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INTRODUCTION: Patients with elderly-onset inflammatory bowel disease were previously associated with a less

aggressive course of the disease. However, there are conflicting data that need further validation. We

aimed to determine the association between age at diagnosis and the development of progressive

disease in patients with Crohn’s disease (CD) and ulcerative colitis (UC).

METHODS: This cohort study included patients with CD and UC followed in 6 secondary and tertiary care centers in

mainland Portugal. Patients were divided into a derivation (80%) cohort and a validation (20%) cohort.

The primary outcome was progressive disease. Logistic regression analysis, receiver operating

characteristic curves, and the areas under the curve (AUC) were performed. Odds ratios with 95%

confidence intervals (CIs) were estimated.

RESULTS: The derivation cohorts included 1245 patients with CD (68% with progressive disease) and 1210 patients

with UC (37%with progressive disease), whereas the validation cohorts included 302 patients with CD and

271 patients with UC, respectively, with similar outcome proportions. In our final model, age at diagnosis

older than60yearswas significantly associatedwith a lower risk of developingprogressivedisease (odds ratio

0.390, 95% CI 0.164–0.923, P5 0.032), with a high discriminative power (AUC 0.724, 95% CI

0.693–754) in patients with CD. However, according to this model, no significant associations were found

between age at diagnosis and the risk of developing progressive disease in patients with UC. No differences

were observed in the AUC values between the validation and the derivation cohorts.

DISCUSSION: Patients with elderly-onset CD, but not patients with UC, were associated with a less progressive course

of the disease.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A500; http://links.lww.com/CTG/A501; http://links.lww.com/CTG/A502;

http://links.lww.com/CTG/A503; http://links.lww.com/CTG/A504; http://links.lww.com/CTG/A505; http://links.lww.com/CTG/A506; http://links.lww.com/CTG/A507
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INTRODUCTION
Inflammatory bowel disease (IBD) includes Crohn’s disease (CD)
and ulcerative colitis (UC) and is characterized by chronic in-
flammation of the gut, with periods of disease remission and
relapse (1,2). Several factors are believed to contribute to the
etiology and phenotype of IBD, including genetic, immunological
and environmental factors, and the gut microbiota composi-
tion (3,4).

The prognosis of CD and UC was already associated with
several factors, such as the requirement for steroids at diagnosis
(5–7), complicated disease behavior (6–8), and perianal disease
(5–7,9) for patients with CD and male sex (6,10–12), extensive
disease (6,11–13), and steroid dependency or refractoriness for
patients with UC (6,11). A younger age at diagnosis was also
reported as a prognostic factor of a more aggressive course of the
disease in both patients with CD and UC (5,8,14–17). However,
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although the Montreal classification underlies the importance of
age at diagnosis in CD prognosis, defining 3 age groups (,17;
17–40; and .40 years), only the extension of the disease is con-
sidered a relevant prognostic factor for patients with UC (18).
Recently, other authors highlighted the importance of age at di-
agnosis in UC prognosis (19,20) and the European Crohn’s and
Colitis Organization guidelines reflect the relevance of age at
diagnosis as a prognostic factor (1).

The process of aging is associated with several physiological
changes, including alterations in the gut microbiota composition
and functionality (21–23)—dysbiosis—which are associated with
IBD (3,24). Some studies support that patients with a late onset of
IBD (generally $60 years, i.e., elderly-onset IBD) (4,25,26) pre-
sent different pathophysiology and clinical features compared
with younger onset. For instance, patients with elderly-onset IBD
were associated with fewer signs and symptoms and with a less
aggressive course of the disease (14–17). However, other studies
reported conflicting results because a milder course of the disease
was not observed in patients with elderly-onset IBD compared
with patients with younger-onset IBD (16,27–29).

The concept of progressive course of the disease, originally
termed disabling disease (5,7), designates a compound outcome
that includes several clinical manifestations and has been pre-
viously used as an indicator of an aggressive IBD course
(9,11,30,31). Specifically, regarding this outcome, some studies
reported that patients with CD with an age at diagnosis younger
than 40 years have an increased risk of developing progressive
disease (5,32,33). For patients with UC, besides extensive disease
(E3) and male sex, age at diagnosis younger than or equal to 40
years was also associated with a higher probability of developing
this outcome, compared with patients diagnosed at ages older
than 40 years (11). However, the effect of age at diagnosis in the
course of IBD is still controversial (16,27–29,34).

