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Abstract

Background & Aims: It is not clear whether a healthy lifestyle affects mortality of patients with 

inflammatory bowel diseases (IBD), including Crohn’s disease (CD) and ulcerative colitis (UC).

Methods: We collected data form the Nurses’ Health Study (1986–2014), Nurses’ Health Study 

II (1991–2015), and Health Professionals Follow-up Study (1986–2014), which assess lifestyles 

with serial questionnaires. We estimated joint and individual associations between 5 healthy 

lifestyle factors after IBD diagnosis (never smoking, body mass index 18.5–24.9 kg/m2, vigorous 

physical activity in the highest 50% with non-zero value, alternate Mediterranean diet score ≥4, 

and light drinking [0.1–5.0 g/d]) and mortality using Cox proportional hazards models.

Results: We documented 83 deaths in 363 patients with CD during 4741 person-years and 80 

deaths in 465 patients with UC during 6061 person-years. The median age of IBD diagnosis was 

55 y. Compared to patients with IBD with no healthy lifestyle factors, patients with IBD with 3–5 
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healthy lifestyle factors had a significant reduction in all-cause mortality (hazard ratio [HR], 0.29; 

95% CI, 0.16–0.52; Ptrend<.0001). This reduction was significant in patients with CD (Ptrend 

=.003) as well as in patients with UC (Ptrend =.0003). Individual associations were more than 25 

pack-years (HR, 1.92; 95% CI, 1.24–2.97; Ptrend<.0001), physical activity (HR according to 

quintiles, 0.55–0.31; Ptrend=.001), Mediterranean diet (HR, 0.69; 95% CI, 0.49–0.98), and alcohol 

consumption (HR0.1–5 g/d 0.61; 95% CI, 0.39–0.95 vs HR>15 g/d 1.84; 95% CI, 1.02–3.32). The 

findings did not change when we adjusted for family history of IBD, immunomodulator use, and 

IBD-related surgery.

Conclusions: In an analysis of data from 3 large cohort studies, we associated adherence to a 

healthy lifestyle with reduced mortality in patients with CD or UC.
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INTRODUCTION

Inflammatory bowel diseases (IBD) (Crohn’s disease [CD], ulcerative colitis [UC]) have 

emerged as global diseases1. While the incidence was traditionally highest in northern 

Europe and North America, there has been a recent emergence in regions undergoing 

westernization including Asia, Latin and South America2. This emergence has been 

postulated to be due to population-wide shifts in diet and lifestyle toward a western diet and 

sedentary lifestyle3. In support of this is evidence from large cohorts that have defined 

several environmental risk factors for these diseases4. However, apart from the impact of 

smoking, whether factors associated with risk of IBD exert a continued impact after disease 

diagnosis has not been well established.

Despite onset in predominantly young population, patients with IBD have higher age-

specific mortality when compared to the general population5–8. In the general population, 

studies have demonstrated reduced mortality associated with adherence to certain lifestyle 

measures, including moderate physical activity9, adherence to a Mediterranean diet10, light 

alcohol consumption11, maintenance of healthy weight12, and avoidance of smoking13. 

However, some of these recommendations are contrary to what is often advised or practiced 

by IBD patients. For example, many patients are advised to lower fiber intake, particularly in 

the setting of strictures or prior abdominal surgery, while cessation of smoking is associated 

with worsening disease activity in patients with UC14. Active inflammation and 

gastrointestinal symptoms often reduce the ability to practice regular physical activity while 

many patients avoid alcohol due to gastrointestinal symptoms15. Further, there are 

competing influences on mortality risk in patients with IBD including penetrating 

complications from persistent systemic inflammation16 and treatment related morbidity and 

mortality17. Consequently, the degree to which such lifestyle measures is beneficial in 

patients with IBD is unknown. Defining the impact of these factors on mortality is 

particularly important given that a growing fraction of IBD patients consist of older 

individuals18. This population may be particularly vulnerable to both the complications of 

IBD and competing co-morbidity that influences mortality.
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In this study, we aimed to (1) determine the association of adherence to an overall healthy 

lifestyle with mortality in older patients with established CD and UC; and (2) to define the 

potential mortality benefit conferred by each individual lifestyle factor.

