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Dietary inflammatory index: a potent
association with cardiovascular risk factors
among patients candidate for coronary
artery bypass grafting (CABG) surgery
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Abstract

Background: Recently, the clinical importance of dietary inflammatory index (DII) in predicting the inflammatory
potential of diet and its role in pathogenesis of several chronic disease including some types of cancers, osteoporosis,
cardiovascular disease and renal disease has been proposed. However, its association with the disease severity and
progression and cardio-metabolic risk factors among patients candidate for coronary artery bypass graft surgery (CABG)
has not been evaluated yet. In the current study, the association of DII with cardiovascular risk factors among patients
candidate for CABG has been investigated.

Methods: In the current cross-sectional study, 454 patients aged 35-80 years as candidates of CABG and hospitalized in
Tehran Heart Center were enrolled. Anthropometric and demographic characteristics were obtained from all of the
participants. Dietary intakes were evaluated with a semi-quantitative food-frequency questionnaire (FFQ) and DII was
calculated. Biochemical parameters including hemoglobin (Hb) A1C, serum lipids, albumin, creatinine and high-sensitive
C-reactive protein (hs-CRP), lipoprotein (a), creatinine, blood urea nitrogen (BUN), albumin and hematocrit (HCT) were
also assessed by commercial laboratory methods. Left ventricular ejection- fraction, number of diseased vessels, New
York Heart Association (NYHA) functional class and the European system for cardiac operative risk evaluation (EuroSCORE)
were estimated for clinical assessment. One way analysis of variance and chi square tests were used for comparison of
demographic parameters between groups. Beta estimates and 95% confidence intervals (CI) for the association between
DII and clinical parameters were estimated using linear regression adjusted for the confounders.

Results: According to our findings, high DII scores were associated with higher age, lower body mass index (BMI), higher
prevalence of diabetes and myocardial infarction (MI) and lower educational attainment (P < 0.05). Male patients in 4th
and 3rd quartile of DII had significantly higher total cholesterol (TC), triglyceride (TG), albumin, creatinine, BUN and hs-CRP
concentrations and lower high density lipoprotein cholesterol (HDL) concentrations compared with male patients in
lower quartiles (P < 0.05). While in female patients, only lipoprotein (a) concentrations and hematocrit (HCT) percentage
in the 4th and 2nd quartile were significantly higher than lower quartiles. EuroSCORE was also significantly higher in
top quartiles of DII (P = 0.006).
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Conclusion: As shown in our results, DII was in a positive association with several cardiovascular risk factors. The higher
inflammatory potential of diet denoted higher values of serum lipids, CRP and kidney function tests and higher
EuroSCORE as a predictor of post-operative mortality. Therefore, DII can be demonstrated as a target of nutritional
interventions for ameliorating the CVD risk factors among patients candidate for CABG especially in male patients.
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Background
Cardiovascular disease (CVD) is one of the most common
causes of morbidity and mortality in different communities
accounting for more than 31% or 17.5 million deaths
worldwide; more that 75% of these deaths occur in low
and middle income countries [1]. In Iran, it is a leading
cause of mortality, morbidity, and disability and accounts
for nearly 50% of all deaths per year [2]. Coronary artery
bypass grafting (CABG) is the most common type of
open-heart surgical interventions for the treatment of
patients in the higher stages of coronary artery disease
(CAD); it is performed for patients with CAD to improve
quality of life and reduce cardiac-related mortality [3].
CABG was introduced in the 1960s with the aim of
offering symptomatic relief, improved quality of life, and
increased life expectancy to patients with CAD [4]. By the
1970s, CABG was found to increase survival rates in
patients with multi-vessel disease and left main disease
when compared with medical therapy [5]. The surgery is
performed where atherosclerosis of one or more of coron-
ary arteries is severe enough to show at least 50% stenosis
of arterial lumen in angiographic image. The number of
CABG operations carried out to treat CAD has increased
more than fivefold since 1980, and the general trend has
been an almost steady rise in the number of operations
performed each year [6].
Chronic inflammation is a potential triggering factor

in the origin of the cardiovascular disease; stimuli such
as over-nutrition and physical inactivity would result in
cytokine hyper-secretion [7]. Current evidence supports
that inflammation is a major driving force in patients
with CAD, underlying the initiation of coronary plaques,
their unstable progression, and eventual disruption;
numerous studies in this field had been performed and
revealed that several potential inflammatory biomarkers
including high sensitive C-reactive protein (hs-CRP),
interleukin (IL)-6, IL-8 and IL-1β are potent inflammatory
mediators in progression of CAD and even they can be
used as predictive markers in diagnosis of the severity of
disease [8]. Interestingly, these data suggest that the in-
creased risk associated with inflammation may be modified
with certain preventive therapies and biomarkers may help
to identify the individuals who would benefit most from
these interventions; numerous drugs are developed for
CAD targeting reducing inflammation as the first step of
treatment [9]. Even in patients candidate to CABG, the
pre-operative levels of inflammatory markers is associated
with poor clinical outcomes and increased risk of low
cardiac output syndrome (LCOS), postoperative
myocardial infarction (PMI) and in-hospital cardiovascular
death following elective CABG [10].
Diet and dietary habits play a crucial role in the

pathogenesis of cardiovascular disease and dietary habits
are potential determinants of the disease severity. The role
of dietary factors and nutritional regimens in the preven-
tion of cardiovascular disease (CVD) and its progression
has been extensively studied; numerous reports suggested
the role of healthy dietary choices and improved life style
with higher physical activity level [11] and higher intakes
of healthy foods including fruits and vegetables and dietary
antioxidants in prevention and treatment of cardiovascular
events [12]; however, there is no study evaluating the
association between the pro-inflammatory and anti-
inflammatory potential of overall diet in patients candidate
for CABG. Pro-inflammatory nature of the cardiovascular
disease can be explained by this fact that almost in all of
the atherosclerosis processes inflammatory molecules are
involved; initiation of the atherosclerosis by numerous
triggers including saturated fatty acids, hypertension and
obesity stimulates the expression of adhesion molecules
like vascular cell adhesion molecule − 1 (VCAM-1) in
endothelial cells; VCAM expression initiates by means of
oxidized lipids by nuclear factor kappa B, IL-1β and
TNF-α [13]. In the other stages, development of fatty
streaks and progression to complex plaque involves other
inflammatory cytokines include monocyte chemoattractant
protein (MCP)-1 and macrophage colony-stimulating
factor (M-CSF), IL-1β, IL-1α, IL-6, TNF-α, TNF-β
and IL-18 [14, 15].
Dietary inflammatory index (DII) is a literature review-