In this study, we aimed to determine the association between
age at diagnosis and the development of progressive disease in
patients with CD and UC.

METHODS
Study design and derivation and validation cohorts

This multicentric cohort study included patients with CD and UC,
followed in 6 IBD-dedicated consultations in secondary and tertiary
care centers inmainlandPortugal. Both outpatients and hospitalized
patients were included.

Data were collected from all patients with CD included in
GEDII—Portuguese Inflammatory Bowel Disease Study Group
database (35)—a nationwide database where data from Portu-
guese patients with IBD are prospectively collected—until May
2016. The patients who met the following criteria were included:
(i) had a definitive diagnosis of CD, (ii) had at least 3 years of
follow-up, (iii) had at least 1 appointment with one of the study’s
investigators after 2010, and (iv) had performed abdominal x-ray,
computed tomography, or a magnetic resonance imaging during
the follow-up and/or a colonoscopy. Capsule endoscopy or
double balloon endoscopy were performed when considered
relevant by the clinician. We did not consider them inclusion
criteria for this study because they are only relevant for the di-
agnosis of some patients with CD.

Regarding patients with UC, data were collected from all pa-
tients included in GEDII database (35) until April 2017, whomet
the following criteria: (i) had a definitive diagnosis of UC, (ii) had
at least 3 years of follow-up, (iii) had at least 1 appointment with

one of the study’s investigators after 2010, and (iv) had at least 1
endoscopic (colonoscopy or sigmoidoscopy) with or without
histological examination during the follow-up. The diagnosis of
IBDwas based on the EuropeanCrohn’s andColitisOrganization
criteria (1,36,37).

The cohorts of patients with CD and UC were randomly di-
vided into 2 groups using IBM SPSS software version 24.0: the
derivation cohort, comprising around 80% of patients, and the
validation cohort, comprising the remaining 20% of patients.

The study was monitored by the national coordinator of the
GEDII (Sandra Dias) and approved by the Portuguese National
Data Protection Authority. This study was conducted according
to the principles expressed in the Declaration of Helsinki.

Demographic and clinical variables

Demographic and clinical data were collected for each patient
with CD and UC from the GEDII database (35). The main data
analysis was performed based on the data collected during the
worst situation faced by each patient during the follow-up time.
All patients’medical records and clinical data, as well as missing
or inconsistent data, were reviewed and collected by the study
investigators and the GEDII national coordinator.

For both patients with CD andUC, the collected data included
age at diagnosis, sex, the Montreal classification (18), and follow-
up time after diagnosis. Regarding the Montreal classification
(18), patients with CD were classified according to disease loca-
tion and behavior, including perianal disease, and patients with
UC were classified according to disease extension.

For both cohorts, follow-up data included the total number of
surgeries (abdominal and perianal for patients with CD and
colectomy for patients withUC) and IBD-related hospitalizations
(i.e., hospital stay for more than 24 h), pharmacological therapy
with steroids, immunomodulators or biologics (anti-tumor ne-
crosis factor [TNF] drugs), steroid dependency or refractoriness,
and the occurrence of IBD-related adverse events. For patients
with CD, the occurrence of disease adverse events after the index
episode (i.e., first disease episode) included stenosis, penetrating
disease, or anal disease. For patients with UC, the occurrence of
disease adverse events after the index episode included fibrous or
mucosal bridges, stenosis, pseudopolyps (risk of cancer) (38), lead
pipe or shortening, or haustral markings.

Steroid dependency and refractoriness were defined according
to Van Assche and colleagues (39).

Outcomes

The primary outcome was the occurrence of progressive disease.
The definitions of progressive disease are in accordance with our
previous publications (9,11).

For patients with CD, progressive disease was defined as the
occurrence of at least one of the following events: 1 or more
surgeries in the first 5 years after diagnosis (excluding the index
surgery, if applicable), more than 1 surgery during follow-up
(excluding the index surgery, if applicable), more than 2 hospi-
talizations (excluding the index hospitalization and hospitaliza-
tion for infliximab infusion), at least 2 steroid course
requirements per year, steroid dependency or refractoriness, need
to switch immunomodulators (azathioprine or methotrexate) or
biologics (anti-TNF drugs, infliximab, or adalimumab), and oc-
currence of new events after the index episode including stenosis,
penetrating disease, or anal disease.
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For patients with UC, progressive disease was defined as the
occurrence of at least one of the following events: 2 or more
hospitalizations, at least 2 steroid course requirements per year,
steroid dependency or refractoriness, need to switch the immu-
nomodulators (azathioprine or methotrexate) or the biologics
(anti-TNF drugs, infliximab, or adalimumab), need to add im-
munomodulators to anti-TNF therapy, occurrence of fibrous or
mucosal bridges, stenosis, pseudopolyps (risk of cancer) (38), lead
pipe or shortening or haustral markings, and colectomy.

