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ABSTRACT

Introduction: Inflammation underlies a variety of chronic medical conditions, 
including diabetes. The anti-inflammatory diet, one that excludes foods that may 
stimulate inflammation and includes foods that reduce inflammation, may improve 
inflammatory biomarkers in people with diabetes and pre-diabetes.

Study Design: Thirty participants with diabetes or pre-diabetes were randomized 
(2:1) in a controlled feeding study that compared the anti-inflammatory diet 
(n=20) to a control diet (n=10) based on the American Diabetes Association 
recommendations. Diets were matched for protein, carbohydrate, fat, and fiber 
content as closely as possible. Participants were fed an isocaloric diet for 2 weeks, 
followed by continued ad libitum feeding in their dietary group assignment for an 
additional 4 weeks. All meals were prepared by the study team.
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ABSTRACT (CONTINUED)

Outcomes: Primary outcomes included inflammatory markers, including cytokines 
and hsCRP. Secondary outcomes included body weight and biomarkers for 
cardiovascular disease and diabetes.

Results: Both diets resulted in trends in reduced markers of inflammation, especially 
with weight loss. In addition, glucose, lipids, and triglycerides all trended downward, 
also non-significantly and equally in both groups. 

Conclusion: Dietary change can improve inflammation as well as other 
cardiometabolic risk factors. In this study, the anti-inflammatory diet did not affect 
markers of inflammation more than the control diet.
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INTRODUCTION

It is becoming increasingly clear that there is a 
strong relationship between inflammation and 
obesity.1–4 One mechanism of this relationship 
involves adipokines and cytokines.1 Obese people 
have increased subcutaneous adipocytes (fat cells) 
that produce chronically elevated levels of leptin.5 
Higher leptin secretion has been linked with 
increased production of pro-inflammatory cytokines 
Tumor Necrosis Factor alpha (TNFα), Interleukin 
1 beta (IL-1β), and Interleukin 6 (IL-6).3 Increased 
levels of these cytokines and high-sensitivity 
C-reactive protein (hs-CRP) reflecting longstand-
ing immune activation has been implicated in the 
pathogenesis of insulin resistance and chronic 
diseases such as type 2 diabetes.6–8 This suggests 
that inflammation accompanying obesity may play 
a role in diabetogenesis, and reducing systemic 
inflammation is often cited as a benefit of weight 
loss interventions.9

Diet may also (and independently) affect cyto-
kine levels and inflammation.2 For example, the 
Mediterranean Diet has been shown to decrease 
inflammatory cytokines in many conditions.10 In 
contrast, high trans-fat diets and diets contain-
ing sugar-added foods and beverages have been 
shown to increase pro-inflammatory cytokines IL-6 
and TNFα.11,12 Wheat can cause non-celiac gluten 
sensitivity, a hypersensitivity reaction that leads to 
production of IL-1β, IL-6, TNFα, and IFNγ.13 In 
contrast, fish oils containing omega-3 fatty acids 
decrease inflammatory cytokines IL-6 and TNFα.14 
Further, anthocyanins in blueberry and blackberry 
extract have been shown to reduce inflammatory 
cytokines induced by a high-fat diet.15

Despite supportive data linking diet with inflam-
mation in several chronic diseases, diet complexity, 
inter-individual variability, and meals consumed as 
a mixture of foods rather than as isolated ingredi-
ents make it difficult to investigate the mechanisms 
by which an individual dietary component exerts its 
pro- or anti-inflammatory effects. In addition, it has 
been proposed that foods influence inflammation 
indirectly via the gastrointestinal microbiota lead-
ing to a specific inflammatory profile16,17 and (or) 
changes in gut permeability due to hypersensitivity 
responses to different foods affecting the cytokine 

production.17,18 The most common of these foods 
are citrus and nightshade vegetables, which are 
thought to generate sensitivities in large propor-
tions of the population.19,20 Several diet-associated 
antigens have also been identified, although the 
mechanisms by which they exert their effects on the 
immune system have not been well-elucidated.

A variety of “anti-inflammatory” diets (also 
known as the hypoallergenic diet, elimination 
diet, and oligoantigenic diet) have been used in 
naturopathic medicine for the treatment of many 
diseases including allergies, irritable bowel syn-
drome, inflammatory bowel disease, rheumatoid 
arthritis, and systemic lupus erythematosus.21–23 
Despite its therapeutic use, reduction in inflam-
mation has not specifically been demonstrated 
with this diet. 

Anti-inflammatory diets differ primarily in the 
recommendations regarding which foods should 
be excluded and included. The varying opinions 
amongst physicians makes it difficult to study. 
Nevertheless, all versions of the anti-inflammatory 
diet include advice regarding inclusion of fats and 
oils high in polyunsaturated fatty acids, particu-
larly omega-3 fatty acids (fish, canola, flax seed, 
sunflower, etc.).24,25 In addition, limiting refined car-
bohydrates (white sugar, brown sugar, and honey) 
and emphasizing increased intake of seeds and nuts 
are also cornerstones of the anti-inflammatory diet, 
making it a low glycemic-index and glycemic-load 
diet. Reducing glycemic fluctuations is intended to 
decrease end-organ cellular oxidative stress, reac-
tive oxygen species production, cytokine levels, and 
other markers of inflammation.26–28

This randomized controlled-feeding study 
addressed the question of whether the anti-
inflammatory diet reduces levels of inflammatory 
cytokines, parameters of glucose metabolism, and 
cardiovascular risk factors in patients with pre-dia-
betes and type 2 diabetes. Participants were chosen 
for study because these conditions are associated 
with increased central obesity and levels of inflam-
matory markers that put them at risk for chronic 
diseases and poor health outcomes.2,29 We hypoth-
esized that the anti-inflammatory diet would reduce 
inflammatory markers compared to a control diet, 
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leading to greater improvements in glucose regula-
tion and decreased serum lipid levels.

