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Abstract

Introduction—Dietary fats influence intestinal inflammation and regulate mucosal immunity.
Data on the association between dietary fat and risk of Crohn’s disease (CD) and ulcerative colitis
(UC) are limited and conflicting.
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Methods—We conducted a prospective study of women enrolled in the Nurses’ Health Study
cohorts. Diet was prospectively ascertained every four years using a validated semi-quantitative
food frequency questionnaire. Self-reported CD and UC were confirmed through medical record
review. We examined the effect of energy-adjusted cumulative average total fat intake as well as
specific types of fat and fatty acids on the risk of CD and UC using Cox proportional hazards
models adjusting for potential confounders.

Results—Among 170,805 women, we confirmed 269 incident cases of CD (incidence 8/100,000
person-years) and 338 incident cases of UC (incidence 10/100,000 person-years) over 26 years
and 3,317,338 person-years of follow-up. Cumulative energy-adjusted intake of total fat, saturated
fats, unsaturated fats, n-6 and n-3 polyunsaturated fatty acids (PUFA) were not associated with
risk of CD or UC. However, greater intake of long-chain n-3 PUFA was associated with a trend
towards lower risk of UC (Hazard ratio (HR) 0.72, 95% CI 0.51 — 1.01). In contrast, high long-
term intake of trans-unsaturated fatty acids was associated with a trend towards an increased
incidence of UC (HR 1.34, 95% CI 0.94 — 1.92).

Conclusion—A high intake of dietary long-chain n-3 PUFA may be associated with a reduced
risk of UC. In contrast, high intake of trans-unsaturated fats may be associated with an increased
risk of UC.

INTRODUCTION

The key mechanism underlying the development of Crohn’s disease (CD) and ulcerative
colitis (UC) is a dysregulated immune response to commensal flora in a genetically
susceptible host!: 2. A confluence of genetic susceptibility, intestinal microbial composition,
immune dysregulation, and the extrinsic environmental triggers is essential for the
development of disease. Advances in genetics have led to identification of 163 distinct
susceptibility alleles for CD or UC3. Studies have also documented dysbiosis in the
microbiome of patients with IBD with reduced bacterial diversity and a diminished
proportion of firmicutes?: 4-5.

Diet has been hypothesized to play an important role in the pathogenesis of inflammatory
bowel diseases (IBD)’. Epidemiologic trends have demonstrated a rising incidence of IBD
in countries in which the diseases were previously uncommon®. This increase has paralleled
a “westernization” of life style. In particular, dietary changes in such countries have
demonstrated increasing intake of dietary fat, particularly n-6 polyunsaturated fatty acids
(PUFA) and reduced intake of n-3 PUFA®. Considerable biological plausibility supports a
role of low n-3 PUFA intake, particularly long-chain PUFAs, in the pathogenesis of these
diseases. Dietary n-3 PUFA competitively inhibits formation of pro-inflammatory
prostaglandins and leukotrienes through the arachidonic acid pathway?, and inhibits vascular
adhesion and migration, angiogenesis, and adaptive immune responses through peroxisome
proliferator-activated receptor (PPARY) and NF-xB mediated pathways®-12. In contrast
while some have proposed that dietary n-6 PUFA or linoleic acid is pro-inflammatory,
several prospective cohort studies and randomized controlled trials have failed to
demonstrate an association between n-6 PUFA intake and inflammatory markers!3: 14,

Nonetheless, specific data linking dietary factors with IBD incidence in human populations
have been limited and conflicting 1°-17. Most prior studies of diet and IBD have been
retrospective and case-control in design6: 17, The few prospective studies that have
examined an association between dietary fat and IBD have been limited by an assessment of
diet at a single time point, a small number of cases, lack of adjustment for potentially
important confounders, or examination of only UC but not CD8-21, To overcome these
limitations, we performed this prospective study using two large well-characterized cohorts
of women that have provided long-term, validated, and updated data on their intake of total
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fat and specific fatty acids and have been followed for incidence of physician-confirmed
cases of CD and UC.

