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Abstract

Background: Though immune-mediated diseases (IMD) including inflammatory bowel diseases 

(IBD) are known to cluster, to what extent this is due to common environmental influences is 

unknown.

Aim: To examine the incidence of IBD in individuals with another IMD.

Methods: We used data from the prospective Nurses Health Study II cohort (1995–2017) to 

examine the effect of a diagnosis of one of several common IMDs on subsequent risk of Crohn’s 

disease (CD) or ulcerative colitis (UC) using Cox proportional hazards models, adjusting for 

detailed diet and lifestyle confounders.

Results: We documented 132 cases of CD and 186 cases of UC over 2,016,163 person-years of 

follow-up (median age at IBD diagnosis 50 years). Compared to participants with no history of 

IMD, the HRs of CD for those with 1 and ≥ 2 IMDs were 2.57 (95% CI 1.77–3.74) and 2.74 (95% 

CI 1.36 to 5.49), respectively (Ptrend < 0.0001). This association was only modestly attenuated by 

adjustment for environmental risk factors (HR 2.35 and 2.46, respectively). The risk of UC was 
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not increased, with multivariable-adjusted HRs of 1.22 (95% CI 0.85 to 1.76) and 1.33 (95% CI 

0.67 to 2.65) for those with 1 and ≥ 2 IMDs, respectively, compared to those with none (Ptrend 

0.16) (Pheterogeneity comparing CD and UC 0.037). Asthma, atopic dermatitis, psoriasis, and 

rosacea were individually associated with higher risk of CD (HR ranging from 2.15 to 3.39) but 

not UC.

Conclusions: Individuals with one or more IMDs are at an increased risk for CD but not UC.

Keywords

inflammatory bowel disease; Crohn’s disease; ulcerative colitis; immune-mediated disease; 
autoimmune disease

INTRODUCTION

Immune-mediated diseases (IMDs), represented by autoimmune and allergic diseases, are a 

group of disabling medical conditions characterized by acute or chronic inflammation 

affecting a wide array of organ systems. Increasing in incidence over the past few decades1, 

they affect up to 10% of the Western population2 and often have protracted courses 

impairing quality of life and posing significant burden on the individual and the healthcare 

system3. While each IMD differs in the specific underlying pathophysiologic disruption, 

broadly they arise at the intersection of genetic predisposition and a dysregulated immune 

response, often to antigens in the external environment or the internal microenvironment, 

namely the microbiome4,5. Genome-wide association studies demonstrate sharing of 

suspceptibility loci across many IMDs. Such common genetic pathways may account for the 

clustering of these diseases6–8. Supporting this is data from observational studies that 

suggest frequent co-occurrence of multiple disorders within individuals and families9–11. 

However, an important limitation of the prior studies is the lack of ability to adjust for 

potential shared environmental influences that could also account for the clustering of IMDs. 

For example, smoking and obesity are associated with increased risk of Crohn’s disease12,13, 

asthma14,15, psoriasis16,17, and rheumatoid arthritis (RA)18,19. Thus, smoking behavior and 

body composition could potentially explain, at least in part, the co-occurrence of these 

diseases.

Inflammatory bowel disease (IBD), comprising Crohn’s disease (CD) and ulcerative colitis 

(UC). These chronic inflammatory disorders of the gut affect an estimated 7 million 

individuals worldwide20. They are characterized by typical onset in early adulthood and 

progressive bowel damage. Prior studies examining the co-occurrence of CD or UC with 

other IMDs have been limited by a cross-sectional or case-control design6–8, and thus unable 

to present the magnitude of long-term risk of CD or UC in individuals with other IMDs. By 

relying on administrative health data, many of these studies are subject to ascertainment bias 

and reliance on billing codes that may lack sufficient accuracy to identify incident disease. 

More importantly, they were also limited by inability to adjust for key health behaviors that 

may be important confounders, such as smoking and diet.

To overcome limitations of these prior studies and to robustly provide an estimate of the 

absolute incidence of CD or UC in the presence of another IMD, we utilized data from an 
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ongoing prospective cohort study of women with detailed information on diet and lifestyle to 

(1) examine the effect of a concurrent IMD diagnosis on the incidence of CD or UC after 

robust adjustment for environmental risk factors; and (2) define the magnitude of change in 

risk for several common IMDs.

