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Abstract

Introduction—Diet may play an important role in the pathogenesis of Crohn’s disease (CD) and 

ulcerative colitis (UC), yet there are few prospective studies of dietary factors. None have 

examined the association between adolescent diet and risk of inflammatory bowel diseases (IBD; 

CD and UC).

Methods—This study included women enrolled in Nurses’ Health Study II who completed a 

validated high school dietary questionnaire in 1998. We examined the effect of dietary patterns 

(prudent or western diet) and individual components of each patterns. We documented incident 

cases of CD and UC through 2011 based on physician review of medical records and used Cox 

proportional hazards models adjusting for confounders to estimate hazard ratios (HR) and 

confidence intervals (CI) for CD and UC.

Results—Over 763,229 person-years of follow-up, we identified 70 incident cases of CD and 

103 cases of UC. Compared to women in the lowest quartile of a prudent diet score (characterized 

by greater intake of fruits, vegetables, and fish), women in the highest quartile had a 53% lower 

risk of CD (Hazard ratio (HR) 0.47, 95% confidence interval (CI) 0.23 – 0.98; Ptrend=0.04). 

Specifically, greater intake of fish (Ptrend=0.01) and fiber (Ptrend=0.06) were associated with lower 

risk of CD. In contrast, Western diet score was not associated with risk of CD. Neither dietary 

patterns nor individual food or nutrient groups was associated with UC.

Conclusion—Adolescent diet is associated with risk of CD, but not UC, offering insights into 

disease pathogenesis.
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INTRODUCTION

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

chronic immunologically mediated diseases affecting 1.5 million in the United States, 2.2 

million in Europe, and several thousands more worldwide1, 2. They develop at the complex 

intersection of predisposing genetic polymorphisms, gut microbial dysbiosis, immunologic 

abnormalities and the external environment. However, our understanding of the precise 

pathogenesis and the source of the majority of the variance in disease risk is limited3. The 

external environment remains particularly challenging to study due to limitations of case-

control examinations of such associations and the paucity of prospective cohort studies.

Diet has been long proposed as being important in the pathogenesis of these diseases4. It 

may exert its effect through panoply of mechanisms including influence on microbial 

composition and establishment of gut enterotypes5, facilitating expansion of specific 

pathobionts6, contributing to the integrity of the intestinal barrier7 as well as a direct effect 

of dietary ligands on immune response8. In children and adults, a diet high in fiber, 

particularly from fruits and vegetables, has been inversely associated with risk of CD9–11 

and a high ω3, low ω6 polyunsaturated fatty acid (PUFA) diet with UC12–15. The 

association with other dietary constituents including carbohydrates, saturated fats, and 
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sweetened beverages is less robust and data are conflicting16, 17. A key unanswered question 

in disease pathogenesis is the importance of the timing of exposure. While case-control 

studies have utilized assessment of diet immediately pre-diagnosis (thereby subject to bias 

from reverse causation), cohort studies examining diets have largely relied on habitual adult 

diet. No prior studies have examined whether dietary patterns or individual dietary 

constituents during adolescence are associated with risk of CD and UC. Such associations 

have been described for colorectal adenomas18, 19, and are supported by biological 

plausibility owing to the previously described sustained effect of early life influences on the 

establishment of the gut microbiome and immune responses20. Identifying such associations 

would offer additional insights into disease pathogenesis and importantly may suggest 

avenues for prevention prior to the years of peak incidence of disease.

Consequently, we performed this study utilizing the strengths of a large prospective cohort 

of women who provided validated and detailed data on their usual dietary intake during high 

school to (i) examine the influence of high school dietary patterns, specifically a prudent diet 

characterized by high intake of fruits, vegetables, and fish or a western diet (high intake of 

desserts and sweets, snack foods, red and processed meat), and risk of incident UC and CD; 

and (ii) to define the association with specific food groups and dietary nutrients constituting 

major components of these broad dietary patterns.

