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Abstract

Inflammation is associated with a number of chronic conditions, such as cancer and cardiovascular disease. Reducing
inflammation may help prevent or treat these conditions. Diet has consistently been shown to modulate inflammation. To
facilitate research into the inflammatory effect of diet on health in humans, we sought to develop and validate an
Inflammatory Index designed to assess the inflammatory potential of individuals’ diets. An Inflammatory Index was
developed based on the results of an extensive literature search. Using data from a longitudinal observational study that
carefully measured diet and the inflammatory marker, serum high-sensitivity (hs) C-reactive protein (CRP), in ~600 adults
for 1y, we conducted analyses to test the effect of Inflammatory Index score on hs-CRP as a continuous and dichotomous
(=3 mg/L, >3 mg/L) indicator of inflammatory response, while controlling for important potential confounders. Results
based on continuous measures of hs-CRP suggested that an increasing Inflammatory Index score (representing
movement toward an antiinflammatory diet) was associated with a decrease in hs-CRP. Analyses using hs-CRP as a
dichotomous variable showed that an antiinflammatory diet was associated with a decrease in the odds of an elevated hs-
CRP (P = 0.049). The results are consistent with the ability of the Inflammatory Index to predict hs-CRP and provide

additional evidence that diet plays a role in the regulation of inflammation, even after careful control of a wide variety of

potential confounders. J. Nutr. 139: 2365-2372, 2009.

Introduction

Inflammation has been associated with many chronic condi-
tions, such as cancer, cardiovascular disease, obesity, and insulin
resistance (1-4). There also is evidence that chronic inflamma-
tion may be associated with depression and may predispose
individuals to dementia (5). Inflammation due to a response to
injury, e.g. from cigarette smoking or hypertension, is involved
in the steps of atherosclerosis that lead to plaque rupture and
thrombosis (2,6). The inflammatory microenvironment includes
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production of cytokines and chemokines that also can lead to
tumor initiation, growth, and invasion (7).

The acute-phase protein C-reactive protein (CRP)® is pro-
duced in response to stimulation by interleukins (IL), such as
IL-6 (8). Although used as a marker of inflammation in such
conditions as rheumatoid arthritis for many decades, the more
recent development of a high-sensitivity (hs)-CRP assay permit-
ted the detection of inflammation at the vascular level (9). Many
studies have shown CRP is associated with a number of
cardiovascular disease endpoints (10). In addition, CRP and
inflammatory cytokines, such as IL-6 and tumor necrosis factor-
a (TNFa), are increased among obese individuals and positively
correlated with BMI [weight (kg)/height (m)?] (3,4). Studies also
have found that higher levels of IL-6 among obese individuals
are associated with insulin resistance (3). Ridker et al. (11) found
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that each component of the metabolic syndrome (obesity,
hypertriglyceridemia, low HDL-cholesterol, hypertension, ab-
normal glucose metabolism) is significantly associated with
higher levels of hs-CRP.

Diet may play a central role in the regulation of chronic
inflammation. The Western-type diet, which is high in red meat,
high-fat dairy products, refined grains, and simple carbohydrates,
has been associated with higher levels of CRP and IL-6 (12). On the
other hand, the Mediterranean diet, which is high in whole grains,
fish, fruit and green vegetables, and associated with moderate
alcohol and olive oil intake and low intake of red meat and butter
has been associated with lower levels of inflammation (13-17).
Diets high in fruit and vegetable intake have been associated
with lower levels of CRP (18-20). Specific nutrients such as (n-3)
fatty acids (21-26), fiber (27-31), moderate alcohol intake (32—
34), vitamin E (35-41), vitamin C (35,42-44), B-carotene
(26,35,45,46), and magnesium (27,47-49) have also consistently
been shown to be associated with lower levels of inflammation.

The overall goal of this project is to define and then validate
an Inflammatory Index that assesses the inflammatory potential
of the diet. Analyses are designed to determine how well the
Inflammatory Index predicts interval changes in levels of hs-CRP
(i.e. as a form of construct validation).

Methods

Development of the Inflammatory Index. The goal in creating the
Inflammatory Index was to provide a tool that could categorize
individuals’ diets on a continuum from maximally antiinflammatory to
maximally proinflammatory. We created a score for each food and
constituent thought to positively or negatively affect levels of inflam-
mation. All peer-reviewed articles published in English between 1950
and 2007 that were identified as assessing the role of specific foods and
constituents on specific inflammatory markers enumerated below were
used to devise the score. A score was assigned to each food and
constituent dependent on the findings from relevant peer-reviewed
journal articles. Combined, this produced an overall score that summa-
rized an individual’s diet on the continuum from maximally anti
inflammatory to maximally proinflammatory.

