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I nflammatory bowel disease (IBD), including subtypes Crohn 
disease and ulcerative colitis, is a chronic immune-mediated 
disease of the gastrointestinal tract with a relapsing and 

remitting course that results in stress1 and decreased quality of 
life.2 Management of IBD has improved through increased access 
to specialist care,3,4 biologic therapies and a treat-to-target 
approach (treatment aimed at minimizing inflammation and pre-
venting disease progression). Specialist IBD care improves out-
comes and reduces mortality.4,5 Biologics improve quality of 
life6,7 but may increase the risk of serious infection and malignant 
disease, particularly in older adults.8,9 Changes to IBD manage-
ment and medication may have affected life expectancy and 
quality of life.

Relative to the general population, mortality is elevated in 
Crohn disease;10 studies evaluating mortality in ulcerative colitis 
have not been conclusive.11–14 Most studies evaluating mortality 

were conducted before the biologic era, and none evaluated life 
expectancy or health-adjusted life expectancy. 

We sought to describe time trends in life expectancy and 
health-adjusted life expectancy in people with and without IBD 
in a population-based sample of residents of Ontario. 

Methods

Study design and data sources
We conducted a matched cohort study comparing trends in life 
expectancy and health-adjusted life expectancy in people with 
and without IBD. We included all those with prevalent cases of 
IBD who were alive on July 1, 1996, 2000, 2008 and 2011. We 
matched all people with a diagnosis of IBD who were alive on 
July 1, 1996, 2000, 2008 and 2011, to 5 people without a diagno-
sis of IBD, based on age, sex, rural or urban residence and mean 
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ABSTRACT
BACKGROUND: Inflammatory bowel dis-
ease (IBD) may be life-threatening and 
often reduces quality of life. We deter-
mined trends in life expectancy and 
health-adjusted life expectancy in people 
with and without IBD.

METHODS: We conducted a retrospec-
tive cohort study of population-level 
health administrative, demographic 
and health survey data available from 
databases in Ontario. We matched peo-
ple with a diagnosis of IBD to those 
without a diagnosis of IBD. We used 
period life tables that were generated 
using age- and sex-specific 5-year mor-
tality rates to calculate life expectancy 
(for 1996, 2000, 2008 and 2011). We 
incorporated the Health Utility Index 

(National Population Health Study; 
Canadian Community Health Survey) to 
estimate health-adjusted life expec-
tancy (for 1996, 2000 and 2008).

RESULTS: Life expectancy in patients with 
IBD increased between 1996 and 2011 
(females: from 75.5 to 78.4 yr, difference: 
2.9 yr [95% confidence interval (CI) 1.3 to 
4.5]; males: from 72.2 to 75.5  yr, differ-
ence: 3.2 yr [95% CI 2.1 to 4.4]). Between 
1996 and 2008, health-adjusted life 
expectancy decreased among males by 
3.9 years (95% CI 1.2 to 6.6). There was no 
statistically significant change in health-
adjusted life expectancy among females 
with IBD (difference: 2.0 yr, 95% CI –1.6 to 
5.7). Life expectancy and health-adjusted 
life expectancy were lower in people with 

IBD compared with those without IBD. Dif-
ferences in life expectancy in people with 
and without IBD ranged from 6.6 to 
8.1 years in females and 5.0 to 6.1 years in 
males, depending on the year. Differences 
in health-adjusted life expectancy for 
people with and without IBD ranged from 
9.5 to 13.5 years in females and 2.6 to 
6.7 years in males.

INTERPRETATION: Whilst life expectancy 
has increased among people with IBD, a 
gap in life expectancy between those with 
and without IBD remains, and the effect of 
pain on daily functioning contributes sub-
stantially to reduced health-adjusted life 
expectancy, suggesting that improved 
pain mitigation strategies should be 
implemented. 
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neighbourhood income quintile (a validated proxy for individual 
income25) at the time of survey or index date for those not partici-
pating in a survey. All patients had been diagnosed with IBD at 
least 6 months before responding to a Statistics Canada survey. 
We matched people with IBD who responded to a Statistics Can-
ada survey to people without IBD who responded to the same 
survey and followed them for 5 years from the index date, or until 
death or migration from Ontario. 