METHODS

DIET DEVELOPMENT

The anti-inflammatory diet (AI diet) used in 
this study was developed in collaboration with 
scientists and naturopathic physicians from the 
National University of Natural Medicine (NUNM) 
and scientists and bionutritionists at the Oregon 
Health & Science University (OHSU) Clinical and 
Translational Research Center (CTRC), both in 
Portland, Oregon. After consideration of the vari-
ous recommendations regarding what constituted 
an anti-inflammatory diet from published sources 
as well as accepted practice, a group consensus 
was reached in which the AI diet used in this 
study was one that excluded foods believed to be 
associated with inflammation, such as wheat and 
other high-gluten grains, corn, soy, dairy and all 
dairy-containing products, nightshade vegetables 
(peppers, tomatoes, eggplant, potatoes), citrus, 
beef, pork, shellfish, eggs, trans fats, processed oils 
(n-6 oils), processed sugar, sugar-added foods and 
beverages, artificial sweeteners, caffeine, alcohol 
and peanuts and peanut-containing products; and 
included foods thought to reduce inflammation, 
such as those high in beneficial fatty acids and anti-
oxidants, including fish, nuts, and darkly colored 
berries. The control diet was based on the American 
Diabetes Association (ADA) recommendations 
for the management of pre-diabetes and diabetes, 
and included ranges of macronutrient intake but no 
specific food restrictions.30

Six-day rotating meal cycles consisting of different 
daily menus of breakfast, lunch, dinner, and a snack 
were developed by the CTRC metabolic kitchen 
staff from original recipes (Supplemental Table 1). 
Nutrient composition of all foods, recipes, and 
meals were calculated using ProNutra diet planning 
software (Viocare, Princeton, NJ). Nutrient infor-
mation of the foods was primarily determined using 
the USDA17 food database. When a matching item 
was not found in the database, as was the case for 
some specialty foods, the nutrient content of the 
food was resolved by the Nutrition Coordinating 

Center at the University of Minnesota. Additional 
nutrients not commonly available in the USDA17, 
were added from the USDA Food and Nutrient 
Database for Dietary Studies, 1.0 (FNDDS), 
Elizabeth Stewart Hands and Associates database 
(ESHA) (Salem, OR), and Nutrition Data System 
for Research (NDS) Nutrition Coordinating Center 
(NCC) database. 

The AI and ADA diets were matched in carbohy-
drate, and protein (Supplemental Table 2). The 
AI diet met or exceeded all recommended nutri-
ent guidelines at the 2000 kilocalorie level, with 
the exception of calcium and Vitamin B12. These 
nutrients were 55% and 92% of the DRI (dietary 
reference intakes), respectively. The fatty acid 
profile reflected a high mono and polyunsaturated 
fat diet, with lower than recommended saturated 
fat content. Cholesterol content was also far below 
USDA nutritional guidelines. Diet recipes and 
prepared meals were evaluated for palatability and 
acceptance during pre-study testing.  

STUDY PARTICIPANTS

Participants were recruited through advertisements 
in the Portland metropolitan area. Of 626 individu-
als contacted by phone, 104 subjects were screened 
in-person after giving written informed consent 
(Figure 1). Enrolled participants (n=30) who met 
the following criteria were included in the study: 18 
to 65 years of age; BMI between 25 and 45 kg/m2; 
two fasting blood glucose measurements ≥100 mg/dL 
or a two-hour glucose ≥140 mg/dL obtained dur-
ing an oral glucose tolerance test; no other major 
or chronic medical conditions; no medications or 
supplements that might affect inflammatory markers; 
not taking a medication for diabetes other than sulfo-
nylureas; a non-smoker; and no allergies, aversions, 
or intolerances to foods on the study menu. The insti-
tutional review boards at both OHSU and NUNM 
provided ethics approval for this protocol.

STUDY DESIGN

Participants were randomly assigned to the AI diet 
(n=20) or ADA diet (control) (n=10) group using 
a randomized, parallel-study design. This small 
study was designed to test recipe feasibility, diet 
tolerability, and cytokine variability across a six-
week intervention. All study visits took place at the 
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OHSU CTRC and were conducted between March 
2006 and December 2007. Participants returned to 
the CTRC three times per week for breakfast and to 
pick-up food for the subsequent time period. During 
these visits, study personnel reviewed hunger and 
satiety scores, administered food intake question-
naires, measured body weight using a research scale 
at the CTRC, assessed tolerance of and consump-
tion of the diet, discussed participants’ reported 
symptoms, provided encouragement, and reviewed 
the ongoing study schedule.

