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Abstract

Background—Evidence regarding all-cause and cause-specific mortality in inflammatory bowel
disease (IBD) is conflicting, and debate exists over appropriate study design to examine these
important outcomes. We conducted a comprehensive meta-analysis of all-cause and cause-specific
mortality in both Crohn’s disease (CD) and ulcerative colitis (UC), and additionally examined
various effects of study design on this outcome.

Methods—A systematic search of PubMed and EMBASE was conducted to identify studies
examining mortality rates relative to the general population. Pooled summary standardized
mortality ratios (SMR) were calculated using random effect models.

Results—Overall, 35 original articles fulfilled the inclusion and exclusion criteria, reporting all-
cause mortality SMRs varying from 0.44 to 7.14 for UC and 0.71 to 3.20 for CD. The all-cause
mortality summary SMR for inception cohort and population cohort UC studies was 1.19 (95%
confidence interval, 1.06-1.35). The all-cause mortality summary SMR for inception cohort and
population cohort CD studies was 1.38 (95% confidence interval, 1.23-1.55). Mortality from
colorectal cancer, pulmonary disease, and nonalcoholic liver disease was increased, whereas
mortality from cardiovascular disease was decreased.

Conclusions—~Patients with UC and CD have higher rates of death from all causes, colorectal-
cancer, pulmonary disease, and nonalcoholic liver disease.
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Inflammatory bowel disease (IBD), encompassing Crohn’s disease (CD) and ulcerative
colitis (UC), is a chronic intestinal inflammatory disease. Because of the chronic and
sometimes severe nature of this disease, there is an obvious need to elucidate both all-cause
and cause-specific mortality, as this has important implications for patients and more
globally for issues such as public health planning.

Meta-analysis is a statistical methodology for combining similar studies to obtain a more
precise effect estimate. Previous meta-analyses examining mortality in IBD have come to
inconsistent conclusions, perhaps because of different inclusion criteria (Table 1).14

Specifically, some meta-analyses have included only population-based studies, others only
inception cohorts, and none of the recent meta-analyses have included referral center—based
studies. Furthermore, many focused only on all-cause mortality, neglecting specific causes
of death, which are critical information if one is to plan interventions to reduce IBD-related
mortality.

Therefore, we undertook a meta-analysis of all-cause mortality and cause-specific mortality
related to colorectal cancer (CRC), nonalcoholic liver disease, pulmonary disease, and
cardiovascular disease in both UC and CD. Additionally, we sought to determine how
results of population-based studies, inception cohorts, and single-center or multicenter
studies vary.

MATERIALS AND METHODS
Search Strategy

To identify published studies on this topic, a systematic search of PubMed was performed
on November 12, 2011. The search used the key words and MESH headings inflammatory
bowel disease or ulcerative colitis or Crohn’s disease combined with colorectal cancer or
colon cancer or rectal cancer or pulmonary disease or cardiovascular disease or hepatic
disease or mortality or death or survival. A comprehensive search of reference lists in
previous meta-analyses and original studies retrieved by this method was performed to
identify additional reports. This approach identified 15,577 articles published between 1941
and 2011. Application of the limitations “English language journal papers” and “human
studies” yielded 11,234 articles for analysis (Figure 1). A search of EMBASE using the
same key words and MESH headings was performed, and no additional appropriate articles
were identified.

Inclusion and Exclusion Criteria

Only full-length peer-reviewed English language or English-translated articles reporting
observational study results were included to allow full evaluation of the study methods and
results (such as study inclusion criteria, follow-up time, specific details of how cause-
specific mortality was determined, methods of ascertainment of data, and calculation of
outcome measures). All-cause and/or cause-specific mortality had to be reported as
standardized mortality ratio (SMR), relative risk (RR), incidence rate ratio, hazard ratio, or
odds ratio with or without 95% confidence intervals (95% ClIs). When 2 or more
publications were reported on the same patient population, only the most recent study results
were included. Application of these criteria resulted in 35 original articles for analysis
(Figure 1).