A literature search was performed to obtain articles that examined
the association between inflammation and specific foods and constitu-
ents. We searched the National Library of Medicine database using
PubMed and Ovid. We used 2 search engines to decrease the probability
of missing relevant articles. Review articles were excluded from the
search, because we needed to have the primary study results from each
investigation. Furthermore, any article cited in reviews would be
represented in the search. A list of terms was compiled to search for
articles on inflammation. Due to the large number of articles on
inflammation, the search was limited to 6 well-known inflammatory
markers. The final list of inflammatory terms was: IL-13, IL-4, IL-6, IL-
10, TNFa, and CRP. Multiple variations for each of these terms were
used in the search to decrease the chance of missing relevant articles.
Similarly, variations in the name of foods and constituents were used to
ensure that no appropriate articles were missed (i.e. full representation).
Next, inflammatory terms were combined using the “or” option. Each
food and constituent was individually combined with the list of
inflammatory terms using the “and” option.

Based on the abstracts, articles were discarded for any of the
following reasons: 1) did not examine the specific food/constituent and
the inflammatory markers; 2) used inflammatory marker to stimulate
other processes; 3) used a combination of foods/constituents as the
exposure; 4) i.v. administration of constituent; 5) was published after the
year 2007; 6) was a review paper; and 7) food-/constituent-specific
exclusions (i.e. excluded studies looking at chronic alcohol exposure,
alcohol abuse, or ethanol vapor).

All other full-text articles that were not discarded were retained for
further review. Articles were again subject to the above exclusion
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criteria. All remaining articles were used in developing the Inflammatory
Index (929 articles).

One of 3 possible values was assigned to each article based on the
effect of the particular food or constituent on inflammation: —1 was
assigned if the effects were proinflammatory (significantly increased IL-
18, IL-6, TNFa, or CRP or decreased IL-4 or IL-10); +1 if the effects
were antiinflammatory (significantly decreased IL-18, IL-6, TNFa, or
CRP or increased IL-4 or IL-10); and 0 if the dietary variable produced
no change in the inflammatory marker. In some instances, in a single
study, constituents have been shown to decrease or increase both pro-
and antiinflammatory markers. Also, there have been results that
show an increase in one proinflammatory marker but a decrease in
another. These are clear contradictions in the effect of a constituent on
inflammation. To deal with this, we took the mean effect. There were
cases, in a single study, where a constituent had no effect on a number of
inflammatory markers but increased or decreased another. Scoring was
based on the effect of the constituent on actual changes in inflammatory
marker(s). For example, if a constituent did not affect levels of IL-6 or IL-
1B, but significantly decreased CRP, the article was assigned +1.

Scoring the Inflammatory Index. A number of steps were taken to
determine how to score the Inflammatory Index. First, articles were
weighted by study characteristics. Articles were weighted by the study
type and design (Table 1). Second, using these weighted values, a score for
each food and constituent was calculated. The following steps were used
to calculate the score: 1) divided the weighted pro- and antiinflammatory
articles by total weighted number of articles; and 2) subtracted the
proinflammatory fraction from the antiinflammatory fraction (Fig. 1).

Third, scores were adjusted for each food and constituent by the total
weighted number of articles. An arbitrary cutpoint of 100 was chosen to
indicate an optimally robust pool of literature. This number was used to
adjust scores by weighting the number of articles. All foods and
constituents with a weighted number of articles = 100 were assigned the
full value of the score. Foods and constituents with a weighted number of
articles < 100 were adjusted as follows: 1) number of weighted articles
was divided by 100; 2) the fraction was then multiplied by the score for
that constituent, which resulted in the new adjusted score (i.e. for
saturated fat: 88/100 = 0.88 X —0.284 = —0.25).

A list of all foods and constituents included in the Inflammatory
Index along with the respective adjusted score are provided (Table 2). We
did not include constituents or foods with total weighted articles of <10,
which resulted in the exclusion of eugenol and 4 flavonoids, for which
only 1 or 2 cell-culture studies existed.

