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Inflammatory bowel diseases (IBD), mainly ulcer-
ative colitis and Crohn’s disease, are chronic,
heterogenic, lifelong illnesses with young age of
onset and a great potential for disability. The
natural history of these diseases is influenced by
multiple factors of environmental and genetic ori-
gin. Multidisciplinary research has increased our
knowledge of the mechanisms involved during the
development and outcome of the diseases, including
disease complications. Immunomodulatory treat-
ment has demonstrated greatly improved efficacy in
moderate to severe disease activity. The long-term
effect on the natural course of disease and sustained
reduced burden on society over many years require
study. This article summarizes recent knowledge
on factors influencing the natural history of IBD,
including the impact of treatment. Increased under-
standing of disease mechanisms is needed as a basis
for new treatment strategies in the future.

Introduction

A direct relationship exists between the duration of
inflammatory bowel disease (IBD) and the burden
of complications. This burden is related to general
disability from disease activity or localized organic
complications, treatment-related side effects, and prob-
lems related to surgery and hospitalizations. The impact
of IBD on costs is high in many countries [1,2]. The
total burden of IBD on society in the United States and
worldwide [3] and time trends of US hospital utilization
from 1970 to 2004 [4] were investigated recently. Dis-
ease activity was predictive of reduced health-related
quality of life (QoL) [5]. Specific problems are related
to IBD in pregnancy and childhood.

In addition to these common and specific problems,
disease manifestation varies greatly, which necessitates pri-
marily discussion of natural history. A better understanding
of the natural history and course of disease will also help
us to differentiate between patients with a good and poor
prognosis. The connection between natural history and
complications is related to aggressiveness and duration of dis-
ease. The ultimate question today is whether new treatments
may change the natural history of disease and significantly
reduce complications, need for surgery, and hospitalizations.
Extraintestinal manifestations quite often represent the
main treatment goal for patients, and very often with disease
activity independent of the intestinal activity. They demand
early and sustained treatment over many years. Gastroin-
testinal fistulas, which represent a more integrated part of
the intestinal activity, are discussed in this article along with
specifically defined clinical topics.

Natural History

Disease incidence and prevalence

Because the incidence rate of IBD has increased over the
past decades—first in Europe, then in the United States,
and later in developing countries—industrialization seems
to be an environmental prerequisite for the increasing
incidence, harboring the most important environmental
elements behind the start of the natural history of disease.
Because the diseases are lifelong, the burden of treatment
and disability are cumulative, with long-term individual
problems and increasing demands for resources on the
society. It is important to achieve a better understanding
of the complexity of risk factors in modern society that
might be a part of the cause relationships of IBDs.

Geographic variations
Epidemiologic surveys have generally supported West-
ernized life style as a risk factor of IBD. A north-south
gradient for incidence rate, phenotype, and recurrence
was demonstrated in Europe [6-8] and an east-west gra-
dient in Canada [9]. In Europe, Crete is the exception,
with an incidence of Crohn’s disease (CD) comparable
to northern Europe.

The ratio between CD and ulcerative colitis (UC) has
also shown geographic variations. UC seems more com-
mon than CD in industrialized countries of northern
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areas of western Europe [6], unlike Canada [9]; however,
this UC/CD difference is less prominent in southern
Europe. In northern France, the opposite seems to be
the case [6], with a higher incidence rate for CD than for
UC; because this prevalence also seems to be the case for
southern Germany [10], we may no longer describe this
as a French enigma, but perhaps as a tendency for middle
Europe. Regarding gender, females are overrepresented in
CD and males in UC. Several studies have demonstrated
male predominance in children at a lower age and female
predominance from the age of puberty [11].

Environmental factors

The hygiene hypothesis [12], which indicated reduced
microbiologic diversity [13] as a common factor in
modern society, is now considered the most impor-
tant environmental factor causing increased incidence
of disease. Additionally, possible specific pathogenic
bacteria or commensal bacteria omitting the immuno-
compromised cells may serve as explanations for the
development of disease [12].

A reduced diversity of intestinal bacteria seems to
be related to living in the northern hemisphere [14].
This also seems to fit with a generally increased risk
for IBD among people living in the north, which might
be explained mainly by industrialization. However,
latitude might be an independent risk factor related to
general global variations (eg, sun exposure and reduc-
tion in vitamin D) [15].