Data Collection

Included articles were reviewed in detail by 2 reviewers (M.B. and either L.K. or J.D.L;
discrepancies were decided by concensus and if necessary by the third reviewer J.D.L.) to
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determine the number of patients, gender distribution, number of UC and CD patients,
calendar year of publication, decade of the middle year of patient observation, mortality
rates and/or observed and expected numbers of deaths, 95% Cls, region of IBD population,
type of study population, and study design. In 2 studies, a lower 95% CI of 0.0 was
reported.>8 To allow this to be included in the summary calculations, we approximated the
lower bound to 0.025 (i.e., the midpoint between 0 and 0.049).

Studies were categorized into the following groups based on the source of the study
population: single-center or multicenter study if all patients observed came from the same
center or group of physicians; population-based study if the IBD population was identified
within a defined geographic area; or inception cohort if it was explicitly stated that patients
received their initial IBD diagnosis during their time within the cohort, or if the study
explicitly stated that it was a population-based inception cohort.

Statistical Analysis

The outcome of interest was the relative mortality rate as compared with the general
population and respective 95% Cls. In the event that 95% Cls were not calculated but
observed and expected values were given, 95% Cls were calculated using the Rothman-
Greenland method. Because all but one study reported results in terms of the SMR, we used
this as our summary measure of RR. Pooled SMRs with 95% CI for all-cause and cause-
specific mortality were calculated using the metan command of STATA, which uses the
DerSimonian and Laird method, a random-effects model that incorporates both between-
study and within-study variation.

Statistical heterogeneity was assessed in 2 ways. First, the / index and 2 test were used to
investigate differences among studies with respect to SMRs. Additionally, subgroup
analyses were performed to assess potential sources of heterogeneity separately as a result of
the following available patient-level and study-level factors: region of study, study type, and
decade of the middle year of patient observation. Meta-regression analysis was also
performed for heterogeneity of the all-cause SMR because of cohort size and middle year of
patient observation. Cumulative meta-analysis was performed to examine all-cause
mortality. Funnel plots of the log SMR versus its standard error were performed to assess for
publication bias for analyses with 5 or more studies. Begg’s rank correlation method and
Egger’s regression were used to test the correlation between effect and sample size.

Ethical Considerations

RESULTS

The study protocol was reviewed by the Institutional Review Board at the University of
Pennsylvania and met the criteria for exempt status.

Study Characteristics

A total of 35 studies were included, of which 10 were inception cohorts, 13 were population-
based cohort studies, 8 were single-center studies, and 4 were multicenter studies (Table 2).
These studies included all studies used in previous meta-analyses excluding 1 abstract used
in a meta-analysis by Jess et al® and 1 study used in the meta-analysis by Canavan et al® for
which data were not available.

Overall, there were 32,269 patients with CD and 18,952 patients with UC. The year of
publication ranged from 1968 to 2010. The median duration of follow-up (when provided)
was 83.4 months for UC and 204 months for CD.
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All-Cause Mortality

Study Type

The reported SMRs for all-cause mortality in patients with UC ranged from 0.44 (95% Cl,
0.12-1.12) to 7.14 (95% Cl, 1.47-20.70).19:32 The all-cause mortality summary SMR for
UC was 1.16 (95% CI, 1.04-1.29) (Table 3). When combining inception cohort and
population-based studies, the all-cause mortality summary SMR for UC was 1.19 (95% Cl,
1.06-1.35).

The reported SMRs for all-cause mortality in patients with CD ranged from 0.71 (95% ClI,
0.51-1.01) to 3.20 (95% ClI, 0.38-11.50).19-24 The all-cause mortality summary SMR for
CD was 1.46 (95% Cl, 1.30-1.63) (Table 3). When combining inception cohort and
population-based studies, the all-cause mortality summary SMR for CD was 1.38 (95%, CI
1.23-1.55).

There was significant heterogeneity in the all-cause summary SMR across the levels of
patient-level and study-level factors for both UC and CD (Table 4). Twelve studies reported
on gender-specific overall mortality for UC and CD, with a possible trend toward higher
relative mortality in females (Table 4). However, there remained significant among-study
heterogeneity when examining men and women separately.