Fourth, food- and constituent-specific scores were multiplied by the
intake for each participant. Intake of vitamin A and B-carotene is
recorded in the thousands of micrograms; thus, to equilibrate the range
of intake to other micronutrients, they were divided by 100. Also, (n-3)
and (n-6) fatty acids were multiplied by 10 because they are recorded in
gram amounts and eaten in low quantities. Each food and constituent
score product was then summed to create the overall Inflammatory Index
score for each participant.

Fifth, the Inflammatory Index score was rescaled by dividing by 100
to aid in interpreting results of the statistical analyses.

Study design. Details of the Seasonal Variation of Cholesterol Levels
Study (SEASONS) are provided elsewhere (50,51). Briefly, SEASONS
was a prospective observational study. A total of 641 healthy partici-
pants were followed for 1 y with measurements taken quarterly. Eligible

TABLE 1 Study design weights

Type of study Study design Value

Human Experimental 10
Prospective cohort 8
Case-control 7
Cross-sectional 6

Animal Experimental 5

Cell culture Experimental 3
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Weighted
Number number of
Effect Study design of articles | articles fraction
Anti-inflammatory | Clinical 0 0 \
Cohort 0 4] ]
Case-Control 0 0 88
Cross-sectional 1x6= 6
Animal 0 0 =0.102
Cell 1x3= 3
Total 2 9
Pro-inflammatory | Clinical 0 0
Cohort 0 0 34
Case-Control 0 0 88
Cross-sectional | 4 x6 = 24 / STEP 1
Animal 2x5= 10 /| Fo.386
Cell 0 0 /
Total 6 34 ]
No Effect Clinical ix10=_ |10 [/
Cohort 0 0 I/
Case-Control 0 0 [/
Cross-sectional | 5x6 = 30 [/
Animal 1x5= 5 [/
Cell 0 o/
Total 7 45 f
Overall Total 15 88" j
Score = 0.102 — 0.386 = -0.284 } STEP 2

FIGURE 1 Example of how weighting was carried out for each
food and constituent in the development of the Inflammatory Index.
Saturated fat had a total of 15 articles, which resulted in 88 weighted.
In step 1, articles were multiplied by assigned weights (Table 1). The
total antiinflammatory and proinflammatory weight was divided by the
total weight for saturated fat. In step 2, the proinflammatory fraction
was subtracted from the antiinflammatory fraction.

participants were scheduled for an in-clinic appointment. At the first
visit, previously completed questionnaires were obtained, anthropomet-
ric measurements were assessed, and a fasting blood sample was drawn.
Follow-up appointments were scheduled every 3 mo for 1y for a total of
5 appointments. There was a 6-wk window on both sides of each
participant’s quarterly appointment during which blood samples were
obtained.

Considerable information was collected on each participant.
Questionnaire-derived data included: demographics, psychosocial
measures, social desirability and approval measures, seasonal patterns
in mood and behavior, dietary information, and stress measures.
Anthropometric measurements included: height, weight, waist circum-
ference, hip circumference, and blood pressure. Serum hs-CRP was
analyzed in the laboratory of Dr. Nader Rifai at Children’s Hospital,
Harvard Medical School, Boston, MA. Inter-assay and intra-assay CV
for hs-CRP were in compliance with the U.S. CDC accepted ranges.
The methodology was described previously (31). The Institutional
Review Boards of the Fallon Healthcare System and the University of
Massachusetts Medical School approved all participant recruitment
and data collection procedures. Each participant signed an approved
informed consent form before entering the study.

Dietary and physical activity assessment method. In SEASONS,
food and constituent intake data for each participant were obtained from
the 24-h dietary recall interviews (24HR). Three randomly selected
24HR were collected at each quarter (including 2 weekdays and
1 weekend day) using the Nutrition Data System (NDS; DOS version
2.6, NDS 2.9) software. Information for all foods and constituents used
in the Inflammatory Index was collected using this method except for
flavonoid intake. The version of NDS that we used did not calculate
intake of different flavonoids. Intakes of specific flavonoids were
estimated from other sources, including the USDA’s Database for the
Flavonoid Content of Selected Foods (52) and the Iowa State University
database on the isoflavone content of foods (53). Foods in these
databases containing >5 mg/100 g of a specific flavonoid were included
in the calculations for that specific flavonoid. The determination of foods
containing the isoflavones genistein and daidzein was carried out
similarly. To estimate flavonoid intake, content across selected foods
was summed to determine overall intake per day. Flavonoids estimated
using these methods were quercetin, epicatechin, cyanidin, luteolin,