METHODS

Study population

The Nurses’ Health Study (NHS) II, established in 1989, is an ongoing prospective cohort of 

116,429 female registered nurses in the United States who were between the ages of 25 and 

42 years at the time of enrollment. Self-reported questionnaires were mailed to each 

participant at baseline and every 2 years thereafter to obtain detailed information regarding 

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

quantitative food frequency questionnaires (FFQs) beginning in 1991 and updated every 4 

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.

Ascertainment of immune-mediated disease

Our primary exposure of interest was the presence of a concurrent IMD prior to the 

diagnosis of CD or UC. The IMDs of interest included asthma, atopic dermatitis (AD), 

psoriasis, rosacea, type I diabetes mellitus (T1D), Guillain-Barré syndrome (GBS), multiple 

sclerosis (MS), RA, and SLE. Supplemental Table 1 presents the details of ascertainment for 

each individual IMD. In biennial questionnaires, participants were asked to report a 

diagnosis of asthma (biennially beginning in 1991), AD (2013), psoriasis (2005, 2009, 

2013), rosacea (2005), diabetes mellitus (biennially beginning in 1989), MS (biennially 

beginning in 1991), RA (biennially beginning in 1991 except 1995) and SLE (biennially 

beginning in 1993 except 1995). For each disease, participants were sent a detailed 

supplemental questionnaire regarding symptoms, diagnostic testing, and medications. For 

most diseases, either medical records were reviewed, or strict algorithms were developed for 

a subset of patients to establish high validity of self-reported diagnosis (Supplementary 

Table 1). Information on type of diabetes (T1D vs T2D) was confirmed through 

supplemental questionnaire and medical record review. GBS was not inquired specifically in 

the biennial questionnaires and therefore all reports were of participants who wrote in their 

diagnosis. All write-in diagnoses were reviewed and assigned an ICD code. We identified 

GBS cases with ICD-8 code 354.0.

Ascertainment of inflammatory bowel disease

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

participants were asked to self-report a physician diagnosis of CD or UC in biennial 

questionnaires. For those who reported ever having been diagnosed with CD or UC, we 

obtained permission to review their medical records. A detailed supplemental questionnaire 

was also sent to these participants inquiring type of IBD, date of diagnosis, disease 

complications, and treatment. From participants who provided consent, medical records 

were obtained and independently reviewed by 2 board-certified gastroenterologists (H.K., 

A.N.A., P.L., E.W.L., K.E.B., J.M.R.) blinded to exposure and outcome. A diagnosis of CD 
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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 covariates

In the baseline and biennial follow-up questionnaires, we assessed participants’ 

demographic and lifestyle factors including race, smoking, body mass index (BMI), physical 

activity, and medication use including nonsteroidal anti-inflammatory drug (NSAID), oral 

contraceptive pill, and menopausal hormone therapy. Physical activity was measured by 

multiplying the typical intensity expressed in metabolic equivalent of task (MET) by the 

reported hours spent per week. Region of residence was obtained using geocoded residential 

addresses to the street or ZIP code level and updated every 2 years beginning in 1989. 

Median family income was determined from the US Census data for the census tract of 

residence updated every 2 years. In the 2013 questionnaire, participants were asked to 

indicate if their biological siblings, offspring, or parents have ever had CD, UC, asthma, MS, 

or RA. Family history of IBD was defined by the presence of first degree relative with 

reported CD or UC while family history of other IMDs indicated the presence of asthma, 

MS, or RA in family members. Dietary information was assessed every 4 years using semi-

quantitative validated FFQs24. As a covariate in our multivariable model, we adjusted for 

total fiber intake which has been previously reported to modify risk of CD25.

