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Background. Colorectal cancer (CRC) and inflammatory bowel disease (IBD) are closely interrelated. However, the effect of having
a family history of one disease on the risk of another remains undetermined. Aim. The purpose of this meta-analysis was to
estimate the prevalence of a family history of CRC among patients with IBD, as well as the prevalence of a family history of
IBD among patients with CRC. Methods. PubMed, Scopus, Embase, Web of Science, and Google Scholar were searched to
identify studies reporting the prevalence of family history of IBD among patients with CRC, in addition to the prevalence
of family history of CRC among IBD patients. Criteria for study inclusion consisted of the following: (1) studies that
evaluated either IBD or CRC and dysplasia, (2) included all age groups, and (3) evaluated the family history effects for
IBD or CRC. The total number of IBD patients and IBD patients with a family history of CRC and the total number of
CRC patients and CRC patients with a family history of IBD were reviewed. The pooled prevalence of diseases was also
estimated according to degree of relatives and geographical area. Random-effects models were used for estimating pooled
prevalence. Results. A total of 27 studies were included with 26,576 IBD and 9,181 CRC or dysplasia patients. Eligible
studies included 13 case-control, 10 cohort, and 4 cross-sectional types. The pooled prevalence of a family history of CRC
among patients with IBD was 6% (95% CI: 4-9%). The pooled prevalence for first- and second-degree relatives (11%, 95%
CIL: 0-37%) was more than that for the other relative subgroups of relatedness degree. The prevalence in the American
regions (8% (95% CI: 5-13%)) was higher than that in the others. The pooled prevalence for a family history of IBD
among CRC or dysplasia patients was 11% (95% CI: 6-16%). The pooled prevalence for first-degree relatives (13% (95%
CI: 3-28%) was higher than that for the other relative subgroups of relatedness degree; it was also greater in American
countries (15%, 95% CI: 8-23%). Conclusion. This study emphasizes the relationship between a family history of IBD and
CRC development. Additionally, there was notable prevalence for a family history of CRC among IBD patients. American
countries and first-degree relatives were identified to have a higher prevalence for both disease processes.
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1. Introduction

Colorectal cancer (CRC) is one of the most common cancers
worldwide [1]. Familial studies have demonstrated that hav-
ing a family history of CRC may increase an individual’s risk
of developing CRC and that this risk in individuals with a
first-degree relative with CRC is more than 2-folds greater
[2, 3]. One of the most important risk factors of CRC is
inflammatory bowel disease (IBD). IBD is an immune-
mediated gastrointestinal disorder that is identified with
subtypes of Crohn’s disease (CD) and ulcerative colitis
(UC) [4]. Both CD and UC patients are at risk of CRC devel-
opment [5]. Like CRC, family history is one of the strongest
risk factors for development of IBD [6].

It has been shown that CRC is a relatively common and
life-threatening consequence of IBD, especially UC. This is
likely secondary to proneoplastic effects of chronic intestinal
inflammation. Duration, extent and severity of IBD, the exis-
tence of inflammatory pseudopolyps, presence of primary
sclerosing cholangitis, and a family history of CRC are the
main risk factors of IBD-related CRC [7]. A family history
of CRC independently increases CRC risk two- to threefolds
in patients with UC (OR: 3.7, 95% CI: 1.0-13.2) [8].

There are common factors inducing the development of
IBD and CRC, such as the variations in gut microbiota and
in the interleukin pathways and tumour necrosis factor, as
well as also age, race, genetics, family history, diet composi-
tion, obesity, and vitamin and mineral levels [9]. Moreover,
it is shown that IBD-related CRC patients are younger and
have high prevalence of multiple cancerous lesions [10]. This
suggests that in addition to inflammation, other factors may
be involved in the pathogenesis of IBD-related CRC.

To determine a quantitative data for the prevalence of a
family history of CRC or IBD, there are only a few compre-
hensive studies. In a previous meta-analysis, the prevalence
of CRC in patients with UC has been estimated at 3.7%,
across the world [11]. In a study by Shi et al., the prevalence
of a family history of IBD among groups of Caucasians,
Asians, Blacks, and Hispanics has been estimated at 12%,
0.04%, 0.07%, and 0.13%, respectively [12]. In the other
study by Childers et al., it was revealed that the prevalence
of a family history of IBD among patients with UC is 12%
(range: 0-39%) [13].

