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Abstract
Background: Chronic inflammation is associated with a variety of chronic diseases and 
other conditions, and diet modulates inflammation. We developed a population-based 
literature-derived dietary inflammatory index (DII) to assess the inflammatory potential 
of an individual’s overall diet, and compared DII scores across three different simulated 
diet plans.  
Methods: One day of intake was created for each of three diet plans (fast food, 
Mediterranean and macrobiotic) based on restaurant menus, literature and the Kushi 
Institute website.  The DII score was calculated for each of the diet plans based on 
amounts of each of the 45 dietary components comprising the DII. A positive DII score 
represents a more pro-inflammatory diet, while a negative DII score represents a more 
anti-inflammatory diet.
Results: The macrobiotic and Mediterranean diets produced strong anti-inflammatory 
DII scores (DII= -5.54 and -3.98, respectively) in comparison to the DII score for the fast 
food diet, which had strong pro-inflammatory potential (DII=+4.07). 
Conclusions: As expected, macrobiotic and Mediterranean meal plans exhibit anti-
inflammatory potential, based on the derived DII scores, which may have the potential 
to exert beneficial effects on health. The DII represents a novel tool for assessing 
diet quality and has the potential to be used for evaluating and guiding individuals 
in setting dietary goals to help decrease levels of inflammation, thereby potentially 
reducing the risk of certain chronic health conditions.
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Introduction
Inflammation is a normal biologic 
process involved in the immune 
response. Normal inflammatory 
responses are typically self-limiting 
and are necessary for wound healing 
and combating infection.  However, 
chronic low-grade inflammation can 
occur as the result of a variety of 
environmental insults and is particularly 
common among obese individuals.1-4 

This moderately elevated inflammation 
is associated with increased risk of 
chronic diseases, such as cardiovascular 
disease and some cancers.5-7 
Dietary factors consistently have 
been shown to affect inflammation 
through both pro-inflammatory and 
anti-inflammatory mechanisms. The 
Western-type diet, which is high in 
sugar intake, fried foods, high-fat 
dairy products, and refined grains, 
is associated with higher levels of 
inflammatory biomarkers, such 
as C-reactive protein (CRP) and 
interleukin-6 (IL-6).8-10  On the other 
hand, the Mediterranean diet, which 
is high in whole grains, green leafy 
vegetables, and fish, low in red meat 
and butter, with moderate alcohol 
and moderate to high olive oil intake, 
is associated with lower levels of 
inflammation.11-15  The macrobiotic diet, 
which represents a modification of the 
traditional Japanese diet, tends to be 
very high in whole grains, vegetables, 
and beans, with low consumption 
of fish, fruits, and sweeteners.  A 
macrobiotic diet may have beneficial 
effects on lipid profiles and has 
been suggested to reduce cancer 
risk, though epidemiologic data are 
sparse.16-18 Some dietary components 

associated with lower inflammation 
levels include fruits and vegetables,19-21 

omega-3 polyunsaturated fatty acids 
(PUFAs),6,22-26 fiber,8,27-30 moderate 
alcohol intake,31-33 vitamin E,6,34-40 
vitamin C,34,41-43 β-carotene,6,34,44-46 
and magnesium.27,47-49 These dietary 
components are generally known 
to have a much wider safety margin 
with habitual intake than do anti-
inflammatory drugs.50,51  

Given foods or nutrients are not 
consumed alone but rather in 
combination, we created a novel 
dietary inflammatory index (DII) to 
assess the overall diet quality with 
regard to inflammation potential.52 
Several dietary indices exist to assess 
diet quality, but these mainly are 
derived from one of three sources: 
dietary recommendations, specific 
foods unique to individual cultures, or 
findings from individual studies.53-56 

Until the DII was developed, no other 
index had focused on inflammation as 
the key theme in its development. 
The purpose in creating the DII was 
to provide a tool that could assess 
an individual’s diet on a continuum 
from maximally anti-inflammatory 
to maximally pro-inflammatory. The 
DII has been validated using CRP 
measurements in the Seasonal Variation 
in Blood Lipids Study (SEASONS), a 
longitudinal study of approximately 
500 individuals followed with intensive 
dietary and physical activity monitoring 
for a year.52,57,58  In SEASONS, the odds 
ratio (OR) for having an elevated CRP 
(>3.0 mg/L compared to ≤3.0mg/L) was 
1.08 (95% confidence interval [CI]: 1.01-
1.16) for a one-unit increase in the DII 

(representing a more pro-inflammatory 
diet) based on multiple 24-hour dietary 
recalls; and an OR of 1.10 (95% CI: 
1.02-1.19) was obtained using a 7-day 
dietary recall.58 The purpose of the 
current study is to extend our previous 
work by describing the DII, and 
comparing three different simulated 
dietary patterns to examine how DII 
scores vary across a typical day’s usual 
intake for fast food, Mediterranean, and 
macrobiotic diets. 