based score that reflects the potential inflammatory ef-
fects of the diet. It was first developed by Cavicchia et al.
[16] and updated by Shivappa et al. [17]. In developing
the DII, nearly 2000 papers were reviewed and scored.
The scoring algorithm was based on the inflammatory
effects of 45 food parameters including foods, nutrients
and other bioactive compounds on some specific inflam-
matory and anti-inflammatory parameters including
CRP, IL-1, IL-4, IL-6, IL-8, IL-10 and TNF-α. Choosing
these inflammatory parameters was based on their
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established importance in inflammation and concomi-
tantly the robustness of the literature concerning them.
According to the effects of the food parameter on in-
flammation, one of three values was assigned to each
article; ‘+ 1’ was assigned if the effects was pro-
inflammatory (significantly increased IL-β, IL-6, TNF-α
or CRP). ‘-1’ was assigned if the effects was anti-
inflammatory (significantly reduced IL-β, IL-6, TNF-α or
CRP or increased IL-4 or IL-10) and ‘0’ was assigned if
no significant effect of food parameter on inflammatory
markers was achieved. Thereafter, food parameter-
specific raw inflammatory effect scores and food
parameter-specific overall inflammatory effects scores
were developed [17].
Classifying the individual’s diet according to their inflam-

matory properties could give a practical application to DII
in CABG for clinical and public health by targeting
nutrition education, counseling and health promotion
activities in patients undergoing CABG and to monitor
changes in inflammatory potential of diet over time. It can
also be used to predict the post-operative dietary risk
assessment to develop dietary interventional strategies
for prevention of recurrent cardiac events after CABG
[18, 19]. Numerous studies had evaluated the association
between DII and pathogenesis of the chronic disease and
revealed the role of DII in incidence of cardiovascular
disease [20], lung function [21], bone health [22] and some
types of cancers [23, 24]. However, no study is available
evaluating the association of dietary inflammatory index
with cardiovascular risk factors in patients candidate for
CABG. The hypothesis of the current study is that higher
DII scores (or higher DII quartiles) will be associated with
higher values of CVD risk indicators.

Methods
Subjects
Participants in the current cross-sectional study were can-
didates for isolated CABG with cardiopulmonary bypass
and were recruited for Tehran Heart Center-Coronary
Outcome Measurement (THC-COM) study. The study
was carried out between May-September 2006.
Participants in this study were patients admitted to the
cardiothoracic ward for CABG surgery at a large Heart
Center in this time period (Tehran Heart Center, Iran).
The sample size calculation has been explained before [25];
briefly, the sample size was calculated using the formula
for comparing two proportions: n = [(Zα/2 + Zβ)2 × {(p1
(1-p1) + (p2 (1-p2))}]/ (p1 - p2)

2 where p1 is the proportion
of the women with low quality Mediterranean regimen
(0.3), p2 is the proportion of the men with low quality
Mediterranean regimen (0.25), α-error = 0.05, and power =
80% (1-β). Accordingly, a 125-subject sample size was
determined for the study (125 in each group). We also
assumed 20% loss (125 + 25) and as men with CAD are
twice as women (150 + 300), the final sample size of 450
was considered for the study [25–27]. Reasons for
drop-out or exclusion were incomplete dietary question-
naires (n = 1), and incomplete demographic questionnaires
(n = 5). The final analytic sample in this study consisted of
454 patients aged 35-80 years who completed both the
questionnaire and the medical examination. More details
of study procedure and biochemical assays have been
provided elsewhere [25]. Written informed consent was
obtained from each participating subject. The study was
approved by the Ethics Committee of Tehran Heart
Center, Tehran University of Medical Sciences.

Clinical assessment of patients
Clinical assessment and pre-operative cardiac status was
also measured by several variables including: left
ventricular ejection- fraction, number of diseased
vessels, New York Heart Association (NYHA) functional
class and the European system for cardiac operative risk
evaluation (EuroSCORE) [28]. EuroSCORE is a simple,
additive risk model of perioperative mortality and as a
useful predictor of the long term hazard of cardiovascu-
lar events leading to death or hospital admissions after
cardiac surgery [29]. It is calculated according to the
standard additive methods and was assessed as a con-
tinuous variable [30]. NYHA functional classification
provides a simple way of classifying the extent of heart
failure. It places patients in one of four categories based
on how much they are limited during physical activity;
the limitations/ symptoms are in regard to normal
breathing and varying degrees in shortness of breath
and/or angina; NYHA classes are composed from four
classes included from no symptoms, mild symptoms,
marked limitation in activity due to symptoms and
severe symptoms [31].

Anthropometric assessments
Anthropometric variables including weight and height were
measured and body mass index (BMI) was calculated.
Weight was measured while subjects wearing light
clothes [32].

