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Abstract
Studies examining the inheritance of inflammatory bowel 
disease (IBD) within different family groups have been 
the basis for recent molecular advances in the genetics 
of IBD. The derived heritability in Crohn’s disease (CD) is 
higher than in many other complex diseases. The risk of 
IBD is highest in first-degree relatives of a CD proband, 
but first-degree relatives of a proband suffering from 
ulcerative colitis (UC) and more distant relatives are also 
at increased risk. Disease concordance rates in IBD have 
been examined in multiplex families and in three large 
European twin studies. 
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IntroductIon
Attempts to increase understanding of  genetics of  
inflammatory bowel disease (IBD) have greatly increased 
in frequency and reached a molecular level during the 
last decade. In fact, the initial interest to commence with 

molecular genetic studies was based on the data derived 
from epidemiological studies showing convincingly and 
consistently that the prevalence of  IBD is increased among 
relatives with Crohn’s disease (CD) and ulcerative colitis 
(UC). Quantitatively, the degree of  familial clustering 
of  disease may be expressed as the ratio of  the risk of  
siblings to the reported population prevalence (λs ratio). 
Using this formulation, the genetic risk ratio for IBD is in 
the range of  15-42 for CD[1–5] and 7-17 for UC[4,5]. These 
λs values, especially for CD, are in the range or even higher 
than those reported for many other complex disorders, 
including type 1 diabetes (λs 15), type 2 diabetes (λs < 
10), schizophrenia (λs < 10) and celiac disease (λs 7-30). 
Collectively, these data support a strong contribution of  
genes in the pathogenesis of  CD in particular, although 
they do not provide information on the exact mode of  
inheritance.

twIn studIes In IBd
Although few in number, twin studies have constituted 
an important tool to identify the relative contribution of  
inherited and environmental factors in the aetiology of  CD 
and UC. Should a disease be entirely due to genes, then 
its concordance in identical (monozygotic) twins would 
approach 100% and that in non-identical (dizygotic) twins 
50%. If, on the other hand, the disease is fully dependent 
on extrinsic and acquired factors, then its concordance 
would be similar in both types of  twins. In large European 
studies conducted in Sweden[6,7], Denmark[8] and UK[9], 
the concordance rate for CD in monozygotic twins 
was estimated at between 20% and 50%, whereas the 
concordance rate in dizygotic twins brought up in the same 
environment is less than 10 % (Table 1). More recently 
closer examination of  the phenotypic characteristics of  the 
Swedish cohort provided some evidence that in CD even 
the disease phenotype may be genetically determined[7]. 
Thus, in the monozygotic CD concordant pairs 7/9 were 
concordant for disease location, as determined by Vienna 
classification, and 6/9 were diagnosed within 2 years of  
each other. There was no significant concordance for 
disease behaviour, i.e. fistulizing or stricturing type, or 
extent of  the disease.

The evidence from twin studies in ulcerative colitis 
also implies an important heritable component, although 
a weaker one than in CD. The concordance rate of  UC in 
monozygotic twins was reportedly about 16% and that in 
dizygotic twins about 4% (Table 1) , i.e. figures markedly 
lower that the corresponding estimates in CD[6-9]. Along 
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the same line, concordance for phenotypic characteristics 
in twin pairs with ulcerative colitis is less consistent 
compared with CD.

In comparison to the general population, an IBD 
co-twin is also at increased risk of  developing an IBD 
phenotype opposite to his/her twin partner[8]. The role 
of  smoking habits to influence the risk and phenotype in 
IBD has also been confirmed by twin studies[6,8]. Orholm 
et al. reported that smoking was positively, although 
non-significantly, associated with CD and negatively and 
significantly with UC. In that study discordant smoking 
habit explained at least part of  the disease discordance[8].

In summary, identical twins are significantly more 
likely to be concordant for IBD than non-identical twins. 
However, the concordance for homozygous twins does not 
reach a higher extent than 50% underscoring the important 
role of  environmental causes in the pathogenesis of  IBD.