Despite CRC and IBD being closely interrelated, the rela-
tion between a family history of each disease and the risk of
developing the other still has not been quantified. To address
this gap, we performed a systematic review and meta-
analysis for estimation of the prevalence of a family history
of CRC among patients with IBD as well as the prevalence
of a family history of IBD among patients with CRC.

2. Methods

2.1. Search Strategy. Our electronic search was limited to the
English language, and it was conducted in PubMed, Scopus,
Embase, Web of Science, and Google Scholar by using the
following keywords: (“inflammatory bowel disease” or
“ulcerative colitis” or “crohn’s disease”) and (“colorectal
cancer” or “colon and rectum cancer” or “dysplasia or neo-
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plasia”) and (“family history” or “relative” or “familial”).
Published studies up to December 2020 were considered,
and references of individual studies were searched to find
other eligible studies. The Preferred Reporting Items for Sys-
tematic review and Meta-Analysis (PRISMA) guideline was
used for reporting this study [14].

2.2. Inclusion and Exclusion Criteria. The authors reviewed
titles and abstracts of original full-text articles performed
on each of the IBD or CRC patients. The inclusion criteria
were as follows: (1) studies that evaluated either IBD or
CRC and dysplasia, (2) included all age groups, and (3) eval-
uated the family history effects for IBD or CRC. The exclu-
sion criteria were as follows: (1) studies with an unknown
number of patients with a family history for IBD or CRC
and (2) conducted on animals (mice). The authors excluded
all reviews or conference abstracts and non-English publica-
tions. For quality control of studies, the authors used the
Newcastle-Ottawa Scale (NOS) and the high and moderate
quality articles considered as eligible [15]. The disagree-
ments among the authors on the choice of the eligible stud-
ies were discussed, and finally, any disagreement was
evaluated by the senior investigator.

2.3. Data Extraction. For each selected study, the authors
extracted the following information: name of the first
author, year of publication, country of publication, total
sample size, study design, total number of IBD patients
and IBD patients with family history of CRC, total number
of CRC patients and CRC patients with family history of
IBD, and degree of relatives included.

2.4. Outcome of Interest. The main outcomes of this meta-
analysis were the prevalence of a family history of IBD in
CRC as well as the prevalence of a family history of CRC
in IBD.

2.5. Statistical Analysis. All analyses were done using Stata
14 software, and 0.05 was considered as the statistical signif-
icance level. For each outcome of interest, the corresponding
proportion was calculated via the extracted data from each
eligible study. Pooled prevalence with 95% confidence inter-
val (CI) was estimated using the random-effects model
wherever the prevalence has been reported. In the process
of prevalence merging, the outcomes with zero event were
adjusted using the “Freeman-Tukey double arcsine” trans-
formation in the “metaprop” procedure [16]. The heteroge-
neity was evaluated by using the Cochran’s Q test and I?
statistic and P value. We performed stratified analysis for
items that may cause heterogeneity. Publication bias was
examined by using Begg’s and Egger’s tests [17] and also
funnel plot [18].

3. Results

3.1. Process of Study Selection. After a comprehensive search
of the databases, 131 studies were obtained. We excluded 40
studies after examining the title and abstract. The number of
studies selected for primary evaluation was 91. Then, 53
studies were excluded because they did not meet inclusion
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Studies obtained from initial
search: n =131

.

Excluded studies after examining
title and abstract: n = 40

- Systematic review and
meta-analysis: n = 36

Included for first review n = 91

- Casereport: n=3

- Animal study: n=1

Excluded studies: n =53

- Did not take a family

history: n =18 <
- Only included CRC patients:

.

n=13
- Only included IBD patients:
n=2

Included for main review: n = 38

- Excluded both CRC and IBD
patients: n =1
- Number of patients with
family history could not be
extracted: 19

Excluded for duplicate studies:
n=11

Eligible studies for meta-
analysis: n = 27

FiGure 1: Flow chart for the process of study selection.

criteria or did not report all necessary information. There
were 11 republished studies that contained duplicate data
samples which were excluded. Finally, 27 studies were con-
sidered as eligible and enrolled in the meta-analysis. The
details of study selection are presented in Figure 1.