Statistical analysis

We established 1995 as the study baseline since this was the earliest year in which data on 

all prevalent IMDs were available. Individuals who were diagnosed with CD, UC, or cancer 

(except non-melanoma skin cancer) prior to 1995 were excluded from the analysis, while 

those diagnosed with any IMD prior to baseline remained in the study. Person-years were 

accrued from the return date of baseline questionnaire until a diagnosis of CD or UC, death, 

or the end of follow-up (June 1, 2017), whichever occurred first. Cox proportional hazards 

models were used to estimate the age-adjusted and multivariable-adjusted hazard ratios 

(HRs) and 95% confidence intervals (CIs) stratified by age and time period. All 

multivariable models were adjusted for race, area of residence, median family income, 

family history of IBD, family history of IMD, smoking, BMI, physical activity, total fiber 

intake, regular NSAID use, oral contraceptive pill, and menopausal hormone therapy.

IMDs of interest included asthma, AD, psoriasis, rosacea, T1D, GBS, MS, RA, and SLE. 

Status for all diseases was time-updated throughout the course of follow-up. For our main 

analysis, we examined the association between number of IMDs and risk of subsequent CD 

and UC. We grouped participants into 3 categories: 0, 1, and ≥ 2 IMDs. Tests for linear trend 

were conducted by modeling the number of diseases (range 0–7) as a continuous variable in 

the regression models. Test for heterogeneity of association comparing CD and UC was 

conducted using a likelihood ratio test, comparing a model that allows separate associations 

for the 2 IBD subtypes with a model that assumes a common association. We also examined 

the individual associations of incident CD or UC with 4 common IMDs–asthma, AD, 

psoriasis, rosacea. As the numbers of participants with each of the other IMDs was small, 

we pooled together participants with any of the following less frequent diagnoses: RA, SLE, 
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T1D, MS, and GBS. To minimize competing effects from multiple IMDs, we censored 

participants at the time of diagnosis of other IMDs in the main analysis. In a sensitivity 

analysis, we allowed these individuals to contribute person-years to the reference group.

We performed a sensitivity analysis by adjusting for Mediterranean dietary pattern 

quantified using the aMED score as this pattern has been linked to risk of IBD in some 

studies26. We also repeated the analysis adjusting for intake of vitamin D which has been 

associated inversely with various IMDs27. In addition, we excluded those with family history 

of IBD and tested the heterogeneity of the association between number of IMDs and the 2 

IBD subtypes. In a stratified analysis, we examined the association of any IMDs with CD 

and UC according to family history of other IMDs. Test for interaction was calculated by 

including a cross-product interaction term in the model and estimating the significance using 

Wald test. All analyses were conducted 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.

Patient and public involvement

This research was done without public involvement. Participants were not invited to 

comment on the study design and were not consulted to develop relevant outcomes or 

interpret the results. Participants were not invited to contribute to the writing or editing of 

this paper for readability or accuracy.

Data availability

The data that support the findings of this study are available on request at https://

www.nurseshealthstudy.org/researchers (email: nhsaccess@channing.harvard.edu) and 

https://sites.sph.harvard.edu/hpfs/for-collaborators/. The data are not publicly available due 

to ethical restrictions.

RESULTS

Our study included 101,019 women from the NHS II among whom we documented 132 

cases of CD (incidence 6.5/100,000 person-years) and 186 cases of UC (incidence 

9.2/100,000 person-years) over 2,016,163 person-years of follow-up. The median age of 

IBD diagnosis was 50 years (range 33–69 years); 89% of the diagnoses were before the age 

of 60 years. A total of 20,710 women (20.5%) had one IMD, 4,613 (4.6%) had two, and 940 

(0.9%) had more than two IMDs (Supplementary Figure 1). Among those with one IMD, the 

most common IMDs were asthma (31.7%), rosacea (18.9%), and AD (16.1%). A total of 

39.4% of CD patients and 26.6% of UC patients had at least one IMD prior to IBD 

diagnosis. The most commonly diagnosed IMD in these patients was asthma, followed by 

atopic dermatitis and rosacea (Figure 1). The age-standardized baseline characteristics 

according to number of IMDs are summarized in Table 1. Participants with greater number 

of IMDs were more likely to have family history of IBD as well as other IMDs. Higher BMI 

and regular NSAID use were more prevalent among those with higher burden of IMDs.