FamIly studIes In IBd
Familial clustering of  IBD has been documented in 
numerous studies. The rate at which patients with CD 
report a family history of  CD varies from 2% to 14% and 
of  any type of  IBD from 5% to 16%, whereas patients 
with UC possess a family history of  UC from 7% to 11% 
and any type of  IBD from 8% to 14% (Table 2)[1,2,5,10-15].

Howeve r , i t shou ld be emphas i z ed tha t t he 
methodologies used by different family studies vary, and 
comparing the data between studies is not straightforward. 
For instance, published estimates may be biased as studies 
carried out in teaching hospital populations tend to 
overrepresent IBD patients with positive family history 
and more severe disease course compared to population-
based studies. In addition, studies do not report results in 
a similar manner. Thus, some of  the studies report risk 
for all relatives while some  report risks to first-degree 
relatives only; in addition,  the degree of  risk  may not be 
assigned to all phenotypes (UC, CD and/or IBD) in all 
studies. Furthermore, studies with longer follow-up time 
are more likely to include more family members with IBD. 
Therefore, age-adjusted figures when available give more 
reliable estimates of  the true risk developing IBD. Despite 
of  different methodologies used, in all studies the greatest 
risk is constantly seen in first-degree relatives, especially 
siblings, and a positive family history is more common in 
CD patients than in UC patients.

Risk of IBD in first-degree relatives
Strömgren’s methodology has been most frequently 

used for assessment of  age-adjusted relative risk. The 
calculations are based on the assumption that all patients 
live to age 70 years. Based on different studies in European 
and North-American white non-Jewish populations[5,13,15], 
the approximated age-adjusted life-time risk of  developing 
IBD for first-degree relatives of  a CD proband is 5 % and 
that of  an UC proband 1.6%. The corresponding figures 
for Jewish patients are 8 % and 5.2%, respectively[15]. 

Family studies have repeatedly shown that the siblings of  
a proband are at highest risk of  developing IBD, while 
parents have the lowest risk[13,15]. 

Accurate risk estimates for the offspring of  CD and UC 
probands are difficult to calculate because many of  them 
may not have reached the age at which the first symptoms 
of  the disease should appear. One approach to overcome 
these difficulties is to calculate the prevalence proportion 
ratio which is estimated by dividing the observed number 
of  offspring with IBD with the expected number of  cases 
from the general population. In a Danish population-
based study, the prevalence proportion ratios of  CD and 
UC among offspring of  patients with CD were 12.8 and 4.0, 
respectively, while the corresponding figures for patients 
with UC were 2.6 and 5.1, respectively[16]. If  both parents 
have IBD, the risk of  children to develop IBD is relatively 
high. Accordingly, under these circumstances about one 
third of  the offspring have developed IBD before 30 
years[17,18]. Estimations for the relative risk (relative to the 
population prevalence) of  a sibling to develop the same 
disease as the proband have varied greatly. The λs ratio to 
a sibling to develop same disease has been estimated to 
be 15-42 for CD and 7-17 for UC[1-5]. Tobacco smoking 
probably is a strong environmental factor influencing the 
acquisition of  the disease type. Sib pairs discordant for 
both smoking and IBD subtype almost always show CD in 
the smoking and UC in the non-smoking mate[19,20]. 

InFluence oF InherItance on the 
clInIcal phenotype In crohn’s 
dIsease and ulceratIve colItIs
The fundamental difficulty in exact comparison of  the 
phenotypes in family studies lies in the fact that there is no 
agreed standard definition for a phenotype in either CD or 
UC. In fact, almost all family studies have been performed 
before Vienna classification of  CD was adopted. 