For both patients with CD and UC, the need to switch was
defined as loss of response or primary nonresponse. Other rea-
sons such as intolerance were not considered.

The introduction of anti-TNF or immunomodulators per se
was not considered progressive disease in both CD and UC.

Statistical analysis

Categorical variables were described by absolute (n) and relative
(%) frequencies and continuous variables were described by the
median and interquartile range.

To assess the association between age at diagnosis and the de-
velopment of progressive disease, logistic regression analyses were
developed for the derivation cohorts of patients with CD and UC,
followed by receiver operating characteristic (ROC) curves and the
areas under the curve (AUC) with 95% confidence intervals (CIs)
to determine the discriminative power of each model. Age at

diagnosis was used as a continuous variable and was also stratified
into the age groups younger than 18, 18–30, 31–50, 51–60, and
older than 60 years. Four models were built with different in-
dependent variables: model 1, including age at diagnosis (contin-
uous variable); model 2, including age at diagnosis (continuous
variable), location of disease, behavior of disease, presence of per-
ianal disease, and follow-up time for patients with CD or age at
diagnosis (continuous variable), disease extent, and follow-up time
for UCpatients to increase the robustness of the first model; model
3,including age at diagnosis (categorical variable) and follow-up
time; andmodel 4, including age at diagnosis (categorical variable),
location of disease, behaviour of disease, presence of perianal dis-
ease and follow-up time for patients with CD or age at diagnosis
(categorical variable), disease extent, and follow-up time for UC
patients to increase the robustness of the third model. To further
validate our results, themodel 4was additionally performed for the
age groups ,17, 17–40, 41–60, and .60 years. The results were
expressed as odds ratios (ORs) with 95% CI.

The final logistic regression model for CD and UC was validated
by performing ROC analyses and AUCs for the validation cohorts
using the same variables. The AUCs obtained for the validation co-
hortswere comparedwith thoseobtainedwith thederivation cohorts.

To address the association between the requirement of ste-
roids at diagnosis and progressive disease, x2 tests were
performed.

Table 1. Baseline characteristics and comparison between the derivation and the validation cohorts of patients with Crohn’s disease

Derivation (n5 1,245) Validation (n5 302) P a

Age at diagnosis, yr, n (%) 0.740

,18 183 (15) 45 (15)

18–30 562 (45) 141 (47)

31–50 410 (33) 89 (29)

51–60 60 (5) 18 (6)

.60 30 (2) 9 (3)

Gender, n (%) 0.409

Female 668 (54) 179 (56)

Male 577 (46) 132 (44)

Location, n (%) 0.246

L1 542 (44) 120 (40)

L2 200 (16) 44 (15)

L3 503 (40) 138 (46)

Upper tract involvement (L4), n (%) 152 (12) 27 (9) 0.111

Behaviour, n (%) 0.431

B1 572 (46) 146 (48)

B2 308 (25) 64 (21)

B3 365 (29) 92 (30)

Perianal disease, n (%) 327 (26) 80 (26) 0.937

Progressive disease, n (%) 849 (68) 206 (68) 0.995

Follow-up, median (IQR), yr 12 (7–18) 11 (7–18) 0.499b

B1, nonstricturing/nonpenetrating; B2, stricturing; B3, penetrating; IQR, interquartile range; L1, ileal; L2, colonic; L3, ileocolonic; n, number of patients.
aP values are for the x2 test unless otherwise indicated.
bP values are for Mann-Whitney test.
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To model time until progressive disease in patients with CD,
survival curves showing progressive disease-free probability were
generated with the Kaplan-Meier method. The survival curves by
age groups were compared using the logrank test. Cox regression
was also performed and age at diagnosis, location of disease,
behavior of disease, presence of perianal disease, and follow-up
time used as independent factors.

Statistical significance was considered at P , 0.05. All statis-
tical analyses were performed with IBM SPSS version 24.0.

