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OBJECTIVES: Existing algorithms predicting the risk of colorectal cancer (CRC) assign a fixed score for family
history of CRC. Whether the increased CRC risk attributed to family history of CRC was higher in
younger patients remains inconclusive. We examined the risk of CRC associated with family history
of CRC in first-degree relative (FDR) according to the age of index subjects (<40 vs. >40;

<50 vs. >50; and <60 vs. >60 years).

METHODS: Ovid Medline, EMBASE, and gray literature from the reference lists of all identified studies were
searched from their inception to March 2017. We included case—control/cohort studies that

investigated the relationship between family history of CRC in FDR and prevalence of CRC. Two
reviewers independently selected articles according to the PRISMA guideline. A random effects

meta-analysis pooled relative risks (RR).

RESULTS: We analyzed 9.28 million subjects from 63 studies. A family history of CRC in FDR confers a higher
risk of CRC (RR=1.76, 95% CI=1.57-1.97, p<0.001). This increased risk was higher in younger
individuals (RR=3.29, 95% Cl=1.67-6.49 for <40 years versus RR=1.42, 95% Cl=1.24-1.62
for >40 years, p=0.017; RR=2.81, 95% ClI=1.94-4.07 for <50 years versus RR=1.47,

95% Cl=1.28-1.69 for >50 years, p=0.001). No publication bias was identified, and the findings

are robust in subgroup analyses.

CONCLUSIONS: The increase in relative risk of CRC attributed to family history was found to be higher in younger
individuals. Family history of CRC could be assigned a higher score for younger subjects in CRC risk
prediction algorithms. Future studies should examine if such approach may improve their predictive
capability.

SUPPLEMENTARY MATERIAL accompanies this paper at https://doi.org/10.1038/s41395-018-0075-y
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INTRODUCTION

to familial adenomatous polyposis syndrome and hereditary

Globally, colorectal cancer (CRC) is the third commonest diag-
nosed cancer, and the second leading cause of cancer-related mor-
tality [1]. It accounted for 10% of all malignancies and 8% of all
cancer deaths. Its incidence and mortality are rising rapidly in Asia
Pacific countries, and poses substantial public health challenges in
terms of its healthcare costs incurred [2]. Most CRC are sporadic
with one-fifth associated with familial clustering and 6% attributed

nonpolyposis colorectal cancer [3].

In the past decade, the concept of personalized medicine and
targeted screening has become increasingly popular [4]. Risk
scores devised and validated to predict the risk of CRC could
improve detection yield and optimize screening efficiency. Clini-
cally, it allows individuals to be more aware of their own risk, make
informed decisions on choices of screening tests, and tailor the
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intensity of screening or prevention approaches to the predicted
level of risk. From a public health perspective, the implementa-
tion of risk stratification strategies may better justify allocation
and utilization of colonoscopic resources, facilitate resource plan-
ning in the formulation of population-based screening programs,
and reduce healthcare costs. There are several at-risk groups who
should receive earlier screening, and colonoscopy is more pre-
ferred among the increased risk individuals.

A recent systematic review provided a comprehensive analysis
of risk prediction tools for risk of CRC in asymptomatic individu-
als within the general population [5]. A total of 52 risk models
have been identified, and among them 33 included family history
of CRC as a major predictor. Among these predictors, the risk
increase is strongest for subjects with first-degree relatives (FDRs)
with CRC, where their risk of CRC could be increased by two- to
three-fold [6, 7]. However, current risk scoring systems assigned
a fixed score for a positive family history of CRC, irrespective of
the age of the screening participant. There have been three meta-
analyses that assessed the association between familial CRC risks
in FDR of CRC according to the nature of family history [8-10]. A
2001 meta-analysis was limited by the modest number of studies,
making comparison of CRC risk according to age of screening sub-
jects who reported family history of CRC underpowered [8]. Two
subsequent meta-analyses showed the relative risk (RR) of CRC
among FDRs decreased with age of CRC diagnosis in the proband
[9, 10]. Since then, many large-scale studies have been published,
including a multinational, multicenter study from our expert pan-
els in the Asia Pacific Working Group for CRC [11]. It is still uncer-
tain if the increased risk of CRC conferred by a family history of
CRC in FDR is significantly higher in younger individuals than
older subjects. An updated meta-analysis is needed to address this
important knowledge gap.