TABLE 2 Foods and constituents included in the Inflammatory

Index
Constituent Adjusted score Measure
Energy —0.0549 kd/d
Energy* —0.23 keal/d
Garlic 0.27 g/d
Ginger 0.18 g/d
Saffron 0.18 g/d
Turmeric 0.774 g/d
Tea 0.552 g/d
Caffeine 0.035 g/d
Wine 0.48 g/d
Beer 0.2 g/d
Liquor 0.1 g/d
Alcohol 0.534 g/d
Carbohydrate —0.346 g/d
Fiber 0.52 g/d
Fat —0.323 g/d
(n-3) Fatty acids 0.384 g/d x 10
(n-6) Fatty acids —0.016 g/d x 10
MUFA —0.05 g/d
Saturated fat —0.25 g/d
Protein 0.05 g/d
Cholesterol —0.21 mg/d
Vitamin A 058 ug/d +100
Thiamin 0.05 mg/d
Riboflavin 0.16 mg/d
Niacin 0.26 mg/d
Vitamin B-6 0.286 mg/d
Folic Acid 0.214 wg/d
Vitamin B-12 —0.09 pg/d
Vitamin C 0.367 mg/d
Vitamin D 0.342 wg/d
Vitamin E 0.401 mg/d
B-carotene 0.725 png/d =100
Magnesium 0.905 mg/d
Zinc 0.316 mg/d
Iron 0.029 mg/d
Selenium 0.021 mg/d
Quercetin 0.49 mg/d
Luteolin 0.43 mg/d
Genistein 0.68 mg/d
Daidzein 0.17 mg/d
Cyanidin 013 mg/d
Epicatechin 0.12 mg/d

* The score was computed based on metric units (i.e., kcal/d).

daidzein, and genistein. Physical activity data also were collected on the
same sampling schedule during time allotted for the 24HR interviews
according to methods we had developed and validated earlier (54,55).

Statistical analysis. Summary statistics were used to describe the study
population at baseline. Comparisons of baseline characteristics by
gender were made using y” tests for categorical variables and 2-sample ¢
tests for continuous variables. Statistical analyses were performed using
linear mixed models (Proc MIXED in SAS) utilizing data from the
Inflammatory Index, hs-CRP, and other time-varying covariates from
each time point of study assessment. We used a compound symmetry
covariance structure to account for the dependence of observations made
on the same participants. The primary outcome variable for this analysis
was the natural log of hs-CRP. Values of hs-CRP >10 mg/L were
discarded, because this may be a result of acute inflammation (2). The
primary independent variable was the interval-specific score obtained
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from the Inflammatory Index. The original statistical model and
subsequent models controlled for various possible confounders and
effect modifiers. Effect modification was assessed by stratified analyses
and by including the interaction term in the model. Variables controlled
in analyses were age, gender, race, BMI, smoking status, physical
activity, energy intake, mean hours of sleep, highest level (year) of
education attained, employment status, marital status, total cholesterol
(TC), HDL-cholesterol, antiinflammatory medication use, light season,
herbal supplement use, and infection status (a dichotomous variable
indicating whether the participant had a self-reported infection during
the study quarter). Race was dichotomized into White and other, because
90% of the study population was White. BMI was categorized into
normal weight (18.5 to <25 kg/m?), overweight (25 to <30 kg/m?), and
obese (=30 kg/m?). Participant’s considered to be underweight (<18.5
kg/m?) were excluded from analysis. Smoking status was dichotomized
as yes/no. Dietary intake was measured using the 24HR method and
reported as the mean daily consumption of nutrients and other
exposures. Physical activity, measured as part of the 24HR interview
process, was output as total metabolic equivalents (MET) over the
quarter. Level of education was categorized into high school graduate or
less, vocational/trade and some college, and college graduate or more.
Employment status was categorized as full-time, part-time, or unem-
ployed. Marital status was categorized into single, married, living with a
partner, separated, divorced, or widowed. TC and HDL-cholesterol were
left as continuous variables. Seasons were categorized using the “light
season definition” centered at the equinoxes (winter: November 6 to
February 4; spring: February 5 to May 6; summer: May 7 to August 3;
and fall: August 6 to November 5). Participants who reported having
arthritis were excluded from analysis. Also, observations missing hs-
CRP, Inflammatory Index score, or any of the covariates used in the
models were excluded from analysis.