In addition to reduced diversity and genetically reduced
mucosal barrier with a compromised innate immune
system, a third risk factor might be necessary for the
microbial action that turns this imbalance into a chronic
state. However, it is also possible that other endogenous or
even extracorporal factors might be important. A recent
report on a significant association between the concen-
tration of iron in drinking water and IBD (both CD and
UC) might be explained by effects of iron on virulence or
growth of microbes, an action previously well known by
microbiologists, or by oxidative stress [16]. Future studies
may clarify this question.

Smoking is generally accepted as a risk factor in CD
and for worsening the disease course (eg, reduced response
to treatment, increased relapse rate, and complications)
[17], However, in UC, smoking has a protective effect
against the same outcomes of disease [8].

The connection between smoking and disease onset is
less clear, but a metaanalysis showed an OR of 0.58 for
UC and 1.76 for CD among smokers [18] in the general
population, which could implicate smoking as part of a
primary event and not only as a secondary factor influ-
encing the disease course. Passive exposure to smoking
during childhood was also shown to influence IBD risk
[19]. Moreover, a recent investigation suggested passive
smoking was detrimental for the outcome of CD patients
[20]. A possible relationship between age at diagnosis and
smoking was also suggested [21].

No single explanation for the mechanism behind
smoking and onset of IBD has been postulated; how-
ever, among siblings discordant for smoking, smokers
tended to develop CD whereas nonsmokers tended to
develop UC [22]. This finding may suggest an interac-
tion between smoking and genetic susceptibility. In UC,
the significantly reduced frequency of perinuclear anti-
neutrophil cytoplasmic antibody (pANCA) positivity
among smokers, and a tendency for increased frequency
of anti-Saccharomyces cerevisiae antibody (ASCA) posi-
tivity, may be supportive of such a mechanism or may be
explained by indirect mechanisms (eg, a result of disease
activity or exposure to treatment) [23].

Genetic factors

Much understanding of genetic mechanisms in IBD was
derived from the high frequency of concordant disease
among monozygotic twins in CD [24]. Having a family
member with IBD is a well-known risk factor for develop-
ing IBD. Familial cases are younger at diagnosis compared
with sporadic cases, a finding ascribed to genetic anticipa-
tion [25]. Our knowledge about the outcome of familial
disease is hampered by the lack of follow-up over time;
in addition, a clear relationship between disease severity
and familial disease, which might reflect the complicated
interplay between genetic and environmental factors, has
not been established [26]. Future research in epigenetics
may disclose new explanations for the natural history of
individual disease regarding the interplay between inheri-
tance and environmental factors [27¢].

The NOD2 mutation seems to play an important
role in the determination of disease phenotype, as mostly
related to ileal and fibrostenotic disease [28]. None of the
large number of genetic loci discovered for CD in recent
years was associated with a specific clinical phenotype.

Nevertheless, the genetically determined innate
immune system must be regarded as responsible for the
disease activity of an individual. In the future, the immune
system will represent the target for early individual treat-
ment strategy on diverse genes at different levels, such as
innate immunity, antigen presentation molecules, epithe-
lial integrity, drug transporter, and cell adhesion [29].

CD is generally considered to be more genetically dis-
posed than UC. However, a recent large European study
demonstrated for the first time, based on defective inter-
leukin-10 function, that genetic susceptibility is important
for the development of UC [30¢].

Disease presentation

Age peaks for onset of disease appear for CD between 15
and 25 years of age, and for UC between 25 and 35 years,
and demonstrate an anticipated burden of long dura-
tion for these lifelong diseases, in which reduced overall
survival is questionable [31,32]. Moreover, young age at
onset is associated with primary complicated disease,
which calls for immediate and long-term demands for
health-care resources.



At onset, the diseases may show a variety of phenotypes
regarding symptoms, disease distribution, and degree of
activity. Time from onset of symptoms to diagnosis is usually
less than 1 year both in adults and children [11,33] but may
vary greatly, especially in association with vague symptoms,
and may extend to several years. To what extent the time
lag of diagnosis may affect response to treatment is not set-
tled, but it is expected that in many cases, early irreversible
changes may occur before medication is induced, whereby
the patient might be primarily refractory to treatment.