The objective of this systematic review and meta-analysis is to
quantify the risk of CRC in asymptomatic subjects with a FDR with
CRC compared with those with no such family history. We tested
the a priori hypothesis that the increased CRC risk associated with
a family history of CRC in FDR was not higher in younger subjects
compared to older subjects. If this null hypothesis is rejected, the
finding would serve as an evidence to recommend that a higher score
should be assigned to family history of CRC in younger individuals.

METHODS
Search strategy and selection criteria
This systematic review and meta-analysis was performed with
adherence to the PRISMA (Preferred Reporting Items for Sys-
tematic reviews and meta-Analyses) statement [12], performed
according to a pre-determined protocol. Ovid Medline and
EMBASE were searched from their inception to March 2017, as
were gray literature from the reference lists of all identified stud-
ies. Three main categories of the search terms were used: “colorec-
tal cancer”, “family”, and “study design” All searches were limited
to English language. The following search terms were used: (1)
AND (2) AND (3) AND (4):

(1) “colon’”, “colonic”, “rectal”, “rectum”, “colorectal”, “colorectum”,
“bowel”

The American Journal of GASTROENTEROLOGY

» o« » <« » o« » <«

(2) “neoplas’, “cancer’, “carcinoma’, “adenoma’, “adenocarci-
noma’, “polyp”

(3) “family”, “familial’, “parent”, “father”, “mother”, “paternal’,
“maternal’, “offspring”, “child”, “children’, “son”, “daughter”, “sib-
ling”, “brother”, “sister”

(4) “case control”, “cohort”, “cross-sectional”, “observational’,
“epidemiologic”, “prospective”, and “retrospective”. Supplementary
Table 1 shows detailed search strategy.

All articles extracted from the databases were filtered. Reference
lists of eligible studies and related meta-analyses were hand
searched to identify further relevant studies. Two reviewers
(CHC and JL) independently screened all abstracts identified
in the initial search and excluded studies not fulfilling the eligi-
ble criteria. The search was restricted to case-control and cohort
studies that investigated the relationship between family history
of CRC in FDR and incidence/prevalence of CRC. The following
types of studies were excluded:

1. Studies that recruited symptomatic patients;

2. Studies with duplicated data;

3. Studies not specifying the type of family history;

4. Studies that did not define subjects in their “non-exposure
group” as those without family history of CRC in FDRs.

A third reviewer (JLWH) reviewed all selected studies to ensure

they met the inclusion criteria.

Data extraction

Data from summary estimates of all eligible studies were obtained.
CHC and JL extracted data from all selected full-text articles
reviewed in duplicate, and in the case of disagreement, consensus
was reached via referral to a third reviewer (MCSW). The infor-
mation on study population and study design was extracted into
a database. All estimations of the RR and their precision were
collected. If they were not provided, the estimations of RR were
calculated as frequencies of the exposed and non-exposed among
cases and controls. The odds ratios (ORs) were extracted directly
with an assumption that ORs are good estimates of RR [13], since
CRC is relatively rare among asymptomatic subjects (prevalence
<1%) [14]. Adjusted risk estimates were used if they were adjusted
for relevant effect moderators; otherwise unadjusted estimates or
raw data were collected to calculate the relative risks. When data
were shown separately in strata, Mantel-Haenzel method was
used to pool raw data [15]. The inverse variance method was used
for data presented as relative risks and confidence intervals (CIs).
Stratified data were also recorded and categorized according to
potential effect modifiers for subgroup analysis.