Dietary assessments and DII calculation
DII was calculated based on a 138-item semi-quantitative
food frequency questionnaire (FFQ) consisting of a list of
foods with standard serving sizes commonly consumed by
Iranians. Participants were asked to report how often they
consumed each of the food items listed as the number of
times per day, per week, per month or per year during the
previous year. The reported frequency for each food item
was then converted to a daily intake. Portion sizes of con-
sumed foods were converted to grams by using household
measures [33]. The questionnaire was previously validated
for healthy Iranian population [34].
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DII is a population based index representing the
pro-inflammatory or anti-inflammatory potential of a
diet based on a scoring algorithm extracted form an
extensive literature review while it has been explained in
detailed elsewhere [17]. Briefly, dietary parameters are
scored according to whether they had a pro-inflammatory
effect (+ 1), anti-inflammatory (− 1) or no effect (0) based
on six inflammatory biomarkers: IL-1β, IL-4, IL-6, IL-10,
TNF-α and CRP. For calculating the DII, the dietary data
were first linked to the world data base which provided a
robust estimate of the mean and SD for each food variable
considered [17]. Then, world means were subtracted from
the actual intakes and divided by its standard deviation,
creating a z score. To minimize the effects of right skew-
ing, the z scores were converted into percentile scores.
The centralized percentile scores of each food variable for
each individual which was achieved by doubling the per-
centiles and subtracting 1 was multiplied by the respective
effect score of food variable (inflammatory potential for
each food variable). In the final step, all of the achieved
values were summed across all food parameters to provide
the total DII score. The greater the DII score, the more
pro-inflammatory the diet. More negative values represent
the more anti-inflammatory diets. The DII scores in the
current research ranged from − 19.33 (maximally anti-
inflammatory) to 10.62 (maximally pro-inflammatory).
The DII computed based on this study’s FFQ included
data on 28 of the 45 possible food variables composing
the DII: energy, carbohydrate, protein, fat, fiber, choles-
terol, poly unsaturated fatty acid (PUFAs), mono unsatur-
ated fatty acid (MUFAs), omega-3, omega-6, trans fat,
saturated fat, thiamin, riboflavin, niacin, vitamin B6,
vitamin B12, folic acid, iron, zinc, magnesium, selenium,
vitamin A, vitamin C, vitamin E, vitamin D, β-carotene,
garlic, tea and caffeine. The food components were se-
lected according to previously published articles regarding
the most important relations of these food ingredients
with cardiovascular risk factors [35]. To examine the rela-
tionship between DII scores and outcomes of interest, the
DII was divided into quartiles with the following cut-
points: Q1: − 29.83 to ≤ − 15.05, Q2: -15.04 to ≤ − 5.36,
Q3: -5.35 to ≤ − 0.2 and Q4: − 0.19 to ≤7.01.
Statistical analyses
Analysis of data was performed by SPSS software (statistical
package for social analysis, version 18, SPSS Inc., Chicago,
IL, USA). The normality of data was tested by
Kolmogorov-Smirnov test and all parameters were
normally distributed. The comparison of discrete and
continuous variables between different quartiles of DII
score was performed by Chi- square test and analysis of
variance (ANOVA) respectively. Beta estimates and 95%
confidence intervals (CI) for the association between
different DII quartiles and clinical parameters such as
HbA1c, HDL, LDL, TG, HCTand etc. were estimated using
linear regression adjusting for confounders including age,
gender, BMI, educational attainment and presence of dia-
betes and myocardial infarction. All data are expressed as
means ± SD. A two-sided P value less than 0.05 was
considered significant.
Results
General demographic and anthropometric variables
among patients according to DII quartiles are presented in
Table 1. Patients in the top quartile of DII with more pro-
inflammatory diet, had significantly higher age compared
with patients in lower quartiles (P = 0.022). Gender distri-
bution was also in favor of male in lower quartiles (P =
0.039). BMI was lower in top quartile compared with
lowest quartile and patients in the highest DII quartile
with the more inflammatory diet had significantly higher
prevalence of diabetes and MI and had lower educational
attainment (P < 0.05). Tables 2 and 3 presents the β
estimate and confidence interval (CI) for the association
between DII and biochemical variables in male and female
patients candidate for CABG respectively; male patients in
4th quartiles of DII had significantly higher TC, TG,
Albumin, creatinine and BUN concentrations and lower
HDL concentrations compared with male patients in 3rd
quartile (P < 0.05). Also, male patients in 3rd quartile had
significantly higher HbA1C, TC and CRP and lower HDL
concentrations compared with male patients in 2nd quar-
tile (P < 0.05). Finally, male patients in 2nd quartile had
significantly higher TG concentrations compared with
patients in reference quartile.
In female patients, only lipoprotein (a) concentrations

and hematocrit (HCT) percentage in the 4th and 2nd
quartile were significantly higher than lower quartiles.
There was no significant association between other
parameters and DII among participants. Figures 1, 2, 3
and 4 presents the pre-operative cardiac status including
EuroSCORE, NYHA functional class, left ventricular
ejection-fraction rate and number of diseased vessels
among patients. As shown in these figures, only
EuroSCORE was significantly higher in 3rd and 4th
quartiles compared with first and second quartiles (P =
0.006, P = 0.001 respectively). Other clinical parameters
were similarly distributed between different quartiles.
Discussion
According to the results of the current work, patients in
the higher DII scores had significantly higher age, higher
serum lipids, HbA1C, albumin, creatinine, BUN, CRP and
hematocrit (HCT) compared with patients with lower DII
scores. Moreover, these patients had significantly higher



Table 1 General demographic and anthropometric parameters in patients candidate for CABG

Quartiles of DII score

Variable 1st quartile 2nd quartile 3rd quartile 4th quartile P
valueN = 113 N = 113 N = 113 N = 113

Age (y) 57.94 ± 8.58 59.89 ± 9.07 57.51 ± 8.80 60.67 ± 9.23 0.022

Gender male [n (%)] 89 (78.8) 84 (74.3) 83 (73.5) 76 (67.3) 0.039

BMI (kg/m2) 27.25 ± 3.75 27.25 ± 3.75 27.73 ± 3.90 26.49 ± 3.92 0.009

Diabetic [n (%)] 43 (38.1) 49 (43.3) 47 (41.6) 52 (46) 0.048

High education level [n (%)] 17 (15.3) 18 (16.2) 17 (15.5) 14 (13) 0.049

Smokers [n (%)] 45 (39.8) 42 (37.2) 40 (35.7) 31 (27.4) 0.054

Hyperlipidemia [n (%)] 77 (68.1) 78 (69) 87 (77) 79 (69.9) 0.48

Hypertension [n (%)] 59 (52.2) 57 (50.4) 45 (40.2) 55 (48.7) 0.32

MI [n (%)] 50 (45) 55 (49.1) 60 (53.1) 61 (54) 0.029

BMI body mass index, MI myocardial Infarction. P value for discrete variables based on Chi-Square Test and for continuous variables based on ANOVA. Discrete
and continuous variables data are presented as number (percent) and mean (SD). High educational attainment was defined as educational level more
than 12 years
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prevalence of diabetes, myocardial infarction and lower
educational attainment.
Inflammation plays an important role in the pathogenesis

of numerous chronic diseases; in other word, inflammation
is a leading cause of CVD, diabetes, obesity and almost all
types of cancers and also play an important role in the pro-
gression of these disease to their advanced from [36].
Among them, inflammation is a well-known cause of car-
diovascular events; indeed, atherosclerosis is an inflamma-
tory process; numerous inflammatory molecules including
hs-CRP, IL-6, IL-1β and TNF-α are elevated in patients
with myocardial infarction or unstable angina [37, 38].
Several studies have reported that anti-inflammatory agents
are potent reducers of cardiovascular events [39, 40].
Table 2 β estimate and confidence interval (CI) for the association b
candidate for CABG