Meta-regression was performed to explore evidence that between-study heterogeneity could
be because of the cohort size or decade of the middle year of patient observation, 2 variables
universally available in all studies. For all-cause mortality in UC and CD, the SMR was not

associated with cohort size (P=0.71 and P= 0.43, respectively) or decade of middle year of
patient observation (P=0.06 and P = 0.28, respectively).

Subgroup analyses were performed stratified by geographic region (Table 4). Despite the
reduced number of studies, there remained significant heterogeneity in most of the regional
subgroup analyses for all-cause mortality.

Figure 2 shows the similarity of the population-based studies and inception cohort studies
examining all-cause mortality in UC. Inception cohort, single-center, and multicenter studies
all showed nonsignificant SMRs of similar elevated magnitude (summary SMRs, 1.08 [95%
Cl, 0.97-1.21], 1.03 [95% ClI, 0.77-1.38], and 1.16 [95% CI, 0.73-1.83], respectively). A
significantly elevated SMR was observed for population-based studies (summary SMR,
1.32; 95% ClI, 1.07-1.63) (Table 4). However, this estimate fell within the range of mortality
estimates for other study types, and there remained significant heterogeneity within the
subgroup of population-based studies (Table 4 and Figure 2). Therefore, heterogeneity of the
all-cause mortality summary estimate could not be accounted for by study type for UC.

For all-cause mortality in CD, higher SMRs were reported in single-center studies than for
inception or population-based studies (summary SMRs, 2.06 [95% Cl, 1.78-2.38], 1.34
[95% CI, 1.15-1.56], and 1.39 [95% CI, 1.18-1.64], respectively). Multicenter studies had a
nonsignificant all-cause summary SMR of 1.25 (95% Cl, 0.67-2.32). These data suggest
that heterogeneity among CD studies was partly explained by inclusion of single-center
studies. However, significant heterogeneity remained in the inception and population-based
studies (P=0.08 and P< 0.01, respectively).

Cumulative meta-analysis was performed to examine how the summary mortality estimate
for all-cause mortality in UC and CD changed with successive published inception and
inception plus population-based cohort studies (Figure 3). For UC, the dates of inception
cohort studies ranged from 1996 to 2010, and from 1968 to 2009 for population-based
cohort studies. The summary mortality estimate for both study cohort types was attenuated

Inflamm Bowel Dis. Author manuscript; available in PMC 2013 August 28.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bewtra et al.

Page 5

over time (Figure 3). In the inception cohort—only studies, the summary mortality estimate
became nonsignificant over time (SMR, 1.08; 95% ClI, 0.97-1.21). The addition of
population cohort studies yielded a very similar summary estimate that remained slightly
elevated over time (SMR, 1.17; 95% Cl, 1.04-1.32). Additional cumulative meta-analysis
was performed removing the studies from 1968 and 1976, and the resulting dates of studies
ranged from 1992 to 2010. The summary all-cause mortality estimates remained very similar
to that of inception cohort—only studies (SMR, 1.10; 95% Cl, 0.99-1.23).

For CD, inception cohort—only studies ranged from 1996 to 2010; with the addition of
population cohort studies, the dates of the studies ranged from 1992 to 2010 (Figure 3). The
summary mortality estimate for all-cause mortality remained fairly constant over time for
both inception cohort studies alone and inception plus population cohort studies (SMR, 1.34;
95% Cl, 1.15-1.56 and SMR, 1.37; 95% ClI, 1.22-1.53, respectively).

Analysis of Cause-Specific Mortality

Significantly elevated SMRs for CRC, pulmonary disease, and nonalcoholic liver disease
were observed in UC, and significantly elevated SMRs for pulmonary disease and
nonalcoholic liver disease were observed in CD (Table 3). However, for patients with UC
and CD, the SMR for cardiovascular disease—related mortality was not significant; and for
patients with CD, the SMR for CRC mortality was not significant, although there seemed to
be a trend towards significance. Significant heterogeneity was observed for CRC-related
mortality in UC and CD. There was borderline heterogeneity for hepatic disease—related and
cardiovascular disease—related mortality in UC (Table 3). Because of the small number of
studies, all study types were included in cause-specific mortality analysis (Table 3), and only
qualitative comparisons were made across geographic region or study type for cause-specific
mortality (Table 5). Differences in definitions of cause-specific mortality are summarized in
Table 6.