Crohn’s disease
The age at onset of  disease, location of  disease, disease 
behaviour, the extent of  extraintestinal manifestations and 
need for surgery are the most often studied phenotypic 
characteristics of  CD. In these studies, familial aggregation 
and a high degree disease concordance have been 
confirmed, and the age at diagnosis and initial disease 
location were especially strongly related within generations 
of  given families[13,15,21,22]. A high degree of  concordance 
for disease location in parent-child and sibling pairs has 
also been demonstrated[13,14,22-24]. In contrast, most studies 
found no effect of  a positive family history on severity 
and course of  CD. There are no strong arguments for 
phenotypic differences between familial and sporadic 

Monozygotic twins Dizygotic twins

CD UC CD UC

Halfvarsson[7] 50% (n = 18) 19% (n = 16) 4% (n = 26) 0% (n = 20)

Orholm[8] 50% (n = 10) 14% (n = 21) 0% (n = 27) 7% (n = 44)

Thompson[9] 20% (n = 25) 16% (n = 38) 7% (n = 46) 3% (n = 34)

Table 1  Concordance rates for CD and UC according to three 
large twin studies



forms of  IBD except for the age at onset[12,13,20,22,24]. High 
concordance rates of  extraintestinal manifestations in CD 
have been shown in two studies[21,23] between affected first 
degree relatives, although extraintestinal manifestations 
were not associated more often in a familial disease type 
than in a sporadic one[25].

Ulcerative colitis
A high concordance rate for the presence of  extraintestinal 
manifestations and for the extent of  colon involvement 
has been reported in UC patients[23]. In a recent report the 
concordance rate for extension of  the colon involvement 
was observed in 33% of  relative pairs, in 47% of  pairs for 
requirement of  steroids and in 34% of  pairs for a high 
relapse rate[21]. However, in UC families the concordance 
rates are less consistent than in CD families. 

Genetic anticipation in IBD: fact or fallacy?
The term genetic anticipation is used when the disease 
severity increases and age at onset of  an inherited disease 
decreases in subsequent generations. In IBD anticipation 
has been proposed to explain the observation that affected 
children are diagnosed an average of  12 to 23 years 
younger than their affected parents[21,23,26-28]. Anticipation 
was reported to be more marked in father-child pairs than 
in mother-child pairs[29].

On the other hand, some reports have provided 
strong evidence that anticipation does not occur in 
IBD and is merely caused by failure to make statistical 
corrections[27,30,31]. Thus, supporters of  this assumption 
bel ieve that a more r igorous screening or c loser 
observation of  the children of  an affected parent simply 
result in earlier diagnosis in the offspring. Studies on 
genetic anticipation may also suffer from follow-up 
bias which implies situations where children, who are 
unaffected by IBD at the time of  a cross-sectional survey, 
later develop disease.  

CARD15 gene variants in familially occurring and sporadic 
forms of IBD
Three variants of  the CARD15 gene are strongly associated 
with susceptibility to CD[32,33], although significant 
geographic and racial variations in their frequency have 
been described. In most Caucasian populations, at least 

one risk allele of  the CARD15 gene is found in 44%-50% 
of  CD patients[34,35]. In these populations the proportion 
of  CD patients with or without documented CARD15 
mutations were similar among familial and sporadic cases. 
On the other hand, a lower frequency (15.5%) of   the 
risk alleles of  the CARD15 gene has been described 
among the Finns, but in this population the1007fs allele 
frequency was higher among the familial (10.9%) than in 
sporadic CD cases (3.5%)[36]. Moreover, there is evidence 
for genetic heterogeneity also in other North European 
countries. Despite low prevalence of  risk alleles of  the 
CARD15 gene mutation the prevalence of  CD and 
familially occurring IBD are similar as in countries of  high 
frequency of  CARD 15 risk alleles[37,38].

Familial clustering of variations in intestinal permeability
A genetically impaired intestinal barrier function has long 
been suspected to be a predisposing factor for CD. An 
increased intestinal permeability is found in nearly one 
fourth of  the asymptomatic first-degree relatives, although 
similar figures have also been demonstrated in spouses 
of  IBD patients, making it difficult to judge whether 
these alterations are due to genetic or environmental 
factors, or both[39,40]. Buhner et al. have recently shown 
that in healthy first degree relatives of  CD patients a high 
mucosal permeability is associated with the presence of  
a CARD15 3020insC mutation, indicating that genetic 
factors may be involved in the impairment of  the intestinal 
barrier function in families with IBD[41]. Recently, Stoll  
et al[42] described a significant linkage and association of  
CD with specific haplotypes of  the DLG5 gene, coding 
for a membrane associated guanylate kinase possibly 
associated with maintenance of  epithelial integrity. 
These studies also suggested an interaction between 
allelic variants of  the CARD15 and DLG5 genes as risk 
determinants of  CD[42]. It will be important to identify 
additional gene loci potentially interacting with the risk 
alleles of  the CARD15 genes to modify the phenotypic 
features, including the intestinal permeability, in IBD. 