METHODS

Study Population

The Nurses Health Study II is a prospective cohort that began in 1989 when 116,686 female 

registered nurses between the ages of 25–42 years were enrolled. The women were followed 

biennially through questionnaires ascertaining health status, personal and environmental 

exposures with follow-up rates exceeding 90%21. Diet was assessed using a semi-

quantitative food frequency questionnaire (FFQ) first in 1991 and subsequently every 4 

years. In 1997, women were asked if they were willing to complete an additional detailed 

food frequency questionnaire about usual diet during high school. Just over half the women 

enrolled in NHS II (55%, n=64,380) indicated willingness to do so among whom 83% 

(n=47,355) returned the high school dietary food frequency questionnaire (HS-FFQ). 

Women who completed the HS-FFQ were between the ages of 35–51 years at the time of 

completion and had similar baseline dietary intake compared to those who did not complete 

the questionnaire18, 19. After exclusion of women who reported a history of IBD or cancer 

(excluding non-melanoma skin cancers) prior to enrollment in NHS II or had died prior to 

the assessment of dietary intake, our study included 39,511 women.

Ascertainment of High School Diet

The ascertainment of high school diet using the HS-FFQ has been described in detail in 

previous publications18, 19, 22. In brief, the HS-FFQ was a 124-item questionnaire 

ascertaining dietary intake during high school (ages 13–17 years; grades 9–12) and included 

food items commonly eaten when participants attended high school. The HS-FFQ was 

validated in two steps. First, a subset of 333 NHS II participants were re-administered the 

HS-FFQ 4 years later; results demonstrated good correlation with initial self-report (mean 
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Spearman correlation coefficient 0.60) supporting consistency of data23. Second, 80 young 

adults who were children of NHS II participants completed three 24-hour dietary recalls and 

the Youth Adolescent Questionnaire (YAQ) FFQ between the ages of 13–18 years and were 

administered the HS-FFQ 10 years later. The mean correlation for nutrient intake between 

24-hour diet recalls and HS-FFQ was 0.69 and between HS-FFQ and YAQ was 0.5824.

High school dietary patterns were generated by grouping HS-FFQ items into 37 food groups 

and applying factor analysis using the SAS procedure PROC FACTOR with orthogonal 

rotation procedure varimax as described previously19, 25. This factor analysis aggregated 

food groups based on the degree of correlation between the food items in the data set. We 

identified two dietary patterns, a prudent pattern (characterized by high intake of vegetables, 

fruit, better quality grains, fish, and poultry) and a western pattern (characterized by high 

intake of desserts, sweets, snacks, red and processed meat, refined grains and fries). A 

dietary pattern score was generated for each participant by summing weighted intakes of 

food groups, adjusted for energy consumption using the residual method. We also examined 

associations between individual constituents of diet included total carbohydrates, total and 

animal fats, total and animal protein, fiber, servings per day of fruits and vegetables as well 

as fish and CD or UC. All food groups were modeled as quartiles of intake except for fish 

which was categorized into previously described categories (< 10g/day, 10–20g/day, 20–

30g/day, and ≥ 30g/day) owing to a skewed distribution18.

Habitual adult dietary intake was assessed using a 131-item FFQ ascertaining intake during 

the previous 12 months26–28. The response categories for these questions were similar to the 

HS-FFQ. For each food item, a commonly used portion size was specified and participants 

asked about the average frequency of consumption over the past year. Nutrient intake was 

calculated by multiplying frequency of consumption with the nutrient content of each food 

item. Dietary fiber was calculated based on the method of the Association of Official 

Analytic Chemists. Intake was adjusted for total energy intake by the residual method. 

Dietary food groups were divided into quartiles as described above for high school diet.

Ascertainment of incident CD and UC

Details about identification of incident cases of CD and UC have been reported 

previously11, 12, 29–31. In brief, in each biennial questionnaire, participants were asked to 

self-report a diagnosis of CD and UC. Women who self-identified as having these diseases 

were mailed a supplemental questionnaire with a more detailed description of the diseases 

and inquired further about details of their disease including duration of symptoms, method 

of diagnosis, disease-related complications, and medical and surgical treatments. From 

participants who provided consent, medical records were obtained and independently 

reviewed by two board certified gastroenterologists to confirm the diagnosis and type of 

IBD. Disagreements were infrequent and adjudicated by consensus. All medical record 

review was blinded to exposures. A diagnosis of CD or UC was made based upon accepted 

criteria including a history of symptoms of 4 weeks or longer in duration, and supportive 

endoscopy, histopathology, radiology, and operative findings32–34.