Methods
Study Design
In the current study, we modeled 
a typical day’s intake on a 2,000 
kcal/d diet for each of the three 
different dietary patterns: fast food, 
Mediterranean diet, and macrobiotic 
diet (menus found in Table 1). 
We then compared the DII scores 
across the three diets. For the fast 
food diet, foods were selected to 
represent a typical selection from a 
fast food restaurant menu. For the 
Mediterranean diet, recipes and food 
choices were selected from Greek 
Revival Cooking for Life.59 For the 
macrobiotic diet, foods were chosen 
from recipes provided on the Kushi 
Institute website60 and from expert 
recommendations. All foods and 
recipes were entered into the Nutrition 
Data System for Research 2012 (NDSR) 
for nutrient analysis.61  Flavonoid levels 
(i.e., flavonols, flavones, flavanones, 
flavan-3-ols, and anthocyanidins), 
which are associated with reduced 
levels of inflammation,62-64 are not 
provided by the NDSR system so were 
calculated based on linkage with 
the USDA’s Database for Flavonoid 
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Content from Selected Foods (Release 
3.1, December 2013). 

The Dietary Inflammatory Index
A description of the development of 
the original DII and other supporting 
materials can be found elsewhere.52,57,58 

The goal in developing the DII was 
to create a score for specific foods 
and dietary constituents thought to 
positively or negatively affect levels 
of inflammation.  All research articles 
through the year 2010 that were 
identified as assessing the role of one 
or more of 45 different foods and 
dietary constituents (listed in Table 2) 
on specific inflammatory markers were 
used to devise the scores. Because 
of the large number of articles on 
inflammation, the literature search 
was limited to six well-established 
inflammatory markers: CRP, IL-1β, 
IL-4, IL-6, IL-10, and tumor necrosis 
factor (TNF)-α out of which CRP, IL-1β, 
IL-6 and TNF-α are considered pro-
inflammatory biomarkers and IL-4 and 
IL-10 are considered anti-inflammatory 
cytokines. A total of 1943 research 
articles were reviewed and scored in 
the creation of the DII.

One of three possible values was 
assigned to each article based on 
the effect of the food parameter on 
inflammation: “+1” was assigned if 
the effects were pro-inflammatory 
(significantly increased IL-1B, IL-6, 
TNF-α, or CRP or decreased IL-4 or 
IL-10); “-1” if the effects were anti-
inflammatory (significantly decreased 
IL-1B, IL-6, TNF-α, or CRP or increased 
IL-4 or IL-10) and “0” if the food 
parameter did not produce any 

significant change in the inflammatory 
marker.  Full details of the scoring 
algorithm are available on request.

The research articles were first 
weighted by study characteristics, with 
clinical trials in humans receiving the 
greatest weight (i.e., 10 of possible 10) 
to cell culture experimental studies 
receiving the lowest weight (i.e., 3 of 
possible 10). Using these weighted 
values, the pro- and anti-inflammatory 
fractions for each food parameter were 
calculated.  The food parameter-specific 
overall inflammatory effect score was 
then calculated by: 1) dividing the 
weighted pro- and anti-inflammatory 
articles by total weighted number of 
articles and 2) subtracting the anti-
inflammatory fraction from the pro-
inflammatory fraction.  A cut point of 
236, the median of the total weighted 
number of articles across all the food 
parameters, was chosen to indicate 
an optimally robust pool of literature. 
All food parameters with a weighted 
number of articles ≥236 were assigned 
the full value of the score. Foods and 
constituents with a weighted number 
of articles <236 were adjusted as follows: 
1) number of weighted articles was 
divided by 236; 2) the fraction was then 
multiplied by the food parameter-specific 
raw inflammatory effect score, which 
resulted in the food parameter-specific 
overall inflammatory effect score. 

To avoid the arbitrariness resulting 
from simply using raw intake 
amounts (resulting in different units 
of measurement for various nutrients 
having large influences on the overall 
score) as had been done in the original 

DII,57 the new version of the DII was 
standardized to a representative 
range of dietary intake based on 
actual human consumption.52 This 
was accomplished by constructing 
a composite database representing 
a wide range of diets across diverse 
populations living in a variety of 
countries in different regions of the 
world. Authors of articles reporting 
on data from nutrition surveys were 
contacted to request access to 
complete datasets.  A total of 11 such 
datasets were identified and used in 
developing the composite database.  