To determine the effects of each diet without 
confounding effects of weight loss, for the first 
two weeks the diets were individually calculated to 
provide 100% of caloric needs (isocaloric phase). 
The participants were instructed to eat everything 
provided to them, and body weight was monitored 
at each visit with adjustments made to the menu 

to maintain participant weights. To determine the 
effects of potential weight change resulting from 
dietary assignment on study outcomes, during 
weeks 3–6 the diets were provided in an amount 
estimated at 20% above isocaloric needs and 
participants were instructed to eat according to 
how hungry and full they felt (ad libitum phase). 
Following consumption, all food containers and 
leftover food were returned and weighed. This 
allowed the research team to analyze how much 
food was consumed.

Self-reported visual analogue scale scores of hun-
ger and satiety were recorded. Blood draws were 
obtained after an overnight fast at baseline, the end 
of week two of the isocaloric phase, and weeks 
four and six of the ad libitum phase. A dual energy 
x-ray absorptiometry (DEXA) scan was performed 
at the beginning and end of the study to assess body 

Assessed for eligibility
(n = 626) Excluded  (n = 488)

Not meeting inclusion criteria
(n = 472)

Declined to participate
(n =16)

Analyzed  (n = 20)

Excluded from analysis  (n = 0)

Give reasons: N/A

Lost to follow-up
(n = 0)

Give reasons: N/A
Discontinued intervention

(n = 0)

Give reasons: N/A

Analyzed  (n = 10)

Excluded from analysis  (n = 0)
   Give reasons: N/A

Allocation -
Participants

Analysis

Follow-Up

Enrollment

Randomized (n = 30)

AI Diet
Allocated to intervention

(n = 20)

Received allocated intervention
(n = 19)

Did not receive allocated intervention
(n = 1)

Give reasons:
– Declined due to scheduling

Diabetic control diet

Allocated to intervention
(n = 10)

Received allocated intervention
(n = 10)

Did not receive allocated intervention
(n = 0)

Give reasons: N/A

Lost to follow-up  (n = 0)
Give reasons: N/A

Give reasons:
: 

– 2 due to dislike of diet
– 1 due to scheduling

Discontinued intervention
(n = 3)

Figure 1: Flow diagram for study recruitment, enrollment, and retention.
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composition using a Hologic QDR Discovery A 
Densitometer (Hologic, Inc., Bedford, MA).

BIOLOGICAL ASSAYS

Plasma levels of pro-inflammatory cytokines 
TNFα, IL-1β, and IL-6 were analyzed with com-
mercially available sandwich ELISA kits (R&D 
Systems, Minneapolis, MN). High-sensitivity 
C-reactive protein and insulin were measured 
using chemiluminescence-based Immulite 
immunoassay systems (Diagnostic Products 
Corporation, Los Angeles, CA). Plasma glucose 
concentrations were measured by calorimetric 
method in the CTRC Core Laboratory and whole 
blood hemoglobin A1c was measured by the 
OHSU Hospital Clinical Laboratory. The OHSU 
Lipid Laboratory analyzed lipoproteins using beta 
quantification enzymatic methods that deter-
mine total cholesterol, triglyceride levels, HDL 
cholesterol, and calculated VLDL cholesterol, 
LDL cholesterol, and non-HDL cholesterol. In 
samples where plasma triglyceride levels exceeded 
300 mg/dL, lipoproteins were separated by pre-
parative ultracentrifugation before analysis.

STATISTICAL METHODS

Data on all primary variables were summarized 
by four time period means: at baseline, after two 
weeks of isocaloric feeding, midway into ad libitum 
feeding, and at the end of the study. Primary out-
come measures compared across time and between 
groups were glucose, total cholesterol, LDL, HDL, 
VLDL cholesterol, triglyceride, and cytokine levels. 
Time-varying covariates were weight/BMI and 
fixed covariates of interest were age, sex, and base-
line levels of the outcome measure.  

An intent-to-treat analysis was used throughout. 
For subjects who dropped out before completion of 
the experiment, missing data were imputed using 
the last observation carried forward method. As 
expected, preliminary analysis indicated that the 
primary effect of imputation was to weaken the sig-
nificance of group differences for some outcomes. 
For each of the primary outcome measures, we 
conducted three main analyses using a univariate 
linear mixed model ANOVA assessing the effects 
of diet group (as a between-subjects factor) and 
time period (as a within-subjects factor), especially 

testing for a time*group interaction. In the first 
primary analysis (Model 1), only baseline value of 
the outcome is used as a covariate. In the second 
(Model 2), gender is added as a covariate, in order 
to test whether gender moderates results. In the 
final analysis (Model 3), weight is added to baseline 
level as a time-varying covariate (without gender). 
Model 3 analysis tests sensitivity of results to 
weight change by testing for effects of diet indepen-
dent of weight loss.

Hunger and satiety scores (recorded daily) were 
separately summarized as averages of three con-
secutive two-week periods and analyzed according 
to a single mixed model ANOVA, with diet group 
as a between-subjects factor and time period (first 
two weeks, second two weeks, last two weeks) as a 
within-subjects factor. Since non-spherical covari-
ance was noted for almost all outcome measures, 
Greenhouse-Geisser corrections were used for 
repeated measures analyses. Mixed model analyses 
(with the weight covariate) were computed using 
a Huynh-Feldt covariance structure, which was 
determined to provide good model fit. All statistical 
calculations were performed using IBM SPSS v.20 
(IBM Corp. Released 2011. IBM SPSS Statistics 
for Windows, Version 20.0. Armonk, NY: IBM 
Corp). 