Among the women who completed the high school dietary questionnaire, during the study 

period (1991 – 2011), 690 women self-reported a diagnosis of IBD. After excluding those 
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who were deceased (n = 3), were unable to be contacted (n=57) or who subsequently denied 

the diagnosis on the more detailed supplementary questionnaire (n=234), medical records 

were obtained for 300 women who permitted review. A diagnosis of chronic colitis was 

rejected in 72 women and non-IBD indeterminate colitis was diagnosed in 39. After 

excluding those with missing information on relevant covariates (n=16), our final case 

population consisted of 70 incident cases of CD and 103 incident cases of UC.

Covariates

Biennially updated information was collected on potentially relevant exposures including 

smoking30, oral contraceptive use35, menopausal status and use of menopausal hormone 

therapy31, non-steroid anti-inflammatory drug use36, and dietary intake of fiber11 and 

vitamin D29 using the SFFQ. Habitual dietary intake of various nutrients during adulthood 

was modeled as a cumulative average up to each biennial questionnaire cycle. Body mass 

index (BMI) was calculated by dividing the weight (in kilograms) by the square of the 

height (in meters) and baseline BMI at cohort entry was adjusted for as a covariate. Physical 

activity was assessed every four years as previously described and reported as metabolic 

equivalent hours per week37.

Statistical Analysis

All participants contributed person-time from the date of return of the 1991 questionnaire to 

the month of diagnosis of IBD, death, date of completion of the last questionnaire, or June 1, 

2011, whichever came first. Age-adjusted incidence rates for CD and UC were calculated 

using the Mantel-Haenszel adjustment of age-specific incidences in 5-year age categories. 

Cox proportional hazards models adjusting for relevant covariates were used to calculate the 

independent association between quartiles of high-school dietary exposures and risk of IBD. 

The statistical significance of trend across quartiles was assessed by modeling the median 

intake within each quartile as a continuous variable. Covariates were selected for adjustment 

in the multivariable model based on significance on univariate analysis or prior results in 

published literature demonstrating significant association. All models satisfied the 

proportional hazards assumption. For high-school dietary factors that were significant in the 

adjusted Cox models, we repeated the analyses adjusting for habitual dietary intake of the 

relevant food group or nutrient during adulthood to assess the independence of high-school 

intake. A two-sided p-value < 0.05 indicated independent statistical significance. This study 

was approved by the Institutional Review Board of Brigham and Women’s Hospital and 

Partners Healthcare.

RESULTS

Over 763,229 person-years (p-y) of follow-up of 39,511 women, there were 70 new cases of 

CD (incidence 9 per 100,000 p-y) and 103 cases of UC (incidence 14 per 100,000 p-y). The 

median age of diagnosis was 46 years for CD (range 29 – 63 years) and 45 years for UC 

(range 31 – 64 years). The mean age at baseline was 37 years and most women were white 

(97%). The majority were premenopausal (92%), had current or past use of oral 

contraceptives (84%) and were non-smokers (67%). Compared to women in the lowest 

quartile of prudent diet, those in the highest quartile had higher adult and high school fiber 
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and carbohydrate intake and lower intake of fat (Table 1). Intake of protein during adulthood 

or high school was similar across all quartiles of prudent diet. Women in the highest quartile 

of the prudent diet score had higher consumption of fruits, vegetables and fish during high 

school and adulthood. In contrast, women in the highest quartile of western diet had lower 

intake of fish, carbohydrates, and fiber (Table 1).