Quartiles of DII score

Variable 1st quartile 2nd quartile

N = 89 N = 84

HbA1C (%) 1 (Ref.) 1.03 (0.85-1

TC (mg/dl) 1 (Ref.) 1.02 (0.99-1

TG (mg/dl) 1 (Ref.) 0.99 (0.98 –

LDL (mg/dl) 1 (Ref.) 0.98 (0.96-1

HDL (mg/dl) 1 (Ref.) 0.96 (0.92-1

HCT (%) 1 (Ref.) 0.99 (0.93-1

Albumin (g/dL) 1 (Ref.) 0.64 (0.25-1

Creatinine (mg/dL) 1 (Ref.) 1.31 (0.32-5

BUN (mg/dL) 1 (Ref.) 1.02 (0.99-1

Lipoprotein (a) (mg/dL) 1 (Ref.) 1.004 (0.99

CRP (mg/dL) 1 (Ref.) 0.96 (0.89-1

Hb hemoglobin, TC total cholesterol, TG triglyceride, LDL low density lipoprotein ch
urea nitrogen, CRP C-reactive protein. The β estimate and confidence interval (CI) w
effects of age, gender, BMI, educational attainment and presence of diabetes and m
Limited amounts of previous studies reported the
prognostic value of DII in determination of the risk of
several chronic diseases. In the study by Ramallal et al.
[41] and the study by Garcia- Calzon et al. [35] the asso-
ciation between DII and the incidence of cardiovascular
events has been reported. Also, its relation with meta-
bolic parameters like higher CRP concentrations [16] or
markers of glucose intolerance [42] and insulin resist-
ance [43] has been confirmed in several previous studies.
However, its association with the cardiovascular risk fac-
tors in patients candidate for CABG has not been evalu-
ated before. Numerous dietary quality indices have been
developed before and they are typically based on priori
dietary guidelines definitions. Among them, healthy
etween DII and biochemical variables in male patients

3rd quartile 4th quartile

N = 83 N = 76

.24) 1.18 (0.99-1.41)* 0.89 (0.71 – 1.12)

.04) 1.01 (1.00-1.03)* 1.02 (0.99-1.04)*

1.00)* 0.99 (0.99-1.002) 0.99 (0.98 -0.99)*

.02) 0.99 (0.98-1.01) 1.001 (0.98-1.02)

.01) −0.95 (0.90-0.99)* −0.95 (0.91-1.00)*

.05) 1.02 (0.96-1.07) 0.99 (0.93-1.06)

.68) 0.61 (0.23-1.63) 0.41 (0.14-1.14)*

.39) 0.84 (0.17-3.96) 0.14 (0.02-0.82)*

.05) 1.009 (0.97-1.04) 1.04 (1.01-1.08)*

-1.01) 1.01 (0.99-1.02) 1.01 (0.99 – 1.02)

.05) 0.87 (0.76 -0.99)* 0.97 (0.89-1.06)

olesterol, HDL high density lipoprotein cholesterol, HCT hematocrit, BUN blood
as estimated using linear regression model adjusting for the confounding
yocardial infarction.* Indicates statistically significant values as P < 0.05



Table 3 β estimate and confidence interval (CI) for the association between DII and biochemical variables in female patients
candidate for CABG

Quartiles of DII score

Variable 1st quartile 2nd quartile 3rd quartile 4th quartile

N = 22 N = 22 N = 29 N = 36

HbA1C (%) 1 (Ref.) 0.77 (0.51-1.17) 0.89 (0.59-1.34) 0.88 (0.59 – 1.31)

TC (mg/dl) 1 (Ref.) 0.99 (0.97-1.01) 0.74 (0.37-1.48) 0.67 (0.34-1.37)

TG (mg/dl) 1 (Ref.) 1.01 (0.99-1.02) 1.05 (0.92-1.21) 1.08 (0.94-1.25)

LDL (mg/dl) 1 (Ref.) 0.99 (0.96-1.02) 1.32 (0.66-2.63) 1.46 (0.72-2.97)

HDL (mg/dl) 1 (Ref.) 1.01 (0.94-1.09) 1.29 (0.65-2.57) 1.42 (0.7-2.88)

HCT (%) 1 (Ref.) 1.25 (1.00-1.56)* 1.18 (0.94-1.47) 1.08 (0.88-1.34)

Albumin (g/dL) 1 (Ref.) 1.61 (0.22-5.87) 1.48 (0.21-5.12) 2.25 (0.34-10.11)

Creatinine (mg/dL) 1 (Ref.) 7.56 (0.1-52.30) 1.79 (0.02-12.9) 2.03 (0.03-10.11)

BUN (mg/dL) 1 (Ref.) 1.00 (0.94-1.07) 0.99 (0.92-1.06) 1.02 (0.95-1.08)

Lipoprotein (a)
(mg/dL)

1 (Ref.) 0.99(0.97 -1.01) 0.98 (0.96-1.00) 0.98 (0.96-1.00)*

CRP (mg/dL) 1 (Ref.) 1.07 (0.8-1.43) 1.24 (0.96-1.61) 0.93 (0.67-1.30)