Reports in the literature indicate that hs-CRP is not linear, but right-
skewed (i.e. toward higher values) (2). Therefore, in addition to (natural)
log transforming the data, we modeled the odds of elevated levels of hs-
CRP (>3 mg/L) among individuals. Hs-CRP was dichotomized to =3
and >3 mg/L and used as the dependant variable in the model (2). To
conduct this analysis we used the GLIMMIX procedure in SAS. As we
did with Proc MIXED, we used the compound symmetry matrix to
estimate the covariance structure and we fit the same covariates. All data
analyses were performed using SAS software, version 9 (SAS Institute).

Results

A total of # = 519 participants had at least 1 clinic visit with an
hs-CRP measurement and dietary intake collected using the
24HR method. Data from 1 participant were then excluded
from analysis because of an hs-CRP value >10 mg/L (as this may
be due to an underlying infection). Additionally, participants
with arthritis (7 = 2), a BMI <18.5 kg/m? ( = 4), or missing any
of the measurements for the covariates entered into the model
(n = 18) were excluded. Thus, the final sample size for the
analysis was 494. The number of repeat measurements available
totaled 1670 (a mean of ~3.4 complete repeats per participant).

Baseline characteristics of the study population are presented
by gender (Tables 3 and 4). The majority of the study population
was White, married, and working full time. The mean age was
48 y. Men were more likely than women to be overweight,
married, working full time, and to have a higher level of educa-
tion. A total of 68.9% of men and 71.7% of women reported
having had an infection at some point during the study (data not
shown).

Energy intake was ~3000 k] higher among males compared
with females. For most nutrients, males had a significantly
higher intake compared with females. Generally higher nutrient
intake among males was most likely attributable to a higher
energy intake. Females had significantly higher intake of vitamin
or mineral supplements (data not shown). No difference was
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TABLE 3 Baseline characteristics of participants in the
SEASONS (categorical variables)’

Males, Females,
Characteristic n =264 n=230 P-value?
Race n(%) 0.60
White (non-Hispanic) 238 (90.2) 204 (88.7)
Other 26 (9.8) 26 (11.3)
Current smoker 0.47
Yes 49 (18.6) 37 (16.1)
No 215 (81.4) 193 (83.9)
BMI 0.01
Normal weight (>18.5 to <25) 82 (31.1) 101 (43.9)
Overweight (25 to <30) 114 (43.2) 80 (34.8)
Obese (=30) 68 (25.7) 49 (21.3)
Marital status 0.002
Single 26 (9.9) 22 (9.6)
Married 209 (79.5) 156 (67.8)
Living with partner 8 (3.0 12 (5.2)
Separated 3(1.1) 1(0.4)
Divorced 13 (4.9) 21 (9.1)
Widowed 4(15) 18 (7.8)
Employment status 0.0005
Full time 196 (74.2) 134 (58.3)
Part time 29 (11.0) 49 (21.3)
Unemployed 39 (14.8) 47 (20.4)
Job type <0.0001
Skill or craft 27 (12.2) 14 (8.1)
Machine operator 6(2.7) 0(0.0)
Manual labor 16 (7.2) 8 (4.6)
Scientific technical work 25(11.3) 8 (4.6)
Service work 20 (9.0) 20 (11.6)
Clinical, office, or sales 16 (7.2) 41 (23.7)
Professional, managerial, 112 (50.4) 82 (47.4)
or administrative work
Education <0.0001
High school or less 46 (17.4) 84 (36.5)
Vocational/trade or some college 70 (26.5) 47 (20.4)
College or more 148 (56.1) 99 (43.1)

" Some of the categories do not sum to the total because of missing data.
2 Pvalue represents the difference between genders using x° tests.

found in herbal supplement use and very few participants
consumed fish oil supplements (1.1% of men and 0.4% of
women). Approximately 13% of the study population was using
antiinflammatory drugs at baseline (this was controlled for
during analysis). Across all time points, the Inflammatory Index
score ranged from —20.9 to 24.7 (an ~45-point range).