METHODS

Study population

We used data from three ongoing prospective cohorts for our analysis. Established in 1976, 

the Nurses’ Health Study (NHS) is a prospective cohort of 121,700 female registered nurses 

in the United States who were 30 to 55 years old at baseline19. The NHS II, established in 

1989, enrolled 116,429 female nurses between the ages of 25 and 42 years. The Health 

Professionals Follow-up Study (HPFS) enrolled 51,529 male health professionals between 

the ages of 40 and 75 in 198620. In all three cohorts, questionnaires were mailed to 

participants at enrollment and every two years thereafter to obtain information on various 

lifestyle factors and medical history. Diet was assessed using validated semi-quantitative 

food frequency questionnaires (FFQs) beginning in 1980, 1991, and 1986 in the NHS, NHS 

II, and HPFS, respectively and updated every four years. The study protocol was approved 

by the Institutional Review Boards of the Brigham and Women’s Hospital and the Harvard 

T.H. Chan School of Public Health, and those of participating registries as required.

Ascertainment of inflammatory bowel disease diagnosis

We have previously detailed our methods for defining cases of CD and UC21. Briefly, with 

each questionnaire, participants self-reported a physician diagnosis of CD or UC. We then 

obtained permission from such participants for review of medical records. Participants who 

self-reported CD or UC were also invited to complete a detailed supplemental questionnaire 

detailing type of IBD, date of diagnosis, disease complications, and treatment. These records 

were reviewed by two board-certified gastroenterologists (H.K., P.L., K.E.B., J.M.R., 

A.N.A.) independently who were blinded to exposure and outcome. A diagnosis of CD or 

UC was made based on accepted clinical criteria incorporating symptoms, endoscopic, 

histologic, radiographic, or operative findings22,23. Disagreements on case definition were 

infrequent and resolved through consensus.

Assessment of lifestyle factors

Current smoking status and pack-years of smoking were inquired in each questionnaire 

cycle. BMI was calculated as weight in kilograms divided by the square of height in meters 

(kg/m2). For physical activity, weekly energy expenditure was estimated by summing the 

metabolic equivalent task (MET) value per week from all individual activities24,25. Diet 

quality was assessed through FFQs26,27 and was quantified using the alternate 

Mediterranean diet score (aMED)28 which includes the following nine components: 

vegetables (excluding potatoes), fruits, nuts, whole grains, legumes, fish, monounsaturated-

to-saturated fatty acid ratio, red and processed meats, and moderate alcohol intake. 

Participants received 1 point if: (a) red and processed meat intake was below the median 

intake; (b) alcohol intake between 5–15 g/d; (c) other categories above the median intake; 

otherwise they received 0 points. The possible aMED score ranges from 0–9, with higher 

score representing a closer resemblance to a Mediterranean diet. Alcohol consumption was 
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calculated by multiplying the frequency of consumption by the alcohol content in each 

alcoholic beverage and summing up alcohol intake from all alcoholic beverages29.

Our primary exposure was number of healthy lifestyle factors following IBD diagnosis. 

Based upon previous publications demonstrating an association with mortality, the following 

were considered “healthy” lifestyle factors: (a) never smoking13; (b) BMI 18.5–24.9 

kg/m2 12; (c) vigorous physical activity in the highest 50% of the cohort with non-zero value 

(equivalent to two hours per week of jogging, running, biking, swimming or playing 

tennis)9; (d) aMED score greater than or equal to 410; and (e) light alcohol consumption 

(0.1–5.0 g/d)11. For the primary analysis, we examined all-cause mortality among 

individuals with 0, 1, 2, and 3–5 healthy lifestyle factors.

Ascertainment of death

Deaths were identified through reports from state statistics records, next of kin and the 

National Death Index30. All-cause mortality was ascertained between date of IBD diagnosis 

after study baseline (June 1, 1986 for the NHS/HPFS; June 1, 1991 for the NHS II) and the 

end of follow-up (June 1, 2014 for the NHS/HPFS; June 1, 2015 for the NHS II).

