13.0 – – –

Hetzel 2010 3 1 NA 1 – a – 11.7 0.6 –

Abdeljaward 2015 2 1 NA 1 WHO a 20.4 – 8.1 0.4

Sanaka 2014 3 1 NA 1 – a – – 1.8 –

Ross 2015 2 1 NA 1 – – – – 8.2 –

Pyo 2017 3 1 28.4 1 WHO b – – 0.5 0.6

Min 2012 2 1 NA 1 WHO a 11.9 – – –

Kim 2014 3 1 59.71

65.12

1 WHO a 15.1 14.7 0.5 0.1

Lee 2013 3 1 NA 1 WHO a 11.3 – – –

Wijkerslooth 2013 2 1 NA 1 WHO a 12.3 – – –

Hazewinkel 2014 2 1 NA 1 WHO a 27.2 23.8 4.8 0.1

Grobbee 2017 2 1 NA 1 – – – 12.7 3.0 –

Leung 2012 3 1 NA 1 WHO b 21.4 – – –

Chang 2017 3 1 20.1 1 WHO – – 1.9 1.4 –

Buda 2012 2 1 NA 1 WHO – – 4.6 2.3 0.5

Ijspeert 2016 2 1 NA 1 WHO a 26.6 – 2.2 0.8

Setting: 1 =national screening program, 2=multiple centers, 3= single
hospital/site; Detection method: 1 = colonoscopy, 2= Sigmoidoscopy; Routine vs. opportunistic: 1 = rountine,
2 =opportunistic; Screening vs. surveillance: 1= Screening, 2= Screening and surveillance.
NA, not available
WHO: Serrated lesions (SLs) were classified according to WHO criteria as hyperplastic polyps (HP), sessile serrated polyp (SSP) without cytologic dysplasia, SSP with
cytologic dysplasia (SSP-CD), traditional serrated adenoma (TSA) with and without conventional dysplasia, and serrated polyps unclassified; a: The proximal colon
was defined as proximal to the splenic flexure; b: The proximal colon was defined as proximal to transverse colon.
1 Adenoma group
2 Serrated lesions group
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performance variability during colonoscopy has a great impact
on detecting serrated lesions [33]. A study by Kahi et al among
endoscopists reported that the rate of detection of proximal
serrated lesions varied from 1% to 18% [13]. Another study by
de Wijkerslooth et al. found a similar variable detection rate of
6% to 22% [11]. Therefore, some researchers proposed the ser-
rated lesion detection rate as a performance indicator similar to
the adenoma detection rate, to ensure adequate protection by
CRC screening [34]. Also, there could be high interobserver
variability in the ability to differentiate SSPs from HPs among
different pathologists. This is largely due to the observation
that some serrated lesions have features of both HPs and SSPs,
and there is no universal consensus about the minimum num-
ber of SSP features required for making a diagnosis of SSP [35].

This study found that the detection rate for serrated lesions
and SSPs was lower in Asians than in Caucasians. The reasons
behind this disparity can be multifactorial and remain unclear.
Differences in lifestyle factors between the two populations
might account for the difference in detection rate for serrated
lesions and SSPs. For instance, a lower intake of dietary fat was
reported in the East than in the West probably due to consump-
tion of more meat in the latter population [36]. A recent cohort
study involving more than 140,000 participants with two dec-

ades of follow-up concluded that tobacco smoking, obesity,
and alcohol drinking were more strongly associated with serra-
ted lesions than with other colorectal neoplasia, whereas phys-
ical activity as well as folate and calcium intake were inversely
associated with other colorectal neoplasia but not with serrated
lesions [37]. A meta-analysis including 43 studies showed that
serrated lesion risk was associated with seven different lifestyle
factors, including smoking, alcohol drinking, body fatness, die-
tary pattern, physical activity, medication of nonsteroidal anti-
inflammatory drugs, and hormone replacement therapy. The
researchers concluded that serrated lesions were associated
with smoking (risk ratio, RR=2.5), alcohol drinking (RR=1.3),
obesity (RR=1.4), and high fat or red meat intake. Another in-
teresting finding was that the associations for tobacco smoking
and alcohol drinking, but not body fatness, were stronger for
SSPs than HPs [38]. Gut microbiota also may be related. There
is evidence showing that ethnic variation in SSP was inversely
correlated with variation in prevalence of Helicobacter pylori
gastritis in the ethnic groups [39].