Hb hemoglobin, TC total cholesterol, TG triglyceride, LDL low density lipoprotein cholesterol, HDL high density lipoprotein cholesterol, HCT hematocrit, BUN blood
urea nitrogen, CRP C-reactive protein. The β estimate and confidence interval (CI) was estimated using Linear regression model adjusting for the confounding ef-
fects of age, gender, BMI, educational attainment and presence of diabetes and myocardial infarction.* Indicates statistically significant values as P < 0.05
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eating index (HEI), modified healthy eating index (MHEI),
dietary approach to stop hypertension dietary pattern
(DASH) and dietary diversity score (DDS) has been devel-
oped and their association with chronic disease has been
revealed [44–46]. However, dietary inflammatory index, as
a newly developed literature review based inflammatory
index, has an additional benefit in measuring the dietary
inflammatory potential, as an important risk factor of nu-
merous disease especially cardiovascular disease [47]. DII
is also in a strong agreement with other dietary quality in-
dices and its additional advantage of measuring the in-
flammatory potential of a diet, makes it as a useful tool for
determination of the association between diet and inflam-
matory disease [47].
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Fig. 1 European system for cardiac operative risk evaluation (EuroSCORE)
in patients according to DII quartiles; significant difference between 3rd
and 4th quartiles with first and second quartiles; (P= 0.006 and
P= 0.001 respectively)
The positive association of the DII with serum TC, TG
and negative association with HDL in male patients is not
out of expects. Inflammation is a potent trigger of dyslip-
idemia and leads to change in lipid metabolism. Acute
phase response, mediated by pro-inflammatory cytokines
like CRP, IL-6 and IL-8, in its chronic state, leads to
chronic disorders including atherosclerosis and cardiovas-
cular events. The activation of the inflammatory cascade
leads to reduced HDL-cholesterol (HDL-C), with impair-
ment in reverse cholesterol transport, and parallel changes
in apo-lipoproteins, enzymes, anti-oxidant capacity and
adenosine three-phosphate (ATP) binding cassette A1-
dependent efflux. This decrease in HDL-C and phospho-
lipids could stimulate compensatory changes, as synthesis
and accumulation of phospholipid-rich very low density
lipoprotein cholesterol (VLDL-C) which binds bacterial
products and other toxic substances, resulting in
Fig. 2 New York Heart Association (NYHA) functional class in patients
according to DII quartiles; no significant difference between different
quartiles of DII has been observed



Fig. 3 Left ventricular ejection-fraction in patients according to DII
quartiles; no significant difference between different quartiles of DII
has been observed
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hypertriglyceridemia. The final consequence is an
increased accumulation of cholesterol in cells [48, 49].
Accordingly, higher prevalence of diabetes and HbA1C

concentrations in patient with higher DII scores could
be explained by this fact that type 2 diabetes is strongly
associated with increased inflammation. Increased in-
flammation in adipose tissue is a strong driving force for
the development of increased systemic inflammation
that results in type 2 diabetes [50]. According to previ-
ous reports, the potential reversal of diabetes can be
achieved by reducing the levels of inflammation through
the use of an anti-inflammatory diet. It has been pro-
posed that high-inflammatory diet characterized by (a)
increased consumption of refined high-glycemic load
carbohydrates, (b) increased consumption of refined
vegetable oils rich in omega-6 fatty acids, and (c) de-
creased consumption of long-chain omega-3 fatty acids
leads to entry of a diet with high glycemic load into the
blood stream and high production of insulin is respon-
sible for silent inflammation in diabetes [51].
Fig. 4 Number of diseased vessels in patients according to DII quartiles;
no significant difference between different quartiles of DII has
been observed
Accordingly, the positive association between serum
creatinine and BUN concentrations with DII in male
patients, was also a confirmation of previously published
works reporting the role of inflammatory diet in promot-
ing kidney disease and lower kidney function [52]. In the
study by Xu et al. the higher adapted dietary inflammatory
index (ADII) was associated with systemic inflammation
and reduced kidney function demonstrated by higher CRP
and lower glomerular filtration rate (GFR) in elderly adults
[52]. Also, in another study by Kizil et al. [53], dietary in-
flammatory index was associated with higher CRP and
slightly higher creatinine concentrations in patients with
hemodialysis.
In our study, the BMI in the second quartile of DII was

higher than the forth quartile (P = 0.009). This contradict-
ory finding was also in agreement of the findings of the
Kizil et al. study [53] reporting a negative association be-
tween DII and BMI. Similarly, in the study by Zamora-Ros
et al. [54], the BMI in the second quartile of DII was
higher than forth quartile among patients with colorectal
cancer. In fact it has been confirmed that BMI does not
assess central adiposity associated with cardiovascular
disease and inflammation and central obesity indices are
more important CVD predictors compared with BMI [55].
Likewise, in the current study and also in the Kizil study,
BMI failed to assess inflammatory state of participants.
Similarly, it was reported that the severity of CVD and
mortality was not related to BMI even in normal,
overweight, and obese patients [56]. Therefore, it could be
suggested that BMI lacks the discriminatory power to
differentiate between body fat and lean mass among CVD
patients.
Another finding, the gender difference in the associ-

ation between DII and biochemical variables should be
discussed here; as mentioned in the results, while in the
male participants the DII was in negative association
with serum lipids, CRP, BUN and creatinine as discussed
above, in females, only HCT and lipoprotein (a) were
positive predictors of DII. The incidence of cardiovascu-
lar disease is known to be higher in men than in women
of similar age, and this gender difference is more prom-
inent at a younger age [57] and is partly explained by
protective effects of sex hormones [58]. On the other
hand, female patients with CAD have been reported to
be more likely to have a worse cardiovascular risk factor
profile [59].
Other interesting finding of the current report was the

higher EuroSCORE in higher DII categorizes. However,
the number of diseased vessels, NYHA functional class
and left ventricular ejection fraction were similar be-
tween different DII categorizes. The EuroSCORE pre-
dictive tool is applied in cardiac surgeries in adult
patients to predict the cardiovascular mortality with
good or excellent predictive ability [60, 61]. In one study
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by Lomivorotov et al. [62] nutritional status evaluated by
nutritional screening questionnaires was associated with
logistic EuroSCORE (odd’s ratio = 1.06, 95% CI:1-1.1).
However, no study evaluated the association of
EuroSCORE with DII in these patients.
Several limitations of the current study should also be

addressed; the self-reported dietary information achieved
by FFQ could address a potential recall bias. However,
the validity and reliability of the questionnaire has been
confirmed before. Secondly, the central adiposity indices
like WHR or WC as better predictors of inflammation
in CVD were not measured in the current study.
However, the relatively large sample size, inclusion of
multiple covariates in the statistical model and using
numerous clinical indicators of CVD like EuroSCORE
and NYHA classification scores are potent strengths of
the current study. Moreover, this is the first study evalu-
ated the association between DII and CVD risk factors
in patients candidate for CABG. The importance of
dietary interventions, healthy dietary habits and the ur-
gent need to nutrition education for patients undergoing
CABG for prevention of recurrent cardiac events further
highlights the clinical applications of the current
findings.