First, we examined the association between a prudent or western dietary pattern during high 

school and risk of CD and UC. Compared to women in the lowest quartile of a prudent 

dietary pattern, we observed a 53% lower risk of CD among those with the highest prudent 

dietary pattern quartile (hazard ratio (HR) 0.47, 95% confidence interval (CI) 0.23 – 0.98; 

Ptrend=0.04) when compared to those in the lowest quartile.

In order to determine which individual components of a dietary pattern may drive observed 

associations, we then examined the individual components contributing to a high prudent 

diet score to determine if specific food groups that are major components of a prudent diet 

most strongly associated with risk of CD. Compared to women who consumed < 10g/day of 

fish during high school, those with an intake of ≥ 30g/day had a 57% lower risk of CD (HR 

0.43, 95% CI 0.21 – 0.90; Ptrend=0.01). The association with high school intake of fish was 

not materially altered even after adjusting for adult fish intake (Ptrend=0.03) or adult intake 

of dietary n–3 PUFA (Ptrend=0.01). Adult intake of fish was not independently associated 

with risk of CD. High intake of dietary fiber during high school was non-significantly 

inversely associated with risk of CD. Compared to women in the lowest quartile of high 

school dietary fiber, women in the highest quartile had a lower incidence of CD even 

adjusting for adult fiber intake (multivariable-adjusted HR 0.55, 95% CI 0.27 – 1.12; 

Ptrend=0.06) (Table 2). Additionally, our findings were suggestive of an inverse association 

between vegetable intake and risk of CD, but none of the results reached statistical 

significance (highest vs. lowest quartile HR 0.50, 95% CI 0.25 – 1.03, Ptrend=0.11). Fruit 

intake was not associated with risk of CD. Restriction of analysis only to cases (n=40) 

diagnosed after the return of the high school FFQ in 1998 yielded a similar association for 

prudent diet (Q4 vs. Q1 HR 0.33, 95% CI 0.10 – 1.10, Ptrend=0.06). As previously reported, 

adult dietary patterns were not found to be associated with risk of CD or UC in our cohort38. 

In addition, adjustment for adult dietary patterns did not modify the association with high 

school dietary patterns, individual food groups, or macronutrients.

We did not observe a significant association between Western diet and risk of CD. However, 

we did find a non-significant increase in risk of CD with higher intake of dietary heme-iron 

during high school (HR 1.62, 95% CI 0.81 – 3.23, Ptrend=0.14) although this association was 

not observed with total iron intake (Ptrend=0.33), or intake of red or processed meat (Table 

2).

In contrast to the associations with CD, neither western nor prudent dietary patterns, or the 

consumption of specific food groups during high school were associated with risk of UC 

(Table 3).

Ananthakrishnan et al. Page 6

Inflamm Bowel Dis. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



DISCUSSION

In a large cohort of women with prospective ascertainment of high school and adult diet 

followed for incident CD and UC, we observed a lower incidence of CD among women with 

a high prudent diet score during high school. Specifically, during high school, greater 

dietary intake of fiber and fish, two major components of a prudent diet, was associated with 

reduced risk of CD independent of habitual adult intake. In contrast, a Western dietary 

pattern during high school was not associated with increased risk of CD. Neither prudent or 

Western dietary patterns nor specific food groups were associated with risk of UC. Our 

findings support the hypothesis that a prudent diet, and in particular, intake during early 

adulthood, is independently associated with lower risk of CD.

In our study, a high prudent dietary pattern score during high school was associated with a 

reduced incidence of Crohn’s disease. Specifically within this dietary pattern, three main 

dietary constituents were found to modify risk of CD, all of them supported by considerable 

biologic plausibility. Dietary intake of fiber has been consistently demonstrated to be 

inversely associated with risk of IBD though only few have utilized a prospective cohort 

design, minimizing the potential for ‘reverse causality’ by reduction of dietary fiber intake 

due to pre-diagnosis symptoms9–11, 16, 17. In a case-control study of children with CD, Amre 

et al. identified an inverse association with consumption of fruits, vegetables, or overall 

dietary fiber9. Similarly, a dietary pattern consisting of high intake of vegetables, fruits, 

olive oil, fish, grains and nuts was also inversely associated with lower risk of CD10. These 

findings are consistent with our study demonstrating an association with a higher prudent 

diet score, and trend towards independent associations with total fiber as well as intake of 

vegetables. The persistence of this association even after accounting for adult diet suggests 

that adolescent dietary exposures may durably and independently modify risk of IBD apart 

from adult diet.