METHODS

Study Population

Our study included participants from the Nurses Health Study I, a prospective cohort of
121,700 female registered nurses between the ages of 30-55 years at enrollment in 1976,
and the Nurses Health Study 11, a parallel prospective cohort of 116,686 female registered
nurses between the ages of 25-42 years initiated in 1989. Women completed biennial
questionnaires reporting medical history including new diagnoses, and detailed measures of
diet and environmental exposure with a follow-up rate > 90%. All women who first
completed a detailed dietary assessment in 1984 (NHS I) or 1991 (NHS II) were included in
this study. Women who were deceased prior to the first dietary questionnaire, reported a
diagnosis of IBD prior to the baseline dietary assessment, or had a history of cancer
(excluding non-melanoma skin cancer) were excluded. The study was approved by the
Institutional Review Board at Partners Healthcare.

Dietary assessment

Detailed assessments of diet were conducted prospectively using a validated semi-
quantitative food frequency questionnaire (FFQ). A 61-item questionnaire was first
administered in 1980 and expanded to a 121-item questionnaire in 1984 and a 136-item
questionnaire in 1986. Subsequent questionnaires in NHS | were administered in 1990,
1994, 1998, 2002, and 2006 while questionnaires in NHS 11 were administered first in 1991
and subsequently in 1995, 1999, 2003, and 2007. Participants were asked on an average how
often they had consumed specific types of beverage or food items during the past year with
nine possible responses (never to six or more times per day). The methodology detailing
assessment of total dietary fat as well as individual fatty acids have been reported?2-27,
Intake of total fat, types of fat (saturated fats [SFA), trans-unsaturated fats, mono-
unsaturated fats [MUFA), poly-unsaturated fats [PUFA)) and specific fatty acids were
calculated based on U.S. Department of Agriculture food composition data incorporating
margarine and fats used in cooking and baking. All measures were adjusted for total energy
intake. The reproducibility and validity of fat intake has been validated. Correlation between
energy-adjusted intake and two 1-week dietary records was good for total fat (0.57),
saturated fats (0.68), trans-unsaturated fat (0.51), poly-unsaturated fatty acids (0.48), mono-
unsaturated fats (0.58), and n-3 fatty acids (0.48)23 27, Long-term dietary intake from
multiple FFQs correlated well with erythrocyte measures of linoleic acid, eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA)?8, and fatty acid composition from
subcutaneous fat aspirates?®. Women who did not complete the baseline food frequency
questionnaire were similar in age and smoking status to those who completed the SFFQ, but
less likely to be obese, or currently use post-menopausal hormone or aspirin.

Ascertainment of CD and UC

Diagnosis of CD and UC in the Nurses’ Health Study cohorts has been described
previously30-36, Since 1976 in NHS | and 1989 in NHS I1, 2,735 and 2,541 women each
respectively self-reported a diagnosis of CD or UC through 2010 in NHS I and 2009 in NHS
I1. Figure 1 represents the flow of ascertainment of cases. Among 4,330 women with an
initial self-report of IBD who were alive, 1,447 denied the diagnosis on the subsequent
supplementary questionnaire with a more detailed description of the diseases, 820 could not
be contacted, and 716 women either denied permission for medical record review, or the
appropriate records could not be obtained. Among the remaining 1,347 women with
sufficient medical information, records were reviewed by two board-certified
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gastroenterologists blinded to exposure status. A diagnosis of CD or UC was established
based on standard clinical criteria including duration of typical symptoms of 4 weeks or
longer, and confirmatory endoscopic, histologic, and radiographic findings37-39.
Disagreements were infrequent and resolved through consensus. Based on this review, a
diagnosis of chronic colitis was rejected in 312 women, and 192 women were diagnosed
with non-1BD chronic colitis (microscopic colitis). After excluding women with missing
date of diagnosis, or dietary information, our final case population included 269 incident CD
and 338 incident UC cases. Baseline characteristics, including age, body mass index,
smoking, oral contraceptive use, menopausal status, use of aspirin or NSAIDs, and fat intake
among women who initially self-reported IBD but whose diagnosis of CD or UC was not
subsequently confirmed through medical record review were largely similar to the
characteristics of women for whom we did confirm CD or UC (p > 0.3 for all).