In addition to lifestyle factors, the difference in detection
rate for serrated lesions between Caucasians and Asians also
may be attributable to genetic variations. In terms of the genet-
ics of the serrated pathway, BRAF (B-Raf proto-oncogene, ser-

▶Table 2 Quality assessment of included studies based on the Newcastle-Ottawa Scale.

Study Representa-

tiveness of

the sample

Ascertain-

ment of

the expo-

sure

Ascertain-

ment of

the out-

come

Ascertainment of

the outcome

(quality control)1

Control for the most

important factor

(age or gender)2

Control

any addi-

tional fac-

tor3

Total

Score

Hetzel 2010 0 0 1 0 2 2 5

Kahi 2011 1 1 1 0 0 2 5

Buda 2012 1 1 1 1 2 1 7

Leung 2012 0 1 1 1 1 1 5

Liang 2012 0 0 1 1 0 0 2

Min 2012 1 1 1 1 2 1 7

Lee 2013 0 1 1 1 1 1 5

Wijkerslooth 2013 1 1 1 1 2 0 6

Hazewinkel 2014 1 1 1 1 2 1 7

Kim 2014 0 1 1 1 2 1 6

Sanaka 2014 0 1 1 1 1 1 5

Abdeljaward 2015 1 1 1 0 0 1 4

Ross 2015 1 1 1 1 1 1 6

Ijspeert 2016 1 0 1 1 2 1 6

Chang 2017 0 1 1 1 0 0 3

Grobbee 2017 1 0 1 1 1 1 5

Pyo 2017 0 1 1 1 2 0 5

1 One point for studies reported the quality of the endoscopy.
2 One point for age, one point for gender, total can get two points in this section.
3 Studies can get one point if they report either one category and two points for two or more categories: race/region/site/screening year.
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ine/threonine Kinase) mutation, KRAS (Kirsten rat sarcoma 2
viral oncogene homolog) mutation and CIMP (CpG island me-
thylator phenotype) play a crucial role. According to their sta-
tus as a precursor lesion, SSPs demonstrate a high level of
BRAF mutation, CIMP [40]. The rate of BRAF mutation has been
reported to be 62.1% to 90% in SSPs and 27% to 55% in TSAs
[40–43]. One Chinese study reported a BRAF V600E mutation
rate of 14.3% in SSP, which is lower than that in the Western
population [44]. One Korean study reported that BRAF V600E
mutations were found in 43.5% to 58.3% of TSAs [45]. Early
molecular alterations in serrated lesions are BRAF and KRAS mu-
tations [46]. KRAS and BRAF are cellular signaling molecules that
mediate responses to extracellular signals. O'Brien and collea-
gues also demonstrated that CIMP was more prevalent in larger
and more proximally located lesions [47].

The detection rate for serrated lesions is higher in males
than females as hormones may play a role in this difference.
Studies have suggested that estrogen exposure or hormone re-
placement therapy may be protective against the risk for CRC,
and similarly for serrated lesions [48]. The Women’s Health In-
itiative clinical trial demonstrated a 40% decreased risk of CRC
in postmenopausal women taking hormone replacement ther-
apy, which may contribute to lower risk of serrated lesions [48].
The lower detection rate may also be due to the under-detec-
tion of serrated lesions in females. For instance, it was shown
that female gender was associated with the development of in-

terval CRC [49]. The lower detection rate could be attributed to
the fact that colonoscopy may be more difficult to perform in
women, given their longer transverse colon than that of men
[50].

Study limitations

This study examined the overall detection rate for serrated le-
sions in average-risk populations, and the detection rates may
act as references for high-quality CRC screening programs.
The overall quality of the articles was good as assessed by
NOS. Subgroup analysis and multivariate meta-regression were
performed to identify the possible source of heterogeneity.
Nevertheless, there were several limitations. First and fore-
most, there were only 17 studies included due to the paucity
of data in the literature. Therefore, some additional confound-
ing factors could not be studied, including dietary factors, obe-
sity, and the level of physical activity. In addition, figures from
some countries were represented by estimates from studies in a
single center. The comparison of serrated lesion detection rates
between races was generally not conducted within studies but
rather between studies. This may have introduced additional
potential bias since factors other than race may differ between
the study populations. Moreover, as studies of detection rate
for serrated lesions were only available from the past decade,
time-trend detection rate analysis of the serrated lesions was