There are several mechanisms through which dietary fiber may play a role in the 

development of CD. First, a long-term diet high in fiber, fruits, vegetables and simple 

carbohydrates is associated with a gut enterotype that is rich in Prevotella and low in 

Bacteroides5. Prior data has demonstrated reduced bacterial protein signals from Prevotella 

in CD cases compared to healthy controls39 and more abundant occurrence of Prevotella in 

biopsies from healthy controls compared to CD40. Patients with a predominance of 

Prevotella at intestinal resection also have a lower risk of post-operative recurrence41. A 

second possible mechanism of action of dietary fiber is through its effect on maintenance of 

barrier integrity. In an elegant series of studies, Roberts et al. demonstrated that soluble fiber 

from plantains reduced translocation of intestinal pathogens, and in particular Escherichia 

coli (E coli), across Peyer’s patches and colonic lymphoid follicles7, 42. A third mechanism 

is through direct immune effects of ligands present in sources of fiber; for example dietary 

indole-3-carbinol found in cruciferous vegetables may stimulate the aryl hydrocarbon 

receptor (AhR) 8.

Dietary fish intake during high school also inversely correlated with risk of CD in our study, 

consistent with a few prior case-control studies of pediatric and adult onset CD43, 44. In 

contrast, clinical trials of fish oil for the maintenance of remission in CD have not 

Ananthakrishnan et al. Page 7

Inflamm Bowel Dis. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



demonstrated efficacy45 and other small case-control studies reported an increased risk of 

UC with fish consumption46. Such conflicting results highlight potential biases in case-

control studies and the need for rigorous cohort studies controlling for relevant confounders. 

Additionally, discrepancy between epidemiologic studies and clinical trials may be owe to 

certain factors that could have varying roles in disease onset and maintenance or remission, 

or may have clinical efficacy in established disease at doses different than studied in clinical 

trials. Moreover, our data suggest that early dietary exposures may be important predictors 

of subsequent risk of CD. Short-term clinical trials of fish oil are not able to specifically 

examine such a prolonged latency of effect.

A potential mechanism to explain the inverse association between fish and CD is through 

marine ω3 PUFA content in fish15, 47–50. Dietary ω3 PUFA may inhibit, through 

competitive mechanisms, formation of pro-inflammatory leukotrienes and prostaglandins 

through the arachidonic pathway and also inhibit adaptive immune responses through the 

peroxisome proliferator-activated receptor pathway50. Additionally, ω3 PUFA may inhibit 

vascular adhesion, migration and angiogenesis50. In contrast to a few prior studies 

suggesting an inverse association between ω3 PUFA intake and risk of UC12, 15, in the 

present study, we did not identify any association between high school fish intake or total 

PUFA intake and risk of UC. There are a few possible reasons for this. First, the effect of 

intake during high school compared to habitual intake during adult life may be different and 

the relative contribution (and consequently biological effect) in the context of other 

constituents in the diet of individual dietary factors may vary. Of note, most of the prior 

studies demonstrating an inverse association with fish intake and CD were conducted in the 

pediatric population,9, 10 and assessed diet during school years, while the studies that failed 

to identify an association were generally examining adult diet. As shown in Table 1, there is 

considerable difference between macronutrient consumption during adulthood when 

compared to during high school, and in particular much greater consumption of animal 

proteins and fats. Second, genetic variations in polymorphisms involved in metabolism of 

ω3 and ω6 PUFA may influence an individual’s likelihood of protective benefit from their 

intake51. In an elegant study by Costea et al., a higher ω6/ω3 ratio was associated with 

decreased risk of CD only among those who carried specific variants of cytochrome P450 

4F3 (CYP4F3) and fatty acid desaturase (FADS2) genes51.