3.2. Characteristics of the Eligible Studies. Eligible studies
included 13 case-control, 10 cohort, and 4 cross-sectional
types [8, 19-44]. The interest disease which was considered
in most studies was IBD-related CRC, and the main target
was often evaluation of the factor associated with CRC.
Some cohort studies such as Brackmann et al. followed up
patients with IBD and evaluated the influence of family his-
tory of CRC on survival [19]. Other cohort types including
Askling et al.’s study followed up UC and CD patients, and
they concluded that having both family histories of IBD
and CRC increases the risk of CRC [20]. In some of the
case-control studies, the main aim was to review supplemen-
tation (aminosalicylate and folic acid) effect on the risk of
IBD or CRC [21, 22]. The characteristics of the eligible stud-
ies are presented in Table 1. The number of IBD and CRC or
dysplasia patients represented by 27 eligible studies was
26,576 and 9,181, respectively. All studies except three
reported the age at IBD diagnosis. For IBD patients, the
mean age at IBD diagnosis was 34.52 +7.79 years (range:
25-29), and for IBD patients with CRC or dysplasia, this
mean was 35.35 + 8.65 years (range: 25-57.4).

3.3. Family History of CRC among IBD Patients. There were
26 studies on the family history of CRC, including 25,819
IBD patients. The pooled overall prevalence of a family his-
tory of CRC among patients with IBD was 6% (95% CI: 4-
9%, P <0.001) with I* =96.01%, P < 0.001. The forest plot
of the result is presented in Figure 2(a).

3.3.1. Family History of CRC among IBD Patients by Degree
of Relative. The degrees of relatives in the extracted studies
were reported as first (including 9 studies with 2,357 IBD
patients), first and second (including 3 studies with 594
IBD patients), all degrees (including 5 studies with 22,316
IBD patients), and not reported degree (including 5 studies
with 492 IBD patients). More studies were conducted on
first-degree relatives, while there were studies that did not
report any degree of family connection. The pooled preva-
lence of a family history of CRC among patients with IBD
for first- and second-degree relatives (11%, 95% CI: 0-37)
was more than any other degree of relatedness (Figure 2(b)).

3.3.2. Family History of CRC among IBD Patients by Region
of Study. The studies were conducted in the regions of the
Americas (including the USA with 1,419 IBD patients),
Europe (including Sweden, France, Netherlands, England,
Portugal, and Norway with 24,279 IBD patients), and Asia
(including Japan and India with 89 IBD patients). The
pooled prevalence of a family history of CRC among patients
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%

Study ES (95% CI)  Weight
Kisiel (2012) | * 0.16 (0.09, 0.25) 3.67
Bergeron (2010) o 0.07 (0.02, 0.23) 2.55
Bergeron (2010) e 0.02 (0.00, 0.09) 3.35
Bergeron (2010) *> I 0.00 (0.00, 0.06) 3.52
Baars (2011) | —%—— 0.34(0.29, 0.38) 4.62
Rubin(1) (2006) ——e 0.09 (0.05, 0.17) 3.86
Lashner(1) (1999) -— 0.01 (0.00, 0.06) 3.85
Askling(1) (2001) ¢ 0.03 (0.03, 0.03) 4.91
Rutter (2004) | —® 0.13 (0.09, 0.20) 4.12
Freire (2014) —e 0.09 (0.05, 0.18) 3.66
Connelly (2014) —e 0.07 (0.03, 0.19) 3.00
Lutgens (2015) —— 0.05 (0.03, 0.08) 4.57
Rubin(2) (2013) ———— 0.06 (0.03,0.11) 4.15
Shinozaki (1999) —.———— 0.02 (0.00, 0.09) 3.44
Mooiweer (2013) - 0.03 (0.02, 0.04) 4.80
Velayos (2006) —— 0.03 (0.01, 0.07) 4.32
Askling(2) (2001) ¢ 0.02 (0.02, 0.02) 4.92
Eaden (2000) -— 0.02 (0.01, 0.07) 3.91
Bopanna (2016) - } 0.00 (0.00, 0.12) 2.55
Parian (2016) —Le 0.08 (0.05, 0.14) 4.18
Rini (2008) ! . 0.22 (0.17, 0.28) 4.40
Tang (2010) — 0.10 (0.03, 0.26) 2.63
Lashner(2) (1993) : * 0.11 (0.06, 0.22) 3.44
Lashner(3) (1997)  -¢——L 0.01 (0.00, 0.08) 3.56
Brackmann (2009) —— 0.09 (0.04, 0.18) 3.54
Adams (2013) P — e 0.14 (0.10, 0.19) 4.46
Overall (172 = 96.01%, p < 0.001)  <;>> 0.06 (0.04, 0.09) 100.00

|

|

. T T

0 2 4
Proportion
(a)