Covariates were selected for inclusion in the multivariate model based on known
associations with 1BD30: 33-35_ Cigarette smoking (current, past, or never)32, oral
contraceptive use (ever or never)3°, post-menopausal hormone use (premenopausal, never,
current, or past use)3* were modeled as time-varying covariates, updated biennially with
each questionnaire. Body mass index (BMI) was calculated based on self-reported weight
and height at study entry and expressed as kilograms per square meter (kg/m2). Consistent
with prior analyses, we used BMI at baseline to avoid the potential influence of pre-
diagnosis symptoms on body weight. Regular use of aspirin and non-steroidal anti-
inflammatory drugs (NSAIDs) was also assessed biennially and defined as use on 5 or more
days per month3°,

Statistical Analysis

Women contributed person time from the date of completion of the baseline questionnaire
(1984 for NHS I and 1991 for NHS I1) until the date of diagnosis of CD or UC, death, or till
the date of return of the last questionnaire. Cox proportional hazards models adjusting for
potential confounders was used to identify the independent effect of the exposures of
interest. Dietary fat, types of fat, and intake of specific fatty acids were modeled as
cumulative averages of intake up to the questionnaire immediately preceding the year of
diagnosis of CD or UC. Cumulative average intake was adjusted for total energy intake and
modeled as quintiles consisted with prior analysis?2 23. 27 Cumulative average intake
incorporates all available data from repeated measures, thereby providing the most stable
long-term estimate of adult diet 40. We also examined the ratio of n-3 PUFA and n-6 PUFA
intake based on prior work demonstrating the possible importance of the relative balance of
these fatty acids with risk of chronic disease?! 42, Tests for linear trend were conducted
using the median value for each quintile as a continuous variable in the regression models
based on the assumption on a monotonic dose-response relationship between fat intake and
risk of disease. As we observed no heterogeneity in the associations between the cohorts
(NHS I and 1) (P>0.30), all analyses were performed pooling individual-level data from
both cohorts while adjusting for cohort in our multivariate model. To account for pre-
diagnosis symptoms potentially modifying diet in the 2 years prior to diagnosis, we
performed a lag analysis extending the interval between exposure and diagnosis to 4 years.
All models satisfied the proportionality of hazards assumptions. P-values < 0.05 indicated
independent statistical significance. All statistical analysis was performed using SAS 9.1
(SAS Institute, Cary, NC).

Systematic Review

We performed a systematic review of the literature examining the association between
overall dietary fat intake or intake of specific fatty acids and risk of CD and UC. We

Gut. Author manuscript; available in PMC 2015 May 01.



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

1duasnuey Joyiny vd-HIN

Ananthakrishnan et al.

RESULTS

Page 5

conducted a search on Pubmed for articles from 1966 to 2013 using the medical subject
heading (MeSH) terms “dietary fat” “dietary fatty acids” “dietary n-3” “dietary n-6” or
“dietary linoleic acid” and “ulcerative colitis” “Crohn’s disease” “inflammatory bowel
disease”. We reviewed all eligible studies and hand-searched reference lists of original

publications as well as relevant review articles.

Our study comprised 3,317,338 person-years of follow-up over 26 years among 76,738
women in NHS | and 94,067 women in NHS Il. We documented 269 incident cases of CD
(incidence 8 per 100,000 person-years) and 338 of UC (incidence 10 per 100,000 person-
years), diagnosed at a median age of 54 and 52 years respectively. Table 1 presents the
characteristics of the cohort stratified by quintile of total energy-adjusted dietary fat intake.
Women in the highest quintile of cumulative intake of dietary fat were more likely to be
current smokers than those in the lowest quintile (p < 0.001) and were more likely to have a
BMI > 30kg/m?. Dietary fat intake ranged from a mean of 47 grams (g)/day in the lowest
quintile to 77 g/day in the highest quintile. Similar trends across quintiles were also seen for
consumption of saturated fats, MUFA, PUFA, or trans-unsaturated fats. The differences
were less striking for arachidonic acid, EPA, and DHA, which comprised a smaller fraction
of total dietary fat intake.