Conclusion
DII has strong association with cardiovascular risk
factors in patients candidate for CABG. These associa-
tions were gender-specific with more pronunciation in
men. Further studies are needed to evaluate the potential
use of DII as a global measure of inflammatory potential
of diet in relation to cardiovascular risk factors in
patients candidate for CABG.

Abbreviations
ANOVA: Analysis of variance; CABG: Coronary artery bypass grafting surgery;
CAD: Coronary artery disease; CRP: C-reactive protein; CVD: Cardiovascular
disease; DII: Dietary inflammatory index; EuroSCORE: Functional class and the
European system for cardiac operative risk evaluation; HDL: High density
lipoprotein cholesterol; IL: Interleukin; LDL: Low density lipoprotein
cholesterol; LP: Lipoprotein; NYHA: New York Heart Association; TC: Total
cholesterol; TNF-α: Tumor necrosis factor- α; TNF-α: Tumor necrosis factor-α

Acknowledgements
We thank all of the study participants.

Funding
No funding has been received for the current work.

Availability of data and materials
The datasets used and/or analyzed during the current study available from
the corresponding author on reasonable request.

Authors’ contributions
Both authors have read and approved the manuscript; MAF designed the
idea of the project, wrote and revised the manuscript and performed the
statistical analysis, MN supervised the project, designed it and involved in
patients’ recruitment and clinical assessments.

Competing interest
The authors declare that there is no conflict of interest.
Ethics approval and consent to participate
The study protocol has been approved by the ethics committee of the
Tehran University of Medical Sciences.

Consent for publication
Not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Drug Applied Research Center, Tabriz University of Medical Sciences, Tabriz,
Iran. 2Department of Research, Tehran Heart Center, Tehran University of
Medical Sciences, North Karegar Street, Tehran 1411713138, Iran. 3Cardiac
Outcome Research and Education (CORE), Universal Scientific Education and
Research Network (USERN), Tehran, Iran.

Received: 15 September 2017 Accepted: 15 January 2018

References
1. World Health Organization. New initiative launched to tackle cardiovascular

disease, the world’s number one killer global hearts 2016 [cited 2016;
Available from: http://www.who.int/cardiovascular_diseases/en/]. Accessed
22 Sept 2016.

2. Hatmi ZN, Tahvildari S, Motlag AG, Kashani AS. Prevalence of coronary artery
disease risk factors in Iran: a population based survey. BMC Cardiovas
Disord. 2007;7:32–7.

3. Van Domburg RT, Kappetein AP, Bogers AJ. The clinical outcome after
coronary bypass surgery: a 30-year follow-up study. Eur Heart J. 2009;30(4):
453–8.

4. Konstantinov IE. The first coronary artery bypass operation and forgotten
pioneers. Ann Thorac Surg. 1997;64(5):1522–3.

5. Eleven-year survival in the Veterans Administration randomized trial of
coronary bypass surgery for stable angina. The veterans administration
coronary artery bypass surgery cooperative study group. N Engl J Med.
1984;311(21):1333–9.

6. National Heart, Lung and Blood Institue. What is coronary artery bypass
grafting? https://www.nhlbi.nih.gov/health-topics/coronary-artery-bypass-
grafting.

7. Esposito K, Giugliano D. The metabolic syndrome and inflammation:
association or causation? Nut Met Cardiovas Dis. 2004;14(5):228–32.

8. Zakynthinos E, Pappa N. Inflammatory biomarkers in coronary artery disease.
J Cardiol. 2009;53(3):317–33.

9. Golia E, Limongelli G, Natale F, Fimiani F, Maddaloni V, Pariggiano I, Bianchi R,
Crisci M, D’Acierno L, Giordano R. Inflammation and cardiovascular disease:
from pathogenesis to therapeutic target. Curr Atherosler Rep. 2014;16(9):435–8.

10. Plicner D, Stolinski J, Wasowicz M, Gaweda B, Hymczak H, Kapelak B, Drwiła
R, Undas A. Preoperative values of inflammatory markers predict clinical
outcomes in patients after CABG, regardless of the use of cardiopulmonary
bypass. Indian Heart J. 2016;68:S10–5.

11. Lichtenstein AH, Appel LJ, Brands M, Carnethon M, Daniels S, Franch HA,
Franklin B, Kris-Etherton P, Harris WS, Howard B. Diet and lifestyle
recommendations revision 2006. A scientific statement from the American
Heart Association nutrition committee. Circulation. 2006;114(1):82–96.

12. Estruch R, Ros E, Salas-Salvado J, Covas MI, Corella D, Aros F, Gómez-Gracia
E, Ruiz-Gutiérrez V, Fiol M, Lapetra J, Lamuela-Raventos RM, Serra-Majem L,
Pinto X, Basora J, Muñoz MA, Sorli JV, Martinez J, Martinez-Gonzalez MA.
Primary prevention of cardiovascular disease with a Mediterranean diet.
New Engl J Med. 2013;368(14):1279–90.

13. Cybulsky MI, Iiyama K, Li H. A major role for VCAM-1, but not ICAM-1, in
early atherosclerosis. J Clin Invest. 2001;107:1255–62.

14. Clinton SK, Underwood R, Hayes L, Sherman ML, Kufe DW, Libby P.
Macrophage colony-stimulating factor gene expression in vascular cells and
in experimental and human atherosclerosis. Am J Pathol. 1992;140:301–16.

15. Libby P. Inflammation and cardiovascular disease mechanisms. Am J Clin
Nutr. 2006;83(suppl):456S–60S.

16. Cavicchia PP, Steck SE, Hurley TG, Hussey JR, Ma Y, Ockene IS, Hebert JR. A
new dietary inflammatory index predicts interval changes in serum high-
sensitivity C-reactive protein. J Nutr. 2009;139(12):2365–72.

http://www.who.int/cardiovascular_diseases/en
https://www.nhlbi.nih.gov/health-topics/coronary-artery-bypass-grafting
https://www.nhlbi.nih.gov/health-topics/coronary-artery-bypass-grafting


Farhangi and Najafi Nutrition Journal  (2018) 17:20 Page 9 of 10
17. Shivappa N, Steck SE, Hurley TG, Hussey JR, Hebert JR. Designing and
developing a literature-derived, population-based dietary inflammatory
index. Public Health Nutr. 2014;17(08):1689–96.