Other dietary factors that demonstrated non-statistically significant independent trends with 

greater risk of CD included heme-intake iron during high school and high intake of animal 

fat or protein. Biologic plausibility supports these associations as well. Adherent invasive E 

coli, putatively associated with CD pathogenesis are enriched in iron acquisition pathways 

compared to non-pathogenic E coli51 and mice fed an iron supplemented diet demonstrate 

enhanced colonic interleukin-6 (IL-6) and IL-11 release, and Stat3 phosphorlyation and 

more severe colonic inflammation52. An added mechanism could be an increase in iron-

mediated oxidative stress by facilitating production of hydroxyl radicals through the Fenton 

reaction53, 54. However, the effect of intestinal iron on colitis has not always been consistent 

with human studies demonstrating no adverse clinical effect of iron supplementation for 

treatment of anemia in CD and UC55, and rat models demonstrating an expansion of the 
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protective butyrate producing gut microbiota and lack of worsening of histological 

activity56.

In contrast to the inverse association with prudent diet, the lack of a direct significant 

association with western dietary patterns suggested epidemiologically by rising incidence of 

IBD in developing countries adopting an increasingly western lifestyle could have a few 

explanations. First, our study may have lacked the statistical power to identify more subtle 

effects of western diet. Second, the changing incidence of IBD in previously low incidence 

countries could equally or to a greater extent be due to reduced consumption of traditional 

prudent diets as increasing intake of western style diets. Third, our findings suggest modest 

associations may exist with individual dietary macronutrients (for example, animal fat, 

heme-iron from animal protein) rather than a broad western dietary pattern. Finally, 

association between increasing incidence of IBD with ‘westernization’ of lifestyle may be 

mediated by non-dietary factors such as psychosocial stress, physical activity, or other 

health behaviors.

There are several strengths to our study. To our knowledge, ours is the first study 

prospectively examining high school diet as a risk factor for CD and UC. Prior case-control 

studies have been susceptible to bias introduced by differential recall of diet between cases 

and controls as well as potential modification of diet due to pre-diagnosis symptoms. 

Assuming a usual age of high school graduation of 18 years, participants reported usual diet 

ranging from 11 to 46 years prior to diagnosis of IBD. Consequently, we do not expect 

differential recall due to such confounding to influence our results. We were also able to 

adjust for usual diet intake during adulthood, thereby facilitating our ability to evaluate the 

independent influence of high school dietary intake on risk.

We acknowledge a few limitations to our study. Our cohort consisted only of women and 

was predominantly white. While few prior studies have suggested racial differences in 

environmental influences on risk of IBD, it is important to replicate the associations with 

diet and other environmental factors identified from Caucasian populations in other 

populations that are racially and ethnically diverse, and from different geographic locations 

including migrant populations57–59. The population was younger and differed in distribution 

of some covariates than in our previously reported studies that included both the full cohort 

of NHS II and older women included in the Nurses Health Study (NHS I). However, the 

incidence of IBD in our cohort is comparable to other population based studies, supporting 

generalizability of our findings. Second, the median age of diagnosis of CD or UC was 45 

years, although our study also included women between the ages of 29 – 64 years. 

Consequently, our findings may be less generalizable to a cohort with pediatric onset disease 

though our findings are generally consistent with those previously reported in pediatric 

cohorts. Third, all participants in our cohorts were nurses and may have health behaviors 

that may differ from the general population; however, the incidence of IBD in our cohort is 

comparable to other population-based studies60 and the environmental factors previously 

identified in our cohorts have been replicated in diverse populations61, 62. As in all 

observational analyses, we cannot exclude the possibility of residual confounding. However, 

our findings remained robust after adjustment for widely accepted risk factors for IBD 

including several lifestyle factors. The number of cases within each quartile was small 
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precluding detailed subgroup analyses. As well, some of the associations that showed 

borderline significant trends may be demonstrated more robustly in larger cohorts. A post-