Disease course

A purely natural course of disease is impossible to
account for in IBD because all patients are subjected to
treatment from time of diagnosis. Disease course there-
fore depends on choice of medication and the patient’s
response to treatment. On the other hand, based on our
experience, some features regarding disease course may
seem unrelated to treatment. Such features are change
in disease distribution, tendency of relapse, tendency
of reoperations, and secondary fistulas. Therefore, it is
important to recognize that about half the patients in a
population-based study did not require glucocorticoste-
roid (GCS) during the first year of disease [33]. A further
reduction in the number of patients treated with systemic
corticosteroids and S-aminosalicylic acid was shown
from the first to the second 5-year period [34].

In UC, further extension of disease from proctitis or
left-sided colitis to substantial or total colitis has been
reported over the first few years of disease [35]. The
significance of this progression on disease outcome is
under debate. In prospective population-based studies, a
tendency of relapse seems to continue over at least 10 to
20 years [36], although reduced disease activity over time
and even burnout of disease in a subgroup of patients [37]
were discussed. In a recent study including 10-year follow-
up after diagnosis, a significantly reduced disease activity
during the second compared with the first 5-year period
was demonstrated in CD, even before biologic treatment
was introduced. However, the same study showed a cumu-
lative increased relapse rate, and that repeated individual
need for surgery and secondary fistulas are continuous
problems during the entire period [17]. These results may
emphasize the importance of differentiating between early
low and increased risk of a complicated course of disease.

Individual change of diagnosis—among CD, UC, and
IBD unclassified (IBDU)—has been reported in about
10% of patients during the first year after diagnosis [35].
In contrast, most IBDU cases seem to be classified as UC
or CD within 5 years after diagnosis [35,38].

Because of continuous changes in treatment strategies,
it is difficult to compare the disease course between past
decades. Nevertheless, one might suspect a shift toward
milder disease in UC related to a markedly reduced need
for surgery [39] compared with previous experience.
However, this reduction has not been observed over the
long term in CD [17].
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Predictors of disabling CD at diagnosis for the subse-
quent 5 years in a referral center were age below 40 years,
perianal disease, and initial requirement for systemic corti-
costeroids [40]. The rate of disabling disease within 5 years
was reported to be 58%, and the rate of severe disease 37%,
with stricturing disease and weight loss at diagnosis repre-
senting independent risk factors [41]. Another hospital-based
study showed that patients with CD first diagnosed at acute
abdominal surgery showed a lower risk for reintervention
and less use of steroids and immunosuppressants during fol-
low-up than those not operated upon at diagnosis [42].

Impact of treatment

After introduction of immunomodulatory medication
in IBD, we have observed improved and more sustained
response to treatment. In the short run, it may be claimed
that any effective medication acts on the natural course
of disease. However, even more important is the question
of whether improved treatment will change the natural
course of disease over time. This question must be judged
on the basis of long-term follow-up data, based on pro-
spective longitudinal studies using clinically important
criteria, such as relapse rate and frequency of complica-
tions, surgery, reoperations, and hospitalizations. For
society, burden of disease related to health economy and
cost utility records is important.

Relapse rate and conventional treatment

A recent prospective study showed a 10-year cumulative
relapse rate of 90% over 10 years after diagnosis in CD,
based on conventional treatment [17], in keeping with the
results of a recent European study [7].

In UC, recent population-based studies showed a high
cumulative probability of relapse over 10 years [8,34]. The
patients using GCS during the first 5-year period showed
a higher relapse rate and a subsequent higher need of GCS
during the second 5-year period.

The cumulative high relapse rate for both CD and UC,
and the sustained need for steroids in a subgroup of nonop-
erated patients, demonstrates a suboptimal effect of previous
conventional treatment on the natural course of IBD.

Effect of azathioprine

Whereas population-based studies with individual treat-
ment included only a small proportion of patients treated
with azathioprine, a recent study showed that withdrawal
of azathioprine in patients who had been in remission
for at least 3.5 years was not equivalent to being kept
on treatment with the same drug [43]. This suggests that
azathioprine in CD is at least partly able to change the
natural course of disease over this period of time.

Relationship to surgery

Recent population-based studies showed a comparatively
lower frequency of surgery in CD compared with hospital-
based studies, with the highest frequency during the first 2
years but still with an increased cumulative risk of surgery
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over 10 years [7,17]. A highly significant relationship was
found between initial location in the ileum or proximal
disease with stenotic and penetrating disease as well as a
relationship to age at diagnosis below 40 years, which is also
in keeping with previous hospital-based studies. The fact that
the highest frequency of surgery appears during the early
stage of disease represents an important challenge to early
adequate medical treatment. Moreover, a recent meta-analy-
sis failed to detect any specific risk factors for reoperations
among postoperative patients treated with placebo [44]. This
finding could imply that early effective medication represents
a general solution to previously refractory and relapsing
cases. Nevertheless, the report of a prolonged effect of pri-
mary surgery at diagnosis suggests that a role still exists for
this mode of treatment in subgroups of patients, especially in
ileal and complicated disease [42].