Category Prevalence n I2  Cochran’s Q Subgroup
 [95% CI] [sample size] [%] [P] test [P]

Serrated lesions
Overall 0.190 [0.153, 0.230] 8 [65 827] 99.2 < .001 NA
Gender
 male 0.220 [0.164, 0.282] 4 [19 424] 96.3 < .001 .077
 female 0.140 [0.082, 0.210] 4 [13 204] 97.6 < .001 Ref
Ethnicity
 Caucasian 0.236 [0.198, 0.276] 4 [33 700] 98.2 < .001 Ref
 Asian 0.147 [0.116, 0.182] 4 [32 127] 94.9 < .001 < .001
Location 
 proximal 0.085 [0.068, 0.105] 8 [52 595] 97.8 < .001 NA
Sessile 
serrated polyps
Overall 0.025 [0.015, 0.038] 11 [99 998] 99.1 < .001 NA
Gender
 male 0.029 [0.010, 0.057] 6 [24 017] 98.5 < .001 .786
 female 0.024 [0.008, 0.049] 6 [19 401] 98.4 < .001 Ref
Ethnicity
 Caucasian 0.029 [0.015, 0.047] 7 [27 297] 98.1 < .001 Ref
 Asian 0.007 [0.004, 0.012] 3 [69 868] NA NA < .001
Traditional 
serrated adenoma
Overall 0.003 [0.001, 0.008] 6 [80 352] 97.9 < .001 NA

Prevalence
0.30.1 0.2 0.4 0.5 0.60

▶ Fig. 2 Detection rates for serrated lesions, sessile serrated polyps, and traditional serrated adenomas.
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not feasible. The period effect in the detection rate for these le-
sions is yet to be explored.

Implications

To enhance the success of CRC screening by preventing interval
cancers, it is important to determine detection rates for serra-
ted lesions and establish serrated lesion detection rates as qual-
ity indicators for colonoscopy. The pooled detection rate esti-
mates in this study can be used as a reference for establishing
CRC screening programs. For example, the overall detection
rates with 95% CI for serrated lesions, SSPs, and TSAs were
19.0%, 95% CI =15.3%–23.0%, 2.5%, 95% CI =1.5%–3.8%, and
0.3%, 95% CI =0.1%–0.8%, respectively. The detection rates for
serrated lesions in future CRC screening programs are likely to
fall into these ranges. In addition to gender and ethnicity, the
detection rates may be affected by the quality of colonoscopy
and histological categorization. Future research should evalu-
ate performance-related factors associated with detection of
serrated lesions so as to inform strategies to enhance the de-
tection rate for serrated lesions.

Conclusion
The overall detection rate for serrated lesions, SSPs, and TSAs
was estimated in this meta-analysis (Supplementary Fig. 1).
The detection rate for serrated lesions was higher in male than
female subjects, and in Caucasians than in Asians. The detec-
tion rate for SSPs was higher among Caucasians than Asians,
but similar between male and female individuals. Study set-
tings, study periods, proportion of smokers, definitions of ser-
rated lesions, study quality, and publication bias did not affect
the estimation.
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▶Table 3 Results of multivariate regression.

Serrated lesions SSP TSA

Coefficient P value Coefficient P value Coefficient P value

Overall 0.159 0.383 0.021 0.693 0.009 0.740

Setting

▪ National screening program/large cohort study – – –

▪ Multiple centers Reference Reference –

▪ Single hospital/site –0.204 0.848 –0.037 0.294 –

Study period1

▪ 2006–2010 Reference Reference –

▪ 2011–2014 0.012 0.870 0.020 0.444 –

Smoking proportion

▪ <50% – –0.015 0.689 –0.009 0.762

▪ ≥50% Reference Reference Reference

NM 0.059 0.721 0.007 0.879 –0.002 0.929

Definition

▪ WHO – –0.014 0.744 –

▪ NM – Reference –

Study quality (NOS score)

▪ ≤5 0.159 0.383 0.019 0.495 –0.003 0.900

▪ >5 Reference Reference Reference

SSP, sessile serrated polyps; TSA, traditional serrated polyps; coef, coefficient; NM, not mentioned.
1 Study period was categorized by the upper limit of the data collection period range.
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