18. Coyan GN, Reeder KM, Vacek JL. Diet and exercise interventions following
coronary artery bypass graft surgery: a review and call to action. Kardiochir
Torakochirurgia. 2014;11(1):12–6.

19. Szczepańska E, Brodzikowska M, Całyniuk B. Dietary education among
patients following coronary artery bypass surgery – a necessity or an
unnecessary luxury? Kardiochir Torakochirurgia Pol. 2014;11(1):12–6.

20. Zhong X, Guo L, Zhang L, Li Y, He R, Cheng G. Inflammatory potential of
diet and risk of cardiovascular disease or mortality: A meta-analysis. Sci Rep.
2017;7:6367-73.

21. Wood LG, Shivappa N, Berthon B, Gibson PG, Hebert JR. Dietary
inflammatory index is related to asthma risk, lung function and systemic
inflammation in asthma. Clin Experiment Allergy. 2015;45(1):177–83.

22. Orchard T, Yildiz V, Steck SE, Hébert JR, Ma Y, Cauley JA, Li W, Mossavar-
Rahmani Y, Johnson KC, Sattari M. Dietary inflammatory index, bone mineral
density, and risk of fracture in postmenopausal women: results from the
women's health initiative. J Bone Mineral Res. 2017;32(5):1136–46.

23. Shivappa N, Bosetti C, Zucchetto A, Montella M, Serraino D, La Vecchia C,
Hebert JR. Association between dietary inflammatory index and prostate
cancer among Italian men. British J Nutr. 2015;113(2):278–83.

24. Tabung FK, Steck SE, Ma Y, Liese AD, Zhang J, Caan B, Hou L, Johnson KC,
Mossavar-Rahmani Y, Shivappa N. The association between dietary
inflammatory index and risk of colorectal cancer among postmenopausal
women: results from the Women’s health initiative. Cancer Causes Control.
2015;26(3):399–408.

25. Najafi M, Sheikhvatan M. Gender differences in coronary artery disease:
correlational study on dietary pattern and known cardiovascular risk factors.
Int Cardiovasc Res J. 2013;7(4):124–9.

26. Farhangi MA, Ataie-Jafari A, Najafi M, Foroushani GS, Tehrani MM, Jahangiry
L. Gender differences in major dietary patterns and their relationship with
cardio-metabolic risk factors in a year before coronary artery bypass grafting
(CABG) surgery period. Arch Iran Med. 2016;19(7):470–9.

27. Farhangi MA, Najafi M, Jafarabadi MA, Jahangiry L. Mediterranean dietary
quality index and dietary phytochemical index among patients candidate
for coronary artery bypass grafting (CABG) surgery. BMC Cardiovasc Disord.
2017;17:114–22.

28. De Maria R, Mazzoni M, Parolini M, Gregori D, Bortone F, Arena V, Parodi O.
Predictive value of EuroSCORE on long term outcome in cardiac surgery
patients: a single institution study. Heart. 2005;91:779–84.

29. Sharifi MH, Eftekhari MH, Ostovan MA, Rezaianazadeh A. Effects of a therapeutic
lifestyle change diet and supplementation with Q10 plus L-carnitine on quality of
life in patients with myocardial infarction: a randomized clinical trial. J Cardiovasc
Thorac Res. 2017;9(1):21–8.

30. Nashef SAM, Roques F, Michel P, Gauducheau E, Lemeshow S, Salamon R.
European system for cardiac operative risk evaluation (EuroSCORE). Eur J
Cardio-Thoracic Surg. 1999;16:9–13.

31. The Criteria Committee of the New York Heart Association. Nomenclature
and criteria for diagnosis of diseases of the heart and great vessels. 9th ed.
Boston: Little, Brown & Co.; 1994.

32. Mirinazhad MM, Farhangi MA, Jahangiri L, Yaghoubi A. Serum adiponectin
concentrations in relation to lipid proffle, anthropometric variables and
insulin resistance in patients with metabolic syndrome. Malay J Nutr. 2014;
20(3):283–9.

33. Ghaffarpour M, Houshiar-Rad A, Kianfar H. The manual for household
measures, cooking yields factors and edible portion of foods (in Persian).
Tehran, Iran: Keshaverzi Press; 1999.

34. Esmaillzadeh A, Mirmiran P, Azizi F. Whole-grain intake and the prevalence
of hypertriglyceridemic waist phenotype in Tehranian adults. Am J Clin
Nutr. 2005;81:55–63.

35. Garcia-Arellano A, Ramallal R, Ruiz-Canela M, Salas-Salvadó J, Corella D,
Shivappa N, Schröder H, Hébert J, Ros E, Gómez-Garcia E. Dietary
inflammatory index and incidence of cardiovascular disease in the
PREDIMED study. Nutrients. 2015;7(6):4124–38.

36. Pezeshkian M, Darbin A, Rashidi MR, Vatankhah A, Golmohammadi Z,
Afrasiabi A. The effect of atherogenic diet with or without enzyme
inhibitors on the incidence and progress of atherosclerosis in rabbits. J
Cardiovasc Thorac Res. 2011;3(1):7–10.

37. Blake GJ, Ridker PM. High sensitivity C-reactive protein for predicting
cardiovascular disease: an inflammatory hypothesis. Europ Heart J. 2001;22:349–52.
38. Khaki Khatibi F, Yaghoubi A, Zarghami N, Rahbani M, Babaie H. Evaluation of
hs-CRP, antioxidant markers and MDA in patients of coronary artery disease
(CAD) containing non-smokers and non-diabetics. J Cardiovasc Thorac Res.
2011;2(4):13–8.

39. Ruparelia N, Chai JT, Fisher EA, Choudhury RP. Inflammatory processes in
cardiovascular disease: a route to targeted therapies. Nat Rev Cardiol. 2017;
14:133–44.

40. Arefhosseini SR, Ebrahimi-Mameghani M, Naeimi AF, et al. Lifestyle modification
through dietary intervention: Health promotion of patients with non-alcoholic
fatty liver disease. Health Prom Perspect 2011;1(2): 147-154.