Analysis of hs-CRP as continuous. The outcome variable, hs-
CRP, was natural-log transformed, because it was not normally
distributed (i.e. right-skewed) and the variance increased with
increasing hs-CRP (heteroscedasticity). During the analysis of
the Inflammatory Index score on log hs-CRP, certain potential
effect modifiers were assessed. The interaction term for Inflam-
matory Index score and infection status during the study quarter
was considered in the final model. However, stratification by
infection status did not reveal a difference in the effect of
Inflammatory Index score on log hs-CRP. Additionally, an
interaction term with Inflammatory Index score and gender was
fit and found not to be significant (data not shown). Therefore,
no interaction term was entered into the final statistical model.
An inverse but non-significant association was observed for
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TABLE 4 Baseline characteristics of participants in the
SEASONS (continuous variables)’

Males, Females,

Characteristic n =264 n=230 P-value?  P-value®
Inflammatory index score  —1.0 = 029  —0.33 £ 0.20 0.06 -
Age, y 493 + 0.76 484 = 0.77 0.43 -
Serum hs-CRP, mg/L 24 + 034 22 048 0.74 -
MET/d 321 =047 291 £026  <0.0001 -
Total energy intake, kJ/d 12070 = 468.0 9008 = 412.6 <0.0001 -
Total fat, g/d 103.6 = 4.30 758 = 402 <0.0001 049
Saturated fat, g/d 371 £ 161 26.8 =156 <0.0001 040
Protein, g/d 1135 = 454 824 +356 <0.0001 0.04
Carbohydrates, g/d 357.2 £ 1514 2844 = 1345 0.0004  0.004*
Fiber, g/d 242 + 139 196 = 1.10 0.01 0.02*
Cholesterol, mg/d 3731 +=16.87 251.3 = 1530 <0.0001 0.01
Vitamin A, wg/d 19546 = 216.1 1964.2 + 1058 0.11 0.35
Folic acid, wg/d 4533 = 2640 4000 * 21.49 0.12 0.03*
Vitamin C, mg/d 2625 = 2921 2036 = 20.20 0.10 0.70
Vitamin D, wg/d 8.3 = 0.64 74 + 046 0.28 012
Vitamin E, mg/d 655 + 7.72 49.0 £ 5.20 0.08 0.46
B-Carotene, ug/d 5538.8 + 486.8 49325 * 4649 0.37 0.06
Magnesium, mg/d 4274 = 2028 3394 = 15.26 0.0006  0.06
Zinc, mg/d 18.8 = 1.02 145 + 0.72 0.0006 049

" Values are means *+ SEM.

2 Pvalue represents the difference between genders using 2-sample t tests.

3 Pvalue representing the difference between genders after adjusting for energy
intake. *Female energy adjusted intake is higher compared with males.

Inflammatory Index score and log hs-CRP [regression coefficient
(B) = —0.01] (Table 5). Age (years) was positively associated
with log hs-CRP (8 = 0.01; P = 0.0001). Participants who were
nonsmokers had lower hs-CRP than active smokers (8 = —0.18;
P =0.02). BMI was significantly positively associated with levels
of hs-CRP. Compared with normal-weight participants, over-
weight and obese individuals had higher levels of hs-CRP (8 =
0.38, P < 0.0001; B = 0.82, P < 0.0001, respectively). HDL-
cholesterol was inversely related to hs-CRP (8 = —0.009; P =
0.0009). Also, individuals without an infection during the study
quarter had lower levels of hs-CRP (8 = —0.15, P < 0.0001). No

TABLE 5 Summary of linear regression analysis based on hs-
CRP as a continuous outcome variable (log hs-CRP)'

Variables Estimate SEE P-value?
Inflammatory Index score —0.01 0.008 0.27
Age, y 0.01 0.004 0.0001
HDL-cholesterol, mg/L —0.009 0.003 0.0009
Smoking status

Yes 0 0 0

No -0.18 0.08 0.02
BMI

Normal weight 0 0 0

Overweight 0.38 0.07 <0.0001

Obese 0.82 0.09 <0.0001
Infection status

Infection 0 0 0

No infection —0.15 0.04 <0.0001

other variable entered into the model was significantly associ-
ated with hs-CRP.

Analysis of hs-CRP as dichotomous. As recommended by the
CDC and the AHA, we dichotomized hs-CRP at the level of
3 mg/L, considering measurements greater than this level at
higher cardiovascular disease risk (2). A total of 301 observa-
tions (18% of the total 1670 observations) had an elevated
hs-CRP, i.e. >3 mg/L. Results from this analysis revealed an
inverse association between Inflammatory Index score and
elevated hs-CRP (8 = —0.06; P = 0.049) (Table 6). In addition,
age (8=0.02; P =0.01), HDL-cholesterol (8 = —0.02; P = 0.02),
and absence of an infection (8 = —0.35; P = 0.007) were
associated with hs-CRP. BMI was also associated with hs-CRP.
Overweight and obese individuals had higher odds of
an elevated hs-CRP compared with normal-weight individuals
(B =0.59, P =0.01; 1.56, P < 0.0001, respectively). No other
variable entered into the model was significantly associated with
hs-CRP. Similar to the analyses with log hs-CRP, we examined
the association between Inflammatory Index score and the
dichotomous hs-CRP with stratification by infection status. The
effect of the Inflammatory Index score did not differ among
those without an infection compared with those with an
infection; therefore, we reported only the overall odds ratios
here.