Quality assessment

The Newcastle-Ottawa Scale (NOS) is used as a quality assess-
ment tool for observational studies [16, 17]. It is a 9-point scale
with eight items on the selection of the study groups, the compa-
rability of the groups, and the ascertainment of either the expo-
sure or outcome of interest for case-control or cohort studies,
respectively. The quality of studies was scored based on these eight
items. The main items for study quality scoring were as follows: (1)
representativeness of the exposed cohort: one point was assigned
if the subjects represent the general population; no points were
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assigned if samples are special population groups (e.g., veteran)
or not mentioned; (2) selection of the non-exposed cohort: one
point was assigned if the non-exposed cohort (i.e., subjects with-
out family history) was drawn from the same community as the
exposed cohort (i.e., subject with family history); (3) ascertain-
ment of exposure: one point was assigned if family history was
ascertained by healthcare professionals; (4) demonstration that
outcome of interest was not present at study commencement:
one point was assigned for stating exclusion of subjects with CRA
(colorectal adenoma)/advanced CRA/CRC or stating subjects
have no history of CRA/advanced CRA/CRC; (5) comparability
of cohorts on the basis of the design or analysis: two points were
assigned for studies that adjusted for covariates in the statistical
analysis, and one point was given if there was no adjustment; (6)
assessment of outcome by colonoscopy and histological examina-
tion: one point was assigned if it was based on medical records; (7)
follow-up duration: one point was assigned for all eligible studies
if the follow-up period is long enough to detect the outcome of
interest; (8) adequacy of follow-up among cohorts: one point was
assigned for completion of at least 90% follow-up. Scores ranged
from 0 (lowest) to 9 (highest). Similar to a previous meta-analysis
[18], studies with scores >7 and <7 were classified as “high” and
“low” quality, respectively.

Statistical analysis

The relative risk was used as the effect measure of outcomes.
Random effects meta-analysis was performed using the inverse
variance method. Between-study variance in the random effects
model was estimated by a restricted maximum-likelihood estima-
tor [19]. Heterogeneity between the included studies was assessed
using the I* statistic from the standard chi-square test [20]. This
describes the percentage of the variability in the effect estimates
resulting from heterogeneity. I>>50% was considered to reflect
significant statistical heterogeneity and in such cases the random
effects model was used, otherwise the fixed effects model was
used.

Owing to heterogeneity and possible between-factor inter-
actions, subgroup analyses were conducted by random effects
models with separate estimates for between-study variance across
different subgroups [21]. The subgroup differences were tested by
the Q-tests. Meta-regression was used to investigate the effect of
any potential confounders. Univariate meta-regression analysis
was used and followed by multivariate modeling for covariates
with p <0.2. We compared the risk of CRC in subjects at differ-
ent age with affected FDRs, namely, >40 years versus <40 years;
>50 years versus <50 years; and >60 years versus <60 years.
To explore possible publication bias, a funnel plot was used as a
graphical presentation of the data. Begg’s and Egger’s regression
tests were performed to examine funnel plot asymmetry by Com-
prehensive Meta Analysis (version 2.2, Biostat, Inc., 2011) [22].
The funnel plot is a scatter plot of the effect estimate from every
study enrolled in the meta-analysis against the measure of its
precision (1/standard error). If either the Begg’s or Egger’s test
indicated publication bias, the Trim and Fill method would be
used to estimate the number of missing studies and the treatment
effect after adjustment for small-study effect [23]. All of these
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analyses were conducted by using R version 3.3.2 with package
meta ver 4.6-0 and metafor ver 1.9-9.

Subgroup analysis

Since the data were expected to be heterogeneous, we performed
10 additional subgroup analyses on the risk of CRC according
to the following characteristics: (1) number of FDR affected:
one versus >1 versus >2 FDRs; (2) age of affected relatives; (3)
type of family history exposure: parents versus siblings; (4) site
of CRC in the proband: colon versus rectum; (5) gender of the
proband; (6) gender of exposed relatives; (7) study design: cohort
studies versus case—control studies versus nested case-con-
trol studies at different settings; (8) outcomes: incidence versus
mortality; (9) geographic region of study: Western Pacific ver-
sus America vs. Eastern Mediterranean versus Europe; and (10)
method of assessment of family history: medical records versus
self-reported history. These subgroup analyses are important as
we perceived them as potential effect modifiers of the present
meta-analysis. The authors had full access to all the data in the
study and had final responsibility for the decision to submit for
publication.