In the age-adjusted model, compared to participants with no history of IMD (incidence 

5.1/100,000 person-years), those with one (incidence 12.0/100,000 person-years) and two or 
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more IMDs (incidence 12.0/100,000 person-years) had an elevated risk of CD (HR 2.57; 

95% CI 1.77–3.74 and HR 2.74; 95% CI 1.36–5.49, respectively; Ptrend < 0.0001) (Table 2). 

Adjusting for key environmental risk factors for IBD only modestly attenuated the increase 

in risk of CD associated with one (HR 2.35; 95% CI 1.60–3.45) and two or more IMDs (HR 

2.46; 95% CI 1.21–5.01). More granular characterization of women with 2 or more IMDs 

demonstrated that the highest numerical risk of CD was among those with three or more 

IMDs (incidence 17.8/100,000 person-years; HR 3.40; 95% CI 0.81–14.21) while the HRs 

for those with one and two IMDs were numerically similar (2.35 and 2.29) (Supplementary 

Table 2).

Dichotomous classification of IMDs showed that compared to women with no IMDs, those 

with one or more IMDs had a 2.6-fold increase in CD risk in the age-adjusted model (HR 

2.60; 95% CI 1.82–3.70), which remained largely unchanged upon adjusting for 

environmental factors (HR 2.36; 95% CI 1.64–3.41). Among the individual IMDs, a 

statistically significant elevated risk was individually noted with asthma (HR 2.49, 95% CI 

1.26–4.90), AD (HR 3.58, 95% CI 1.84–6.94), psoriasis (HR 3.67; 95% CI 1.59–8.47), and 

rosacea (HR 2.53; 95% CI 1.21–5.30). Adjusting for environmental factors resulted in only a 

modest attenuation compared to the age-adjusted associations for each of these diseases. A 

history of less common IMDs, including RA, SLE, T1D, MS, and GBS, as a joint exposure 

was also associated with a trend towards an increased risk of CD (HR 1.96; 95% CI 0.89–

4.34).

In contrast to the association with CD, we found a weaker association between a history of 

IMD and risk of UC. Compared to women with no IMDs (incidence 8.7/100,000 person-

years), those with one (incidence 11.1/100,000 person-years) and two or more IMDs 

(incidence 11.6/100,000 person-years) had no increase in risk of UC in the age-adjusted 

model (HR 1.36; 95% CI 0.95–1.94 and HR 1.55; 95% CI 0.79–3.07, respectively), though a 

weak trend across strata was noted (Ptrend 0.03) (Table 2). Similar to CD, adjustment for 

relevant environmental factors did not modify this association. The difference in the 

observed association between CD and UC was statistically significant (Pheterogeneity 0.037), 

suggesting the stronger clustering of IMDs with CD than UC. Multivariable model 

demonstrated that a history of any IMD was not associated with higher risk of UC (HR 1.24, 

95% CI 0.88–1.74) (Table 4). None of the individual IMDs demonstrated a statistically 

significant association with UC, with HRs of individual IMD ranging from 0.67 to 1.61 (all 

P > 0.05).

We then performed various sensitivity and subgroup analyses. Allowing participants 

diagnosed with other IMDs to continue contributing person-years to the reference group 

after diagnosis demonstrated a moderate attenuation in all the tested associations, with the 

exception of AD and psoriasis and risk of CD, which remained strongly associated 

(Supplementary Table 3 & Supplementary Table 4). The results remained unchanged upon 

additional adjustment for Mediterranean diet (HR1 IMD 2.34; 95% CI 1.60–3.44; HR≥ 2 IMDs 

2.46; 95% CI 1.21–5.01) or vitamin D intake (HR1 IMD 2.32; 95% CI 1.58– 3.40; 

HR≥ 2 IMDs 2.41; 95% CI 1.19–4.91). The increase in risk of CD associated with a history of 

an IMD was similar among those who had a family history of IMD and those without 

(Pinteraction 0.63) (Supplementary Table 5). An increase in risk of CD with one and two or 
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more IMDs was also noted in those who had no family history of IBD (Supplementary Table 

6).