FiGure 2: Continued.
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%

Study ES (95% CI) Weight
First !
Kisiel (2012) i ¢ 0.16 (0.09, 0.25) 3.67
Rubin(1) (2006) —;—0 0.09 (0.05,0.17) 3.86
Rutter (2004) . —e 0.13 (0.09, 0.20) 4.12
Lutgens (2015) —*— 0.05 (0.03, 0.08) 4.57
Mooiweer (2013) - 0.03 (0.02, 0.04) 4.80
Velayos (2006) -o— 0.03 (0.01,0.07) 4.32
Eaden (2000) -—+ 0.02 (0.01, 0.07) 3.91
Parian (2016) —T—’ 0.08 (0.05,0.14) 4.18
Adams (2013) i — 0.14 (0.10, 0.19) 4.46
Subtotal (12 = 87.62%, p < 0.001) ~<=_—— 0.07 (0.04, 0.11) 37.90
|
Not reported :
Bergeron (2010) * 0.07 (0.02, 0.23) 2.55
Bergeron (2010) -& } 0.02 (0.00, 0.09) 3.35
Bergeron (2010) * | 0.00 (0.00, 0.06) 3.52
Lashner(1) (1999) *— 0.01 (0.00, 0.06) 3.85
Freire (2014) —e 0.09 (0.05, 0.18) 3.66
Connelly (2014) * 0.07 (0.03,0.19) 3.00
Bopanna (2016) 0—:— 0.00 (0.00, 0.12) 2.55
Lashner(2) (1993) t L 2 0.11 (0.06, 0.22) 3.44
Lashner(3) (1997) -—— 0.01 (0.00, 0.08) 3.56
Subtotal (IA2 = 64.34%, p < 0.001)<>i 0.03 (0.01, 0.07) 29.49
First and second |
Baars (2011) ! ——@®—— 0.34(0.29,0.38) 4.62
Rubin(2) (2013) —o— 0.06 (0.03,0.11) 4.15
Shinozaki (1999) -¢ 0.02 (0.00, 0.09) 3.44
Subtotal (IA2 = %, p = .) <: 0.11 (0.00,0.37) 12.20
1
First, second or more }
Askling(1) (2001) ¢ I 0.03 (0.03, 0.03) 4.91
Askling(2) (2001) * | 0.02 (0.02, 0.02) 4.92
Rini (2008) ! — e 0.22 (0.17,0.28) 4.40
Tang (2010) —e 0.10 (0.03,0.26) 2.63
Brackmann (2009) — @ 0.09 (0.04, 0.18) 3.54
Subtotal (IA2 = 97.22%, p < 0.001) < — 0.06 (0.04, 0.10) 20.40
1
|
Heterogeneity between groups: p = 0.422 !
Overall (IN2 = 96.02%, p < 0.001) ; <> 0.06 (0.04, 0.09) 100.00
1
T T . T T
-2 0 2 4
Proportion
(b)

FiGure 2: Continued.
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%

Study ES (95% CI)  Weight
American |
Kisiel (2012) | * 0.16 (0.09, 0.25) 3.67
Rubin(1) (2006) e 0.09 (0.05, 0.17) 3.86
Lashner(1) (1999) *— 0.01 (0.00, 0.06) 3.85
Connelly (2014) ‘e 0.07 (0.03, 0.19) 3.00
Rubin(2) (2013) —— 0.06 (0.03,0.11) 4.15
Velayos (2006) —— 0.03 (0.01, 0.07) 4.32
Parian (2016) — 0.08 (0.05, 0.14) 4.18
Rini (2008) \ —e 0.22 (0.17,0.28) 4.40
Tang (2010) — 0.10 (0.03, 0.26) 2.63
Lashner(2) (1993) T . 0.11 (0.06, 0.22) 3.44
Lashner(3) (1997) - } 0.01 (0.00, 0.08) 3.56
Adams (2013) | — 0.14 (0.10, 0.19) 4.46
Subtotal (I12 = 84.94%, p < 0.001) <> 0.08 (0.05, 0.13) 45.54
|
European \
Bergeron (2010) R 2 0.07 (0.02, 0.23) 2.55
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I
Asian }
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FIGURE 2: Forest plot for the prevalence of family history of CRC among IBD patients: (a) overall prevalence; (b) prevalence by degree of

relative; (c) prevalence by region of study.

with IBD in the American regions (8% (95% CI: 5-13%)) was
higher than that in the others (Figure 2(c)).