We used databases linked deterministically using a unique 
identifier from 3  sources: health administrative data, including 
all outpatient visits, visits to the emergency department and 
admissions to hospital, used to derive the Ontario Crohn’s and 
Colitis Cohort of people with IBD in Ontario; Statistics Canada 
surveys, which include information on the Health Utility Index 
(HUI) used in health-adjusted life expectancy calculations; and 
population demographic and death registry data, including Vital 
Statistics and the Registered Persons Database (Appendix  1, 
Table  S1, available at www.cmaj.ca/lookup/doi/10.1503/
cmaj.190976/tab-related-content). Data were available for all 
legal residents of Ontario with a health card (> 99% of the popu-
lation). Statistics Canada surveys are available for a sample of 
Ontario residents and are weighted to ensure estimates are rep-
resentative of the population of the province. Data were avail-
able to researchers at ICES in uncleaned format.15

We identified prevalent cases of IBD from the Ontario Crohn’s 
and Colitis Cohort, derived from health administrative data using 
validated age-specific algorithms based on encounters in health 
services and using International Classification of Diseases, 9th 
Revision (ICD-9) codes 555 (Crohn disease) and 556 (ulcerative 
colitis), and International Statistical Classification of Diseases and 
Related Health Problems, 10th Revision (ICD-10) codes K50 (Crohn 
disease) and K51 (ulcerative colitis) (Appendix 1, Table S2).16,17

We classified survey respondents as having IBD if they were 
contained within the Ontario Crohn’s and Colitis Cohort.

When abstracting data from Statistics Canada Surveys, we 
deterministically linked respondents to the 1996/97 National 
Population Health Survey (NPHS) and Canadian Community 
Health Survey (CCHS) 1.1 and 2009/10 cycles, who provided 
consent to do so, to their administrative data records.18–20 
These surveys used a multistage stratified cluster design repre-
senting 90% of the Canadian population who were 12  years of 
age and older.21 In Ontario, Cycle 1.1 had a response rate of 
82.0% and the 2009/10 cycle had a response rate of 70.0%.19,22 
Detailed descriptions of the methods used to assign survey 
weights are available in the survey documentation.18–20 These 
NPHS and CCHS cycles were selected because they included 
the Health Utility Index Mark-3, a utility-based measure of 
health-related quality of life describing how health interferes 
with daily tasks, including vision, hearing, speech, ambulation, 
dexterity, emotional well-being, cognitive functioning and 
pain.23,24 We used an overall estimate of health-related quality 
of life calculated from all 8  attributes and scores specific to 
pain and emotional well-being. A score of 1 is considered per-
fect health and a score of 0 is considered equivalent to being 
dead. The 2009/10 CCHS also includes self-reported IBD (for 
validation using the Ontario Crohn’s and Colitis Cohort as the 

gold standard see Appendix  2, available at www.cmaj.ca/
lookup/doi/10.1503/cmaj.190976/tab-related-content). The 
characteristics of people with and without IBD who did and did 
not respond to each cycle of the CCHS are described in Appen-
dix 1, Table S3.

Statistical analysis

Life expectancy at birth and mortality
We calculated life expectancy at birth using period lifetables as 
described by Chiang.26 This approach calculates expected length 
of life assuming that age- and sex-specific mortality rates for a 
specific time period remain constant throughout a person’s life.26 
Life expectancy is interpreted as the expected length of life if a 
hypothetical cohort was subjected to the mortality experience of 
people with IBD, Crohn disease, ulcerative colitis and those with-
out IBD for each included year (1996, 2000, 2008 and 2011). The 
hypothetical cohort represents people with IBD, Crohn disease 
and ulcerative colitis who were included in the Ontario Crohn’s 
and Colitis Cohort at each of the 4 different time points but had 
no underlying characteristics before being subjected to the mor-
tality risk of the open population of people with and without IBD. 
Diagnosis occurs at different ages; therefore, people will have 
varying lengths of disease duration. There were no transitions 
between states of diagnosis, treatment or resolution. 

We used 5-year mortality rates in standard age groups (<  1, 
1–4, 5–9, through to ≥ 90 yr) with Hsieh’s modification for the last 
age group.26,27 We estimated life expectancy separately for males 
and females, as well as for those with IBD, Crohn disease, ulcer-
ative colitis and those without IBD. We used single-state life 
tables, meaning that all individuals contributing to a life table 
were prevalent cases of IBD (or matched individuals without IBD 
for the non-IBD life tables). We calculated life expectancy as of 
July 1 of each included year.

We used modified Poisson regression for binary outcomes to 
compare mortality in people with and without IBD;28 stratified by 
sex but with no additional adjustment. We conducted separate 
analyses for males and females, and for IBD, Crohn disease, 
ulcerative colitis and those people without IBD.