Calculation of the DII in a given study 
is based on dietary intake data that are 
then linked to the global mean intake 
database derived from the 11 datasets.  
An individual’s diet is then expressed 
relative to the standard global mean 
as a z-score. This is achieved by 
subtracting the standard global mean 
from the amount reported by the 
individual and dividing this value by 
its standard deviation.  To minimize 
the effect of “right skewing,” this value 
is converted to a percentile score.  To 
achieve a symmetrical distribution 
with values centered on 0 (null) and 
bounded between -1 (maximally anti-
inflammatory) and 1 (maximally pro-
inflammatory) each percentile score 
is doubled and then 1 is subtracted.  
The centered-percentile value for each 
food parameter is then multiplied by 
its respective food parameter-specific 
inflammatory effect score to obtain 
a food parameter-specific DII score. 
Finally, all of the food parameter-
specific DII scores are summed to create 
the overall DII score for an individual. 
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More positive numbers represent a 
more pro-inflammatory diet whereas 
more negative values represent a more 
anti-inflammatory diet. 

Data Analyses
The overall DII scores and amount of 
each of the 45 dietary constituents that 
factor into the DII score were calculated 
using the methods described above for 
each of the three diets.  

Results
The foods and portion sizes used to 
model a typical day’s meal plan on 
the three different diets (fast food, 
Mediterranean diet, and macrobiotic 
diet) are presented in Table 1. For 
the purposes of comparing the DII 
scores across the three diets, we 
selected foods and portion sizes such 
that energy intake would sum to an 
isocaloric 2,000 kcal/d for each of 
the three meal plans. In Table 2, the 
overall DII scores are presented, along 
with the amount of each of the 45 
food parameters that are included in 
the DII.  The fast food diet had a high 
pro-inflammatory DII score (DII=+4.07), 
while the macrobiotic diet (DII= -5.54) 
and the Mediterranean diet (DII=       
-3.96) scores indicated strong anti-
inflammatory potential.   

Discussion
A comparison of the DII scores across 
three different simulated diets reveal 
the macrobiotic and Mediterranean 
diets exhibit strong anti-inflammatory 
potential. Indeed, these model diets 
correspond to <10th percentile of 
the DII score as shown in previous 
simulated global intake estimates,52 

representing high anti-inflammatory 
potential. By contrast, the fast food diet 
exhibited a strong pro-inflammatory 
DII score corresponding to >90th 
percentile of global intake.52  Given the 
nutrient profiles of the different diets 
and the research on specific dietary 
factors associated with inflammation, 
it is likely that the higher saturated 
fat and trans fatty acids and lower 
fiber, vitamin, and flavonoid values 
of the fast food diet are the major 
contributors to its pro-inflammatory 
score. In contrast, the incorporation 
of more vegetables, fruits, and whole 
grains into both the Mediterranean 
and macrobiotic meal plans appears to 
drive the anti-inflammatory potential 
of those diets. The macrobiotic diet 
recommends very limited use of 
saturated and polyunsaturated fatty 
acids. Thus, in terms of macronutrient 
intake, the macrobiotic diet would likely 
be the most anti-inflammatory of the 
three diets and is consistent with our 
results showing the lowest DII score 
of the three diets. The relatively high 
intake of spices and herbs that contain 
biologically active anti-inflammatory 
compounds65 in the Mediterranean 
diet may contribute to its very low DII 
score. The anti-inflammatory DII scores 
associated with the macrobiotic and 
Mediterranean diets are consistent 
with the protective effect of controlling 
chronic inflammation as a mechanism 
through which these diets exert their 
beneficial effects on health and chronic 
disease prevention.16-18,66,67  

The daily menus used were derived 
from the literature, restaurant menus, 
and expert recommendations. Using 

these “modeled diets” (versus actual 
intake data from human subjects) has 
some inherent limitations.  Our findings 
of differences with inflammatory 
potential between the diets could be 
due to our usage of a standardized 
diet versus the range that would come 
from actual intake data. For example, 
fast food users may not typically 
consume these foods at every meal 
in a given day; thus, the DII score for 
a full day of fast food may indicate a 
higher inflammatory potential than 
actual diets that incorporate these 
components less frequently. Selection 
of items with more vegetables and 
fruits from a fast food restaurant 
menu could potentially decrease the 
DII score for these diets, though it is 
unlikely to be lowered to the extent 
needed to meet the Mediterranean and 
macrobiotic DII scores. 