3.4. Family History of IBD among Patients with Dysplasia or
CRC. The number of studies concerning family history of
IBD for CRC patients was 10, including 481 patients with
dysplasia or CRC. The pooled prevalence for a family history
of IBD among CRC or dysplasia patients was 11% (95% CI:
6-16%, P < 0.001) with I? = 54.57%, P = 0.01. The forest plot
is shown in Figure 3(a).

3.4.1. Family History of IBD among Patients with Dysplasia
or CRC by Degree of Relative. First degree (including 167
patients with dysplasia or CRC), first and second degrees
(including 65 patients with dysplasia or CRC), and first, sec-
ond, and more degrees (including 85 patients with dysplasia
or CRC) were among the reported degree of relatives in the
eligible studies. Also, some studies did not report the degree

(including 164 patients). The pooled prevalence in the first
degree (13% (95% CI: 3-28%) was higher than that in the
other groups (Figure 3(b)).

3.4.2. Family History of IBD among Patients with Dysplasia
or CRC by Region of Study. The regions of the Americas
(including the USA, with 224 dysplasia or CRC patients)
and Europe (including France, Norway, Hungary, and Swe-
den with 257 dysplasia or CRC patients) were the areas rep-
resented in the studies reviewed. The pooled prevalence for
American countries (15%, 95% CI: 8-23%) was greater than
that for the European region (Figure 3(c)).

3.5. Evaluation of Publication Bias. The results of Egger’s
(P=0.08) and Begg’s (P =0.48) tests revealed that there is
no publication bias among the studies from which the prev-
alence of family history of CRC was. Also, for family history
of IBD, the tests of Egger (P=0.78) and Begg (P =0.32)
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%
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Bergeron (2010) >~ 0.07 (0.01,0.31) 4.83
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Rubin(1) (2006) i . 0.23(0.11,0.42) 6.91
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Connelly (2014) i . 0.27 (0.16,0.42)  8.50
Eaden (2000) —0—3 0.05(0.02,0.11) 11.22
Parian (2016) 3—0— 0.18 (0.09,0.33) 8.33
Tang (2010) i * 0.17 (0.06,0.39) 5.64
Lakatos (2006) oi— 0.00 (0.00,0.23)  4.61
Lashner(2) (1993) i . 0.33(0.10,0.70) 2.66
Lashner(3) (1997) —03— 0.03 (0.01,0.17) 7.29
Brackmann (2009) —0—%— 0.07 (0.03,0.16)  10.09
Overall (IA2 = 54.07%, p = 0.01) <> 0.11 (0.06,0.16)  100.00

Proportion

()

Figure 3: Continued.
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F1GURE 3: Forest plot for the prevalence of family history of IBD among dysplasia or CRC patients: (a) overall prevalence; (b) prevalence by

degree of relative; (c) prevalence by region of study.

showed similar results. Additionally, the funnel plots showed
evidence of an approximate symmetry (Figure 4).

4. Discussion

The present study is the first meta-analysis that estimates the
prevalence of a family history of CRC among patients with
IBD. Interestingly, we found that among IBD patients, the
prevalence of a family history of CRC was 6% (95% CI: 4-
9). Additionally, the pooled prevalence of a family history
of IBD among patients with CRC or dysplasia was estimated
to be 11% (95% CI: 6-16). The reason for the greater latter
prevalence may be that previous cohort studies proved that
the history of IBD is a factor associated with CRC and the
probability of developing CRC for IBD patients in the future
is 2-folds higher compared with that for others [45-47]. It is
important to note that IBD patients with longer duration
and extensive disease and patients with diagnosis at young
age are at higher risk of CRC [48]. Among IBD patients,
also, the prevalence of a family history of CRC may be nota-
ble and the present study confirmed this.