Health-adjusted life expectancy
We calculated the mean HUI for males and females with and 
without IBD for all ages combined and each age- and sex-specific 
group. We calculated standard errors with Taylor linearization to 
incorporate survey weights.29 Ten-year age intervals were used to 
ensure a sufficient sample size. Because the Statistics Canada 
surveys did not include anyone less than 12 years of age, a HUI of 
1 was assigned to the youngest age intervals.

Health-adjusted life expectancy at birth represents the num-
ber of years that a person is expected to live in full health. We cal-
culated this using Sullivan’s approach, which weights the years 
of life lived in each age interval by the mean HUI for that specific 
age interval.30 For example, if there were 3000 person-years lived 
in a given age interval and the mean HUI among survey respon-
dents in this age group was 0.9, these 3000 person-years would 
be equivalent to 2700 high-quality person-years. We assumed 
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that the mean HUI for each age and sex stratum were representa-
tive of the entire population with IBD for that stratum; we used 
these values to weight years lived in that stratum.

We calculated health-adjusted life expectancy by incorporat-
ing HUI calculated from all attributes and then incorporating 
single-attribute HUI specific to emotional well-being and pain.24 
We also calculated the ratio of health-adjusted life expectancy to 
life expectancy, which estimates the proportion of expected years 
of life lived in full health. We selected emotional well-being and 
pain because these are the domains most likely to be affected by 
IBD. Pain is a common symptom of IBD that can persist even dur-
ing disease remission;31–33 depression and anxiety occur more 
often in patients with IBD than in the general population.34,35

We considered differences in life expectancy and health-
adjusted life expectancy to be significant when the 95% confi-
dence intervals (CIs) around the differences between groups did 
not cross zero. Statistical analyses were conducted using SAS 9.4 
(SAS Institute Inc.).

Ethics approval
This study was approved by the Research Ethics Board at the 
Children’s Hospital of Eastern Ontario, Ottawa, Ontario.

Results

On July 1, 1996, 32 818 people were living with IBD (matched to 
163 284 people without IBD), increasing to 83 672 on July 1, 2011 
(matched to 418  360  people without IBD) (Table  1). The mean 
age of patients with prevalent IBD increased from 42.4 to 
48.3  years. The proportion of female cases remained stable, 
ranging from 52% to 53%. We removed 1  outlier with IBD who 
contributed substantially to the variability of estimated life 
expectancy (privacy regulations prevent a detailed description).

Life expectancy
We found that life expectancy at birth among females with IBD 
increased by 2.9 years (95% CI 1.3 to 4.5) between 1996 (75.5 yr, 
95% CI 74.0 to 77.0) and 2011 (78.4 yr, 95% CI 77.7 to 79.1) 
(Table  2). Females with IBD had a consistently shorter life 
expectancy than females without IBD. Life expectancy 
increased significantly among females with Crohn disease 
(Appendix  1, Table  S4) but not among those with ulcerative 
colitis (Appendix 1, Table S5). Mortality was significantly higher 
among females with IBD than females without IBD (Figure  1; 
Appendix 1, Table S6).

Table 1: Demographic characteristics of people with prevalent inflammatory bowel disease and matched people without 
inflammatory bowel disease, by year

Characteristic

1996 2000 2008 2011

No. (%) of participants*

With IBD
n = 32 818

Without IBD
n = 163 284

With IBD
n = 44 601

Without IBD
n = 222 126

With IBD
n = 69 559

Without IBD
n = 347 001

With IBD
n = 80 276

Without IBD
n = 401 036

Age on July 1, yr; mean ± 
SD

42.40 ± 16.59 42.28 ± 16.51 44.21 ± 16.66 44.11 ± 16.59 47.34 ± 16.86 47.27 ± 16.84 48.30 ± 16.95 48.27 ± 16.94

Age on July 1, yr; median 
(Qmed1–Qmed3)

40 (30–53) 40 (30–53) 42 (32–55) 42 (32–55) 46 (35–59) 46 (35–58) 48 (36–60) 48 (36–60)

Female sex 17 341 (52.8) 86 142 (52.8) 23 551 (52.8) 117 187 (52.8) 36 508 (52.5) 181 982 (52.4) 41 964 (52.3) 209 606 (52.3)