A 5-point increase in score (~10% of the total range) is
associated with a reduced odds of an elevated hs-CRP (odds
ratio, 0.76; 95% CI, 0.57, 0.998) (i.e. an ~25% reduction). We
also conducted additional analyses stratifying by gender and
antiinflammatory medication use. Among females, the effect of
Inflammatory Index score on hs-CRP category was slightly
stronger (B8 = —0.07; P > 0.1) compared with males (8 = —0.04;
P> 0.1).

Discussion

This article describes the development and validation of the
Inflammatory Index, a tool for assessing the inflammatory
potential of the diet. We found evidence of an inverse association
between the Inflammatory Index score and hs-CRP in this
sample of 494 adult women and men, with a suggestion that
increasing score (representing movement toward an antiinflam-
matory diet) was associated with a decrease in hs-CRP. An hs-
CRP value of 3 mg/L is recommended as a cutoff point clinically,

TABLE 6 Summary of logistic regression analysis based on hs-
CRP as a dichotomous variable (=3, >3 mg/L)’

Variables Estimate SEE P-value?
Inflammatory Index score —0.06 0.03 0.049
Age, y 0.02 0.009 0.01
HDL-cholesterol, mg/L —0.02 0.008 0.02
BMI

Normal weight 0 0 0

Overweight 0.59 0.23 0.01

Obese 1.56 0.25 <0.0001
Infection status

Infection 0 0 0

No infection —0.35 0.13 0.007

" Model was additionally adjusted for MET, gender, light season, race, education,
energy intake, mean hours of sleep per day, TC, employment status, antiinflammatory
medication use, and herbal supplement use.

2 Pvalue obtained from proc mixed.

" Model was additionally adjusted for smoking status, MET, gender, light season, race,
education, energy intake, mean hours of sleep per day, TC, employment status,
antiinflammatory medication use, and herbal supplement use.

2 P-value obtained from proc glimmix.
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where values greater than this are considered to place individ-
uals at high cardiovascular disease risk (2). Therefore, we
performed additional analysis using hs-CRP as a dichotomous
variable. We found that an antiinflammatory diet along the
continuum of the Inflammatory Index was associated with a
decrease in the odds of an elevated hs-CRP. When examining the
effect of increasing Inflammatory Index score by 5 points
(corresponding to roughly 10% of the full range of the score), we
found significantly reduced odds for an elevated hs-CRP. These
results indicate that an antiinflammatory diet may protect
individuals from an inflammatory response characterized by
elevated levels of hs-CRP and thus indirectly against the
development of cancer, cardiovascular disease, and other
inflammation-related chronic health conditions.

Although we observed significant associations when hs-CRP
was examined as a dichotomous outcome, associations with the
continuous hs-CRP variable were not significant. This may
reflect the nonlinearity of the relationship between hs-CRP and
diet. Similarly, in the paper by Fung et al. (56), there seemed to
be a nonlinear association between dietary indices and CRP.

We found significant positive associations between age and
hs-CRP, as observed previously (57). Also, BMI was significantly
associated with hs-CRP in our study. Both overweight and,
especially, obese participants had significantly higher levels
of hs-CRP compared with normal-weight participants, a result
consistent with existing literature, including those we reported
previously (3,58).

It is noteworthy that other dietary indices exist and have been
examined in association with inflammatory markers. However,
to our knowledge, this is the first literature-based index to focus
primarily on the inflammatory properties of the diet. The
Inflammatory Index was developed based on our careful and
systematic review of the literature. The literature review was
conducted before any attempt was made to validate the measure
in the SEASONS study database so as not to bias construction or
validation of the index. Our results showing that an antiinflam-
matory diet (based on interval differences in the Inflammatory
Index) is associated with a decrease in the odds of elevated hs-
CRP are consistent with findings from studies using other dietary
indices in the literature. Fung et al. (56) conducted a study where
5 dietary indices were assessed and their association with
inflammatory markers was determined. Results from that study
found that the Alternate Healthy Eating Index and the alternate
Mediterranean Diet Index were significantly associated with
CRP and IL-6 (56). However, given the role of inflammation in
the pathophysiology of a number of chronic conditions, an index
focused on the inflammatory potential of the diet may be better
able to predict chronic disease outcomes. This needs to be tested
in large epidemiologic studies having chronic disease-related
endpoints.