RESULTS

Participants (53% female) were predominantly 
white. Mean age, gender, weight, and BMI were not 
statistically significant between the AI diet and the 
control groups at baseline (Table 1).

DIET TOLERABILITY AND VISUAL ANALOG 
SCORES

Targeted dietary macronutrient and fiber intakes 
were achieved by study groups according to diet 
assignment (Supplemental Table 3). Both groups 
were well matched for total calorie intake during 
both the isocaloric and ad libitum feeding phases 
(Supplemental Table 3). Using daily visual analog 
scales to record the tolerability and tastiness of the 
diets, tolerability increased over time in both groups 
with no significance difference between them (data 
not shown).
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BODY WEIGHT AND GLUCOSE 
METABOLISM

During the four-week ad libitum feeding phase, 
both groups lost small but significant amounts of 
weight; however, change in weight was not signifi-
cantly different between the two groups, according 
to Model 1 (Table 2).

Both dietary groups showed mean decreases 
in glucose levels over the course of the trial 
(Table 2), but there was no difference between 
the two groups (P=0.8 for interaction, Model 
1); this remained true even when accounting for 
gender (P>0.5 for main effect of diet, Model 2) 
or weight loss (P=0.20 main effect of diet, 
Model 3).

Table 1: Baseline characteristics in each diet group.

AI group (n=20) Control group (n=10) P-value

Mean Std. deviation Mean Std. deviation

Gender (F/M) 14/6 – 7/3 – –
Age (years) 56.9 9.1 58.8 10.2 0.6
Weight (kg) 98.54 15.21 100.11 15.10 0.8
BMI (kg/m2) 33.64 3.97 33.44 4.12 0.9
Glucose (mg/dL) 113 16.3 113 9.04 >0.9
Insulin (µIU/mL) 15.83 8.86 12.32 6.60 0.3
Total cholesterol (mg/dL) 199.6 35.90 211.3 43.84 0.4
LDL cholesterol (mg/dL) 123.17 32.15 122.55 38.60 >0.9
HDL cholesterol (mg/dL) 51.25 16.66 56.1 17.64 0.5
VLDL cholesterol (mg/dL) 25.23 11.58 32.65 16.65 0.2
Triglyceride (mg/dL) 125.8 57.74 163.5 83.67 0.2
TNFα (pg/mL) 1.91 0.81 1.67 0.59 0.4
IL-6 (pg/mL) 2.43 1.32 2.89 1.02 0.4
hs-CRP (mg/dL) 4.44 3.95 3.53 2.99 0.5

AI, anti-inflammatory diet; BMI,  body mass index; LDL, low density lipoprotein; HDL, high density lipoprotein; VLDL, very 
low density lipoprotein; TNFα, tumor necrosis factor alpha; IL-6, interleukin-6; hs-CRP, high-sensitivity C-reactive protein.

Table 2: Changes in parameters of weight and glucose metabolism at the end of each feeding phase compared to 
baseline.

 
 

AI group  
 

Control group

Baseline 
visit

 Isocaloric end 
vs. baseline

 Ad libitum end 
vs. baseline

Baseline 
visit

 Isocaloric end 
vs. baseline

 Ad libitum end 
vs. baseline

Weight (kg)
  Mean   98.6   −1.32**   −2.88***   100   −1.0*   −2.65***
  Std. deviation   15.2   1.42   2.29   15.1   0.74   1.68
BMI (kg/m2)
  Mean   33.6   −0.45**   −0.98***   33.4   −0.31*   −0.85***
  Std. deviation   3.97   0.49   0.78   4.12   0.30   0.62
Glucose (mg/dL)
  Mean   113   −4.41**   −8.19***   113**   −5.36   −8.66***
  Std. deviation   16.3   6.53   9.91   9.04   3.83   6.33
Insulin (µIU/mL)
  Mean   15.8   0.84   1.62   12.3   3.89   0.59
  Std. deviation   8.86   6.06   9.07   6.60   7.86   7.37

BMI, body mass index.
Significant within-group changes from baseline: *P<0.05; **P<0.01; ***P<0.001. There were no significant (P<0.05) 
between-group differences.
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Insulin levels showed no significant effect of diet 
group (P=0.37 for Visit*Group interaction, Model 
1) (Table 2). When weight is included as a time-
varying covariate, in Model 3, there continues to be 
no significant effect of group on changes in insulin, 
but we do obtain highly significant effects of visit 
(P=0.001 and weight (P=0.001).

LIPID LEVELS

Total cholesterol levels decreased significantly 
over the course of treatment in both groups, but 
decreased more in the AI diet group, even when 
accounting for differing baseline levels between 
groups (Table 3).

Similarly, LDL cholesterol decreased in both 
groups, but the decline was greater in the AI diet 
group (Table 3). The significance of the effect was 
enhanced when weight was added as a covariate 
(P=0.017 for Visit*Group interaction, Model 3) 
(Table 3).