Rural residence† 4442 (13.5) 21 415 (13.1) 5775 (12.9) 28 013 (12.6) 8536 (12.3) 41 905 (12.1) 9661 (12.0) 47 961 (12.0)

Mean neighbourhood income quintile†

    Q1 (lowest) 5426 (16.5) 26 946 (16.5) 7211 (16.2) 35 857 (16.1) 11 082 (15.9) 55 250 (15.9) 12 194 (15.2) 60 905 (15.2)

    Q2 6217 (18.9) 30 886 (18.9) 8755 (19.6) 43 549 (19.6) 12 850 (18.5) 64 021 (18.4) 14 944 (18.6) 74 638 (18.6)

    Q3 6811 (20.8) 33 898 (20.8) 9216 (20.7) 45 910 (20.7) 14 109 (20.3) 70 429 (20.3) 16 302 (20.3) 81 444 (20.3)

    Q4 7102 (21.6) 35 343 (21.6) 9333 (20.9) 46 544 (21.0) 15 551 (22.4) 77 564 (22.4) 18 285 (22.8) 91 361 (22.8)

    Q5 (highest) 7262 (22.1) 36 211 (22.2) 10 086 (22.6) 50 266 (22.6) 15 967 (23.0) 79 737 (23.0) 18 551 (23.1) 92 688 (23.1)

Responded to NPHS/
CCHS

88 (0.3) 434 (0.3) 158 (0.4) 790 (0.4) 238 (0.3) 1176 (0.3) NA NA

Type of IBD

    Crohn disease 16 804 (51.2) NA 22 253 (49.9) NA 33 411 (48.0) NA 37 936 (47.3) NA

    Ulcerative colitis 15 158 (46.2) NA 21 042 (47.2) NA 33 717 (48.5) NA 39 028 (48.6) NA

    IBD unclassified 856 (2.6) NA 1306 (2.9) NA 2431 (3.5) NA 3312 (4.1) NA

Note: CCHS = Canadian Community Health Survey, IBD = inflammatory bowel disease, NPHS = National Population Health Survey, NA = not applicable, Qmed1 = first quartile, Qmed3 = 
third quartile, SD = standard deviation.
*Unless specified otherwise.
†For survey respondents, rural or urban household and income quintile are as of the date of survey completion; for nonrespondents, rural or urban household and income quintile are 
as of July 1 of each given year.
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We found that life expectancy at birth among males with IBD 
increased by 3.2 years (95% CI 2.1 to 4.4) between 1996 (72.2 yr, 
95% CI 71.3 to 73.1) and 2011 (75.5  yr, 95% CI 74.8 to 76.2) 
(Table  2), and was shorter among males with IBD than males 
without IBD. Findings were similar for those with Crohn disease 
(Appendix  1, Table  S4) and ulcerative colitis (Appendix  1, 
Table S5). Males with IBD had higher mortality than those with-
out IBD (Figure 1; Appendix 1, Table S6).

Health-adjusted life expectancy

Overall well-being
The mean HUIs for people with and without IBD are provided in 
Appendix  1, Table  S7. We determined that health-adjusted life 
expectancy decreased among males with IBD by 3.9  years (95% 
CI 1.2 to 6.6) between 1996 (67.0 yr, 95% CI 65.1 to 68.8) and 2008 

(63.1 yr, 95% CI 61.0 to 65.1) and was stable in females with IBD 
(difference: 2.0 yr, 95% CI –1.6 to 5.7; 1996: 62.3 yr, 95% CI 59.4 to 
65.2; 2008: 64.3  yr, 95% CI 62.1 to 66.6), and among males and 
females without IBD (Table  2). Health-adjusted life expectancy 
was significantly reduced among patients with IBD (Table 2). We 
found similar results when we compared males and females with 
Crohn disease to people without IBD (Appendix  1, Table  S4), 
whereas differences between people with and without ulcerative 
colitis varied over time (Appendix 1, Table S5).

For females, we determined that the ratio of health-adjusted 
life expectancy to life expectancy ranged from 0.77 to 0.83 
among people with IBD and from 0.86 to 0.91 among those with-
out IBD (Table 2; Figure 2A and B).