A 2,000 kcal/d diet was used across all 
three diets so as to invoke isocaloric 
comparisons and eliminate the 
potential for differences in DII scores 
due to differences in total energy 
consumed. However, a typical 
macrobiotic diet would likely consist 
of fewer kcals/d, which would reduce 
the portion sizes of the beneficial 
anti-inflammatory dietary factors 
(such as flavonoids, onions, spices, and 
fiber), resulting in a slightly higher (i.e., 
less anti-inflammatory) DII score. In 
contrast, a fast food diet may consist of 
more kcals/d than the 2,000 assumed, 
resulting in either a higher or lower DII 
score depending on the composition 
of specific foods contributing to the 
added energy. Thus, using typical intake 
amounts, rather than confining to 2,000 
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kcals/d for all diets, could have resulted 
in either larger or smaller differences in 
the inflammatory potential across the 
three diets, depending on the foods 
added to or subtracted from each of 
the diets. We chose the Mediterranean 
and macrobiotic diets for illustrative 
purposes, but these are only two of 
many possible diets representing 
dietary patterns from around the 
world that could be employed to 
provide healthful alternatives to pro-
inflammatory diets. It is very likely that 
whole grain- and vegetable-based diets 
consumed elsewhere in the world also 
would result in low DII scores, indicative 
of an anti-inflammatory effect of diet.

There also are some potential 
limitations of the DII. Because the 
development of the DII scoring 
algorithm was dependent on the 
published literature, there is the 
possibility of publication bias, such 
that inclusion of significant findings 
may be more likely than null findings. 
However, slightly under one-third 
of all associations contributing to 
the scoring of the DII were null. Also, 
individual intakes are standardized to a 
global population mean intake, which 
may vary over time. However, a range 
of intakes was used, and substantial 
changes to the world mean intake 
estimates are not anticipated in the 
near future.  The DII is based upon an 
extensive literature search and takes 
into account not only macronutrients, 
vitamins, and minerals but also 
incorporates commonly consumed 
bioactive components including 
flavonoids and food items known to have 
an effect on inflammation like ginger, 

turmeric and garlic. In addition, the 
overall score takes into account the whole 
diet, but this does preclude the ability to 
assign DII scores to individual foods.

The DII 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. In the modeled diets 
presented here, the DII was calculated 
based on the complete list of 45 food 
and dietary constituents.  In practice, a 
complete list of all 45 food and dietary 
constituents would be available only 
from 24-hour recall- or food record-
derived data because traditional food 
frequency questionnaires contain a 
limited list of foods and beverages.  
However, the DII can be used with 
dietary data from any source, and we 
are currently calculating it from food 
frequency questionnaires that provide 
a smaller list of dietary factors. These 
data are being used in a variety of 
datasets to examine the association 
between the DII and chronic disease 
risk.  Results presented here, as well 
as those obtained from our previous 
work, highlight the potential of the DII 
to be used in evaluating the effect of 
different diets on a variety of health 
outcomes. Continued application of 
the DII in studies based in diverse 
populations and using a variety of 
health outcomes ultimately may help in 
guiding individuals to set dietary goals 
to decrease levels of inflammation and 
potentially reduce the risk of certain 
chronic health conditions.  
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Table 1. Modeled Meal Plans for Fast Food, Mediterranean and Macrobiotic Diets

 Breakfast Lunch Dinner
Fast Food Diet1 1 bacon, egg and cheese biscuit 1 double cheeseburger  1 crispy chicken sandwich 
 1 coffee, small  1 French fries, small 1 French fries, small 
  1 diet citrus soda,  1 citrus soda, caffeine-free, 
     caffeine-free, medium    medium  
Mediterranean Diet2 1.5 cup yogurt 10.6 oz Greek salad (with 1 cup couscous, cooked
 1 cup green seedless grapes   spinach, lettuce, feta cheese, 4 oz tilapia, cooked
 0.5 cup shelled walnuts   tomatoes, cucumber, olives) 2 tbsp olive oil
 3 tsp honey 1 tbsp olive oil 1 garlic clove
 1 cup herbal tea 1 tbsp vinegar 0.5 cup fennel
  1 whole wheat pita 0.5 red pepper
  0.25 cup hummus 0.5 onion
  1 small coffee  0.5 tomato
  2 tbsp milk 0.25 cup mint leaves
     0.5 cup blueberries
     4 oz red wine
Macrobiotic Diet3 0.75 serving of tofu cilantro  2 cups short grain brown rice,  2 cups short grain brown rice,
     and veggie dish:    cooked    cooked
     3.33 oz tofu, steamed, extra firm 1cup miso soup 1 cup miso soup
     0.26 oz fresh cilantro 1 serving of stir fried vegetables: 2 serving of azuki, squash dish:
     0.75 quarter head of Napa cabbage     0.25 medium carrot   0.5 cup azuki beans
     0.75 medium carrot     0.125 cup cooked lotus root   0.5 cup cubed butternut squash
     0.75 medium spring onion     0.25 medium onion    0.25 sheet dehydrated seaweed
     0.75 tablespoon brown rice vinegar     0.25 broccoli flower   0.5 tbsp parsley
 1 cup cooked oatmeal     0.75 leaves Chinese cabbage 0.5 serving of cucumber and 
 0.5 cup blackberries     0.5 shiitake mushrooms  wakame salad:

