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Abstract

BACKGROUND—Inflammation plays an important role in cardiovascular disease (CVD) 

development. Diet modulates inflammation; however, it remains unknown whether dietary patterns 

with higher inflammatory potential are associated with long-term CVD risk.

OBJECTIVES—This study sought to examine whether proinflammatory diets are associated with 

increased CVD risk.

METHODS—We prospectively followed 74,578 women from the Nurses’ Health Study (NHS) 

(1984–2016), 91,656 women from the NHSII (1991–2015), and 43,911 men from the Health 

Professionals Follow-up Study (1986–2016) who were free of CVD and cancer at baseline. Diet 
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was assessed by food frequency questionnaires every 4 years. The inflammatory potential of diet 

was evaluated using a food-based empirical dietary inflammatory pattern (EDIP) score that was 

pre-defined based on levels of 3 systemic inflammatory biomarkers.

RESULTS—During 5,291,518 person-years of follow-up, we documented 15,837 incident CVD 

cases, including 9,794 coronary heart disease (CHD) cases and 6,174 strokes. In pooled analyses 

of the 3 cohorts, after adjustment for medication use and CVD risk factors including body mass 

index, a higher dietary inflammatory potential, as indicated by higher EDIP scores, was associated 

with an increased risk of CVD (hazard ratio [HR] comparing the highest to lowest quintiles: 1.38; 

95% confidence interval [CI]: 1.31 to 1.46; p-trend < 0.001), CHD (HR: 1.46; 95% CI: 1.36 to 

1.56; p-trend < 0.001), and stroke (HR: 1.28; 95% CI: 1.17- to 1.39; p-trend < 0.001). These 

associations were consistent across cohorts and between sexes, and they remained significant after 

further adjustment for other dietary quality indices. In a subset of study participants (n = 33,719), a 

higher EDIP was associated with a higher circulating profile of proinflammatory biomarkers, 

lower levels of adiponectin, and an unfavorable blood lipid profile (p < 0.001).

CONCLUSIONS—Dietary patterns with a higher proinflammatory potential were associated 

with higher CVD risk. Reducing the inflammatory potential of the diet may potentially provide an 

effective strategy for CVD prevention.
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Cardiovascular disease (CVD) imposes an enormous burden on health care systems and 

causes one third of deaths in the United States (1). Accumulating evidence indicates that the 

activation of the immune system and chronic inflammation contribute substantially to CVD 

pathogenesis (2–4). Circulating concentrations of inflammatory biomarkers, including 

interleukin 6, C-reactive protein (CRP), tumor necrosis factor-α receptor 2 (TNFα-R2), and 

soluble intercellular adhesion molecule (sICAM) 1, have been associated with incident CVD 

in prospective cohort studies (5,6). Randomized trials and Mendelian randomization studies 

also support the causal roles of several inflammatory cytokines (i.e., interleukin 1β and 

interleukin 6) in CVD development (7,8).

As an important modifiable exposure, diet has been implicated in CVD etiology and has 

been shown to influence inflammation (9). Intakes of foods that are rich in antioxidants, 

fiber, and long-chain n-3 polyunsaturated fatty acids have been associated with lower levels 

of proinflammatory biomarkers (9–13). Compared to individual foods/nutrients, dietary 

patterns integrate the potential interacting and joint effects of multiple dietary components 

and, thus, may be more informative in reflecting individuals’ habitual diets (14). A few 

healthy dietary patterns, including the Mediterranean diet, have been associated with lower 

concentrations of some inflammatory biomarkers (9,15) and a reduced CVD risk (16,17). 

However, because most dietary patterns and indices were not designed to comprehensively 

characterize the overall inflammatory potential of the diet, it remains unknown whether 

long-term adherence to proinflammatory diets is associated with increased CVD incidence.
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We therefore assessed the overall inflammatory potential of diets using a food-based index 

that was empirically developed based on circulating concentrations of 3 systemic 

inflammatory biomarkers (18–20) and examined its association with incident CVD and 

CVD subtypes in 3 large prospective cohorts. We further examined associations between 

dietary inflammatory potential with plasma profiles of inflammatory biomarkers and blood 

lipids in a subpopulation of the study cohorts (Central Illustration).

METHODS

STUDY POPULATION.