RESULTS

Demographic and clinical characteristics of the cohorts of

patients with IBD

The analyzed cohorts of patientswithCDandUCare described in
Tables 1 and 2, respectively. The derivation cohort of patients
withCD included 1,245 subjects, ofwhich 15%were aged younger
than 18 years, 45% were aged between 18 and 30 years, 33% were
aged between 31 and 50 years, 5% were aged between 51 and 60
years, and 2% were aged older than 60 years at diagnosis. Fur-
thermore, 54% of patients with CD were women, 44% presented
ileal location of disease, 46% presented nonstricturing/
nonpenetrating disease, and 26% presented perianal disease.
Progressive disease was found in 68% of patients and the median
follow-up time was 12 (7–18) years for patients with CD from the
derivation cohort (Table 1).

The validation cohort of patients with CD included 302 sub-
jects with similar demographic and clinical characteristics and
outcome proportions when compared with the derivation cohort
(Table 1).

The derivation cohort of patients with UC included 1,210
subjects, of which 9%were aged younger than 18 years, 31% were
aged between 18 and 30 years, 41% were aged between 31 and 50

years, 11% were aged between 51 and 60 years, and 8% were aged
older than 60 years at diagnosis. Furthermore, 55% of patients
with UC were women and 41% presented ulcerative proctitis.
Progressive disease was found in 37% of patients, and the median
follow-up time was 12 years (7–19) for patients with UC from the
derivation cohort (Table 2).

The validation cohort of patients with UC consisted of 271
subjects with similar demographic and clinical characteristics and
outcome proportions when compared with the derivation cohort
(Table 2).

Additional descriptions of the number of patients regarding
location and behavior of disease for patients with CD and disease
extension for patients with UC by age groups (for both stratifi-
cations ,18, 18–30, 31–50, 51–60, and .60 years and ,17,
17–40, 41–60, and .60 years) are presented as Supplemental
Digital Contents (see Supplementary Tables, Supplementary
Digital Contents 1–4, http://links.lww.com/CTG/A500, http://
links.lww.com/CTG/A501, http://links.lww.com/CTG/A502,
http://links.lww.com/CTG/A503).

Association between age at diagnosis and progressive disease in

patients with CD

Table 3 shows the association between age at diagnosis and
progressive disease in patients with CD.

We found a significant decrease in the odds of developing
progressive disease with an increasing age at diagnosis in patients
with CD (model 1, OR 0.979, 95% CI 0.970–0.988, P , 0.001).
However, because the discriminative power of thismodel was low
for progressive disease (AUC 0.572, 95% CI 0.537–0.607), we
further performed a multivariate logistic regression model
adjusting for location and behavior of the disease, perianal dis-
ease, and follow-up time (model 2). In thismodel, age at diagnosis

Table 2. Baseline characteristics and comparison between the derivation and the validation cohorts of ulcerative colitis patients

Derivation (n5 1,210) Validation (n 5 271) P a

Age at diagnosis, yr, n (%) 0.064

,18 104 (9) 10 (4)

18–30 380 (31) 86 (32)

31–50 495 (41) 119 (44)

51–60 139 (11) 38 (14)

.60 92 (8) 18 (6)

Gender, n (%) 0.436

Female 670 (55) 143 (53)

Male 540 (45) 128 (47)

Disease extension, n (%) 0.351

E1 498 (41) 120 (44)

E2 270 (22) 50 (19)

E3 436 (36) 100 (37)

Progressive disease, n (%) 445 (37) 93 (34) 0.447

Follow-up, median (IQR), yr 12 (7–19) 12 (7–19) 0.505b

E1, ulcerative proctitis; E2, left side colitis; E3, extensive ulcerative colitis; IQR, interquartile range; n, number of patients.
aP values are for the x2 test unless otherwise indicated.
bP values are for Mann-Whitney test.
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Table 3. Association between age at diagnosis and progressive disease in patients with Crohn’s disease

OR (95% CI) P AUC (95% CI)

Model 1a 0.572 (0.537–0.607)

Age at diagnosis, yr 0.979 (0.970–0.988) ,0.001

Model 2b 0.727 (0.697–757)

Age at diagnosis, yr 0.983 (0.973–0.993) 0.001

Location

L1 1 (Reference)

L2 1.927 (1.295–2.869) 0.001

L3 1.869 (1.389–2.514) ,0.001

Behaviour

B1 1 (Reference)