conclusIon
The single strongest risk factor for developing IBD is 
having an affected relative with IBD. The highest risk  

 Proband with CD Proband with UC

First-degree relatives with CD First-degree relatives with 
any form of IBD

First-degree relatives with UC First-degree relatives with 
any form of IBD

Freeman (2002)[10]    8.7% (n = 1000) - - -
Halme (2002)[11]  10.9% (n = 257) 15.6% (n = 257) 11.3% (n = 436) 13.8% (n = 436)
Carbonnel (1999)[12]    7.5% (n = 1316)   8.4% (n = 1316) - -
Peeters (1996)[13]  13.6% (n = 640) 14.5% (n = 640) - -
Bayless (1996)[14] 12.2 % (n = 554) - - -
Satsangi (1994)[1] - 11.5% (n = 433) - -
Probert (1993)[2]    9.4% (n = 424) 10.4% (n = 424) 7.1% (n = 469) 8.6% (n = 469)
Yang (1993)[15]    7.4% (n = 258) 14.0% (n = 258) 7.1% (n = 269) 8.6% (n = 269)
Orholm (1991)[5]    2.2% (n = 133)   5.2% (n = 133) 7.5% (n = 504) 8.1% (n = 504)

Table 2  Recent studies on the occurrence (in percent) of affected first-degree relatives in a proband with CD and UC
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erational differences in the age at diagnosis with Ibd: genetic 
anticipation, bias, or temporal effects. Am  J Gastroenterol 2002; 
97: 636-640

29	 Heresbach	D, Gulwani-Akolkar B, Lesser M, Akolkar PN, Lin 
XY, Heresbach-Le Berre N, Bretagne JF, Katz S, Silver J. An-
ticipation in Crohn’s disease may be influenced by gender and 
ethnicity of the transmitting parent. Am J Gastroenterol 1998; 
93: 2368-2372

30	 Picco	MF, Goodman S, Reed J, Bayless TM. Methodologic 
pitfalls in the determination of genetic anticipation: the case of 
Crohn disease. Ann Intern Med 2001; 134: 1124-1129 

31	 Hampe	J, Heymann K, Kruis W, Raedler A, Fölsch UR, Schrei-
ber S. Anticipation in inflammatory bowel disease: a phenom-
enon caused by an accumulation of confounders. Am J Med 
Genet 2000; 92: 178-183 

32 Hugot	 JP, Chamaillard M, Zouali H, Lesage S, Cézard JP, 
Belaiche J, Almer S, Tysk C, O’Morain CA, Gassull M, Binder 
V, Finkel Y, Cortot A, Modigliani R, Laurent-Puig P, Gower-
Rousseau C, Macry J, Colombel JF, Sahbatou M, Thomas G. 
Association of NOD2 leucine-rich repeat variants with suscep-
tibility to Crohn’s disease. Nature 2001; 411: 599-603

33	 Ogura	Y, Bonen DK, Inohara N, Nicolae DL, Chen FF, Ramos 
R, Britton H, Moran T, Karaliuskas R, Duerr RH, Achkar JP, 
Brant SR, Bayless TM, Kirschner BS, Hanauer SB, Nuñez G, 

(> 30%) is observed in offspring of  two affected parents. 
The age-adjusted risk of  IBD is about 5% for siblings 
and 10% for offspring. A positive family history is more 
common in a CD proband than in a UC proband. Relatives 
of  patients with CD have a higher risk of  developing IBD 
than those of  patients with UC. The rates for concordance 
among monozygotic twins are higher for CD than for UC. 
Collectively, all these family data suggest a stronger genetic 
influence for CD than UC. Studies showing that smoking 
shifts the predisposition from UC to CD indicate that not 
the genes alone but also environmental factors have an 
important role in disease expression.

reFerences
1	 Satsangi	J, Rosenberg WMC, Jewell DP. The prevalence of In-

flammatory Bowel Disease in relatives of patients with Crohn‘s 
disease. Eur J Gastroenterol Hepatol 1994; 6: 413–416. 