DISCUSSION

Epidemiologic studies have demonstrated a clustering of IMDs within individuals with IBD 

and their families. In this large prospective cohort of US women, we demonstrate a 2-fold 

increase in risk of CD (but not UC) among women with other IMDs. This risk was dose-

dependent with a greater number of IMDs being associated with a higher incidence of CD. 

Specifically, asthma, AD, psoriasis, and rosacea were all individually associated with 

increased risk of CD. Importantly, we also demonstrate that these findings were only 

modestly attenuated after adjustment for environmental factors, suggesting that common diet 

and lifestyle risk factors do not fully explain the increased co-occurrence of these diseases.

Several observational studies have suggested that individuals with a pre-existing IMD may 

be more likely to go on to develop IBD. In a population-based cohort in Alberta, Canada, 

Kuenzig et al. reported a 50% increase in risk of CD among those with asthma28. 

Summarized in a meta-analysis from the same group that included 18 observational studies, 

asthma was associated with an increase in risk of CD but not UC29. Using health insurance 

data, another study similarly showed that there is a modest increase in risk of both CD and 

UC among those with AD30. We, and others, have previously demonstrated an increase in 

risk of CD among those with psoriasis31,32 and rosacea33,34. In a meta-analysis of cohort 

studies, the association between psoriasis and CD was stronger than noted for UC31, similar 

to our observations..

Our study overcomes some important weaknesses of prior studies. First, a critical limitation 

of prior literature is the inability to adjust for environmental determinants of disease. The 

clustering of IMDs may be explained through contributions from shared genetics, 

environmental influences, and gut microbiome. For example, smoking is a common risk 

factor among various IMDs and has been associated with CD12, asthma14, psoriasis16, RA18, 

and SLE35. Socioeconomic status, as part of the “hygiene hypothesis”, may also underpin 

the occurrence of several of these IMDs36. There have been reports of a positive correlation 

between gross national product and incidence of asthma, T1D and MS in Europe37 and CD 

in Manitoba, Canada38. Being able to adjust for key confounders is critical to our 

understanding of the biologic basis of the clustering of IMDs. The persistence of our 

findings after detailed adjustment for environmental determinants suggest that perhaps 

shared genetics and immunologic pathways play a stronger role in the clustering of these 

IMDs39,40. Second, many prior studies have relied on administrative codes rather than 

confirmed cases to identify occurrence of IBD or other IMDs. Reliance on administrative 

data introduces bias when patients with an IMD come into contact with the healthcare 

system more frequently than those without. This may result in more frequent IBD diagnosis 

due to greater rates of diagnostic testing or more frequent administrative coding from 

heightened suspicion even in the absence of a confirmed diagnosis. In addition, cross-

sectional studies cannot determine sequence of diagnosis of IMDs. Case-control studies are 

also limited by their inability to provide absolute incidence rates and a lifetime risk. This 

absolute incidence is an important parameter to estimate the utility of either at-risk screening 
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or interventions for primary prevention. In addition, most prior studies focused on a single 

IMD and much less is known about the impact of multiple IMDs on the risk of CD and UC. 

Here, we demonstrate that the highest numerical increase in risk and absolute incidence of 

CD was noted in individuals with three or more IMDs.

Large genome-wide association study (GWAS) meta-analyses of CD and UC41,42 identified 

over 200 confirmed IBD risk loci, many of which are shared between CD and UC. A 

number of these risk loci have been implicated in other IMDs. In AD, two established 

susceptibility loci (IL18R1/IL18RAP, TNFRSF6B) reported in GWAS43 conferred risk of 

CD with an effect in the same direction44,45. Similarly, psoriasis and IBD share several 

genetic susceptibility loci such as 1p31.1 (IL23R) and 5q33.1 (IL12B), both of which have 

been identified in the pathogenesis of psoriasis and IBD46,47. Another common 

compartment likely influenced by both genetics and the environment is the gut microbiome. 

One study48 demonstrated that the gut microbiome of psoriatic arthritis patients was 

characterized by a reduction in Akkermansia and Ruminococcus, a profile similar to that 

previously described in patients with CD49–51. An increase in secretory IgA levels in these 

patients suggested an increased immune activation in the intestine that accompanied the 

dysbiosis. Another study reported an increase in the abundance of Collinsella in RA 

patients52, as noted similarly in stool samples of patients with fistulizing phenotype of CD53. 