In UC, recent population-based studies showed a col-
ectomy rate less than 10% during a 10-year prospective
follow-up period—much lower than previously reported,
especially from referral centers [39]. Chronic activity and
increasing extent of disease over time may seem important
risk factors for later surgery in UC [39]. Appendectomy
and smoking had additive beneficial effects on frequency
of surgery in UC [45]. The reasons for reduced frequency
of surgery may be explained by differences between popu-
lation-based and hospital-based series.

Obviously, important differences exist between the
treatment policies of different treatment centers, as evi-
dent from the impressive differences between comparable
centers in northern Europe with regard to the frequency of
surgery in the same study [39]. Nevertheless, based on the
significantly reduced operation rate in southern Europe,
one should not overlook the possibility of a different natu-
ral history or natural course of disease, which may result
from geographic, cultural, or strictly microbial differences
between populations. However, the consistent finding over
time that frequency of surgery is highest during the first
few years after diagnosis again focuses on the importance
of early adequate medical intervention for UC.

Pediatric problems

Childhood onset of IBD is characterized by extensive intes-
tinal involvement, including ileum and colon in most cases
with CD, and total colitis in UC [46]. A rapid early progres-
sion was reported in CD, with about one third of patients
demonstrating complicated disease at diagnosis, including
proximal disease [11], and with about two thirds showing
complicated disease at the seventh year of follow-up [11]. A
different immunologic expression during childhood, on the
basis of a genetically transformed innate immune system,
may explain the different clinical phenotypes among adults
and children with IBD [47]. An interesting shift from male to
female predominance around the age of puberty is unclear.
An additional important therapeutic problem is represented
by the tendency of growth retardation and nutritional prob-
lems. All these problems in childhood represent a challenge
to early adequate therapeutic intervention.

Problems related to pregnancy
The effect of IBD on pregnancy seems to rely on disease
activity at the time of conception and whether remission
persists during pregnancy. Reduced fertility and fecundity
have been discussed, but the most solid data are derived
from previously operated females with IBD. Population-
based studies have demonstrated an overall tendency of
preterm birth. A recent large cohort study showed that
women with IBD are more likely to have an adverse
outcome related to pregnancy [48]. Disease activity and
medical treatment did not predict adverse outcomes.
Except for the contraindications related to certain IBD
drugs (eg, metronidazole and methotrexate) during preg-
nancy, it is generally agreed that the disease is a greater risk
factor for the offspring than the use of medication. Conse-
quently, the main goal for treatment during pregnancy is
to stay in remission or to keep the disease activity under
control. In a recent case-control study with high-dose
treatments of GCS or cyclosporine, even treatment for seri-
ous UC during pregnancy was successful without serious
complications for pregnancy outcome [49]. Moreover, the
most recent reports (unpublished) on biologic treatment
have not provided any proof that these drugs are harmful
to the offspring, whereas uncertainty still exists regarding
the significance of the sustained antitumor necrosis factor
(TNF) antibody titer during the first year of life [50].
Regarding the effect of pregnancy on IBD, several
limited reports have been published of relapses during
pregnancy, including trimester-related tendency of relapse
and relapses in the perinatal period. No large series have
settled these questions; data are needed and controlled
studies are under way.

Cancer risk in IBD

Evidence exists for an increased risk of cancer in UC
and CD, with a much lower age of cancer diagnosis than
for sporadic colorectal cancer in the general population
[51,52]. Specific risk factors are the coexistence of pri-
mary sclerosing cholangitis (PSC) and familial cancer,
and in general, the disease activity seems to increase the
risk of cancer. The effect of anti-inflammatory treatment
as prophylaxis against cancer in IBD is not settled.

A recent metaanalysis of risk of malignancy in IBD
patients treated with immunosuppressives did not show
an increased risk compared with patients not receiving
such treatment [53]. Regarding biologic treatment, no
long-term follow-up has showed an increased risk com-
pared with patients devoid of such treatment.