Statistical analysis

Person-years were calculated from the date of return of the first post-diagnosis questionnaire 

to death from any cause or the end of follow-up, whichever occurred first. Cox proportional 

hazards models were used to calculate hazard ratios (HRs) and 95% confidence intervals 

(CIs) adjusting for relevant confounders. For our primary analysis, we used exposure 

information obtained from the first post-diagnosis questionnaire. If the first post-diagnosis 

questionnaire was missing, we used the next available questionnaire. To compare 

distribution of lifestyle factors between participants with and without IBD, we used the data 

from questionnaires immediately after the median date of disease diagnosis in the three 

cohorts (2000 for the NHS, 1999 for the NHS II, 2000 for the HPFS) for non-IBD 

participants to ensure comparable calendar time periods of assessment given secular trends 

in the lifestyle factors. All multivariable-adjusted models stratified by age at diagnosis, year 

of diagnosis, and cohort, adjusted for age at diagnosis group, and race. Multivariable-

adjusted models of each individual risk factor were mutually adjusted for the other lifestyle 

factors. The two-tailed P value for the linear trend test was calculated by treating the number 

of healthy factors as a continuous variable for the analysis of healthy lifestyle; for analysis of 

individual lifestyle factors, pack-years of smoking, BMI, and alcohol consumption were 

treated as continuous variables whereas physical activity was analyzed using median of each 

quintile as a continuous variable.

We performed two a priori defined sensitivity analyses. First, we allowed for an additional 

lag period between diagnosis of IBD and assessment of exposure modeled exposures with a 

lag of one questionnaire cycle, namely 2–4 years after diagnosis of IBD. We also repeated 

our analysis adjusting for family history of IBD and disease severity defined as need for 

immunosuppressive therapy or bowel-resection surgery assessed in the supplemental 

questionnaire. Additionally, we examined whether the association of healthy lifestyle with 

mortality differed between adult-onset (18–59 years) and elderly-onset (≥ 60 years) IBD. 
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Tests for interaction were conducted by introducing a cross-product interaction term in the 

regression model. We conducted all analyses using the SAS software (SAS Institute, Inc., 

Version 9.4, Cary, NC). All statistical analyses were two-sided with a p-value less than 0.05 

indicating statistical significance.

RESULTS

Our study included 363 and 465 patients with CD and UC contributing to 4,741 and 6,061 

person-years of follow-up, respectively. Among these, there were 83 and 80 deaths among 

those with CD and UC. Cancer (CD: 17 [20%], UC: 13 [16%]) and cardiovascular disease 

(CD: 9 [11%], UC: 14 [18%]) were the leading causes of death. The age- and cohort-

standardized baseline characteristics according to number of healthy lifestyle factors are 

summarized in Table 1 and Supplementary Table 1. The median age of IBD diagnosis was 

55 years (range 28–85 years). While patients with IBD were broadly similar to non-IBD 

participants in distribution of lifestyle behaviors, those with IBD were more likely to be 

smokers and less likely to drink alcohol; CD patients had lower physical activity compared 

with non-IBD participants or those with UC (Supplementary Table 2).

Number of healthy lifestyle factors and mortality

We found an inverse association between number of healthy lifestyle factors and mortality 

(Figure 1). Compared to individuals with no healthy lifestyle factors, those with 1, 2, and 3–

5 healthy lifestyle factors had a HR for death of 0.57 (95% CI 0.33–1.00), 0.29 (95% CI 

0.17–0.51), and 0.29 (95% CI 0.16–0.52), respectively (Ptrend < 0.0001) (Table 2). Separate 

analysis in those with CD (HR 0.34 to 0.16; Ptrend 0.003) and UC (HR 0.70 to 0.24; Ptrend 

0.0003) revealed similar statistically significant reductions in mortality with an increasing 

number of healthy lifestyle factors. Adjusting additionally for family history of IBD, use of 

immunosuppressive therapy, and surgery did not alter this association (Supplementary Table 

3).

Individual lifestyle risk factors and mortality

Current smoking was associated with a four-fold increase in risk of death (HR 4.08; 95% CI 

2.28–7.30) (Table 3). The association of pack-years of smoking was strongest for those with 

a > 25 pack-year history of smoking (HR 1.92; 95% CI 1.24–2.97) and a statistically 

significant trend was noted across strata of smoking burden (Ptrend < 0.0001). For physical 

activity, compared with the first quintile, IBD patients in the third, fourth, and fifth quintiles 

had lower mortality risk, with the HRs ranging from 0.31 to 0.55 (Ptrend 0.001). An aMED 

score ≥ 4 was associated with lower mortality compared to a score < 4 (HR 0.69; 95% CI 

0.49–0.98). For alcohol intake, compared with never drinkers, decreased risk of death was 

observed in light drinkers (HR 0.61; 95% CI 0.39–0.95; Ptrend ≤ 5 g/d 0.03) whereas increased 

mortality was observed in drinkers who consumed > 15 g/d (HR 1.84; 95% CI 1.02–3.32; 

Ptrend > 0 g/d 0.0003).