 This ratio was similar for Crohn disease (Appendix  1, 
Table S4; Figure S1A and B) and ulcerative colitis (Appendix 1, 
Table  S5; Figure  S2A and B). In males, this ratio ranged from 

Table 2 (part 1 of 2): Comparison of life expectancy and health-adjusted life expectancy among females and males with 
inflammatory bowel disease and matched people without inflammatory bowel disease, by year

Variable

1996 2000

Participants  
with IBD

Participants 
without IBD Difference

Participants  
with IBD

Participants 
without IBD Difference

Life expectancy, yr (95% CI)

Female 75.5 (74.0 to 77.0) 82.1 (81.7 to 82.5) –6.6 (–8.1 to –5.1)¶ 76.5 (75.8 to 77.3) 83.6 (83.2 to 83.9) –7.0 (–7.9 to –6.2)¶

Male 72.2 (71.3 to 73.1) 77.6 (77.1 to 78.0) –5.4 (–6.4 to –4.3)¶ 74.4 (73.7 to 75.2) 79.4 (79.0 to 79.8) –5.0 (–5.8 to –4.2)¶

Health-adjusted life expectancy, yr (95% CI)

Overall

    Female 62.3 (59.4 to 65.2) 74.3 (73.1 to 75.6) –12.0 (–15.1 to –8.9)¶ 59.2 (56.8 to 61.7) 72.7 (71.6 to 73.9) –13.5 (–16.2 to –10.8)¶

        Difference‡ 13.2 7.8 17.3 10.8

        Ratio§ 0.83 0.91 0.77 0.87

    Male 67.0 (65.1 to 68.8) 69.6 (68.2 to 71.0) –2.6 (–4.9 to –0.4)¶ 65.4 (62.9 to 68.0) 71.9 (70.9 to 72.9) –6.5 (–9.2 to –3.7)¶

        Difference‡ 5.3 8.0 9.0 7.5

        Ratio§ 0.93 0.90 0.88 0.91

Pain-specific

    Female 65.7 (61.9 to 69.6) 77.2 (75.8 to 78.5) –11.5 (–15.5 to –7.4)¶ 62.2 (59.1 to 65.2) 76.3 (75.0 to 77.6) –14.2 (–17.4 to –10.9)¶

        Difference‡ 9.8 4.9 14.4 7.2

        Ratio§ 0.87 0.94 0.81 0.91

    Male 68.1 (65.9 to 70.3) 74.4 (73.3 to 75.4) –6.2 (–8.7 to –3.8)¶ 66.7 (63.8 to 69.6) 75.6 (74.4 to 76.8) –8.9 (–12.1 to –5.7)¶

        Difference‡ 4.1 3.2 7.8 3.8

        Ratio§ 0.94 0.96 0.90 0.95

Emotional well-being

    Female 74.7 (73.1 to 76.2) 80.8 (80.2 to 81.5) –6.2 (–7.8 to –4.5)¶ 74.1 (73.0 to 75.2) 80.8 (80.1 to 81.5) –6.7 (–8.0 to –5.5)¶

        Difference‡ 0.8 1.3 2.4 2.7

        Ratio§ 0.99 0.98 0.97 0.97

    Male 71.4 (70.4 to 72.5) 75.8 (74.8 to 76.8) –4.3 (–5.8 to –2.9)¶ 72.0 (70.4 to 73.5) 77.3 (76.7 to 77.9) –4.3 (–7.0 to –3.7)¶

        Difference‡ 0.8 1.8 2.5 2.1

        Ratio§ 0.99 0.98 0.97 0.97
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0.84 to 0.93 among those with IBD and from 0.87 to 0.90 
among those without IBD (Appendix  1, Table  S4; Figure  2C 
and D). Our findings were similar among males with Crohn 
disease (Appendix 1, Table S3; Figure S1C and D) and among 
those with ulcerative colitis (Appendix 1, Table S5; Figure S2C 
and D).

Emotional well-being
The mean single-attribute utilities reflecting the effect of emo-
tional well-being on health status24 is provided in Appendix  1, 
Table S7. We found that health-adjusted life expectancy did not 
change over time in people with IBD (difference among females: 
1.5 yr, 95% CI –0.3 to 3.3; difference among males: 1.1 yr, 95% CI 

Table 2: (part 2 of 2): Comparison of life expectancy and health-adjusted life expectancy among females and males with 
inflammatory bowel disease and matched people without inflammatory bowel disease, by year

Variable

2008 2011* Difference over time†

Participants 
with IBD

Participants 
without IBD Difference

Participants 
with IBD

Participants 
without IBD Difference

Participants 
with IBD

Participants 
without IBD

Life expectancy, yr (95% CI)

Female 78.0
 (77.3 to 78.7)

86.0
 (85.7 to 86.4)