Effect of biologic treatment

With the introduction of anti-TNF therapy, a new era
of treatment for IBD was entered and a new basis was
formed for experience regarding IBD in complicated
disease. The first phase 3 trial with anti-TNF showed a
prolonged effect of treatment in a substantial number of
patients with moderate to severe disease activity. The sus-
tained effect over 52 weeks was seen mainly in patients



who were primary responders to the treatment [54]. A
similar and significant effect was also shown for fistuliz-
ing disease during 52 weeks of treatment [55].

After the first trials of anti-TNF therapy, several biologics
were introduced. Their introduction resulted in a greater num-
ber of treatment options and increased experience of greatly
improved early efficacy for a substantial minority of patients
with CD. One of the finished trials reports on prolonged effi-
cacy over 108 weeks for 83% of the primary responders and
with a steroid-free remission over years [56]. The study also
showed sustained improvement in QoL, including significant
improvement in complications (eg, fistulas).

In UC, a substantial effect of anti-TNF treatment was
established in chronic active disease and treatment-refrac-
tory cases [57] and in severe disease [58] as an alternative
to treatment with cyclosporine. The need for more effec-
tive treatment in UC may be even more emphasized by
data reporting a substantial frequency of complications
and need for reoperations during long-term follow-up of
surgical resections [59].

Extraintestinal Manifestations

and Rare Complications

Extraintestinal manifestations (EIM) are strongly related
to IBD regarding pathogenetic mechanisms and therapeutic
options; when present, EIMs represent a main target for
active treatment. The most important EIMs are PSC, anky-
losing spondylarthritis (AS), pyoderma gangrenosum (PG),
uveitis/iritis, and erythema nodosum. In a large population-
based study, 6.2% of IBD patients showed extraintestinal
manifestations [60]. The most frequent manifestation among
men was PSC, reported in 3.0% of cases (most commonly in
UC), whereas uveitis/iritis was most common among women
with 3.8% (most commonly in UC). The other manifesta-
tions were seen in 1.2% to 2.9% of cases, and only 0.3% of
patients had multiple manifestations.

During long-term follow-up over 15 years, 39% of
patients under active follow-up demonstrated evidence of
sacroiliitis on MRI and 12% fulfilled the criteria for AS
[61]. HLA-B27 conveyed a high risk for developing axial
inflammation in IBD.

In another recent study, the prevalence of erythema
nodosum was found to be 7.4% and PG was 2.3% [62]. The
former was significantly more frequent in CD and showed a
relationship to disease activity and arthritis. A relationship
was also found between PG and both arthritis and uveitis.

In a large pediatric cohort, 6% had at least one EIM
before the diagnosis of IBD, and 29% at least one EIM
within 15 years of diagnosis, with a higher rate among
older children at diagnosis [63]. Arthritis (26%) and
aphthous stomatitis (21%) were most common. Arthri-
tis (17%) and osteopenia/osteoporosis (15%) were most
commonly seen during the period after diagnosis. No
relationship to type of IBD or race/ethnicity was found.

A recent review shed further light on the EIMs in pedi-
atric IBD and supports the strong relationship between
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complications and IBD appearing early in life, and a rela-
tionship to duration of disease [64].

Several other complications were reported in asso-
ciation with IBD, such as thromboembolism and vascular
complications, airway and renal complications, and cen-
tral nervous system complications, which all appear in
less than 1% of cases in the long term [65].

Conclusions

The understanding of the natural history of IBD has
increased tremendously during the past decade because of
parallel increases in knowledge of clinical epidemiology,
molecular biology, and pharmacology. The recent reduc-
tion in hospitalization and surgery after introduction of
anti-TNF therapy gives hope for the future of patients with
IBD and for reduced burden on society. However, the fact
that only one third of moderate to severe cases maintain
complete remission on any biologic treatment may require
different strategies to interact with the natural history of
IBD. Long-term follow-up over 10 to 20 years will reveal
how the present biologics have changed the natural course
of disease for patients with moderate to severe and com-
plicated disease. Moreover, the total burden of IBD must
be assessed in longitudinal studies for all new therapeutic
agents. The challenge for the future is to further under-
stand the interplay between genes and cellular expression
as a basis for more effective and safe drug compounds.
The introduction of epigenetic factors in research may
represent a new paradigm for understanding this inter-
play. More emphasis on translational research will shed
light on our understanding of the mechanisms of disease,
which will further improve our treatment strategies. We
can expect an increasing variation in clinical phenotypes
related to geographic differences with the increase of IBD
in developing countries, which implies a demand for more
international networks in translational research.
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