RESULTS

We identified 4119 articles from our search strategy (Fig. 1).
The following articles were excluded: duplicates (n=2863) or
irrelevance to the present research question (n=2444). The full
texts of the remaining 812 articles were reviewed, with 45 articles
fulfilling our eligibility criteria being selected, and 18 additional
studies selected from reference lists of eligible articles. Therefore,
a total of 63 articles were included in this meta-analysis, including
9,284,074 patients (Supplementary Table 2) [24-86]. The earliest
calendar year of subject enrollment was 1982. Among these, 43,
13, and 7 studies were conducted in western countries, Western
Pacific nations, and eastern Mediterranean, respectively. Most of
the selected studies were case—control studies (n =56), examined
risk of CRC in at least one FDR affected by CRC (n =63), assessed
family history of CRC based on self-reports or surveys (n=>54),
and provided incidence estimates of CRC (n=62). Based on NOS
score of >7, a total of 30 studies were classified as high quality
(Supplementary Table 3).

From available data among the selected studies, subjects with
a FDR with CRC were significantly more likely to have CRC
(RR=1.76, 95% CI=1.57-1.97, p<0.001) compared to subjects
with no family history (Fig. 2). A total of 50 studies showed signifi-
cantly positive association. The heterogeneity was high (I =95.7%;
Q (df=62)=756.9, p<0.001). No publication bias was observed
(Begg’s regression test p=0.133; Egger’s regression test p=0.078;
see funnel plot in Fig. 3).

The relative risk of CRC among those with a FDR with CRC was
further analyzed according to the age of the index subject, age of
affected relatives, number of FDRs affected, type of family history
exposure (parents versus siblings), site of CRC (colon versus rec-
tum) in the affected FDR, gender of the index subject and affected
FDR, assessment method of family history, study design, clinical
outcome of CRC (incidence versus mortality), geographic area of
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MEDLINE
(n=2257)

EMBASE
(n=1862)

A 4

v

Records after duplicates (n = 863) removed

(n = 3256)

A 4

Records screened on
title and abstract
(n=3256)

A4

A 4

Full-text articles
assessed for eligibility
(n=812)

Records excluded
(n=2444)
(irrelevance to the topic)

A 4

Eligible full-text articles
(n=45)

Additional records
identified through
other sources
(n=18)

A 4

A 4

Studies included in
quantitative synthesis
(meta-analysis)
(n=63)

Full-text articles excluded
(n=767)

(220 did not report family
history; 42 did not define
family history of CRC were
for first-degree

relatives; 322 had
insufficient data; 20 were
cross-sectional studies; 163
did not have full text)

Fig. 1 Flow diagram of study selection

study, and study quality (Fig. 4). The impact of family history on
risk of CRC was significantly stronger when the index subject was
aged <40 years (RR=3.29, 95% CI=1.67-6.49, > =78.4% ver-
sus RR=1.42, 95% CI=1.24-1.62, F=95%, p=0.017 for >40
years) and <50 years (RR=2.81, 95% CI=1.94-6.07, ’=281.0%
versus RR=147, 95% CI=1.28-1.69, I’=91.8%, p<0.001
for >50 years). Individuals with >2 FDRs affected had higher
risk of CRC than those with one FDR affected (RR=2.68, 95%
CI=1.92-3.74, P=75.0% versus RR=1.82, 95% CI=1.51-2.18,
P=76.3%), but the difference did not reach statistical significance
as demonstrated by an overlap of their 95% CIs. Other subgroup
analysis did not identify inter-group differences. No significant dif-
ference was observed between studies that reported relative risks
and odds ratios (p =0.12); between crude and adjusted effect size
(p=0.12); and studies that were classified as high (NOS score >7)
and low quality (NOS score <7). From meta-regression analy-
sis, it was found that age (coefficient=0.366, 95% CI=0.148,
0.585, p=0.001) and body mass index (coefficient=—0.449, 95%
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CI=-0.753, —0.145, p=0.004) accounted for the heterogeneity
detected in this study (Supplementary Table 4).