B2 4.203 (2.955–5.977) ,0.001

B3 4.239 (3.030–5.929) ,0.001

Perianal disease

No 1 (Reference)

Yes 2.759 (1.961–3.882) ,0.001

Follow-up time, median (IQR), yr 0.994 (0.978–1.011) 0.477

Model 3c

Age at diagnosis, yr 0.581 (0.547–0.615)

,18 1 (Reference)

18–30 1.012 (0.698–1.467) 0.951

31–50 0.765 (0.522–1.121) 0.170

51–60 0.714 (0.385–1.324) 0.285

.60 0.349 (0.157–0.774) 0.010

Follow-up time, median (IQR), yr 1.021 (1.006–1.037) 0.006

Model 4d 0.724 (0.693–754)

Age at diagnosis, yr

,18 1 (Reference)

18–30 0.987(0.663–1.469) 0.948

31–50 0.793 (0.525–1.197) 0.269

51–60 0.735 (0.377–1.432) 0.365

.60 0.390 (0.164–0.923) 0.032

Location

L1

L2 1.908 (1.283–2.838) 0.001

L3 1.897 (1.410–2.553) ,0.001

Behaviour

B1 1 (Reference)

B2 4.199 (2.953–5.971) ,0.001

B3 4.222 (3.020–5.904) ,0.001

Perianal disease

No 1 (Reference)

Yes 2.758 (1.961–3.878) ,0.001
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(OR 0.983, 95% CI 0.973–0.993, P 5 0.001) and the presence of
perianal disease (OR 2.759, 95% CI 1.961–3.882, P, 0.001) were
significantly associated with the odds of developing progressive
disease. This model presented a high discriminative power (AUC
0.727, 95% CI 0.697–757) (Table 3).

Because the use of age at diagnosis as a continuous variable is
difficult in the daily clinical practice, we further performed logistic

regression analyses with age at diagnosis stratified into the age
groups younger than 18, 18–30, 31–50, 51–60, and older than 60
years. When adjusting for follow-up time (model 3), we found
that patients with CD aged greater than 60 years at diagnosis
presented a decrease of 0.7-fold in the odds of developing pro-
gressive disease compared with patients younger than 18 years at
diagnosis (OR 0.349, 95% CI 0.157–0.774, P 5 0.010).

Table 3. (continued)

OR (95% CI) P AUC (95% CI)

Follow-up time, median (IQR), yr 0.995 (0.979–1.012) 0.585

AUC, area under the curve; B1, nonstricturing/nonpenetrating; B2, stricturing; B3, penetrating; CI, confidence interval; IQR, interquartile range; L1, ileal; L2, colonic; L3,
ileocolonic; OR, odds ratio.
aLogistic regression: dependent variable—progressive disease and independent variable—age at diagnosis as a continuous variable.
bLogistic regression: dependent variable—progressive disease and independent variables—age at diagnosis as a continuous variable, location of disease, behavior of
disease, presence of perianal disease, and follow-up time.
cLogistic regression: dependent variable—progressive disease and independent variables—age at diagnosis as a categorical variable and follow-up time.
dLogistic regression: dependent variable—progressive disease and independent variables—age at diagnosis as a categorical variable, location of disease,
behavior of disease, presence of perianal disease, and follow-up time.

Figure 1. Kaplan-Meier estimates for progressive disease (PD)-free probability in patients with Crohn’s disease by age at diagnosis stratified into the age
groups younger than 18 (blue line), 18–30 (red line), 31–50 (green line), 51–60 (orange line), and greater than 60 (yellow line) years (logrank test,
P5 0.652).
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Nevertheless, the discriminative power of this model was low for
progressive disease (AUC 0.581, 95% CI 0.547–0.615). When
adjusting for location and behavior of the disease, perianal dis-
ease, and follow-up time (model 4), patients with an age at di-
agnosis greater than 60 years had a lower risk of developing
progressive disease comparedwith patients younger than 18 years
at diagnosis (OR 0.390, 95% CI 0.164–0.923, P 5 0.032). Im-
portantly, in this model, follow-up time was not significantly
associated with the odds of developing progressive disease. This
finalmodel presented a high discriminative power for progressive
disease (AUC 0.724, 95% CI 0.693–754) (Table 3). Similar results
were observed for model 4 when age at diagnosis was stratified
into the age groups younger than 17, 17–40, 41–60, and greater
than 60 years (see Supplementary Table, Supplementary Digital
Content 5, http://links.lww.com/CTG/A504).