–8.1
 (–8.8 to –7.3)¶

78.4
 (77.7 to 79.1)

86.1
 (85.9 to 86.4)

–7.7
 (–8.4 to –7.0)¶

2.9
 (1.3 to 4.5)¶

4.0
(3.5 to 4.5)

Male 75.1
 (74.5 to 75.7)

80.6
 (79.7 to 81.6)

–5.5
 (–6.6 to –4.3)¶

75.5
 (74.8 to 76.2)

81.5
 (81.1 to 81.9)

–6.1
 (–6.9 to –5.3)¶

3.2
 (2.1 to 4.4)¶

3.9
(3.3 to 4.5)¶

Health-adjusted life expectancy, yr (95% CI)

Overall

    Female 64.3
 (62.1 to 66.6)

73.9
 (72.5 to 75.3)

–9.5
 (–12.2 to –6.9)¶

– – – 2.0
 (–1.6 to 5.7)

–0.4
 (–2.3 to 1.5)

        Difference‡ 13.6 12.2 – – –

        Ratio§ 0.83 0.86 – – –

    Male 63.1
 (61.0 to 65.1)

69.8
 (68.4 to 71.2)

–6.7
 (–9.2 to –4.3)¶

– – – –3.9
 (–6.6 to –1.2)¶

0.2
 (–1.7 to 2.2)

        Difference‡ 12.1 10.8 – – –

        Ratio§ 0.84 0.87 – – –

Pain-specific

    Female 66.1
 (63.6 to 68.7)

79.4
 (78.4 to 80.3)

–13.2
 (–16.0 to –10.5)¶

– – – 0.4
 (–4.2 to 5.0)

2.2
 (0.5 to 4.9)¶

        Difference‡ 11.9 6.7 – –

        Ratio§ 0.85 0.92 – –

    Male 65.5
 (63.1 to 67.9)

75.2
 (73.7 to 76.8)

–9.7
(–12.6 to –6.8)¶

– – – –2.6
 (–5.9 to 0.6)

0.9
 (–1.0 to 2.7)

        Difference‡ 9.6 5.4 – –

        Ratio§ 0.87 0.93 – –

Emotional well-being

    Female 76.2
(75.2 to 77.1)

83.8
 (83.4 to 84.3)

–7.7
 (–8.7 to –6.6)¶

– – – 1.5
 (–0.3 to 3.3)

3.0
(2.2 to 3.8)¶

        Difference‡ 1.8 2.2 – –

        Ratio§ 0.98 0.97 – –

    Male 72.5
 (71.5 to 73.6)

77.9
 (76.7 to 79.0)

–5.3
 (–6.9 to –3.8)¶

– – – 1.1
 (–0.4 to 2.6)

2.1
(0.6 to 3.6)¶

        Difference‡ 2.6 2.7 – –

        Ratio§ 0.97 0.97 – –

Note: CI = confidence interval, IBD = inflammatory bowel disease.
*We could not calculate health-adjusted life expectancy in 2011 because there was no corresponding Statistics Canada population health survey that included the Health Utility Index 
Mark-3.
†Difference between 2011 and 1996 for life expectancy and difference between 2008 and 1996 for health-adjusted life expectancy.
‡Difference between life expectancy and health-adjusted life expectancy.
§Ratio of health-adjusted life expectancy to life expectancy.
¶Significant difference.
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–0.4 to 2.6) and increased in people without IBD (difference 
among females: 3.0 yr, 95% CI 2.2 to 3.8; difference among males: 
2.1  yr, 95% CI 0.6 to 3.6). Health-adjusted life expectancy was 
reduced among people with IBD at all time points (Figure  2; 
Table  2). The ratio of health-adjusted life expectancy to life 
expectancy ranged from 0.97 to 0.99 for people with IBD and 
from 0.97 to 0.98 for people without IBD (Figure  2; Table  2). We 
also determined that health-adjusted life expectancy attributed 
to emotional well-being remained constant over time among 
people with IBD and increased among those without IBD. This 
was true for both people with Crohn disease (Appendix  1, 
Table S4 and Figure S1) and those with ulcerative colitis (Appen-
dix 1, Table S5 and Figure S2).