The Nurses’ Health Study (NHS) started in 1976, recruiting 121,701 female nurses ages 30 

to 55 years; the NHSII was initiated in 1989 with 116,429 female nurses ages 25 to 42 years; 

and the Health Professionals Follow-up Study (HPFS) started in 1986, enrolling 51,529 male 

health professionals ages 40 to 75 years (21,22). Participants were followed up biennially on 

lifestyles, medical history, and health-related information (response rate: ~90%). Among 

participants alive at study baseline (1984 for NHS, 1991 for NHSII, and 1986 for HPFS), we 

excluded those who were lost to follow-up; had cancer, stroke, or coronary heart disease 

(CHD); did not complete food frequency questionnaires (FFQs), or met the exclusion 

criteria of FFQs (missing a certain amount of data; reported an energy intake of <600 or 

>3,500 kcal/day for women or <800 or >4,200 kcal/day for men) (Supplemental Table 1). 

The final analyses included 74,578 women from NHS, 91,656 women from NHSII, and 

43,911 men from HPFS. The study protocol was approved by the institutional review boards 

of Brigham and Women’s Hospital and Harvard T.H. Chan School of Public Health, with 

participants’ consent implied by the return of the questionnaires.

ASSESSMENT OF DIET AND DIETARY INFLAMMATORY POTENTIAL.

Starting from 1984 and 1986 in NHS, 1991 in NHSII, and 1986 in HPFS, an FFQ was 

administered every 4 years to ascertain dietary intakes. The FFQ was validated by 

comparisons with 24-hour recalls and multiweek weighted dietary records and was found to 

have reasonably high validity in measuring most food and nutrient intakes (23–25). The 

empirical dietary inflammatory pattern (EDIP) score was previously developed in 5,230 

NHS women (19). Briefly, plasma levels of interleukin 6, TNFα-R2, and CRP were 

regressed on 39 pre-defined food groups by using reduced-rank regressions and stepwise 

linear regressions, selecting 18 food groups most predictive of these biomarkers. The EDIP 

was calculated as the weighted sum of these 18 food groups (average intakes are shown in 

Supplemental Table 2), with weights (i.e., the contributions of each food to the overall score) 

equal to the coefficients from the stepwise regression. A higher score indicates pro-

inflammatory diets, and a lower score indicates anti-inflammatory diets. EDIP has been 

validated in other cohorts, showing stronger associations with plasma TNFα-R2, 

adiponectin, and CRP when compared to a literature-derived nutrient-based dietary 

inflammatory index (DII) (18,20).

We calculated EDIP scores using updated dietary data in each of the 4-year FFQ cycles and 

adjusted the scores for total energy intake using a residual method (26). We computed 

cumulatively averaged EDIP scores at each cycle (i.e., averaging scores from all prior cycles 
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up to the then-latest cycle) to best present long-term diet and reduce random measurement 

errors. Most participants (>97.5%) were independent of the NHS subsample in which the 

EDIP was developed. The alternate healthy eating index (AHEI), Dietary Approaches to 

Stop Hypertension (DASH), and Alternate Mediterranean Diet Score (AMED) were derived 

as described previously (27).

ASCERTAINMENT OF CVD.

CVD is defined as the composite of incident nonfatal myocardial infarction (MI), fatal CHD, 

and fatal and nonfatal stroke. Nonfatal MI was confirmed by physicians according to the 

World Health Organization criteria (28); nonfatal stoke was confirmed according to the 

National Survey of Stroke criteria (29). Death was identified from next of kin, postal 

authorities, or the National Death Index (>98% follow-up rate) (30). Cause of death was 

defined according to International Classification of Diseases-8th Revision. Fatal CHD and 

stroke were confirmed by autopsy records or death certificate with an evidence of prior 

CVD.

ASSESSMENT OF PLASMA BIOMARKERS.