Both groups experienced reductions in HDL choles-
terol over the course of treatment, but the changes 
over time were not significantly different between 
groups (P>0.05 for Visit*Group interaction, Model 
1) (Table 3). Inclusion of gender as a factor in the 

model shows strong effects of gender on HDL 
(P=0.003 for gender main effect). Female subjects 
had higher levels of HDL in both groups, and at 
least in the ADA group, these fell more sharply over 
time than for men.

Analysis of the HDL/LDL ratio demonstrated near-
significant differences between groups (V=0.066). 
Again, we observed greater differences between 
groups during the isocaloric phase, which slowly 
reversed during the ad libitum phase. Inclusion of 
gender or weight (in Models 2 and 3) did not sig-
nificantly alter estimates of between-group effects.

Mean decreases in mean levels of VLDL choles-
terol over time were slightly higher in the AI group 
(P=0.096) (Table 3). However, there was a sig-
nificant Gender*Group*Visit interaction in Model 
2. This result should be interpreted with caution, 
however, as it is due to two of just three male 
participants in the ADA group having very large 
increases in VLDL cholesterol over the course of 
the trial.

In Model 1, there was no significant effect of diet 
group on changes in triglyceride levels (Table 3). 
Similar to VLDL cholesterol, gender influenced 
the results on triglyceride levels as a result of 

Table 3: Changes in lipid levels at the end of each feeding phase compared to baseline.

AI group Control group

Baseline 
visit

Isocaloric end 
vs. baseline

Ad libitum end 
vs. baseline

Baseline 
visit

Isocaloric end 
vs. baseline

Ad libitum end 
vs. baseline

Total cholesterol (mg/dL)
  Mean 200 −31.7***† −34.6*** 211 −14.6** −27.2***
  Std. deviation 35.9 23.3 25.4 43.8 14.7 15.3
LDL cholesterol (mg/dL)
  Mean 123 −24.1***† −24.83*** 123 −9.95* −20.7***
  Std. deviation 32.2 18.6 19.9 38.6 14.94 13.96
HDL cholesterol (mg/dL)
  Mean 51.3 −3.85*** −5.78*** 56.1 −7.4*** −8.8***
  Std. deviation 16.66 4.89 5.46 17.64 7.11 8.19
VLDL cholesterol (mg/dL)
  Mean 25.2 −3.68**† −4.0**† 32.7 2.75 2.25
  Std. deviation 11.6 5.54 6.98 16.7 5.20 13.7
Triglycerides (mg/dL)
  Mean 126 −18.4**† −20.0**† 164 13.5 10.7
  Std. deviation 57.7 28.0 35.0 83.7 26.2 68.0

LDL, low density lipoprotein; HDL, high density lipoprotein; VLDL, very low density lipoprotein.
Significant within-group changes from baseline: *P<0.05; **P<0.01; ***P<0.001. Significant difference in changes from 
baseline between groups: †P<0.05.
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three male subjects in the ADA group having very 
high levels at baseline that increased during the 
study period (P=0.007 for Time*Diet*Gender 
interaction). In Model 2, gender (P<0.001), 
group (P<0.001), and the Time*Group interac-
tion (P=0.007) are all significant, as are the 
Group*Gender interaction (P=0.002) and the 
Time*Gender interaction (P=0.040).  

INFLAMMATORY MARKERS

Levels of TNFα, IL-6, and hs-CRP were analyzed 
to determine the effect of diet on inflammation 
(Table 4). We did not find significant evidence for 
effects of diet group assignment on changes in any 
of these markers. Participant weight had highly 
significant associations with both TNFα levels 
(P=0.001), and IL-6 levels (P=0.001) in Model 3; 
but inclusion of weight in the model did not 
result in significant effects of diet group on either 
outcome.

DISCUSSION

In this pilot and feasibility study, we examined 
the effect of consuming an anti-inflammatory diet 
versus a control diet on markers of inflamma-
tion and risk factors for cardiometabolic disease. 
Participants were randomized to their dietary 
assignment under controlled feeding conditions. 
Each diet was matched for protein, carbohydrate, 

fat, and fiber content such that only the foods that 
made up each diet were different. In the case of 
the anti-inflammatory diet, several foods thought 
to be pro-inflammatory were eliminated and, 
instead, emphasis was placed on increasing intake 
of healthy fats31 and anti-inflammatory fruits and 
vegetables.32 The control diet, which was based 
on recommendations by the American Diabetes 
Association, included the foods that were elimi-
nated as part of the AI diet, such as whole grains, 
red meat, nightshade vegetables, and citrus. 

One of the strengths of our study was the careful 
matching of the two diets for nutrient content and 
the controlled feeding design in which all the food 
that was consumed was prepared by the CTRC 
Bionutrition staff and carefully tracked during 
the entire study period. This degree of precision 
required creativity. The AI diet is by its nature high 
in dietary fiber; we therefore chose a fiber amount 
(35–40 g/day in a 2000 kcal diet) that could be 
achieved in both diets in order to control for this 
important component. This total fiber intake is quite 
high compared to a typical American diet. 