We did not observe any significant association in total fat intake and incidence of UC (Table
2) or CD (Table 3). Compared to women in the lowest quintile of cumulative intake of
dietary fat, women in the highest quintile had a similar incidence of UC (multivariate HR
0.96, 95% CI 0.68 — 1.35) (Table 2) or CD (HR 0.98, 95% CI 0.66 — 1.45) (Table 3). We
also observed no difference in the incidence of UC or CD across quintiles of intake of
saturated fats, MUFA or total PUFA. However, higher trans-unsaturated fatty acid intake
was associated with a trend towards increased incidence of UC (multivariate HR 1.34, 95%
Cl 0.94 - 1.46 for the highest quintile, p(trend) = 0.07) but not CD (p (trend) = 0.19).

We then examined whether dietary intake of individual fatty acids influenced risk of CD and
UC. We observed no difference in risk of UC across quintiles of intake of n-3 PUFA (HR
0.88, 95% CI 0.63 — 1.24), n-6 PUFA (HR 1.08, 95% C1 0.77 — 1.52), oleic acid (HR 1.00,
95% CI 0.70 — 1.41), arachidonic acid (HR 0.90, 95% CI 0.65 — 1.27), and linoleic acid (HR
1.04, 95% CI 0.73 — 1.48). However, intake of long-chain n-3 fatty acids (docosapentaenoic
acid, eicosapentaenoic acid, docosahexaenoic acid) was inversely associated with risk of
UC. Compared to those with the lowest quintile of long-chain n-3 PUFA intake, those with
the highest intake had reduced incidence of UC (HR 0.72, 95%CI 0.51 — 1.02, p(trend)
0.13). Consequently, the incidence of UC decreased across quintiles of the ratio of total n-3/
n-6 PUFA intake. Compared to the lowest quintile of n-3/n-6 PUFA ratio, women in the
highest quintile of n-3/n-6 PUFA intake had a multivariate HR 0.69 (95% CI 0.49 — 0.98;
p(linear trend) 0.03) for UC (Table 2). In contrast, intake of each of the individual fatty acids
was not associated with risk of CD (Table 3).

In a sensitivity analysis, our findings were robust to introduction of a lag of 2 questionnaire
cycles (4 years) between dietary exposure and development of disease. We did not observe a
statistically significant interaction between dietary fat intake and the other known risk
factors including smoking, oral contraceptive, post-menopausal hormone use, or body mass
index. Our findings were also not materially altered after adjustment for total carbohydrate,
protein, and dietary fiber intake in the multivariate model.

Supplementary Figure 1 describes the flow chart of records reviewed for the systematic
review. A total of 266 records were initially identified. After exclusion of studies that were
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deemed not relevant based upon review of the title or abstract, or did not include original
epidemiologic data (e.g. review articles, editorials, pre-clinical laboratory studies), we
reviewed a total of 21 full-text articles. Among these articles, we included 15 in our
systematic review (Supplemental Tables 1 and 2). There was substantial heterogeneity
between the studies. Nearly all were case-control studies with retrospective ascertainment of
pre-illness diet, which is more prone to bias. Only one study, the EPIC cohort, was
prospective in assessment of diet and incident disease. Furthermore, the different studies
used varying groupings, particularly for individual fatty acids, and employed different cut-
offs for definition of high compared to low intake. Due to this substantial variation in study
quality, exposure, and outcomes, we did not quantitatively synthesize the data using a meta-
analytic approach.

DISCUSSION

In two large cohorts of women with prospectively collected, updated dietary data using a
validated FFQ, we demonstrate that long-term intake of total fat, saturated fats, unsaturated
fats (mono or polyunsaturated) were not associated with risk of CD or UC. However, we did
observe an inverse association between greater long-term intake of long-chain n-3 PUFA
and risk of UC, and a trend towards increased risk of UC associated with high intake of
trans-unsaturated fatty acids.