Blood samples were collected in subpopulations of the NHS (n = 32,862) during 1989 and 

1990, NHSII (n = 29,611) from 1996 to 1999, and HPFS (n = 18,019) from 1993 to 1995 

(>95% follow-up rate) (6). Plasma concentrations of interleukin 6, TNFα-R1, TNFα-R2, 

CRP, sICAM-1, adiponectin, leptin, triglyceride, total cholesterol, low-density lipoprotein 

cholesterol, and high-density lipoprotein cholesterol, were previously measured in multiple 

substudies within cohorts (Supplemental Table 3). We combined data from these substudies 

and corrected for batch effects using an average batch correction method (31). After 

excluding outliers, duplicates, or individuals missing diet or having cancer or CVD at blood 

draw, 33,719 participants were included in biomarker analyses (n = 4,385 to 21,546 for 

individual biomarkers).

ASSESSMENT OF COVARIATES.

We obtained updated information on participants’ medical history, family history, lifestyles, 

body mass index (BMI), reproductive factors, and medication use through biennial 

questionnaires. Fasting status and steroid use at blood draw were obtained from blood-

collecting questionnaires.

STATISTICAL ANALYSIS.

We calculated person-years of follow-up from the return date of the first FFQ until the date 

of CVD diagnosis, death, or the end of follow-up (June 2016 in NHS, June 2015 in NHSII, 

and January 2016 in HPFS), whichever came first. We used Cox regressions with time-

varying covariates to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) of 

CVD risk, comparing higher to the lowest EDIP quintiles. To quantify a linear trend, we 

assigned the median value of EDIP scores within each quintile and modeled as a continuous 

variable. All analyses were stratified by age and follow-up intervals, and multivariable 

models were further adjusted for race, BMI, smoking, physical activity, multivitamin use, 

regular aspirin use, other anti-inflammatory medication use, menopausal status and post-
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menopausal hormone use (in women), hypertension, diabetes, dyslipidemia, and family 

history of premature CHD. Analyses were performed separately in each cohort and 

combined using a fixed-effect meta-analysis.

Several sensitivity analyses were performed. First, we additionally adjusted for amounts of 

alcohol consumption, smoking pack-years, regular use of lipid-lowering and 

antihypertensive medications, or sodium intake and systolic and diastolic blood pressures. 

Second, we replaced cumulatively averaged EDIP scores with EDIP scores from a single 

preceding FFQ (i.e., the most recent diet). Third, because conditions like diabetes, 

hypertension, dyslipidemia, and cancer are potentially associated with CVD and their 

diagnoses may change a person’s diet, we stopped updating EDIP scores when participants 

reported such conditions. Finally, to examine the added value of EDIP over other well-

studied dietary indices in CVD prevention, we additionally adjusted for AHEI, DASH, or 

AMED. We conducted stratified analyses by subgroups of cardiovascular risk factors, such 

as BMI and smoking, and examined association differences across subgroups.

We pooled individual-level data from the 3 cohorts together to examine the combined effect 

of smoking and EDIP on CVD risk and to evaluate the dose-response relationship between 

EDIP and CVD risk using restricted cubic splines. Regression models were additionally 

stratified by cohorts.

Linear regressions were used to analyze associations of EDIP with levels of inflammatory 

biomarkers and lipids. We used the average EDIP scores from the 2 FFQs administrated 

several years before blood collection to reduce concerns of reverse causality (in NHS, 1984 

to 1986 FFQs; in NHSII, 1991 to 1995 FFQs; in HPFS, 1986 to 1990 FFQs). Multivariable 

models were adjusted for all aforementioned covariates; fasting status, steroid use, study 

cohort, case-control status in original substudies; and lipid-lowering medications (for blood 

lipids).

All statistical analyses were performed by using SAS, version 9.4 (Cary, North Carolina). In 

CVD analyses, a 2-sided p value of 0.5 (for CVD analyses) or 0.0045 (for biomarkers 

analyses; Bonferroni correlations for 11 biomarkers) was considered as statistically 

significant.

RESULTS

Our study included 210,145 U.S. men and women. At baseline and through follow-up, 

compared with participants consuming anti-inflammatory diets (i.e., in lower EDIP 

quintiles), those who consumed prion-flammatory diets (i.e., in higher EDIP quintiles) 

reported higher BMI and lower physical activity and were more likely to have a family 

history of CHD. They were also less likely to use multivitamins and consumed fewer fruits, 

vegetables, and whole grains (Table 1 and Supplemental Tables 2 and 4).