41. Ramallal R, Toledo E, Martínez-González MA, Hernández-Hernández A,
García-Arellano A, Shivappa N, Hébert JR, Ruiz-Canela M. Dietary
inflammatory index and incidence of cardiovascular disease in the SUN
cohort. PLoS One. 2015;10(9):e0135221.

42. Wirth M, Burch J, Shivappa N, Violanti JM, Burchfiel CM, Fekedulegn D,
Andrew ME, Hartley TA, Miller DB, Mnatsakanova A. Association of a dietary
inflammatory index with inflammatory indices and the metabolic syndrome
among police officers. J Occup Environ Med. 2014;56(9):986–9.

43. Van Woudenbergh GJ, Theofylaktopoulou D, Kuijsten A, Ferreira I, van
Greevenbroek MK, van der Kallen CJ, Schalkwijk CG, Stehouwer CDA, Ocké
MC, Nijpels G. Adapted dietary inflammatory index and its association with
a summary score for low-grade inflammation and markers of glucose
metabolism: the cohort study on diabetes and atherosclerosis Maastricht
(CODAM) and the Hoorn study. Am J Clin Nutr. 2013;98(6):1533–42.

44. McCullough ML, Feskanich D, Stampfer MJ, Giovannucci EL, Rimm EB, Hu
FB, Spiegelman D, Hunter DJ, Colditz GA, Willett WC. Diet quality and major
chronic disease risk in men and women: moving toward improved dietary
guidance. Am J Clin Nutr. 2002;76(6):1261–71.

45. Fung TT, Chiuve SE, McCullough ML, Rexrode KM, Logroscino G, Hu FB.
Adherence to a DASH-style diet and risk of coronary heart disease and
stroke in women. Arch Intern Med. 2008;168(7):713–20.

46. Kant AK, Schatzkin A, Ziegler RG. Dietary diversity and subsequent cause-
specific mortality in the NHANES I epidemiologic follow-up study. J Am Coll
Nutr. 1995;14(3):233–8.

47. Wirth MD, Hébert JR, Shivappa N, Hand G, Hurley TG, Drenowatz C,
McMahon D, Shook RP, Blair SN. Anti-inflammatory dietary inflammatory
index scores are associated with healthier scores on other dietary indices.
Nutr Res. 2016;36(3):214–9.

48. Esteve E, Ricart W, Fernandez-Real JM. Dyslipidemia and inflammation: an
evolutionary conserved mechanism. Clin Nutr. 2005;24(1):16–31.

49. Sokhanvar S, Mazaki RRS, Mousavinasab N, Golmohammadi Z. The
association between serum lipoprotein (a) and other cardiac risk factors
with the severity of coronary artery disease. J Cardiovasc Thorac Res. 2011;
3(1):35–9.

50. Sears B. Anti-inflammatory diets for obesity and diabetes. J Am Coll Nutr.
2009;28(sup4):482S–91S.

51. Ludwig DS. The glycemic index: physiological mechanisms relating to
obesity, diabetes, and cardiovascular disease. JAMA. 2002;287:2414–23.

52. Xu H, Sjogren P, Arnlo J, Banerjee T, Cederholm T, Riserus U, Lindholm B,
Lind L, Carrero JJ. A proinflammatory diet is associated with systemic
inflammation and reduced kidney function in elderly adults. J Nutr. 2015;
145:729–35.

53. Kizil M, Tengilimoglu-Metin M, Gumus D, Sevim S, Turkoglu I, Mandiroglu F.
Dietary inflammatory index is associated with serum C-reactive protein and
protein energy wasting in hemodialysis patients: a cross-sectional study.
Nutr Res Pract. 2016;10(4):404–10.

54. Zamora-Ros R, Shivappa N, Steck SE, Canzian F, Landi S, Alonso MH, Hébert
JR, Moreno V. Dietary inflammatory index and inflammatory gene
interactions in relation to colorectal cancer risk in the Bellvitge colorectal
cancer case-control study. Genes Nutr. 2015;10(1):447–50.

55. Goh LGH, Dhaliwal SS, Welborn TA, Lee AH, Della PR. Anthropometric
measurements of general and central obesity and the prediction of
cardiovascular disease risk in women: a cross-sectional study. BMJ Open.
2014;4:e004138.

56. Romero-Corral A, Montori VM, Somers VK, Korinek J, Thomas RJ, Allison TG,
Mookadam F, Lopez-Jimenez F. Association of bodyweight with total
mortality and with cardiovascular events in coronary artery disease: a
systematic review of cohort studies. Lancet. 2006;368(9536):666–78.

57. Kannel WB, Hjortland MC, McNamara PM. Menopause and risk of
cardiovascular disease: the Framingham study. Ann Intern Med. 1976;85:
447–52.



Farhangi and Najafi Nutrition Journal  (2018) 17:20 Page 10 of 10
58. Vitale C, Fini M, Speziale G. Gender differences in the cardiovascular effects
of sex hormones. Fundam Clin Pharmacol. 2010;24:675–85.

59. De Smedt D, De Bacquer D, De Sutter J. The gender gap in risk factor
control: effects of age and education on the control of cardiovascular risk
factors in male and female coronary patients. The EUROASPIRE IV study by
the European Society of Cardiology. Int J Cardiol. 2016;209:284–90.

60. Nashef SAM, Roques F, Michel P, Gauducheau E, Lemeshow S, Salamon R.
European system for cardiac operative risk evaluation (euro SCORE). Eur J
Cardiothorac Surg. 1999;16(1):9–13.

61. Roques F, Michel P, Goldstone AR, Nashef SAM. The logistic euroscore.
Europ Heart J. 2003;24(9):882–3.

62. Lomivorotov VV, Efremov SM, Boboshko VA, Nikolaev DA, Vedernikov PE,
Deryagin MN, Lomivorotov VN, Karaskov AM. Prognostic value of nutritional
screening tools for patients scheduled for cardiac surgery. Interact
Cardiovasc Thorac Surg. 2013;16(5):612–8.


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Subjects
	Clinical assessment of patients
	Anthropometric assessments
	Dietary assessments and DII calculation
	Statistical analyses

	Results
	Discussion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interest
	Ethics approval and consent to participate
	Consent for publication
	Publisher’s Note
	Author details
	References