To our knowledge, our study is the first to prospectively examine the association between
dietary fat and risk of CD. There has been conflicting data on the association between
dietary fat and UC as summarized by recent reviews 16: 17, Most prior studies have been
retrospective, including a small number of cases. Consistent with our findings, most of these
studies did not observe a statistically significant elevation in disease risk with total fat
intakel® 43-45_ Although a few small studies have suggested an association between MUFA
intake and UC, 43. 4446 these results were not corroborated by larger studies 9. Similarly,
previous studies have variably demonstrated an association with intake of arachidonic
acid!8, linoleic acid??, or total fat intake*8. In our analysis, we found no association between
total PUFA, MUFA, saturated fat intake and risk of UC. However, trans-unsaturated fatty
acid intake appeared to be associated with an increased risk of UC but not CD. Considerable
biologic plausibility supports an association between trans-unsaturated fat intake and
systemic inflammation?’. The association with various adverse cardiovascular outcomes,
coronary heart disease and diabetes has been well recognized8. However the risk
attributable to trans-fat intake is higher than that suggested by effect on lipid profile alone.
In healthy women, trans-unsaturated fat intake is associated with increased tumor necrosis
factor (TNF) a levels, higher levels of TNF receptors 1 and 247:49, C-reactive protein, and
interleukin-6 (1L-6)%0, all key factors in the pathogenesis of IBD. In addition, trans-
unsaturated fat intake has been associated with increased levels of soluble adhesion
molecules, which are markers of endothelial dysfunction and are associated with the
pathogenesis of IBD#7: 50,

The only prior prospective analysis of dietary fat and IBD was a case-control study of UC
nested with the EPIC cohort. Tjonneland et al. suggested an inverse association between
higher intake of linoleic acid and DHA, a specific n-3 PUFA, and UCZ. Other n-3 PUFAs,
including a-linoleic acid, EPA and oleic acid were not associated with risk of UC. In
contrast to these findings, in our analysis total n-3 PUFA or linoleic acid intake alone did not
influence risk of UC. However, we found that the effect of n-3 PUFA was primarily driven
by long-chain n-3 fatty acids including EPA and DHA. Consequent to the inverse
association with long-chain n-3 PUFA, we observed that the ratio of n-3/n-6 PUFA intake
was inversely associated with disease risk. However, the lack of association with n-6 PUFA
intake quintiles, and the wealth of evidence supporting the absence of pro-inflammatory

Gut. Author manuscript; available in PMC 2015 May 01.



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

1duasnuey Joyiny vd-HIN

Ananthakrishnan et al.

Page 7

effect of n-6 PUFAL3. 14 syggest that the primary factor behind this positive association is
the protective effect of long-chain n-3 PUFA intake.

Several reasons could account for the differences in our results with those of the EPIC
cohort. First, our analysis assessed diet using a validated FFQ whereas EPIC used a 7 day
diet recall, with the former being a more stable estimate of long-term diet. Second, we
updated our dietary assessment with FFQs administered every 4 years, which likely better
accounts for changes in diet over time than assessment at a single time point. Third, the
EPIC analyses were limited by a small number of cases!® 20 with relatively low power to
detect weaker associations. Fourth, the median age of diagnosis in our cohort was nearly a
decade younger than the EPIC cohort. Finally, we simultaneously collected detailed
information on a wider spectrum of potentially significant confounding variables than prior
analyses that were only able to account for the influence of smoking and body mass index.

The results of the present study are largely consistent with the results of our systematic
review, and further strengthen some associations. Two cohort studies including ours support
the inverse association between total n-3 PUFA or specifically long-chain n-3 PUFA and
risk of ulcerative colitis20. In contrast, the studies that found no effect of n-3 PUFA on UC
risk were small case control studies subject to biases in ascertainment of pre-illness diet46.
Other weak associations proposed by prior studies including total fat, mono-unsaturated or
poly-unsaturated fat all failed to meet statistical significance in high quality prospective
cohort studies, suggesting that total intake of fat, MUFA, or PUFA is unlikely to play a role
in the pathogenesis of CD or UC. We identified conflicting results in the literature regarding
the possible role of linoleic (or total n-6 PUFA intake) with studies both supporting and
refuting this association. Nevertheless, we failed to find a statistically significant effect in
our cohort, the largest reported to date examining this association in women.