We documented 15,837 incident CVD events (7,226 in NHS, 1,359 in NHSII, and 7,252 in 

HPFS), including 9,794 incident CHD and 6,174 incident stroke events, during 5,291,518 

person-years of follow-up. After adjusting for age, lifestyle factors, and other confounders, 

higher EDIP scores were significantly associated with a higher CVD risk, without evidence 
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of heterogeneity by sex or cohort (p-difference = 0.98). The associations were slightly 

attenuated but remained significant after further adjusting for potential mediators including 

hypertension, dyslipidemia, diabetes, and BMI (Table 2 and Supplemental Table 5). In 

pooled analyses of the 3 cohorts, the fully adjusted HRs (95% CIs) of total CVD comparing 

the higher quintiles to the lowest quintile of EDIP scores were 1.08 (1.02 to 1.14), 1.15 (1.09 

to 1.22), 1.19 (1.13 to 1.26), and 1.38 (1.31 to 1.46) (p-trend < 0.001). Similar association 

trends were observed between EDIP and risk of CHD and stroke. The pooled HRs (95% 

CIs) comparing higher quintiles to the lowest EDIP quintile were 1.10 (1.02 to 1.17), 1.20 

(1.12 to 1.28), 1.24 (1.16 to 1.32), and 1.46 (1.36 to 1.56) for CHD (p-trend < 0.001) and 

were 1.06 (0.97 to 1.15), 1.09 (1.00 to 1.19), 1.13 (1.04 to 1.23), and 1.28 (1.17 to 1.39) for 

stroke (p-trend < .001) (Table 2). In dose-response analyses, associations of EDIP with CVD 

appeared to deviate from linearity with an accelerated increase in risk at higher EDIP scores 

(tests for curvature: p = 0.002 for CVD, p = 0.04 for CHD, and a marginal p = 0.06 for 

stroke) (Figure 1 and Central Illustration).

In sensitivity analysis, the associations between EDIP and CVD risk remained robust when 

we further adjusted for alcohol consumption, pack-years of smoking, lipid-lowering or 

antihypertensive medications, or sodium intake and blood pressures (Supplemental Table 4). 

The associations did not materially change when we used the most recent EDIP in place of 

long-term cumulatively averaged EDIP scores or stopped updating EDIP scores when the 

participants developed intermediate conditions including diabetes, hypercholesterolemia, or 

hypertension during follow-up (Supplemental Table 5). As expected, EDIP showed only 

weak correlations with other indices assessing overall dietary quality, including AHEI (r = 

−0.24 to –0.15 across cohorts), DASH (r = −0.28 to −0.18), and AMED (r = −0.19 to −0.10). 

Further adjusting for these indices did not materially alter the associations between EDIP 

and CVD risk (Supplemental Table 6).

In stratified analyses, the associations were consistent across subgroups of major 

cardiovascular risk factors including BMI and physical activity (p-difference > 0.05). 

However, associations between EDIP with risk of total CVD and CHD were significantly 

stronger among never/past smokers than in current smokers (p-difference = 0.04 for CVD 

and 0.01 for CHD) (Figure 2), which was likely due to an overall higher CVD risk among 

smokers (Supplemental Figure 1). Further joint analysis suggested a potential additive effect 

between EDIP and smoking: compared to never/past smokers in the lowest EDIP quintile, 

the HR (95% CI) of current smokers in the highest EDIP quintile was 3.06 (2.76 to 3.39) for 

CVD and 3.44 (3.02 to 3.91) for CHD (Supplemental Figure 1). The association consistency 

across BMI strata remained among nonsmokers (Supplemental Figure 2).

In secondary analyses, we examined associations of EDIP (i.e., averaged scores from 2 FFQ 

cycles administered before blood collection) with plasma levels of inflammatory biomarkers 

and lipids in a subpopulation (Central Illustration). We verified a positive association 

between EDIP and levels of systemic inflammatory biomarkers CRP, interleukin 6, and 

TNFα-R2 (p < 0.001) in a larger sample than our prior studies (18,19). We further found a 

strong positive association between EDIP with levels of TNFα-R1, sICAM-1, and leptin and 

a strong inverse association with levels of adiponectin (i.e., markers not included in EDIP 

development; p < 0.001) after adjustment for risk factors including BMI (Figure 3). 
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Moreover, a higher EDIP score was associated with increased plasma triglyceride levels, a 

substantial reduction in high-density lipoprotein cholesterol, and a modest reduction in total 

cholesterol levels (p < 0.001) (Supplemental Figure 3).