Collinsella may increase gut permeability by lowering the expression of tight junction 

protein in epithelial cells and inducing the expression of interleukin IL-17 network 

cytokines52, both of which has been implicated in the development of IBD54,55.

There are several strengths to our study. The prospective design, long-term follow-up, large 

sample size, and high rates of completed follow-up allow for robust estimation of the 

magnitude of association as well as a clearer delineation of the temporal relationship 

between the development of IMDs and the diagnosis of CD or UC. The availability of 

detailed and validated information on covariates allowed us to control for various shared 

environmental risk factors between IMDs that may have confounded the associations. In 

addition, our IBD cases were confirmed through detailed medial record review by board-

certified gastroenterologists blinded to exposure information. The elevated risk of CD 

associated with other IMDs suggest that there should be a heightened suspicion for CD in 

such individuals and early referral for evaluation. Given the low absolute risk, it is likely that 

most individuals with an IMD who have co-existing gastrointestinal symptoms may have an 

alternate etiology. However, in the right clinical circumstance, one may need to consider a 

lower threshold for non-invasive blood tests and assessment of fecal inflammatory markers 

such as calprotectin in individuals with unexplained gastrointestinal symptoms in the setting 

of other IMDs.

We readily acknowledge several limitations. First, the ascertainment of IMDs was based on 

self-report. While some misclassification bias is possible, the effect of this should be modest 

as our study participants were healthcare professionals and high validity of self-report has 

been established previously (Supplementary Table 1). Similarly, while we identified the 

occurrence of various IMDs, this may not have been comprehensive, particularly for the 

rarer IMDs. As above, such misclassification would introduce a bias towards the null, 

thereby strengthening our findings. Second, we were able to adjust for various 
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environmental risk factors. However, as with all observational studies, the possibility of 

unmeasured or residual confounding could not be excluded. Third, the median age of IBD 

diagnosis is higher than other population-based cohorts due to the age structure of our 

cohorts. Fourth, we did not have information on medications use to treat the underlying 

IMDs including use of biologics that may also have treated subclinical IBD. However, we do 

not expect this to significantly alter our findings for several reasons. Our associations were 

significant even for various IMDs that do not share common long-term maintenance 

treatments with IBD. Also, the effect of such treatments, if there is a biologic impact, would 

be to decrease risk of overt IBD in that population, biasing towards the null. This would only 

strengthen the magnitude of our findings. Finally, our study population consists of female 

registered nurses who were mostly white. Therefore, extrapolating our findings to men or 

individuals of other ethnicities should be performed with caution. However, prior studies 

have not identified gender to significantly alter genetic risk or the impact of environmental 

determinants of disease.

In conclusion, we demonstrate that individuals with one or more IMDs are at a higher 

lifetime risk of CD or UC due to shared genetics or early-life exposures rather than diet or 

lifestyle. While there may not be a role for routine screening, those with suspicious 

symptoms may benefit from a lower threshold for early evaluation of suspected IBD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

AD atopic dermatitis

BMI body mass index

CI confidence interval

CD Crohn’s disease

DcR3 decoy receptor 3

FFQ food frequency questionnaire

GWAS genome-wide association study

GBS Guillain-Barré syndrome

HR hazard ratio

IMD immune-mediated disease

IBD inflammatory bowel disease

IL interleukin

MET metabolic equivalent of task

MS multiple sclerosis

NSAID nonsteroidal anti-inflammatory drug

NHS Nurses’ Health Study

Th17 T-helper 17

RA rheumatoid arthritis

SLE systemic lupus erythematosus

T1D Type I diabetes mellitus

UC ulcerative colitis
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Figure 1. Immune-mediated diseases among participants with Crohn’s disease and ulcerative 
colitis in the Nurses’ Health Study II (1995–2017).
This figure shows the number and proportion of participants who were diagnosed with 

immune-mediated disease at the time of diagnosis of Crohn’s disease (n =132) and 

ulcerative colitis (n =186).
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