Pain
Table S7 in Appendix 1 provides the mean single-attribute util
ities reflecting the effect of pain on health status for people with 
and without IBD.24 We found that the health-adjusted life expec-
tancy among females with IBD was 65.7  years (95% CI 61.9 to 
69.6) in 1996 and 66.1 years (95% CI 63.6 to 68.7) in 2008, and was 
constant over time (difference: 0.4  yr, 95% CI –4.2 to 5.0; Fig-
ure 2A; Table 2); health-adjusted life expectancy increased from 
77.2  years (95% 75.8 to 78.5) to 79.4  years (95% CI 78.4 to 80.3) 
among females without IBD (difference: 2.2 yr, 95% CI 0.5 to 4.9; 
Figure  2B; Table  2). Findings were similar among people with 
Crohn disease (Appendix  1, Figure  S1 and Table  S4), whereas 
pain-attributed health-adjusted life expectancy was stable 
among females with and without ulcerative colitis (Appendix  1, 
Figures S1 and S2 and Table S5). The ratio of health-adjusted life 
expectancy to life expectancy ranged from 0.81 to 0.87 for 
females with IBD and from 0.91 to 0.94 for females without IBD 
(Figure  2; Table  2), with similar ratios for those with Crohn dis-
ease (Appendix  1, Figure  S1 and Table  S4) and slightly higher 

ratios among females with ulcerative colitis (Appendix  1, Fig-
ure S2 and Table S5).

We found that health-adjusted life expectancy calculated 
using the pain-attributed utility24 was stable among males with 
IBD (1996: 68.1 yr, 95% CI 65.9 to 70.3; 2008: 65.6 yr, 95% CI 63.1 
to 67.9; difference: –2.6  yr, 95% CI –5.9 to 0.6 yr; Figure  2C; 
Table 2), decreased over time among people with Crohn disease 
(1996: 67.2  yr, 95% CI 65.0 to 69.4; 2008: 60.0  yr, 95% CI 56.7 to 
63.3; difference: –7.2  yr, 95% CI –11.2 to –3.3; Appendix  1, Fig-
ure  S1C and Table  S4) and increased over time among people 
with ulcerative colitis (1996: 68.2  yr, 95% CI 64.7 to 71.6; 2008: 
72.7 yr, 95% CI 70.4 to 75.1; difference: 4.5 yr, 95% CI 0.4 to 8.7; 
Appendix  1, Figure  S2C and Table  S5). The ratio of health-
adjusted life expectancy to life expectancy ranged from 0.87 to 
0.94 in males with IBD and from 0.93 to 0.96 in males without IBD 
(Figures 2C, 2D; Table 2); these ratios were similar in both males 
with Crohn disease (Appendix 1, Figures S1C, S1D and Table S4) 
and those with ulcerative colitis (Appendix  1, Figures  S2C, S2D 
and Table S5).

Interpretation

Although life expectancy between 1996 and 2011 has increased 
among people with IBD, it remains reduced compared with peo-
ple without IBD. Furthermore, increases in life expectancy have 
not been mirrored by increased health-adjusted life expectancy, 
which has either remained stable (females) or declined (males). 
We found that the gap in health-adjusted life expectancy 
between those with and without IBD was large when evaluating 
both general well-being and the effect of pain. These trends were 
observed over a time period that saw the introduction of 2 bio-
logics for IBD treatment in Canada: infliximab (2001) and adalim-
umab (2004). Our findings of higher mortality risk are consistent 
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Figure 1: Comparison of mortality among people with and without inflammatory bowel disease (IBD), presented as mortality rates per 1000 person-
years (PY) in both groups and relative risks with 95% confidence intervals (CI).
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with previous research; we additionally quantified the life expec-
tancy and health-adjusted life expectancy in people with IBD and 
included the effect of emotional well-being and pain in estimates 
of health-adjusted life expectancy.

Data on trends of both life expectancy and health-related 
quality of life among people with IBD are sparse. Notable 
improvements in health-related quality of life have been 
reported in patients with IBD who receive biologics.6,7 However, 
we found decreasing health-adjusted life expectancy, particu-
larly in males, in the biologic era. Anxiety and depression are 
more common in people with IBD relative to the general popula-
tion;34,35 however, the effect of emotional well-being on health-
adjusted life expectancy appeared to be limited. In contrast, peo-
ple with IBD reported a high degree of impairment due to pain, 

and the differences between people with and without IBD was 
greater for females than males. Females with IBD report a higher 
symptom burden36 and are more likely to have pain-related 
comorbidities such as arthropathies.37,38 About 20%–40% of 
patients with IBD have co-occurring irritable bowel syndrome;39,40 
abdominal pain persists when patients are in remission and is 
often unaddressed by health care providers.31,33 In light of the 
prevalence of pain in patients with IBD and its effect on health-
related quality of life, improved pain-management strategies 
should be developed.