To further validate the final model with age at diagnosis
stratified into the age groups younger than 18, 18–30, 31–50,
51–60, and older than 60 years, ROC analyses were performed for
the validation cohort of patients with CD. No differences were
found in the AUC values between the validation and the deri-
vation cohorts because values nearly overlap (AUC 0.780, 95%CI
0.724–0.835).

Kaplan-Meier analysis with age at diagnosis stratified both
into the age groups younger than 18, 18–30, 31–50, 51–60, and
older than 60 years and younger than 17, 17–40, 41–60, and older
than 60 years showed no differences in the occurrence of pro-
gressive disease between age groups during the follow-up time
(Figure 1 and see Supplementary Figure, Supplementary Digital
Content 6, http://links.lww.com/CTG/A505, respectively).
However, after performing a Cox regression analysis for the
stratification of age at diagnosis into the age groups younger than
18, 18–30, 31–50, 51–60, and older than 60 years and after
adjusting for location of disease, behavior of disease, presence of

perianal disease, and follow-up time, we found that the older the
patient at diagnosis, the slower the evolution until the outcome
(hazard ratio 0.990, 95% CI 0.983–0.997, P 5 0.005) (Table 4).

Because the prognosis of CD and UC was already associated
with the requirement for steroids at diagnosis (5–7), we also
performed a x2 test to address the association between the re-
quirement for steroids at diagnosis and progressive disease. No
association was found between these variables (P 5 0.262) (see
Supplementary Tables, Supplementary Digital Content 7, http://
links.lww.com/CTG/A506).

Association between age at diagnosis and progressive disease in

patients with UC

Table 5 shows the association between age at diagnosis and
progressive disease in patients with UC.

We found a significant decrease in the odds of developing
progressive disease with an increasing age at diagnosis in patients
with UC (model 1, OR 0.983, 95% CI 0.975–0.990, P , 0.001).
However, because the discriminative power of this model for
progressive disease was low (AUC0.578, 95%CI 0.544–0.611), we
further performed a multivariate logistic regression model
adjusting for disease extent and follow-up time (model 2). In this
model, age at diagnosis was associated with the odds of de-
veloping progressive disease (OR 0.990, 95%CI 0.982–0.999, P5
0.028) with a high discriminative power (AUC 0.714, 95% CI
0.684–0.744) (Table 5).

When age at diagnosis was stratified into the age groups
younger than 18, 18–30, 31–50, 51–60, and older than 60 years
and after adjusting for follow-up time (model 3), we found an
overall decrease of the odds of developing progressive disease
with increasing age at diagnosis, compared with patients aged
younger than 18 years at diagnosis. As for CD patients, the dis-
criminative power of this model was low for progressive disease
(AUC 0.566, 95% CI 0.497–0.635). When further adjusted for
disease extent and follow-up time (model 4), no significant as-
sociations were found between age at diagnosis and the odds of
developing progressive disease, but disease extension was sig-
nificantly associated with an increase in the odds of developing
progressive disease (E2: OR 3.786, 95% CI 2.702–5.305, P ,
0.001; E3: OR 5.654, 95% CI 4.169–7.668, P , 0.001). Impor-
tantly, in this model, follow-up time was not significantly asso-
ciated with the odds of developing progressive disease. This
model presented a high discriminative power for progressive
disease (AUC 0.716, 95% CI 0.686–0.746) (Table 5).

As for patients with CD, the AUC values of the validation
cohort of patients with UC nearly overlap those of the derivation
cohort (AUC 0.753, 95% CI 0.693–0.812).

Similar results were observed when age at diagnosis was
stratified into the age groups younger than 17, 17–40, 41–60, and
older than 60 years, with the exception of patients with an age at
diagnosis between 41 and 60 years that presented a lower risk of
developing progressive disease compared to patients younger
than 17 years at diagnosis (OR 0.572, 95% CI 0.345–0.950, P 5
0.031) (see Supplementary Table, Supplementary Digital Content
8, http://links.lww.com/CTG/A507).