In a recent meta-analysis on the influence of ethnicity in
IBD prevalence by Shi et al., the mean age of IBD diagnosis

was reported as 30 years [12]. This mean age in other epide-
miological studies has varied, with reports of 32.7 [49], 38.46
[50], and 54.1 [51] years of age. These differences may be
due to differences in access to health care center for diagno-
sis and overall awareness about IBD. In our study, we
observed that the mean age of IBD diagnosis for IBD
patients was close to 34.52 (range: 25-29), and for IBD
patients with CRC, this was slightly later (35.35, range: 25-
57.4). This may mean that at a later mean age of diagnosis,
patients with IBD are at higher risk for CRC than young
people [52, 53].

In our study, the authors reported the pooled prevalence
of family history of CRC among patients with IBD as well as
a pooled prevalence of a family history of IBD among patients
with CRC or dysplasia, according to the degree of relatedness.
The result demonstrated that the prevalence of family history
for first- or first- and second-degree relationships is greater
than that for other degrees. Previous studies revealed that
the risk of gastrointestinal cancers for individuals with affected
family members, especially for first-degree family members, is
high and our result is in line with this point [20, 54].

Considering the geographical aspect, the present meta-
analysis revealed that the pooled prevalence of family history
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FIGURE 4: Funnel plot for assessing publication bias in the eligible studies: (a) studies provided data on family history of CRC; (b) studies

provided data on family history of IBD.

of either IBD or CRC among Americans was more than that
among European and Asian countries. Perhaps the global
cancer statistics are helpful for finding the reason: the inci-
dence of CRC is more common in more highly developed
countries. The CRC incidence rate in Europe and Northern
America is highest in comparison with that in other regions.
The reason is that the prevalence of CRC risk factors includ-
ing obesity and unhealthy diet in these regions is high [55,
56]. Additionally, global comparison for the prevalence of
IBD has shown the highest prevalence in European and
American areas and the prevalence has remained higher up
until 2018 [57].

For IBD, diagnosis and management are complex and
utilize clinical presentation, biomarkers, and pathology.
Patient manifestation of symptoms may be due to genetic,
environmental factors, and possibly molecular mechanisms
within the gut microbiota patterns. All of these areas may
be targets for personalized IBD treatment. This tailored
approach is important for early diagnosis and treatment in
the IBD management [58, 59]. Early IBD diagnosis and suc-
cessful treatment may result in decreased rates or prevention
of CRC.

Previous studies observed significant heterogeneity
among the results of studies. The heterogeneity is a phenom-
enon that usually is seen in the meta-analyses of proportion.
Instead, we performed a subgroup analysis to create some
more homogeneous groups of studies. But the subgroup
analysis is performed by dividing studies into stratum, and
this may not be useful in all cases. Generally, the more likely
cause of heterogeneity, in addition to measurement errors,
may be due to the way of constructing the study, including
methods as well as differences in the span of the defini-
tions [60].

There are some limitations in the present meta-analysis.
First, there is overall a lack of determining the number of
patients with affected family member for subtypes of UC
or CD in the eligible studies. This limitation caused the
authors to not take the two main types of pooled prevalence
for each subtype. Second, some eligible studies did not

report the degree of relatedness for affected family members.
Also, for first-degree relatives, the type of relative (parent or
sibling) was not mentioned. With more complete data, the
results could be expanded. Further genetic studies are
needed to determine the number of subjects with family
affected member for both IBD and CRC in details of IBD
subtypes, as well as sex in each type.

The present study emphasized the importance of a fam-
ily history of IBD (or CRC) in the possibility of the CRC
onset (or IBD). The advancement of CRC in non-IBD
patients, with family history of IBD, leads us to look up fur-
ther probable factors that may be common among both dis-
eases. Gut microbiota, interleukin, and tumour necrosis
factor pathways, race, genetics, family history, and diets are
important factors that should be considered in the future
studies [9]. The prevalence of a family history of CRC
among IBD patients in American and European countries
and for first-degree relatives is higher. There is a similar pat-
tern for the prevalence of a family history of IBD among
dysplasia or CRC patients. Thus, knowing the prevalence
of a family history component for an at-risk population
may be helpful in patient’s care and managing both CRC
and IBD.
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