DISCUSSION

Using an empirically developed, food-based dietary index to evaluate levels of inflammation 

induced by diet, we found that a higher inflammatory potential of habitual dietary patterns 

was associated with an increased incidence of total CVD, CHD, and stroke in U.S. men and 

women. Compared with individuals consuming anti-inflammatory diets, those consuming 

proinflammatory diets had a 38% higher risk of developing CVD after adjustment for risk 

factors and confounders. Consumption of proinflammatory diets was also associated a 

higher level of systemic, vascular, and metabolic inflammation and an unfavorable lipid 

profile.

Diet plays an important role in CVD development (16,27,32), and the underlying 

mechanisms are suggested to partially involve modulation of inflammation (10,32,33). Our 

study is among the first to link a food-based dietary inflammatory index with CVD 

incidence. A few prior studies have examined associations of a literature-derived, nutrient-

based DII score with CVD risk (34). Results from these studies, as summarized in a meta-

analysis, are inconsistent (I2 = 65%) but, in general, suggest a positive association of DII 

with risk of CVD and MI (comparing extreme categories, a 36% and 43% increased risk, 

respectively) but not with risk of stroke (34). Given that DII is weighted heavily toward 

absolute intakes of nutrients and can be influenced by nutritional supplements, its 

association with CVD may not be completely driven by diet. In contrast, EDIP is based on 

intakes of food groups and is less affected by nutritional supplements; considering that 31% 

to 44% of our cohort participants regularly used a multivitamin, EDIP is more accurate in 

assessing the potential of diet to contribute to inflammation. In addition, food-based indices 

can overcome some of the limitations of FFQs in assessing absolute intake of individual 

nutrients and are more translatable to food-based dietary recommendations. Although EDIP 

and DII are both predictive of inflammatory biomarkers, prior evidence suggested that EDIP 

exhibited a stronger prediction ability (18). Compared with the results of DII, EDIP showed 

more robust associations with risk of total CVD, CHD, and stroke, independent of risk 

factors such as BMI, blood pressure, and family history and confounders such as 

medications. Although relative risks for total CVD were similar comparing EDIP and DII, 

because of differences in dietary composition and the moderate correlation (18) between the 

2 indices, our results may not be directly comparable to those of DII. Nevertheless, findings 

from prior studies and our results all suggest that strategies that reduce the inflammatory 

potential of diets may be of great value in CVD prevention.

Our findings are consistent with prior evidence from prospective cohorts and randomized 

trials that dietary patterns associated with lower inflammation (e.g., the Mediterranean diet) 

are associated with reduced CVD risk (10,15,17). Although dietary indices like AHEI, 

DASH, and AMED assess the general dietary quality, EDIP evaluates specifically the 

potential of diet to contribute to chronic inflammation. EDIP shares only a few dietary 

components with other indices (thus explaining their modest correlations) and has a greater 
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emphasis on unique foods associated with inflammation (10,32,33). For instance, it 

recommends higher intakes of green leafy vegetables, yellow vegetables, whole grains, 

coffee, tea, and wine, which are rich in anti-inflammatory compounds (e.g., vitamins, 

carotenoids, flavonoids, and fiber). It also limits intakes of the proinflammatory refined 

grains and restricts processed, red, and organ meat (vs. others that limit total red/processed 

meat). We observed a potential synergistic effect between proinflammatory foods, because 

highly proinflammatory diets were associated with a markedly augmented CVD risk. Of 

note, the associations between EDIP and CVD risk remained robust after adjustment for 

AHEI, DASH, or AMED, suggesting that EDIP has unique properties over other 

traditionally used dietary indices in evaluating dietary quality in CVD prevention.

Smokers had a higher absolute CVD risk compared to nonsmokers, thus explaining the 

significant smaller relative risk ratios between EDIP and CVD among current smokers 

compared to never/past smokers. Nevertheless, the additive effect between EDIP and 

smoking suggested that both smoking and dietary inflammatory potential contribute to CVD 

development. BMI was not a mediator or an effect modifier for the association between 

EDIP and CVD risk, suggesting that diets characterized by EDIP may be associated with 

CVD through inflammatory mechanisms that are not necessarily mediated by obesity.