Regarding the association between the requirement for
steroids at diagnosis and progressive disease, a significant
association was found between these variables for patients
with UC (P 5 0.009), in which progressive disease was more
likely to occur in patients without the requirement of steroids

Table4. CoxRegression analysis for patientswithCrohn’s disease

Adjusteda HR (95% CI) P

Age at diagnosis, yr 0.990 (0.983–0.997) 0.005

Location

L1 1 (Reference)

L2 1.408 (1.097–1.807) 0.007

L3 1.382 (1.152–1.659) ,0.001

Behavior

B1 1 (Reference)

B2 2.162 (1.756–2.662) ,0.001

B3 2.199 (1.799–2.688) ,0.001

Perianal disease

No 1 (Reference)

Yes 1.598 (1.335–1.912) ,0.001

Follow-up time, median

(IQR), yr

0.900 (0.886–0.914) ,0.001

B1, nonstricturing/nonpenetrating; B2, stricturing; B3, penetrating; CI,
confidence interval; HR, hazard ratio; IQR, interquartile range; L1, ileal; L2,
colonic; L3, ileocolonic.
aCox regression adjusted for age at diagnosis, location of disease, behavior of
disease, presence of perianal disease, and follow-up time.
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at the time of diagnosis (see Table, Supplemental Digital
Content 7, http://links.lww.com/CTG/A506).

DISCUSSION
Several studies have previously assessed the relevance of age at
diagnosis as a prognostic factor for the course of IBD. However,
most of the published studies assessed simple outcomes such as
disease location and behavior, disease extension, the use of bi-
ologics or immunomodulators, hospitalizations, or surgeries
(14–17,27–29,40). In this study, we aimed to further determine
the relevance of age at diagnosis as a prognostic factor for IBD

course, by using the compound outcome progressive disease in
patients with CD and UC. This outcome included several clin-
ical manifestations andwas previously used as an indicator of an
aggressive IBD course (9,11,30,31).

We found that patients with CD aged older than 60 years at
diagnosis were associated with a lower risk of developing pro-
gressive disease on bivariate and multivariate analyses, whereas
for patients with UC, this association was only observed on bi-
variate analysis. Cox regression for CD also shows that the older
the patient at diagnosis, the slower the evolution until progressive
disease. Nevertheless, for CD, we must highlight that the number

Table 5. Association between age at diagnosis and progressive disease in patients with ulcerative colitis

OR (95% CI) P AUC (95% CI)

Model 1a 0.578 (0.544–0.611)

Age at diagnosis, yr 0.983 (0.975–0.990) ,0.001

Model 2b 0.714 (0.684–0.744)

Age at diagnosis, yr 0.990 (0.982–0.999) 0.028

Disease extension

E1 1 (Reference)

E2 3.774 (2.693–5.287) ,0.001

E3 5.698 (4.204–7.722) ,0.001

Follow-up time, median (IQR), yr 1.011 (0.996–1.025) 0.150

Model 3c 0.566 (0.497–0.635)

Age at diagnosis, yr

,18 1 (Reference)

18–30 0.533 (0.343–0.827) 0.005

31–50 0.451 (0.293–0.692) ,0.001

51–60 0.362 (0.213–0.617) ,0.001

.60 0.375 (0.207–0.678) 0.001

Follow-up time, median (IQR), yr 1.015 (1.002–1.029) 0.027

Model 4d 0.716 (0.686–0.746)

Age at diagnosis, yr

,18 1 (Reference)

18–30 0.703 (0.440–1.122) 0.139

31–50 0.637 (0.403–1.007) 0.054

51–60 0.567 (0.321–1.001) 0.050

.60 0.560 (0.297–1.055) 0.073

Disease extension

E1 1 (Reference)

E2 3.786 (2.702–5.305) ,0.001

E3 5.654 (4.169–7.668) ,0.001

Follow-up time, median (IQR), yr 1.012 (0.997–1.027) 0.106

AUC, area under the curve; CI, confidence interval; E1, ulcerative proctitis; E2, left side colitis; E3, extensive ulcerative colitis; IQR, interquartile range; OR, odds ratio.
aLogistic regression: dependent variable—progressive disease and independent variable—age at diagnosis as a continuous variable.
bLogistic regression: dependent variable—progressive disease and independent variables—age at diagnosis as a continuous variable, disease extension, and follow-up
time.
cLogistic regression: dependent variable—progressive disease and independent variables—age at diagnosis as a categorical variable and follow-up time.
dLogistic regression: dependent variable—progressive disease and independent variables—age at diagnosis as a categorical variable, disease extension, and follow-up
time.
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of B1 patients at the time of diagnosis did not act as a confounder
because our analysis was also adjusted for disease behavior.
Therefore, our data suggest that age at diagnosis is more impor-
tant for the course of CD than UC and that patients with elderly-
onset CD are associated with a less progressive course of the
disease.