 1 cup green tea     0.5 tbsp sesame oil   0.5  cup cucumber salad with vinegar  
   0.5 tbsp soy sauce   0.25 cup wakame
    0.5 tbsp vinegar   0.5 tbsp soy sauce   
       0.5 tbsp arrowroot flour      0.5 tsp brown rice vinegar
   0.25 tsp ground ginger 1 serving of squash pudding:
   0.5 small spring onions   0.25 cup cubed butternut squash  
  0.5 cup apple juice   0.13 oz kelp  
  1 cup green  tea      0.5 tbsp cooked barleY  
       0.25 tbsp tahini
       0.25 tbsp arrowroot flour
     1 cup green tea 

1 Items selected from fast food restaurant menu
2 Recipes from Greek Revival: Cooking for Life59

3 Recipes from Kushi Institute website60
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Table 2. Dietary Inflammatory Index Scores, Nutrients, and Dietary Factors for Modeled 2,000kcal/d Diet Plans
 Fast Food Diet Mediterranean Diet Macrobiotic Diet
DII Score* +4.07 -3.96 -5.54
Food parameters (units):   
Energy intake (kcals/day) 2003 2001 2001
Total fat (g/d) 102.25 109.24 35.81
Total carbohydrate (g/d) 188.30 193.57 355.56
Total protein (g/d) 85.34 61.25 78.58
Alcohol (g/d) 0.00 12.02 0.00
Cholesterol (mg/d) 364.25 105.85 0.00
Saturated fat (g/d) 32.74 20.84 5.71
Monounsaturated fat (g/d) 36.64 45.74 14.61
Polyunsaturated fat (g/d) 24.74 36.75 12.88
Trans fatty acid (g/d) 3.69 0.53 0.04
Omega 3 fatty acids (g/d) 2.70 6.42 0.88
Omega 6 fatty acids (g/d) 24.27 30.29 11.31
Total dietary fiber (g/d) 12.98 26.81 63.97
Vitamin A (RE/d) 245.92 1097.68 1509.94
Beta Carotene (mcg/d) 147.22 5780.23 13587.89
Vitamin D (mcg/d) 2.67 5.45 0.09
Vitamin E (AT EQ/d) 10.41 14.92 5.32
Vitamin C (mg/d) 34.78 181.64 120.36
Thiamin (mg/d) 1.24 1.18 2.04
Riboflavin (mg/d) 1.45 1.54 1.49
Niacin (mg/d) 23.12 21.39 25.57
Vitamin B6 (mg/d) 1.94 1.74 3.17
Total folate (mcg/d) 213.93 423.66 902.95
Vitamin B12 (mcg/d) 3.81 2.75 0.01
Magnesium (mg/d) 194.39 371.62 858.92
Iron (mg/d) 9.28 12.40 28.36
Zinc (mg/d) 10.04 8.67 16.83
Selenium (mcg/d) 104.07 75.56 131.32
Caffeine (mg/d) 0.10 0.09 0.14
Flavonols (g/d) 3.54 48.75 47.30
Flavones (g/d) 0.03 6.37 6.26
Isoflavones (g/d) 0.18 0.25 70.07
Anthocyanidins (g/d) 0.00 204.36 87.96
Flavonones (g/d) 0.27 9.02 0.00
Flavan-3-ol (g/d) 0.19 736.66 977.30
Garlic (g/d) 0.00 3.75 0.00
Ginger (g/d) 0.00 0.00 2.60
Onion (g/d) 0.00 55.00 161.67
Pepper (g/d) 0.00 0.00 0.00
Rosemary (mg/d) 0.00 0.00 0.00
Saffron (g/d) 0.00 0.00 0.00
Thyme/Oregano (mg/d) 0.00 0.00 0.00
Turmeric (g/d) 0.00 0.00 0.00
Eugenol (g/d) 0.00 0.00 0.00
Green/Black Tea (g/d) 0.00 0.00 4.47

*A negative number reflects a more anti-inflammatory score, while a positive number reflects a more pro-inflammatory score
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