DISCUSSION

The main findings of this systematic review of 63 studies involving
more than 9 million patients show that: (1) a FDR with a history
of CRC conferred a 1.76-fold increased risk of CRC compared to
those without such a family history; (2) the increased risk of CRC
associated with a family history of CRC in FDR was significantly
higher when the index subject is younger than 50 years old than
in subjects older than 50 years; and (3) the higher risk of CRC for
index subjects with two or more affected FDRs compared to those
with only one affected FDR was marginal.

Thus far, there were three published meta-analyses that inves-
tigated the association between family history and risk of CRC
[8-10]. The pooled risk estimate of developing CRC given at least
one affected FDR ranged between 2.26 and 2.28, which was higher
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Author Year Weights RR (95% Cl)
Duncan JL 1982 H e 1.70% 1.93 (1.40, 2.65)
Pickle LW 1984 : [ | 097%  5.89 (2.63, 13.20
Rozen P 1987 V] 1.41% 1.81 (1.10, 3.00
Fisher G 1989 ; | 0.64% 2.50(0.79, 7.91
Kune GA 1989 —a— 169%  2.13(1.53, 2.9
Longnecker MP 1990 —a— 1.91% 1.39 (1.19, 1.63
La Vecchia 1992 P 175%  2.12 (159, 2.83)
Thun MJ 1992 A 1.73% 1.21(0.90, 1.64)
Centonze S 1993 ; } 0.54%  5.87 (1.60, 21.52
StJohn 1993 e 1.58% 210 (1.41, 3.12
Slattery ML 1994 —a— 1.91% 2.28 (1.95, 2.66
Adanja B 1995 —a— 1.88% 1.74 (1.44, 2.09
Boutron MC 1995 ; 1 1.29% 1.90 (1.07, 3.39)
Kotake K 1995 |—-—l_._| 141% 2,04 (123, 3.38!
Modica S 1995 1.66%  24.81(3.40,6.81
Fredrikson M 1996 ; { 072%  3.10(1.08, 8.87)
Le Marchand L 1996 e 1.71% 2.50 (1.82, 3.44
Bonelli L 1998 e 154%  2.36(1.54,3.61
Negri E; Braga C 1998 —a— 184%  2.80 (2.24, 3.50)
Will 1998 - 1.95% 1.72 (1.54,1.91
Newcomb PA 1999 e 179% 2,07 (1.60, 2.68]
Yoo KY 1999 :I—| 162%  2.58(1.77,3.76)
Coogan PF 2000 1.92% 2.04 (1.76, 2.36,
Brauer PM 2002 —e 155%  0.46(0.30, 0.70)

eow A 2002 e 167%  2.11(150,2.97)
Dora | 2003 | 1.95% 1.22 (1.09, 1.36)
Halnloser D 2003 —a— 183% 0.6 (0.44,0.70)
KekuTo 2003 e 177%  2.40 (1.83, 3.15!

inami 2003 e 168%  0.95(0.67,1.33
Slattery ML.1 2003 —a— 1.90% 1.64(1.38, 1.94
Mitchell RJ 2004 ; | 135%  2.45(1.42,4.20
Wei EK 2004 —a— 1.93% 1.68 (1.46, 1.93
Cotterchio M 2005 —a— 187% 346 (2.84, 4.22)
Ho JWC 2006 ; | 1.32% 2.81(1.60, 4.93
Lilla C 2006 —a— 1.88% 1.12(0.93, 1.35
Menges M 2006 ‘ | 0.15%  0.96 (0.06, 15.33
Hassan MM 2008 t i 0.44% 1.20 (0.27,5.28)
Leu M 2008 e 1.96% 210 (1.94, 2.27
L 2008 = 1.93% 1.29 (1.13, 1.47,
Zeegers MP 2008 —a— 1.84% 1.56 (1.25, 1.94
Kim! 2009 1.89% 1.45(1.22,1.72)
Wernli KJ 2009 1.95% 1.28 (1.15, 1.43
Bener A 2010 w 1.74% 1.4 (1.08, 1.94
Fatemi SR 2010 : | 0.13%  5.22(0.25, 107.25,
Peppone LJ 2010 I 1.93% 1.13(0.99, 1.29
Rennert G 2010 1.87% 157 (1.29, 1.92
g 201 195%  1ae(ios 1%