Because the AI diet eliminates many foods that are 
common in the “standard American diet,” whether 
the diet would be acceptable to participants was of 
concern. All recipes for the AI diet were taste-tested 
by study team members and a few test participants 
prior to first randomization. Further, participants 
were interviewed by study dieticians about their 

Table 4: Changes in markers of inflammation at the end of each feeding phase compared to baseline.

AI group Control group

Baseline 
visit

Isocaloric end 
vs. baseline

Ad libitum end 
vs. baseline

Baseline 
visit

Isocaloric end 
vs. baseline

Ad libitum end 
vs. baseline

TNFα (pg/mL)
  Mean 1.91 −0.17† −0.12 1.67 0.07 −0.01
  Std. deviation 0.81 0.37 0.42 0.59 0.17 0.19
IL-6 (pg/mL)
  Mean 2.43 −0.12 −0.12 2.89 −0.39 −0.28
  Std. deviation 1.32 0.59 0.74 1.02 0.74 1.11
hs-CRP (mg/dL)
  Mean 4.44 −1.18 −1.70 3.53 −0.69 −0.12
  Std. deviation 3.95 3.55 3.55 2.99 1.14 2.30

IL-6, interleukin-6; TNFα, tumor necrosis factor alpha; hs-CRP, highly-sensitive C-reactive protein. There were no significant 
(P<0.05) within-group changes. Significant difference in changes from baseline between groups: †P<0.05.
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dietary preferences, so that menus could be tailored 
to match food preference when possible. According 
to visual analog scales, participants in both study 
groups equally enjoyed the foods to which they 
were assigned and felt the amount they were given 
was sufficient (data not shown).

Participants in both diet-treatment groups lost 
very modest amounts of weight and showed 
improvements in cardiovascular and inflammatory 
biomarkers over the relatively short, six-week inter-
vention. With a few exceptions, these changes were 
not statistically different between the diets, including 
hs-CRP. The results of our study are in line with prior 
studies demonstrating that diets with low-glycemic 
index, including ones based on recommendations 
from the ADA, improve glycemic control in people 
with metabolic syndrome, pre-diabetes and type 
2 diabetes.30,33 A 2016 meta-analysis of dietary 
approaches to reduce inflammation in metabolic syn-
drome34 demonstrated that low-fat diets reduced CRP 
compared to other diets. However, this analysis did 
not discriminate between types of fats in low fat diet 
studies. Other studies suggest that increasing healthy 
fats (omega-3s) is anti-inflammatory.31,35

Some limitations of our study deserve consider-
ation. Relative to large epidemiological diet and 
uncontrolled studies, our pilot and feasibility study 
is relatively small (n=30). However, we powered 
our enrollment according to existing published 
evidence to detect differences in cytokine levels 
during the AI diet. We also focused our enroll-
ment on participants known to have higher markers 
of inflammation (those with pre-diabetes and 
diabetes). Although our results were mostly not 
significant with regard to our primary outcomes, 
we can make some observations. Notably, we did 
find a downward trend in inflammatory cytokines 
levels that occurred in both diet groups during the 
isocaloric feeding phase and that was enhanced 
during the ad libitum phase in both diet groups 
when reductions in weight were seen. Therefore, 
we found potential benefits of both diets on inflam-
mation, but the most significant effect is likely 
due to diet-independent effects of weight loss on 
inflammation reduction.8,9 An additional limitation 
was that participants were excluded if they reported 
using a variety of pharmaceuticals and supplements 
known or thought to affect cytokines and, in the 
case of those with diabetes, participants were not 

eligible if they took medications other than a sulfo-
nylurea. According to consumer reports in August 
2017, 55% of Americans regularly take pharmaceu-
ticals. Therefore, our results are not generalizable 
to a more medicated population and future research 
could examine dietary effects in these groups. 
Finally, because there is no universally accepted 
“anti-inflammatory” diet, it could be argued that 
the dietary changes chosen for our intervention 
diet were incorrect or insufficient. However, we 
worked closely with nutritional experts in both the 
naturopathic and allopathic communities, and used 
evidence from the existing literature, to come up 
with a composite diet that met most guidelines for 
inclusion and exclusion of foods so as to optimize 
the body’s inflammation milieu. 

CONCLUSION

This study demonstrated that for patients with pre-
diabetes and diabetes, both an anti-inflammatory diet 
and a control diet based on recommendations from 
the American Diabetes Association showed modest 
improvements in body weight and trends in benefits 
for inflammation and biomarkers associated with car-
diovascular disease and diabetes. However, we are 
not able to find a specific benefit of eliminating foods 
that have commonly been linked with inflammation. 
In addition, our data suggest that any benefits in 
inflammation could be the result of the weight loss 
rather than the specific elimination of inflammatory 
foods and/or inclusion of anti-inflammatory fats. As 
a pilot and feasibility study, these conclusions should 
be considered preliminary and limited in generaliz-
ability until a larger trial is conducted.

SUPPLEMENTAL INFORMATION

Supplemental tables associated with this article 
can be found online at https://restorativemedicine.
org/journal/effect-anti-inflammatory-diet-people-
diabetes.com.