Limitations
Our results may have been confounded by disease phenotype or 
severity (not available in health administrative data). People with 

F
e

m
a

le
s

People with inflammatory bowel disease

55

65

75

85

1996 2000 2001 2004 2008

Year

L
if

e
 E

x
p

e
c

ta
n

c
y

, 
y

r

A

Controls

55

65

75

85

1996 2000 2001 2004 2008

Year

1996 2000 2001 2004 2008

Year

L
if

e
 E

x
p

e
c

ta
n

c
y

, 
y

r

B

M
a

le
s

55

65

75

85

1996 2000 2001 2004 2008
Year

L
if

e
 E

x
p

e
c

ta
n

c
y

, 
y

r

C

55

65

75

85
L

if
e

 E
x

p
e

c
ta

n
c

y
, 

y
r

D

Life expectancy Emotion-adjusted life expectancy Pain-adjusted life expectancy Health-adjusted life expectancy
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active or severe IBD likely have a decreased HUI compared with 
those whose disease is quiescent, and these people may have 
been less able to respond to lengthy Statistics Canada surveys. 
Consequently, our study may have underestimated the effect of 
IBD on health-adjusted life expectancy. Further, population-
based data on medication use for individuals who were younger 
than 65  years of age were not available, and data on potential 
environmental or other confounders (e.g., smoking and ethni
city) were only available for the small proportion of patients 
responding to a Statistics Canada survey. Therefore, we were not 
able to specifically evaluate how these confounders may affect 
life expectancy and health-adjusted life expectancy. In addition, 
life expectancy among people living with IBD may vary depend-
ing on age at IBD diagnosis, a difference that we may have 
missed by not comparing the life expectancies of individuals with 
a diagnosis of IBD at various ages. Further, mortality may 
increase with disease duration, which would violate the assump-
tion that age- and sex-specific mortality rates remain constant 
over a person’s lifetime that is required when using lifetables.26 
Because we included prevalent rather than incident cases of IBD, 
we did not have data on the age of diagnosis or disease duration 
for people with IBD in our study. Our study may also have been at 
risk of immortal time bias if patients with IBD died before meet-
ing the full case definition required by the validated algo-
rithms.16,17 However, it is much more likely that a patient with IBD 
will die after long-term complications of IBD or its therapy rather 
than within the first few months of having the disease. Thus, we 
do not expect immortal time bias to affect our findings.

Period life expectancy is challenging to interpret because the 
measure represents the mortality of a hypothetical cohort with no 
real cohort comparison.41 Instead, period life expectancy is a 
descriptive measure of mortality that translates cross-sectional 
mortality into a more intuitive longitudinal or life course perspec-
tive.42 A period life expectancy should not be interpreted as repre-
senting people who are born with IBD or how long a person with 
IBD would actually live. A realistic estimate of length of life is esti-
mated using cohort life expectancy by observing survival over time, 
or by projecting or extending a cohort survival into the future.

Our use of a general measure of health-related quality of life 
may have introduced bias. The HUI was not designed to reflect 
the specific effect of IBD on health-related quality of life. 
Although disease characteristics may play a role in the increased 
effect of pain among females with IBD (i.e., females typically 
have more severe disease postadolescence), other conditions 
not measured in our study that occur more frequently in females 
with IBD may have also contributed to the observed difference in 
pain-related health-adjusted life expectancy. 

As with all studies using health administrative data, our find-
ings are subject to a risk of misclassification bias.43 However, we 
used validated algorithms to identify people with IBD and to 
classify them as having Crohn disease and ulcerative colitis,16,17 
and self-reported IBD was concordant with our administrative 
data case definition.

People with IBD often have systemic inflammation, in addi-
tion to inflammation of the gastrointestinal tract. As a result, 
they are at increased risk of a cardiovascular event, malignant 

disease, arthritis, osteoporosis and mental illness. In addition, 
the medications used to treat IBD may result in an increased risk 
of infection or malignant disease.8,9,44,45 Future research is needed 
to determine the contribution of comorbid conditions and medi-
cation use in explaining the gap in life expectancy among people 
with and without IBD.

Conclusion
Whilst life expectancy has increased among people with IBD, a 
gap in life expectancy between those with and without IBD 
remains, and the effect of pain on daily functioning contributes 
substantially to reduced health-adjusted life expectancy.
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