0X | e _m— 74% g .08, 1.
Crockett SD 2011 | S— 1.94% 1.13(1.00, 1.27,
Ruder EH 2011 . 1.95% 1.07 (0.96, 1.19)
Pou SA 2012 H P 142%  2.59 (158, 4.26)
Rosato V 2013 ' I | 1.36%  4.50 (2.64,7.68)
Jewel Samadder 2014 H - 1.94% 1.74 (1.56, 1.95)
Steffen A 2014 —a— 1.89% 1.08 (0.90, 1.29
Emami N 2015 1 —a— 1.88% 1.83 (1.52, 2.20
Kakourou A 2015 I—l—||_._| 1.64% 1.50 (1.04, 2.17)
Lee M 2015 ~ 194% 241214271
Panic N 2015 ; > 0.82%  10.56 (4.13, 27.00
Chen CH 2016 —a— 1.85% 1.56 (1.27, 1.92)
Park Y 2016 —a— ' 1.90% 1.4 (1.22, 1,69
Salimzadeh H 2016 ; > 0.22%  3.00 (0.31, 28.70
Shang J 2016 L] 1.98% 1.38(1.33,1.43
Weigl K 2016 —a— 1.91% 1.75 (1.49, 2.05)
Random effect model ‘ 100.00% 1.76 (1.57, 1.97)
Overall: Z=9.94, p< 0.0001
Heterogeneity: "2 = 95.7%; Q(df = 62) = 756.9, p < 0.0001

T T T T T 1
0.25 0.5 1 2 4 8 16

Relative risk (log scale)

Fig. 2 Pooled odds ratios of colorectal cancer in individuals with family history of colorectal cancer compared with control

0.386 A

0.771 A

Standard error

1.157 A

1.542 A

-2 0 2 4
Log relative risk

Fig. 3 Funnel plot for publication bias

than the relative risk (1.76) reported in this study. This may be
due to the smaller number of studies (n =27 and 20, respectively)
included in the two previous meta-analyses [8, 10] compared
with this study, difference in calendar years where the included
studies were published (up to late 1990 and early 2000 in previ-
ous meta-analyses), and the inclusion of cross-sectional studies in

© The Author(s) 2018

one meta-analysis [9]. It should also be noted that some studies
presented type I relative risk, which refers to risk of CRC in an
index person given a specific family history of CRC, whereas some
reported type II relative risk, which signifies risk of CRC in a rela-
tive given a specific index person is affected [10].

In our meta-analysis, 13 out of 63 studies showed no signifi-
cantly increased risk of CRC among individuals with family his-
tory of CRC [28, 39, 40, 42, 43, 56, 58, 59, 66, 72, 73, 79, 80],
compared with other 50 studies that reported increased rela-
tive risk. Some possible explanations for this difference include
the accuracy of self-reported family history, varying quality
of colonoscopy and experience of endoscopists across studies,
the number of risk factors of CRC among subjects included in
these studies, and differences in their region of residence. Most
of the studies included in the present meta-analysis did not
match between those having family history and those without,
recruited consecutive patients who had CRC symptoms as con-
trols, and included individuals’ FDRs who were not examined by
colonoscopies for ascertainment of the presence/absence of CRC.
In addition, differences in the methodological design of these
studies could lead to differences in conclusions drawn. For
instance, relative risk estimates from prospective cohort studies
are in general lower than that from retrospective studies due to
the presence of recall bias in the latter [9].