COMPETING INTERESTS

The authors declare they have no competing interests.

https://restorativemedicine.org/journal/effect-anti-inflammatory-diet-people-diabetes.com
https://restorativemedicine.org/journal/effect-anti-inflammatory-diet-people-diabetes.com
https://restorativemedicine.org/journal/effect-anti-inflammatory-diet-people-diabetes.com


Journal of Restorative Medicine 2019; e20190107

Anti-Inflammatory Diet and Diabetes

ACKNOWLEDGEMENTS AND FUNDING

This research was funded by the NIH NCCAM 
(Grant R21AT002374). Research reported in 
this publication was also supported by National 

Center for Advancing Translational Sciences of the 
National Institutes of Health under award number 
UL1TR000128. The content is solely the responsibil-
ity of the authors and does not necessarily represent 
the official views of the National Institutes of Health.

REFERENCES

1.	 Adipokine dysregulation and adipose tissue 
inflammation in human obesity – Unamuno – 2018 – 
European Journal of Clinical Investigation – Wiley 
Online Library. https://onlinelibrary-wiley-com.
liboff.ohsu.edu/doi/full/10.1111/eci.12997. Accessed 
November 11, 2018.

2.	 Calder PC, Ahluwalia N, Brouns F, et al. Dietary factors 
and low-grade inflammation in relation to over-
weight and obesity. Br J Nutr. 2011;106(S3):S1–S78. 
doi:10.1017/S0007114511005460.

3.	 Wellen KE, Hotamisligil GS. Inflammation, stress, and 
diabetes. J Clin Invest. 2005;115(5):1111–9.

4.	 Wang T, He C. Pro-inflammatory cytokines: the link 
between obesity and osteoarthritis. Cytokine Growth 
Factor Rev. 2018;44:38–50. 

5.	 Engin A. The pathogenesis of obesity-associated adipose 
tissue inflammation. Adv Exp Med Biol. 2017;960:221–45. 
doi:10.1007/978-3-319-48382-5_9.

6.	 Rexrode KM, Pradhan A, Manson JE, et al.  
Relationship of total and abdominal adiposity  
with CRP and IL-6 in women. Ann 
Epidemiol. 2003;13(10):674–82. doi:10.1016/
S1047-2797(03)00053-X.

7.	 Spranger J, Kroke A, Mohlig M, et al. Inflammatory 
cytokines and the risk to develop type 2 diabetes: 
results of the prospective population-based European 
Prospective Investigation into Cancer and Nutrition 
(EPIC)-Potsdam Study. Diabetes. 2003;52(3):812–7. 
doi:10.2337/diabetes.52.3.812.

8.	 Kopp H-P, Krzyzanowska K, Möhlig M, et al.  
Effects of marked weight loss on plasma levels of  
adiponectin, markers of chronic subclinical inflamma-
tion and insulin resistance in morbidly obese women. 
Int J Obes 2005. 2005;29(7):766–71. doi:10.1038/
sj.ijo.0802983.

9.	 Bianchi VE. Weight loss is a critical factor to reduce 
inflammation. Clin Nutr ESPEN. 2018;28:21–35. 
doi:10.1016/j.clnesp.2018.08.007.

10.	 Mayr HL, Tierney AC, Thomas CJ, et al. Mediterranean-
type diets and inflammatory markers in patients with 
coronary heart disease: A systematic review and meta-
analysis. Nutr Res N Y N. 2018;50:10–24. doi:10.1016/j.
nutres.2017.10.014.

11.	 Borst SE, Conover CF. High-fat diet induces 
increased tissue expression of TNF-alpha. Life Sci. 
2005;77(17):2156–65. doi:10.1016/j.lfs.2005.03.021.

12.	 Koebnick C, Black MH, Wu J, et al. A diet high in sugar-
sweetened beverage and low in fruits and vegetables 
is associated with adiposity and a pro-inflammatory 
adipokine profile. Br J Nutr. 2018:120(11):1230–9. 
doi:10.1017/S0007114518002726.

13.	 Ierardi E, Losurdo G, Piscitelli D, et al. Biological mark-
ers for non-celiac gluten sensitivity: a question awaiting 
for a convincing answer. Gastroenterol Hepatol Bed 
Bench. 2018;11(3):203–8.

14.	 Xin W, Wei W, Li X. Effects of fish oil supple-
mentation on inflammatory markers in chronic 
heart failure: A meta-analysis of randomized con-
trolled trials. BMC Cardiovasc Disord. 2012;12:77. 
doi:10.1186/1471-2261-12-77.

15.	 Wu T, Gao Y, Guo X, et al. Blackberry and blue-
berry anthocyanin supplementation counteract 
high-fat-diet-induced obesity by alleviating oxida-
tive stress and inflammation and accelerating energy 
expenditure. Oxid Med Cell Longev. 2018;2018. 
doi:10.1155/2018/4051232.

16.	 Sanz Y, Moya-Pérez A. Microbiota, inflammation 
and obesity. Adv Exp Med Biol. 2014;817:291–317. 
doi:10.1007/978-1-4939-0897-4_14.

17.	 Verdam FJ, Fuentes S, de Jonge C, et al. Human intesti-
nal microbiota composition is associated with local and 
systemic inflammation in obesity. Obes Silver Spring 
Md. 2013;21(12):E607–15. doi:10.1002/oby.20466.

18.	 Macdonald TT, Monteleone G. Immunity, inflammation, 
and allergy in the gut. Science. 2005;307(5717):1920–5. 
doi:10.1126/science.1106442.