Publication Bias

There was no evidence of publication bias for all-cause mortality or cause-specific mortality
for UC or CD (P> 0.09 for all tests).

DISCUSSION

The present meta-analysis shows a small increase in all-cause mortality for both UC and
CD. Cause-specific analysis reveals significantly increased mortality from CRC, pulmonary
disease, and nonalcoholic liver disease for UC; and from pulmonary and nonalcoholic liver
disease for CD. Cardiovascular disease—related mortality was not elevated for either UC or
CD, which is congruent with previous meta-analysis.2 We examined geographic region,
study period, and study design as the potential sources of heterogeneity, but none entirely
explained the observed heterogeneity among all-cause mortality.

This is the first meta-analysis to conclude that patients with UC have an increased mortality
rate relative to the general population. We observed this in the overall analysis of all-cause
mortality, in population-based studies, in population plus inception cohort studies, but not in
inception cohort—alone studies. A previous meta-analysis of inception cohort studies by Jess
et al3 also did not observe a significantly increased mortality rate relative to the general
population. Of note, our meta-analysis included 4 new inception cohort studies not included
by Jess et al.58.14 However, we also categorized 5 studies in the meta-analysis by Jess et al
as population-based but not inception cohorts because it was not specifically stated that
patients received their initial IBD diagnosis during their time within the cohort or the study
did not explicitly state it was an inception cohort study.12:17:21-23.31 Additionally, we
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excluded abstracts from our analysis, although there was 1 abstract included in the meta-
analysis by Jess et al. These conservative efforts in study inclusion and classification may
have contributed to the slightly different results. However, importantly, the summary SMRs
for inception and population-based studies were similar in magnitude (UC inception 1.08;
population, 1.32; CD inception, 1.34, population based, 1.39) and as expected, combining
inception cohorts and population-based studies yielded similar results (UC, 1.17; 95% ClI,
1.04-1.32; CD, 1.37; 95% ClI, 1.22-1.53).

Inception cohorts by definition include all follow-up time in the early stages of disease but
may not be able to follow patients for a sufficiently long period in the later years of disease
to fully assess long-term risk of mortality, in particular cancer-related mortality and
mortality related to long-term complications of IBD. In contrast, noninception population-
based cohorts include some patients in the early stages of disease and others with late stage
disease. Thus, inception cohorts are better suited to capture early mortality as their
observation time occurs at the onset of disease, although population-based studies are better
suited to capture late mortality given their observation time occurs at any stage of disease. It
has been suggested that all-cause mortality from UC peaks within the first year of
diagnosis.*1-44 If this were the case, inception cohort studies would be expected to observe
higher all-cause mortality rates than population-based studies. Unfortunately, in our study,
we were unable to assess whether the RR of mortality varied by years after IBD diagnosis.

We used cumulative meta-analysis and meta-regression to examine trend in relative
mortality rates over time. We hypothesized that over time, the overall mortality rates for
patients with IBD would move toward 1.0. For UC, this was evident examining the earliest
studies with continued improvement over the range of the cumulative meta-analysis, and
from our analysis excluding the 2 earliest studies where the summary SMR s not
significantly elevated. This may be because of improved surgical options for UC over time.
However, for CD, overall mortality has not shown a significant change over time. Given that
there were no studies meeting our inclusion criteria documenting mortality rates in the
2000s, it remains possible that there has been a decrease in mortality as a result of improved
medical therapy in recent years. Given the shift in treatment patterns including more
frequent use of thiopurines, methotrexate, and anti—tumor necrosis factor-a therapies, this is
an important question for future research.45:46

This current study suggests multiple potential sources of elevated mortality including CRC,
pulmonary disease, and hepatic disease, some of which may be preventable deaths (Table 3).
Previous meta-analyses and reviews of these studies have found elevated pulmonary-related
mortality in IBD, with observed causes including chronic obstructive pulmonary disease
(COPD) and pneumonia (UC).3447 Our current meta-analysis evaluated a greater number of
studies and found similarly elevated pulmonary-related relative mortality for both UC and
CD. It is plausible that similar causes drove our all-cause mortality findings as well, raising
potential avenues for intervention including increasing the use of smoking cessation
counseling, and adherence with pneumonia and influenza vaccines.