2	 Probert	CS, Jayanthi V, Hughes AO, Thompson JR, Wicks AC, 
Mayberry JF. Prevalence and family risk of ulcerative colitis 
and Crohn’s disease: an epidemiological study among Euro-
peans and south Asians in Leicestershire. Gut 1993; 34: 1547–
1551

3	 Küster	 W, Pascoe L, Purrmann J, Funk S, Majewski F. The 
genetics of Crohn disease: complex segregation analysis of a 
family study with 265 patients with Crohn disease and 5,387 
relatives. Am J Med Genet 1989; 32: 105-108 

4	 Meucci	G, Vecchi M, Torgano G, Arrigoni M, Prada A, Rocca 
F, Curzio M, Pera A, de Franchis R. Familial aggregation of 
inflammatory bowel disease in northern Italy: a multicenter 
study. The Gruppo di Studio per le Malattie Infiammatorie In-
testinali (IBD Study Group). Gastroenterology 1992;	103: 514-519

5	 Orholm	M, Munkholm P, Langholz E, Nielsen OH, Sørensen 
TI, Binder V. Familial occurrence of inflammatory bowel di-
sease. N Engl J Med 1991; 324: 84-88

6	 Tysk	C, Lindberg E, Järnerot G, Flodérus-Myrhed B. Ulcera-
tive colitis and Crohn’s disease in an unselected population of 
monozygotic and dizygotic twins. A study of heritability and 
the influence of smoking. Gut 1988; 29: 990-996 

7	 Halfvarson	J, Bodin L, Tysk C, Lindberg E, Järnerot G. Inflam-
matory bowel disease in a Swedish twin cohort: a long-term 
follow-up of concordance and clinical characteristics. Gastroen-
terology 2003; 124: 1767-1773 

8	 Orholm	M, Binder V, Sørensen TI, Rasmussen LP, Kyvik KO. 
Concordance of inflammatory bowel disease among Danish 
twins. Results of a nationwide study. Scand J Gastroenterol 
2000; 35: 1075-1081

9	 Thompson	NP, Driscoll R, Pounder RE, Wakefield AJ. Genet-
ics versus environment in inflammatory bowel disease: results 
of a British twin study. BMJ 1996; 312: 95-96

10	 Freeman	 HJ. Familial Crohn’s disease in single or multiple 
first-degree relatives. J Clin Gastroenterol 2002; 35: 9-13

11	 Halme	L, Turunen U, Heliö T, Paavola P, Walle T, Miettinen A, 
Järvinen H, Kontula K, Färkkilä M. Familial and sporadic in-
flammatory bowel disease: comparison of clinical features and 
serological markers in a genetically homogeneous population. 
Scand J Gastroenterol 2002; 37: 692-698

12	 Carbonnel	F, Macaigne G, Beaugerie L, Gendre JP, Cosnes J. 
Crohn’s disease severity in familial and sporadic cases. Gut 
1999; 44: 91-95

13	 Peeters	M, Nevens H, Baert F, Hiele M, de Meyer AM, Vliet-
inck R, Rutgeerts P. Familial aggregation in Crohn’s disease: 
increased age-adjusted risk and concordance in clinical char-
acteristics. Gastroenterology 1996; 111: 597-603

14	 Bayless	TM, Tokayer AZ, Polito JM 2nd, Quaskey SA, Mel-
lits ED, Harris ML. Crohn’s disease: concordance for site and 
clinical type in affected family members -- potential hereditary 
influences. Gastroenterology 1996; 111: 573-579