Previous studies supported that patients with elderly-onset
IBD are associated with fewer signs and symptoms andwith a less
aggressive course of the disease (14–17). Nevertheless, conflicting
results were also reported for both CD (27,28,40) and UC
(27,28,34), associating older ages at diagnosis with higher rates of
hospitalization (27,28,40) and a higher absolute risk of bowel
surgery (27) but also with a lower use of biologics and immu-
nomodulators, when compared with patients diagnosed at a
younger age. Moreover, Kariyawasam et al. (28) suggested that
the delayed use of immunomodulators in elderly-onset patients
are associated with comorbidities, rather than age at diagnosis. In
our study, the definition of progressive disease did not include the
requirement of biologics or immunomodulators, given the
shifting from a step-up approach to a top-down approach in IBD
management (41). Instead, our definition included the need to
switch frombiologics or immunomodulators, thus using a stricter
definition of the outcome.

By using the compound outcome including several clinical
manifestations, we also shown that for patients with UC disease
extension is more important for the course of the disease than age
at diagnosis. In fact, several studies reported disease extension as a
prognostic factor of UC course (6,11–13).

It should be noted that elderly-onset IBD has been mainly
defined as older than 60 years (14,15) or older than or equal to 60
years (16,17,27,28), but other cutoffs were also reported (29,40).
Specifically, regarding the outcome progressive disease, a cutoff of
$40 years at diagnosis was associated with a decreased risk of
developing 5-year progressive disease for patients with CD
(5,32,33). For patients with UC, besides extensive disease (E3)
and male sex, age at diagnosis younger than or equal to 40 years
was associated with a higher probability of developing this out-
come, compared with patients diagnosed at ages older than 40
years (11). Nevertheless, these studies used different age cate-
gories, hindering direct comparisons between studies. It should
be also highlighted that we have stratified the patients into the age
groups younger than 18, 18–30, 31–50, 51–60, and older than 60
years to address as much as possible the association between the
different age groups and the occurrence of progressive disease.
Importantly, when stratifying patients by the Montreal classifi-
cation (,17, 17–40, $40 years), further dividing the A3 group
into 41–60, and older than 60 years, we found similar results.

The key strengths of our study were the analysis of large
multicentric cohorts with prolonged follow-up times (median of
12 years) and the validation of our results using an independent
validation cohort. In addition, this study had some limitations
that must be acknowledged: the referral center-based cohorts, the
retrospective analysis of the outcome, the reduced size of some
subgroups of patients and the reduced occurrence of progressive
disease in patientswithUC,whichmay have limited the power for
statistical analyses, and the noninclusion of neoplastic compli-
cations strictly related to IBD in the definition of the outcome of
progressive disease because our database lacks sufficiently robust
data on this parameter.

Additional studies should be conducted to assess the multiple
comorbidities of patients with elderly-onset IBD and to further

evaluate the relevance of age at diagnosis as a prognostic factor for
the course of CD and UC. In addition, given the association of
ageingwith B andT cells immunosenescence (42–50) and the role
of dysbiosis in the pathogenesis of IBD (3,24), future studies
should assess their association with the course of CD and UC.

In conclusion, we observed that age at diagnosis was more
important for the course of CD than UC, in which patients with
elderly-onset CDwere associated with a less progressive course of
the disease. However, for patients with UC, the extension of the
disease wasmore important for the prediction of the course of the
disease than age at diagnosis. Such prognostic factors are crucial
in IBD management because therapeutic decisions may be
implemented sooner for patients at higher risk of progressive
courses of the disease, hence potentially altering the course of the
disease in those patients with IBD.
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Study Highlights

WHAT IS KNOWN

3 Patients with elderly-onset inflammatory bowel disease were
previously associated with a less aggressive course of the
disease.

3 There are conflicting data that need further validation.

WHAT IS NEW HERE

3 Age at diagnosis wasmore important for the course of CD than
UC.

3 Patients with elderly-onset CD, but not patients with UC, were
associated with a less progressive course of the disease.

TRANSLATION IMPACT

3 Therapeutic decisions may be implemented sooner for
patients at higher risk of progressive disease.
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