19.	 Harish Babu BN, Wilfred A, Venkatesh YP. Emerging 
food allergens: identification of polyphenol oxidase as 
an important allergen in eggplant (Solanum melongena 
L.). Immunobiology. 2017;222(2):155–63. doi:10.1016/j.
imbio.2016.10.009.

20.	 Iorio RA, Del Duca S, Calamelli E, et al. Citrus 
allergy from pollen to clinical symptoms. PLoS One. 
2013;8(1):e53680. doi:10.1371/journal.pone.0053680.

21.	 Adam O, Beringer C, Kless T, et al. Anti-inflammatory 
effects of a low arachidonic acid diet and fish oil in 

https://onlinelibrary-wiley-com.liboff.ohsu.edu/doi/full/10.1111/eci.12997
https://onlinelibrary-wiley-com.liboff.ohsu.edu/doi/full/10.1111/eci.12997


Journal of Restorative Medicine 2019; e20190107

Anti-Inflammatory Diet and Diabetes

patients with rheumatoid arthritis. Rheumatol Int. 
2003;23(1):27–36. doi:10.1007/s00296-002-0234-7.

22.	 Olendzki BC, Silverstein TD, Persuitte GM, et al. An 
anti-inflammatory diet as treatment for inflammatory 
bowel disease: a case series report. Nutr J. 2014;13:5. 
doi:10.1186/1475-2891-13-5.

23.	 Sears B, Ricordi C. Anti-Inflammatory nutrition as 
a pharmacological approach to treat obesity. J Obes. 
2011;2011. doi:10.1155/2011/431985.

24.	 Flock MR, Skulas-Ray AC, Harris WS, et al. Effects 
of supplemental long-chain omega-3 fatty acids and 
erythrocyte membrane fatty acid content on circulat-
ing inflammatory markers in a randomized controlled 
trial of healthy adults. Prostaglandins Leukot Essent 
Fatty Acids. 2014;91(4):161–8. doi:10.1016/j.
plefa.2014.07.006.

25.	 de la Iglesia R, Loria-Kohen V, Zulet MA, et al. Dietary 
Strategies implicated in the prevention and treatment of 
metabolic syndrome. Int J Mol Sci. 2016;17(11):1877. 
doi:10.3390/ijms17111877.

26.	 Buyken AE, Goletzke J, Joslowski G, et al. Association 
between carbohydrate quality and inflammatory markers: 
Systematic review of observational and interven-
tional studies. Am J Clin Nutr. 2014;99(4):813–33. 
doi:10.3945/ajcn.113.074252.

27.	 Esposito K, Nappo F, Marfella R, et al. Inflammatory 
cytokine concentrations are acutely increased by hyper-
glycemia in humans: role of oxidative stress. Circulation. 
2002;106(16):2067–72.

28.	 Gambaro SE, Zubiría MG, Portales AE, et al. M1 mac-
rophage subtypes activation and adipocyte dysfunction 
worsen during prolonged consumption of a fructose-rich 

diet. J Nutr Biochem. 2018;61:173–82. doi:10.1016/j.
jnutbio.2018.08.004.

29.	 Paragh G, Seres I, Harangi M, Fülöp P. Dynamic 
interplay between metabolic syndrome and 
immunity. Adv Exp Med Biol. 2014;824:171–90. 
doi:10.1007/978-3-319-07320-0_13.

30.	 Ma Y, Olendzki BC, Merriam PA, et al. A Randomized 
clinical trial comparing low-glycemic index ver-
sus ada dietary education among individuals with 
type 2 diabetes. Nutr Burbank Los Angel Cty Calif. 
2008;24(1):45–56. doi:10.1016/j.nut.2007.10.008.

31.	 Albracht-Schulte K, Kalupahana NS, Ramalingam L, 
et al. Omega-3 fatty acids in obesity and metabolic 
syndrome: a mechanistic update. J Nutr Biochem. 
2018;58:1–16. doi:10.1016/j.jnutbio.2018.02.012.

32.	 Zhu F, Du B, Xu B. Anti-inflammatory effects of phyto-
chemicals from fruits, vegetables, and food legumes: a 
review. Crit Rev Food Sci Nutr. 2018;58(8):1260–70. doi
:10.1080/10408398.2016.1251390.

33.	 Schwingshackl L, Hoffmann G. Mediterranean dietary 
pattern, inflammation and endothelial function: a 
systematic review and meta-analysis of intervention 
trials. Nutr Metab Cardiovasc Dis. 2014;24(9):929–39. 
doi:10.1016/j.numecd.2014.03.003.

34.	 Steckhan N, Hohmann C-D, Kessler C, et al. Effects of 
different dietary approaches on inflammatory markers in 
patients with metabolic syndrome: a systematic review 
and meta-analysis. Nutr Burbank Los Angel Cty Calif. 
2016;32(3):338–48. doi:10.1016/j.nut.2015.09.010.

35.	 Loef M, Schoones JW, Kloppenburg M, Ioan-Facsinay 
A. Fatty acids and osteoarthritis: different types, different 
effects. Jt Bone Spine Rev Rhum. 2018. doi:10.1016/j.
jbspin.2018.07.005. in press.