There are strengths and limitations for both the Inflammatory
Index and the data used for construct validation. Although the
Inflammatory Index assesses diet as a whole, it was created using
articles that examined the effect of single nutrients and other
dietary constituents on inflammation. Examining nutrients in
relation to disease outcomes can yield weaker relationships
compared with food or dietary pattern intake (59,60). Another
potential limitation of the Inflammatory Index is the dependence
on certain arbitrary decisions made while determining the
scoring algorithm. Waijers et al. (61) found that dietary indices
do not predict disease or mortality any better than individual
dietary factors and they attribute this to the arbitrary choices
made during development of the indices. During development of
the Inflammatory Index, certain weights and cutpoints were
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used to create a reasonable scoring algorithm. All decisions on
the scoring algorithm were made a priori (i.e., before attempting
to predict hs-CRP values). To check how robust the scoring
algorithm was, additional analyses were conducted using
cutpoints of 50 and 150. The point estimate for Inflammatory
Index score was —0.04 using a cutpoint of 50 and —0.06 using
a cutpoint of 150. The P-value for the Inflammatory Index score
in these analyses were 0.06 and 0.046, respectively (hs-CRP as
dichotomous). Another possible limitation of the Inflammatory
Index is publication bias. Because the Inflammatory Index is
dependent on the published literature, there is the possibility that
inclusion of significant findings is more likely than null findings.
Despite this, slightly under one-third of all associations contrib-
uting to the calculation of the Inflammatory Index score were
null.

There also are strengths of the Inflammatory Index. The
Inflammatory Index is based upon an extensive literature search
incorporating cell culture, animal, and epidemiologic studies on
the effect of diet on inflammation. As mentioned previously, the
overall score is dependent on the whole diet, not just certain
nutrients or foods. Inflammatory Index scoring is not dependent
on population means or recommendations of intake; it is based
on results published in the scientific literature. The Inflammatory
Index is not limited to micronutrients and macronutrients but
also incorporates commonly consumed components of the diet
including flavonoids, spices, and tea.

One limitation of using the SEASONS study to validate the
Inflammatory Index is its generalizability. ~90% of the study
population consisted of non-Hispanic Whites. Racial differences
in hs-CRP have been noted (62). Thus, it would be beneficial to
validate the Inflammatory Index in a more diverse population to
assess possible differences in response between races. Finally, the
version of NDS used for the 24HR interviews in the SEASONS
study did not calculate trans fat intake. As a result, we were
unable to incorporate trans fat into the calculation of the overall
score.

There are a number of strengths in using the SEASONS study
data. Dietary data were collected using the 24HR method. This
type of dietary assessment method has been found to be the most
accurate and efficient at measuring macronutrient and micro-
nutrient intake, as well as being able to assess intake of foods not
commonly found on food frequency questionnaires, such as
spices, which may have a substantial effect on inflammation
(63). Also, the sample size was large (494 participants contrib-
uting a total of 1,670 observations). Within the SEASONS, a
wealth of information was collected at each time point. This
allowed appropriate control for a number of other variables and
decreased the possibility of residual confounding. It is important
to note that the SEASONS is observational; it is remarkable to
observe significant prediction of interval changes in hs-CRP by
the Inflammatory Index score in the absence of an intervention.

The Inflammatory Index represents a new tool for assessing
the inflammatory potential of the diet that can be applied to any
population in which dietary data have been collected.

It also has the potential to be used for evaluating and guiding
individuals in setting dietary goals to help decrease levels of
inflammation and possibly reduce the risk of certain chronic
conditions. The results from the validation of the Inflammatory
Index in the SEASONS cohort provide additional evidence that
diet plays a role in the regulation of inflammation, even after
careful control of a wide variety of potential confounders.

These results provide support for one of the mechanisms
through which dietary factors may decrease the risk of cancer,
cardiovascular disease, and other inflammation-related condi-
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tions. Future research areas of interest include directly examin-
ing the association between the Inflammatory Index and these
specific chronic disease outcomes.
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