The reasons why the additional risk of CRC conferred by
family history was higher in younger subjects remain speculative.
Early age at diagnosis has been thought to be indicative of inher-
ited genetic mutations. One might hypothesize that low-penetrant

The American Journal of GASTROENTEROLOGY
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Category No. of studies RR (95% CI) 12(%) p-value
Age (person-at-risk)

Higher than 40 18 - 1.42 (1.24, 1.62)*** 93 Ref

Lower than 40 4 fb——————= ) 329(1.67,6.49* 784 0.017

Higher than 50 10 ——] 1.47 (1.28,1.69)* 918  Ref

Lower than 50 7 b—-—p 2.81(1.94, 4.07)*** 81 0.001

Higher than 60 8 —a— 1.70 (1.42, 2.03)*** 81.7 Ref

Lower than 60 9 —a— 2.26 (1.88, 2.70)*** 77.2 0.029
Age of affected relative

Affected relative >= 50years 4 | 2.18 (1.56, 3.04)*** 91 Ref

Affected relative < 50years 4 j——~p 3.55(1.84, 6.83)** 86  0.194
No.of FDR

At least 1 FDRs 63 - 1.76 (1.57, 1.97)*** 95.7 -

1 FDRs 7 [ 1.82(1.51,2.18)* 763  Ref

At least 2 FDRs 9 e 2.68 (1.92, 3.74)*** 75 0.045
Type of family history exposure

Parents 13 = 2.18 (1.95, 2.45)*** 48.4 Ref

Siblings 14 —e] 2.44 (1.90, 3.13)*** 84.7 0.430

Father 4 —a— 1.77 (1.41, 2.22)*** 0 Ref

Mother 4 —=— 1.98 (1.71, 2.30)*** 0 0.398

Brothers 4 e 2.01 (1.45, 2.80)*** 54.3 0.523

Sister 4 P 1.84 (1.26, 2.70)** 51.2 0.848
Site

Colon 22 —-— 1.82 (1.54, 2.15)*** 92.7 Ref

Rectal 17 —=— 1.51 (1.27, 1.81)*** 78.7 0.136
Gender (person-at-risk)

Male 13 —=— 1.72 (1.46, 2.03)*** 78.6 Ref

Female 15 —=— 1.80 (1.55, 2.09)*** 79 0.695
Gender (exposed relative)

Male 6 —a— 1.94 (1.62, 2.32)*** 27.2 Ref

Female 6 —a— 1.96 (1.67, 2.30)*** 20.6 0.916
Design

Cohort 7 —a— 1.50 (1.25, 1.82)*** 93.2 Ref

Hospital case—control 20 e 2.00 (1.43, 2.80)*** 94.7 0.146

Population case—control 32 - 1.74 (1.56, 1.94)*** 92.8 0.198

Hospital & population case—control 2 —=—] 2.05 (1.78, 2.37)*** 0 0.011

Nested case—control 2 —=— 1.32 (1.05, 1.67)* 0 0.398
Incidence / Mortality

Incidence 52 - 1.73 (1.53, 1.95)*** 95.1 Ref

Mortality 1 ] 1.21 (0.90, 1.64) 0 0.032

Incidence+Mortality 10 e 2.01 (1.46, 2.76)*** 97.4  0.386
Region

Western pacific 13 —=— 1.67 (1.39, 1.99)*** 78.9 Ref

Americas 23 —a— 1.57 (1.28, 1.93)*** 96.8 0.669

Eastern Mediterranean 6 - 1.67 (1.48, 1.89)*** 1.6 0.979

Europe 20 ] 217 (1.75,2.69)** 953  0.064
Family history assessment

Medical record 8 } | 2.12 (1.27, 3.53)** 98.6 Ref

Self-reported 54 = 1.72 (1.54, 1.93)*** 94.6 0.436

T T 1
0.5 1 2 4
Relative risk

Fig. 4 Subgroup analysis—association between family history of colorectal cancer in a first-degree relative and incidence/prevalence of colorectal cancer.
The “*” indicate different significant levels of z tests in meta-analysis. *P < 0.05; **P < 0.01; ***P < 0.001

genes interacting with diet and lifestyle factors contribute differ-
entially to individuals of different ages when the family history of
CRC is reported.