We observed associations between lifestyle factors and mortality for which the association 

was observed primarily for either CD or UC (Table 4). Current smoking and > 25 pack-years 

of smoking were associated with increased risk of death in CD patients (current smoking: 
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HR 6.32; 95% CI 2.66–14.99; > 25 pack-years: HR 2.77; 95% CI 1.38–5.55; Ptrend 0.0005) 

but not UC patients. BMI < 18.5 kg/m2 was associated with nearly eight-fold greater 

mortality (HR 7.87; 95% CI 1.32–46.85; Ptrend<25kg/m20.007) in UC patients compared with 

the reference group (BMI 18.5–24.9 kg/m2). For physical activity, there was significant 

reduction in mortality with increasing physical activity in UC patients, with HR across 

quintiles ranging from 0.41 to 0.14 (Ptrend 0.002). CD patients with an aMED score ≥ 4 had 

lower mortality risk compared to those with score < 4 (HR 0.50; 95% CI, 0.29–0.87). 

Compared with never drinkers, CD patients who consumed > 15 g/d had significantly higher 

mortality (HR 2.41; 95% CI 1.04–5.62; Ptrend > 0 g/d 0.0005).

Sensitivity & stratified analysis

We tested our results by replacing the first post-diagnostic questionnaire with the second 

questionnaire (Supplementary Table 4). The results were largely similar and unchanged after 

adjusting for family history of IBD, immunomodulator use, and surgery. A healthy lifestyle 

was associated with lower mortality in both adult-onset and elderly-onset IBD 

(Supplementary Table 5). Although no statistical difference was observed (Pinteraction 0.44), 

the magnitude of association was numerically stronger among elderly-onset IBD.

DISCUSSION

In this study, we demonstrate that adherence to five healthy lifestyle factors was associated 

with lower all-cause mortality in older patients with CD and UC. These include moderate-to-

high physical activity, maintenance of normal BMI, light alcohol consumption, non-

smoking, and adherence to a Mediterranean diet. Our results support the importance of 

educating both patients and providers on adherence to these important lifestyle measures to 

improve life expectancy in patients with IBD.

Patients with IBD generally have a higher age-specific mortality compared to the general 

population5–8. While mortality directly from intestinal inflammation is rare, common causes 

of death as in the general population are cardiovascular diseases and cancer5,6. In the general 

population, a significant fraction of these deaths may be preventable by adhering to a healthy 

lifestyle31. However, many healthy lifestyle behaviors may be challenging to maintain in 

IBD patients due to dietary (self-imposed or physician-guided) or physical restrictions15 and 

the risk of cardiovascular disease and cancer is often increased by persistent overt and 

subclinical systemic inflammation32,33. Additionally, there has been a significant increase in 

the burden of prevalent disease in older population18. Reducing the risk of death is important 

in these patients as they may be particularly vulnerable to not only the impact of disease and 

its treatment17, but also to competing influences from co-morbid diseases. Consequently, the 

extent to which modifiable lifestyle behaviors impact mortality in this population is an 

important question that has significant implications for clinical practice.

IBD has considerable influence on patients’ dietary and activity pattern. Whether or not 

adherence to a healthy lifestyle offers the same mortality benefit to these patients compared 

with the general population is unknown. A meta-analysis of 15 studies suggested that 

roughly 60% of premature deaths could be attributed to five lifestyle behaviors, namely, 

smoking, diet, excess weight, alcohol, and physical inactivity31. Using data from the NHS 
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and HPFS, Li et al.34 reported lower all-cause, cancer, and cardiovascular mortality and 

longer life expectancy among those with higher number of healthy lifestyle factors. 