Similar to Jess et al, we observed an elevated RR of death for nonalcoholic liver disease
mortality in UC.2 It has long been recognized that patients with UC are at an increased risk
of primary sclerosing cholangitis and its complications.*8 We also found that patients with
CD had a slightly higher RR of dying from liver disease. This finding raises the question of
whether primary sclerosing cholangitis is more aggressive in CD, underrecognized in CD,*?
or if another form of liver disease is driving this increased mortality, such as fatty liver
disease. These findings suggest the potential utility of monitoring patients with 1BD for liver
disease, although this has never been proven in clinical trials.
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Death from CRC-related mortality has long been described in IBD, although the 2 most
recent meta-analyses showed a nonsignificant or marginally significantly increased CRC-
related mortality in CD and UC, respectively.3# Our current meta-analysis found an
elevated risk of relative mortality for CRC in UC and a trend toward an elevated risk of CD.
Our inclusion of single and multicenter studies could have contributed to this. In our
stratified analysis for UC, all study types yielded elevated RRs of mortality for CRC,
although multicenter studies did contribute the highest risk (see Table 5). In contrast, for
CD, there was an elevated RR of mortality for the population-based studies and the 2
referral-based studies but not for the inception-based study (see Table 5). It is possible, as
discussed above, that inception cohorts were not able to follow patients for a sufficiently
long period to capture long-term mortality such as CRC.

It is plausible that the RR of CRC mortality is decreasing over time, as access to care and
screening for CRC has increased.>? Although we were underpowered to make strong
correlations, there seemed to be a trend toward decreased relative mortality over decade time
in UC but not in CD (see Table 5). This could reflect greater awareness of the need for CRC
surveillance in UC, although recent evidence argues against this.?1 Alternatively, there could
be more frequent use of chemopreventive agents, such as mesalamine in UC than in CD,
albeit these chemopreventive effects have not been definitively proven.>2 Finally, reduction
in CRC-related relative mortality among patients with IBD would need to exceed that
observed in the general population for this to be evident as a RR reduction. Increased CRC
screening in the general population could obscure improvements in CRC-related mortality
among patients with IBD when using RR estimates as the summary measure.

There are several limitations in this study. In some cases, cause of death was ascertained
from death certificates and therefore subject to potential misclassification bias. As described
above, there is the potential for misclassification of inception versus population cohort
studies. SMRs were only age and sex adjusted; therefore, other characteristics of the study
populations may have contributed to heterogeneity. For example, we were unable to assess
whether current or former smoking contributed to excess mortality. Disease severity was not
assessed in the included studies, and therefore, we were unable to assess heterogeneity in the
overall mortality by disease severity. Finally, we could not determine whether the
attributable risk of death because of IBD differs by age. These all remain important
questions.

In summary, to date, this is the largest and most comprehensive meta-analysis evaluating all-
cause and cause-specific mortality in IBD. This is the first meta-analysis to observe an
elevated overall relative mortality in patients with UC. We found little evidence of
significant differences in all-cause relative mortality summary estimates for population-
based versus inception-based studies for either UC or CD. We also confirmed the previously
reported increased all-cause relative mortality for patients with CD. Additionally, we have
found statistically increased colorectal cancer-related, pulmonary-related, and nonalcoholic
liver disease—related relative mortality for UC and a statistically increased pulmonary-
related and nonalcoholic liver disease—related relative mortality for CD. Cardiovascular
disease—related relative mortality was not elevated for either UC or CD. Further work
evaluating specific etiologies of these cause-specific mortalities is likely to be illuminating.
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TABLE 1

Previous Meta-analyses of IBD Mortality

IBD Type Included Studies (Publication Year) Outcomes

SMR (95% Cl)

Canavan et al

Dorn et al?