Inflammation plays a key role in atherosclerosis and thrombosis (2–4). In randomized trials, 

consumption of some EDIP components (vs. healthy alternatives), including vegetables, 

coffee, and wine, and red/processed meat, refined grains, and sugary beverages modulated 

levels of CRP and TNF-α, fibrinogen, and/or adiponectin (11–13,35–37). In our study, EDIP 

was positively associated CRP, interleukin 6, and TNFα-R2 in larger samples compared to 

prior studies (18,19), corroborating that EDIP can robustly capture the inflammatory 

potential of the diet. We further showed that higher EDIP scores were associated with higher 

circulatory TNFα-R1, indicating activation of pro-inflammatory signaling (38); higher 

sICAM-1 levels, indicating endothelial activation and vascular inflammation (39); and 

higher leptin and lower adiponectin levels, indicating metabolic inflammation (40). A higher 

EDIP was also associated with an unfavorable lipid profile, because most proinflammatory 

foods have adverse impacts on blood lipids, whereas some anti-inflammatory foods have 

favorable influences (32). Many EDIP components have been associated CVD risk (32,33). 

Taken together, our findings suggest that the modulation of systemic, vascular, and 

metabolic inflammation could be an important mechanism underlying associations between 

dietary patterns and CVD risk.

Our study was strengthened by highly consistent findings from 3 well-characterized large 

prospective cohorts. We used the validated, empirically developed, food-based EDIP score, 

which robustly assesses dietary inflammatory potential with less bias due to nutritional 

supplements or measurement errors in absolute nutrient intakes. We repeatedly collected diet 

every 4 years and lifestyles every 2 years; this allowed us to evaluate between-person 

variations in long-term diets, capture within-person changes in diet and risk factors, 

associate diets at most relevant time periods during follow-up to subsequent diseases, and 

reduce measurement errors. Up to 24 to 30 years of prospective follow-up enabled us to 

examine long-term CVD incidence, reducing concerns of reverse causality. The 
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comprehensive biomarker data (in blood collected after 2 to 3 FFQ cycles) also allowed us 

to link proinflammatory diets with levels of systemic, vascular, and metabolic inflammation.

STUDY LIMITATIONS.

First, because of the observational nature, our study cannot conclude causality. Second, 

although our FFQ was validated to have a reasonably high validity (23–25) and we used 

repeated assessments to reduce random errors, measurement errors may still exist in self-

reported diet and covariates. However, such measurement errors usually attenuate true 

associations. Third, residual and unmeasured confounding cannot be completely excluded, 

although we have controlled for extensive demographic, lifestyle, anthropometric, and 

clinical factors. Finally, our study was performed among nurses and health professionals 

who are mostly White; therefore, the generalization of our findings requires validation in 

other populations with diverse socioeconomic and racial/ethnic backgrounds. The relative 

homogeneity of our participants, however, enhanced the internal validity by possibly 

reducing potential for confounding and reverse causation.

CONCLUSIONS

Findings from 3 large U.S. prospective cohort studies indicate that dietary patterns with 

higher inflammatory potential were significantly associated with a higher incidence of CVD, 

CHD, and stroke. Our study suggests that modulation of chronic inflammation may be a 

potential mechanism linking dietary patterns with CVD. Future studies are warranted to 

replicate our findings, to confirm the causal relationship, and to examine the detailed 

inflammatory mechanisms through which diet/specific foods are associated with CVD risk. 

Reducing the inflammatory potential of diets may provide an effective strategy for CVD 

prevention.
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Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS AND ACRONYMS

AHEI Alternate Healthy Eating Index

AMED Alternate Mediterranean Diet score

BMI body mass index
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CHD coronary heart disease

CI confidence intervals

CRP C-reactive protein

CVD cardiovascular disease

DASH Dietary Approaches to Stop Hypertension

DII Dietary Inflammatory Index

EDIP empirical dietary inflammatory pattern

FFQ food frequency questionnaire

HPFS Health Professionals Follow-Up Study

HR hazard ratio

MI myocardial infarction

NHS Nurses’ Health Studies

sICAM soluble intercellular adhesion molecule

TNFα-R1 tumor necrosis factor-α receptor 1

TNFα-R2 tumor necrosis factor-α receptor 2
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE:

In both men and women in the United States, diets with a higher inflammatory potential 

are associated with an increased risk of cardiovascular disease, including coronary artery 

disease, and stroke, independent of other risk factors and dietary quality indices.