15	 Yang	H, McElree C, Roth MP, Shanahan F, Targan SR, Rotter 
JI. Familial empirical risks for inflammatory bowel disease: 

Halme L et al.  Genetics of IBD                                                                      3671

www.wjgnet.com



Cho JH. A frameshift mutation in NOD2 associated with sus-
ceptibility to Crohn’s disease. Nature 2001; 411: 603-606 

34 Annese	V, Palmieri O, Latiano A, Ardizzone S, Castiglione F, 
Cottone M, D'Incà R, Gionchetti P, Papi C, Riegler G, Vecchi M, 
Andriulli A. Frequency of NOD2/CARD15 variants in both 
sporadic and familial cases of Crohn’s disease across Italy. 
An Italian Group for Inflammatory Bowel Disease Study. Dig 
Liver Dis 2004; 36: 121-124

35 Lesage	S, Zouali H, Cézard JP, Colombel JF, Belaiche J, Almer 
S, Tysk C, O'Morain C, Gassull M, Binder V, Finkel Y, Mod-
igliani R, Gower-Rousseau C, Macry J, Merlin F, Chamaillard 
M, Jannot AS, Thomas G, Hugot JP. CARD15/NOD2 muta-
tional analysis and genotype-phenotype correlation in 612 pa-
tients with inflammatory bowel disease. Am J Hum Genet 2002; 
70: 845-857 

36 Heliö	T,	Halme L, Lappalainen M, Fodstad H, Paavola-Sakki 
P, Turunen U, Färkkilä M, Krusius T, Kontula K. CARD15/
NOD2 gene variants are associated with familially occur-
ring and complicated forms of Crohn’s disease. Gut 2003; 52: 
558-562 

37	 Halfvarson	J, Bresso F, D’Amato M, Järnerot G, Pettersson S, 
Tysk C. CARD15/NOD2 polymorphisms do not explain con-
cordance of Crohn’s disease in Swedish monozygotic twins. 
Dig Liver Dis 2005; 37: 768-772

38	 Arnott	 ID, Nimmo ER, Drummond HE, Fennell J, Smith BR, 

MacKinlay E, Morecroft J, Anderson N, Kelleher D, O’Sullivan 
M, McManus R, Satsangi J. NOD2/CARD15, TLR4 and CD14 
mutations in Scottish and Irish Crohn’s disease patients: evi-
dence for genetic heterogeneity within Europe? Genes Immun 
2004; 5: 417-425

39	 Peeters	M, Geypens B, Claus D, Nevens H, Ghoos Y, Verbeke 
G, Baert F, Vermeire S, Vlietinck R, Rutgeerts P. Clustering of 
increased small intestinal permeability in families with Crohn’
s disease. Gastroenterology 1997; 113: 802-807

40	 Söderholm	JD,	Olaison G, Lindberg E, Hannestad U, Vindels 
A, Tysk C, Järnerot G, Sjödahl R. Different intestinal permea-
bility patterns in relatives and spouses of patients with Crohn’
s disease: an inherited defect in mucosal defence? Gut 1999; 44: 
96-100

41	 Buhner	S, Buning C, Genschel J, Kling K, Herrmann D, Dig-
nass A, Kuechler I, Krueger S, Schmidt HH, Lochs H. Genetic 
basis for increased intestinal permeability in families with 
Crohn’s disease: role of CARD15 3020insC mutation? Gut 
2006; 55: 342-347

42	 Stoll	M, Corneliussen B, Costello CM , Waetzig GH, Mellgard 
B, Koch WA, Rosenstiel P, Albrecht M, Croucher PJ, Seegert 
D, Nikolaus S, Hampe J, Lengauer T, Pierrou S, Foelsch UR, 
Mathew CG, Lagerstrom-Fermer M, Schreiber S. Genetic vari-
ation in DLG5 is associated with inflammatory bowel disease.  
Nat Genet 2004; 36: 476-480 

S-	Editor		Wang J    E-	Editor		Liu Y

3672        ISSN 1007-9327      CN 14-1219/ R      World J Gastroenterol      June 21, 2006      Volume 12     Number 23

www.wjgnet.com