Study limitations

Our meta-analysis has a number of strengths. Firstly, it included
asymptomatic, average-risk subjects pooled from all selected
studies conducted in both western and Asian countries. In the
literature, the retrospective observational studies of the effective-
ness of screening on CRC incidence reduction are all struggling
with the contamination of screening and diagnostic examina-
tions. Hence, the application of its findings based on asympto-
matic participants is more generalizable to screening practices
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when compared with previous colonoscopy studies. Secondly, this
meta-analysis includes a large number of screening participants
recruited from all eligible studies. Thirdly, various effect modifi-
ers were addressed in subgroup analyses. Also, quality assessment
was based on an internationally recognized NOS scale for all the
selected articles in a systematic manner.

Several limitations should be noted. Firstly, informal reports
might have been omitted by our search strategy. Secondly, a high
level of heterogeneity was observed, but this could be partially
explained by adjusting for age and body mass index. Thirdly, not
all studies have been adjusted for potential confounders such as
dietary habits and physical inactivity. In addition, prevalence and
distribution of colorectal neoplasia varied in people of different
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ethnicities yet the present studies recruited subjects from cer-
tain continents only. The heterogeneity of the study was reduced
by subgroup analysis based on ethnicity. Ascertainment of both
family history and the outcomes might have improved over time.
Finally, the data on the age for the diagnosis of the FDR were lim-
ited in the current analysis. One of the most important questions
in clinical practice is when to start CRC screening for individu-
als who have family history of CRC in a FDR. The current con-
sideration that may trigger a colonoscopy in an individual aged
<40 years with a family history of CRC is that the proband should
receive colonoscopy 10 years younger than the FDR with CRC. The
relationship between the age of diagnosis of the FDR and CRC risk
is also important, and few studies have examined this issue. For
instance, Lee et al. [53] reported that CRC risks were highest in
siblings who were diagnosed at a younger age, with incident rate
ratios of 9.1, 6.0, 2.6, 2.2, and 1.9 for the 30-40, 50-60, 6070, and
70-75 age groups, respectively. Also, Slattery et al. [77] also found
greater associations when the FDR was diagnosed with CRC at the
age of less than 50 years or younger. The odds ratios were 2.1, 1.6,
and 1.0, respectively, for age of diagnosis at <50 years, 51-64 years,
and >65 years, respectively. These findings imply that the younger
the FDR with CRC, the earlier the proband should be investigated
with colonoscopy. Nevertheless, there have been few studies that
have directly addressed whether probands of age 40-50 years who
had CRC were related in age to the FDR who were in their fifth
decade of life. The correlation between the ages of FDRs and the
ages of the probands should be studied in future evaluations.

Our meta-analysis shows that among subjects with family his-
tory of CRC in FDR, the increased risk of CRC associated with the
family history was higher in young individuals (<50 years) than in
older individuals (>>50 years). This finding implies that family his-
tory of CRC in FDR could be assigned a higher score for younger
subjects in CRC risk prediction algorithms. Future studies should
examine if such approach may improve their predictive capability.
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WHAT IS CURRENT KNOWLEDGE

Current risk scoring systems assigned a fixed score for

a positive family history of colorectal cancer (CRC),
irrespective of the age of the screening participant.
However, whether the increased CRC risk associated with
family history was higher in younger patients remains
inconclusive.

Previous meta-analyses are limited by the modest number
of studies, making comparison of CRC risk according to
age of screening participants who reported family history
of CRC underpowered.

We examined the risk of CRC associated with family
history of CRC in first-degree relative (FDR) according to
the age of index subjects.

WHAT IS NEW HERE

In this meta-analysis including 63 studies (9.28 million
asymptomatic screening participants), the increased CRC
risk associated with family history was higher in younger
individuals.

No publication bias was observed and the findings are
robust in subgroup analysis.

Family history of CRC could be assigned a higher score for
younger subjects in CRC risk prediction algorithms.
Future studies should examine if such approach may
improve their predictive capability.
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