TRANSLATIONAL OUTLOOK:

Further studies are needed to determine whether the association between dietary 

inflammatory potential and cardiovascular risk extends to other populations and whether 

dietary changes that reduce chronic inflammation reduce cardiovascular risk.
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figure 1. Dose-response relationship of the EDIP scores with risk of (A) CVD, (B) CHD, and (C) 
stroke
We combined data from NHS, NHSII, and HPFS for the cubic spline analyses. Models were 

stratified by cohort, age in months, and follow-up period and were adjusted for race, 

smoking, menopausal status and post-menopausal hormone use (in women), multivitamin 

use, regular aspirin use, regular use of other anti-inflammatory medications, physical 

activity, hypercholesterolemia, hypertension, diabetes, family history of myocardial 

infarction, and body mass index. Reference levels were set to the median EDIP values of the 

first quintile. Vertical dashed lines indicate cutoff values of EDIP quintiles (i.e., −0.74, 

−0.19, 0.24, and 0.75). Solid curves indicate HRs, and dashed curves depict 95% CIs. The 

axis for HR is nature log-scaled with original labels. CHD = coronary heart disease; CI = 

confidence interval; CVD = cardiovascular disease; EDIP = empirical dietary inflammatory 
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pattern; HPFS = Health Professionals Follow-Up Study; HR = hazard ratio; NHS = Nurses’ 

Health Study.
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figure 2. HR (95% CI) for CVD, CHD, and Stroke Associated With a 1-SD Increase in EDIP 
Scores, Stratified by Pre-selected Cardiovascular Risk Factors
Multivariable adjusted HRs (indicated by blue dots) and 95% CIs (indicated by black 

horizonal lines) were calculated separately in each cohort and combined using a fixed-

effects meta-analysis. The full model in Table 2 was used, with the exception of not 

adjusting for a categorical covariate when it was used as strata. The p values for differences 

across subgroups of risk factors are presented to the right. The axis for HR is nature log-

scaled with original labels. Abbreviations as in Figure 1
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figure 3. Associations Between EDIP Scores and Levels of Inflammatory Biomarkers
Linear regressions were used to analyze associations between cumulatively averaged EDIP 

scores (average of 1984 and 1986 in NHS, 1991 and 1995 in NHSII, and 1986 and 1990 in 

HPFS) and levels of inflammatory biomarkers measured using blood samples collected 

several years later (1989 and 1990 in NHS, 1996 to 1999 in NHSII, and 1993 to 1995 in 

HPFS). Multivariable models were adjusted for study cohort, age, fasting status, body mass 

index, race, smoking, regular aspirin use, regular use of other anti-inflammatory 

medications, steroid use, multivitamin use, menopausal status and post-menopausal hormone 

use (in women), physical activity, hypercholesterolemia, diabetes, hypertension, family 

history of CHD, and case-control status in original substudies. Dots represent SD differences 

in biomarkers comparing higher to the lowest EDIP quintiles, and vertical lines represent 

95% CIs. hsCRP = high-sensitive C-reactive protein; sICAM-1 = soluble intercellular 

adhesion molecule-1; TNFα-R1 = tumor necrosis factor-a receptor 1; TNFα-R2 = tumor 

necrosis factor-α receptor 2; other abbreviations as in Figure 1.
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CENTRAL ILLUSTRATION. Adherence to Proinflammatory Dietary Patterns and 
Cardiovascular Disease Incidence
Dietary patterns with a higher inflammatory potential were significantly associated with a 

higher incidence of cardiovascular disease and subtypes, including coronary heart disease 

and stroke, in 3 prospective cohorts including 210,145 U.S. women and men and followed 

up for up to 32 years. Secondary analyses further showed that higher dietary inflammatory 

potential was significantly associated with biomarkers indicating higher systemic, vascular, 
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and metabolic inflammation and an unfavorable lipid profile. The axis for hazard ratio is 

nature log-scaled with original labels.
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