Jess et al®

Duricova et al*

CD
CD
uc
uc

All study types (1980-2004) All-cause mortality
All study types (1981-2006) Cardiovascular mortality
Inception cohort studies (1982-2005)  All-cause mortality
CRC mortality
Cardiovascular mortality
Respiratory disease mortality
Non-alcoholic liver disease mortality
Population-based studies All-cause mortality
All-cause cancer mortality
Pulmonary cancer mortality
Malignant melanoma mortality
CRC mortality

Pulmonary mortality

152 (1.3-1.7)
1.0 (0.8-1.1)
0.9 (0.8-1.0)
1.1(0.9-12)
1.9 (1.0-3.8)
0.9 (0.7-1.1)
1.6 (1.3-2.0)
4.0 (2.5-6.5)

1.39 (1.3-1.5)

1.50 (1.2-1.9)

2.72 (1.4-5.5)

10.0 (1.2-36.1)
1.3(0.5-3.3)
1.4(0.7-2.2)
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TABLE 6
Included Diagnoses (ICD Codes) for Cause-Specific Mortality

1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Study CRC Cardiovascular Disease Pulmonary Disease  Nonalcoholic Liver Disease
Romberg-Camps etal® NA ICD-10. 099-118 ICD-10. 122-134 NA

Solberg et al” NA NA NA NA

Hutfless et al?” ICD-9:153-154 1CD-9. 390-459 1CD-9. 466-519 1CD-9. 571

1CD-10. C18-C20 1CD-10. 100-199 1CD-10. J02-)98 1CD-10. K70-K76

Canavan et al?8 NA NA NA NA

Park et al3? NA NA NA NA

Jess et al® NA NA NA NA

Hoie et al® NA /ICD-10. 099-118 ICD-10. 122-134 NA

Delaunoit et al® NR NA NA NA

Jess et alt0 NA 1CD-9. 390-459 1CD-9. 460-519 NA

Wolters et al*t NA NR NR NA

Masala et alt” ICD-9:153-154 1CD-9. 390-459 NA NA

Card et al'6 NA NA NA NA

Winther et al'2

/CD-10. C18-C20.9

ICD-10.100-152.9

1CD-10. J00-J99

ICD-10. K71-K77.9

Uno et al?® NR NA NA NA
Jess et al'3 NA ICD-10.100-125, 127, 130-152  /CD-10. J00-J99 NA
Viscido et al® ICD-9: 153-154 1CD-9. 390-459 1CD-9. 460-519 1CD-9. 1 55
Farrokhyar et al4 NA NA NA NA
Katoh et al®* NA NA NA NA
Ishibashi et al'8 ICD-9: 153-154 NA NA NA
Saro Gismera et al*® NA NA NA NA
Palli et al?° 1CD-9: 153-154 1CD-9. 390-459 1CD-9. 460-519 NA
Davoli et al*® NA 1CD-9. 390-459 NA NA

Persson et alt®

ICD-9:153-154

1CD-9. 390-458

1CD-9. 460-519

1CD-9. 570-573 (excluding 571.0)

Cottone et al36 NR NA NA NA
Stewenius et al?! NA NA NR NA
Probert et al?2 NA NA NA NA

Ekbom et al®3

ICD-7. 153-154
ICD-8. 153-154

ICD-7. 400-468
1CD-8. 390-458

ICD-7. 470-527
1CD-8. 480-519

/CD-7: 580-583 (excluding 5811)
1CD-8. 570-573 (excluding 5170)

Probert et al?* NA NA NR NA
Weterman et al%” NA NA NR NA
Gyde et al®0 NA 1CD-7: 400-468 1CD-7: 470-527 NA
Eason et al3! NR NR NA NA
Prior et al®® NA /CD-7: 400-468 ICD-7- 470-527 NA
Ritchie et al®® NA NA NA NA
Gilat et al® NA NA NA NA
Iversen et al?® NA NA NA NA
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ICD, International Classification of Diseases, NA, not applicable; NR, not reported.
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