Specifically, the HR for all-cause mortality in adults with 5 compared with zero low-risk 

factors were 0.26 (95% CI, 0.22–0.31), which is similar to what we observed for IBD 

patients with 3–5 healthy lifestyle factors. Separately, abstinence from smoking13, 

maintaining a normal weight12, regular physical activity9, healthy dietary pattern10, and light 

alcohol consumption11 have each been associated with lower mortality in previous 

publications. This is generally in agreement with our analysis. The similar associations of 

individual lifestyle factors with risk of death between IBD patients and the general 

population suggest that lifestyle modification is an equally effective strategy to prevent 

premature death in the IBD population. Furthermore, the effects of lifestyle factors do not 

appear to be mediated by disease severity as we found no consistent association between 

these factors and use of immunosuppressive therapy or surgery in our population and the 

magnitude of benefit remained unchanged upon adjusting for those parameters.

When comparing associations with individual lifestyle factors between CD and UC, we 

observed some differences. For example, smoking appeared to influence mortality in CD but 

not UC. This is similar to the associations observed for incident disease where current 

smoking is associated with greater risk of CD but decreased risk of UC. This difference in 

effect has been postulated to be due to the differential immunologic effects of smoking on 

CD and UC35. The theoretical cardiovascular benefit conferred by smoking cessation in UC 

may also be countered by more active disease and inflammatory burden as a consequence14. 

Low BMI following diagnosis was a risk factor for death in UC and possibly an indicator of 

disease severity, which is most apparent in the first two years after diagnosis. For physical 

activity, the mortality benefit seemed to be more apparent in UC patients. This may be due 

to lower physical activity in CD patients, including those in our cohorts, compared with UC 

patients and the general population36.

To our knowledge, this is the first study examining the impact of lifestyle on longevity after 

a diagnosis of IBD. There are several strengths to our study. First, we utilized three large 

cohorts that prospectively ascertained diet and lifestyle information. This minimizes bias 

related to differential recall in lifestyle factors. Second, our IBD cases were confirmed 

through detailed medical record review by board-certified gastroenterologists and deaths 

were systematically confirmed through validated measures.

We acknowledge several limitations. First, we were unable to specifically examine the 

association of lifestyle with cause-specific mortality due to limited number of deaths that 

could be attributable to any given cause. Second, while we obtained information on 

immunosuppressive therapy and surgery in patients with confirmed IBD, this was not 

systematically performed longitudinally. Growing data indicate distinct effects of 

immunosuppressive therapies on the risk of infections and cancers17, thus any association 

with medication use or disease severity in our study has to be interpreted with caution. 

Third, as with all other observational studies, we cannot exclude the possibility of 

unmeasured and residual confounding. Fourth, the present study focused on older IBD 

patients and thus our findings may not be applicable to younger patients. Fifth, we recognize 

the important contribution of each lifestyle factors to good health and longevity in IBD, 
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therefore we did not assign different weights to different lifestyle behaviors. Last, our 

participants were mostly healthcare professionals and Caucasians, therefore generalizing 

findings to population of different race or socioeconomic status should be performed with 

caution.

In conclusion, providers are often faced with the challenge of advising patients who seek to 

actively modify their diet and lifestyle to improve their health. We demonstrate that 

adherence to key lifestyle factors was associated with lower mortality in patients with IBD. 

Assessment of healthy lifestyle behaviors should be routinely performed in IBD patients and 

adherence to such behaviors should be encouraged to improve longevity and promote 

healthy aging. Future work should examine the impact of changes in lifestyle behavior on 

mortality with accrual of more cases and longer follow-up period.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What you need to know

Background:

A healthy lifestyle might reduce mortality of patients with inflammatory bowel diseases 

(IBD), including Crohn’s disease (CD) and ulcerative colitis (UC).

Findings

In an analysis of data from 3 large cohort studies, we associated adherence to a healthy 

lifestyle (never smoking, not being overweight, physical activity, Mediterranean diet 

score, and light consumption of alcohol) with reduced mortality in patients with CD or 

UC.

Implications for patient care:

Patients with IBD should be educated about the importance of a healthy lifestyle on 

survival.
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Figure 1. Number of healthy lifestyle factors and all-cause mortality in patients with 
inflammatory bowel disease.
Healthy lifestyle factors were defined as never smoker, normal body weight (BMI 18.5–24.9 

kg/m2), vigorous physical activity in the highest 50% with non-zero value, alternate 

Mediterranean diet score ≥ 4, light drinking (0.1–5 g/d).
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