Several mechanisms may explain how long-chain n-3 PUFA may influence risk of UC?: 51,
First, long-chain n-3 PUFA acting as a competitive substrate, decreases production of the
eicosanoids from arachidonic acid, and reduces membrane levels of leukotriene B4.
Furthermore, long-chain n-3 PUFA affects cell membrane structure and inhibits
dimerization and activation of the toll-like receptor (TLR-4) which is important in mediating
intestinal inflammation®2. In mouse models, administration of n-3 PUFA before induction of
colitis appears to protect against the development of colitis®1. Second, dietary long-chain n-3
PUFA inhibits vascular adhesion molecule expression in contrast to arachidonic acid which
increases ICAM-1 expression®. Third, long-chain n-3 PUFA also modulates the adaptive
immune response by inhibiting T-cell proliferation and antigen presentation and binding to
nuclear receptors which function as lipid sensors regulates PPARy mediated NF-xB
activation® 51,

In contrast to our results demonstrating an inverse association between long-chain n-3
PUFA intake and incidence of UC, randomized controlled trials of fish oil or n-3 PUFA in
patients with established IBD have mostly failed to demonstrate a benefit in inducing or
maintaining remission®3: 54, Although the CD trials have generally included a larger number
of patients, UC trials have been mostly limited to small cohorts® 42, In addition, many trials
did not account for consumption of other fatty acids and/or utilized oleic acid as a placebo
control which itself may have a protective effect against inflammation. In support of this
explanation, a recent Japanese study showed that a dietary intervention focused on lowering
n-6/n-3 PUFA ratio was effective in maintain disease remission in patients with IBD5®,
possibly through increasing n-3 PUFA intake. Finally, it is plausible that n-3 PUFAS could
influence disease onset yet have no effect on disease remission or progression. In
experimental models, the timing of exposure to n-3 PUFA on pro-inflammatory phenotypes
appears to be critical; pre-treatment of cultured human endothelial cells with DHA reduced
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eventual IL-1 production whereas treatment of the activated endothelial cells with DHA did
not have the same effect®6,

There are several strengths to our study. First, we used prospective assessment of diet
through a validated FFQ, perhaps the best validated measure of long-term diet. Second, we
updated our dietary information every 4 years, accounting for the inevitable temporal
changes in diet that occurred over 26 years of follow-up. Third, we confirmed all cases of
CD and UC through detailed medical record review by board certified gastroenterologists
blinded to the exposures. Fourth, owing to the large number of cases of CD and UC included
in our study, we had sufficient power to adjust for a number of potentially relevant
confounding variables and demonstrate the robustness of our results. Fifth, the medical
background of our participants likely increases the accuracy of self-reported exposures and
confounders. Last, the prospective cohort design of our study allowed us to estimate the
absolute as well as relative risk associated with intake of total fat and individual fatty acids.

There are a few limitations to our study. First, our cohort consisted entirely of female health
professionals, most of whom were Caucasian. However, there are limited data to support a
differential effect of diet on risk of IBD according to gender, race, or profession. Prior
analyses of our cohorts have yielded associations consistent with those identified in other
cohorts, and the overall incidence of disease is comparable to other population-based
cohorts3®, Second, although we were able to account for several potential confounding
factors, our study is observational and unable to confirm causality. However, the consistency
of our results and the wealth of laboratory data supporting plausible biologic mechanisms
for the protective influence of long-chain n-3 PUFA and the ratio of n-3/n-6 PUFA intake
and UC suggest our findings are unlikely to be fully explained by unmeasured confounding.
Given the relatively low incidence of UC in the general population and the modest effects
observed in our cohort for long-chain n-3 PUFA intake, it is unlikely that recommendations
to increase consumption of long-chain n-3 PUFA for primary prevention of UC will have a
substantial public health impact.

In conclusion, using two large prospective cohorts of women, we demonstrate that total fat,
saturated or unsaturated fat, or individual PUFA did not influence risk of CD. However, our
results suggest that women in the highest quintile of long-term dietary intake of long-chain
n-3 PUFA may have a significantly reduced risk while those with high trans-saturated fat
intake may have an increased risk of UC. Our findings support experimental data
demonstrating the importance of n-3 PUFA in modulating the production of inflammatory
mediators such as prostaglandins and leukotrienes, maintenance of the intestinal barrier,
regulation of the adaptive immune response, and immune cell adhesion and trafficking.
Further studies are needed to confirm our results and explore the potential of modifying fatty
acid intake in the prevention or treatment of UC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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