hoc power calculation revealed a power of 80% to detect an odds ratio of 0.38 for prudent 

diet in CD and 0.43 for UC. We also lacked information on other potential risk factors 

including socioeconomic status, family history, and prior exposure to antibiotics. However, 

that all the participants were female registered nurses provides some homogeneity in 

socioeconomic status. Additionally, for other risk factors to be confounders, they would 

need to be associated with both disease as well as dietary exposure, with the latter 

association being unlikely for family history of IBD or antibiotic usage. Additionally, only a 

small proportion of patients with IBD have a positive family history, and prior work has not 

shown that environmental risk factors differ in their association based on genetic 

predisposition. Our study also focused on high school diet using a validated questionnaire; it 

is plausible that dietary intake earlier in childhood may also be important in the pathogenesis 

of IBD; however, such diets are less reliably assessed by self-report than during 

adolescence.

In conclusion, we observed an inverse association between a prudent dietary pattern and in 

particular intake of fiber, vegetables, and fish and risk of CD independent of intake during 

adult life. None of the high school dietary factors modified risk of UC. Our findings support 

the hypothesis that adolescent diet may play a role in the pathogenesis of CD. Continued 

studies into the mechanisms underlying the association between dietary factors and risk of 

CD are important to further our understanding of these complex diseases.
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Table 1

Characteristics of the study population at baseline‡

Prudent Diet Score (high school) Western diet score (high school)

Quartile 1 Quartile 4 Quartile 1 Quartile 4

Age in years [Mean (SD)] 36.42(4.66) 36.57(4.68) 36.10(4.58) 36.96(4.71)

White Race (%) 98 96 96 98

Oral contraceptive use(%)

 Never 14 20 20 13

 Ever 86 80 80 87

Smoking status(%)

 Never 65 69 73 61

 Past 22 22 19 24

 Current 13 9 8 15

Mean adult body mass index (SD) 24.57(5.37) 24.32(5.31) 23.79(4.88) 25.16(5.73)

Mean body mass index at age 18 (SD) 21.05(3.29) 21.27(3.28) 21.00(3.10) 21.42(3.53)

NSAID use (>− 2 tablets/week)(%) 17 16 14 17

High school diet

Total Protein (g/day) 101.6 (14.3) 111.5 (15.6) 112.2(15.8) 102.0(13.7)

Total Carbohydrate (g/day) 302.4 (38.8) 325.0 (40.3) 328.3(39.5) 298.5(36.8)

Fat (g/day) 129.4 (12.7) 116.8 (14.0) 114.7(13.2) 131.1(12.2)

Fiber (g/day) 16.8 (3.1) 26.2 (5.7) 24.7(6.4) 18.6 (3.7)

Fish (g/day) 19.6 (15.8) 33.9 (29.2) 30.6(28.5) 23.2(19.0)

Vegetables (sv/day) 1.8 (0.8) 5.2 (2.1) 4.5(2.4) 2.4 (1.3)

Fruit (sv/day) 1.0 (0.6) 2.4 (1.3) 2.3 (1.3) 1.1(0.7)

Heme iron (mg/day) 1.7 (0.6) 1.7 (0.6) 1.7(0.6) 1.7(0.6)

Total iron (mg/day) 13.5 (2.5) 15.7 (2.8) 15.3 (3.0) 14.0(2.4)

Adult Diet

Fiber (g/day) 16.5 (4.9) 20.8 (5.7) 20.3(5.8) 17.3 (5.0)

Fat (g/day) 65.5 (11.3) 59.6 (11.1) 59.0(10.8) 65. 9(11.5)

Carbohydrate (g/day) 221.0 (33.4) 231.6 (34.6) 234.1(33.5) 218.5(33.8)

Protein (g/day) 84.3 (15.1) 88.4 (15.9) 87.9(15.5) 85.4 (15.3)

SD – standard deviation; g/day – grams/day; sv/day – servings/day; NSAID - non-steroidal anti-inflammatory drug

‡
Baseline characteristics were assessed at time of completion of the first adult diet food frequency questionnaire in 1991
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