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Abstract
Breast cancer (BrCA) is one of the most commonly diagnosed cancers and is the lead-
ing cause of cancer deaths in women worldwide. This study aimed to examine the as-
sociation between the dietary inflammatory index (DII®) and BrCA among Jordanian 
women. A total of 400 adult women were enrolled into this case– control study. Cases 
were 200 women recently diagnosed with BrCA selected from the two hospitals that 
provide cancer therapy in Jordan. They were matched on age, income, and marital 
status with 200 BrCA- free controls. DII scores were calculated from dietary data that 
were collected in a face- to- face interview conducted between October 2016 and 
September 2017 using a validated food frequency questionnaire. Conditional logistic 
regression models were used to calculate odds ratios (ORs) and 95% CIs. The study 
results revealed no significant associations between DII scores in relation to the odds 
of developing BrCA after multivariable adjustment including age, education, total en-
ergy, BMI, number of pregnancy, contraceptive use, lactation, smoking, and family 
history of BrCA. Stratified analyses by obesity status showed that overweight/obese 
participants in the highest DII tertile had a >75% increased BrCA risk (OR of 1.77 
[95% CI, 1.01– 3.12]) compared with participants in the lowest tertile, after adjusting 
for age. The results from this study showed no significant relationship between the 
proinflammatory potential of the diet and BrCA risk in the overall study population. 
However, results stratified by weight category indicated an effect of diet- associated 
inflammation on BrCA risk in the overweight/obese group. Results of the study are 
consistent with a recommendation aimed at maintaining higher diet quality, that is, 
adopting healthy diets characterized by low DII scores in order to reduce the risk for 
BrCA.
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1  | INTRODUC TION

Breast cancer (BrCA) is a generally indolent, but very common can-
cer that accounts for 20.8% of all newly diagnosed cancer cases of 
both genders and 37.4% of cancer cases among females according 
to the Jordanian National Cancer Registry (Ministry of Health, N.- C. 
D. D., 2014). Even though it is a relatively indolent cancer, high inci-
dence leads to it accounting for 10% of all cancer deaths (Ministry of 
Health, N.- C. D. D., 2014).

Inflammation is a normal part of the normal biological reper-
toire needed for competent immune response to injury, infection, 
or other inflammatory stimulants in order to heal wounds, combat 
infections, detect early cancers, and promote tissue regeneration 
(Shivappa et al., 2015; Warnberg et al., 2009). However, tumor initi-
ation, growth, and invasion can be triggered by a chronic, low- grade 
inflammatory state that can be induced via an inflammatory micro-
environment, which includes production of cytokines and chemok-
ines (Cavicchia et al., 2009; Shivappa et al., 2015). Diet might be a 
key component in the regulation of chronic inflammation (Cavicchia 
et al., 2009; Shivappa et al., 2015), where the available evidence 
suggests the ability of dietary factors to influence the risk of BrCA 
through the modulation of inflammatory state (Research, A. I. f. C., 
2007; Shivappa et al., 2015).

Certain culinary traditions, such as Mediterranean diets, which 
are rich in fruits, vegetable, healthy oils, fiber, β- carotene, vitamin 
E, and vitamin C, have been recognized for their inverse association 
with chronic inflammation (Cavicchia et al., 2009; Shivappa, Blair, 
et al., 2017; Shivappa et al., 2016). On the other hand, the opposite is 
true regarding unhealthier diets, that is, typical Western- style diets, 
that are high in fats, protein, simple carbohydrates, and refined car-
bohydrates but low in flavonoids and other antioxidant dietary com-
ponents (Cavicchia et al., 2009; Shivappa, Blair, et al., 2017; Shivappa 
et al., 2016). Additionally, unhealthy diet also may lead to obesity, 
where the latter has been associated with increased production of 
estrogen, adipokines, and markers of inflammation. Obesity, as indi-
cated by an increased body mass index (which is a rough proxy for 
adiposity), has been found to be associated with a significant direct 
relationship with risk of BrCA and an inverse association with sur-
vival after BrCA (Ferrini et al., 2015).

Because specific dietary components may act as moderators of 
chronic inflammation, and therefore, cancer risk, the dietary inflam-
matory index (DII®), is a valuable tool that has been developed to 
describe diet- associated inflammation; it has been shown to predict 
the levels of inflammatory markers and cancer outcomes (Shivappa 
et al., 2014). The DII scores dietary components according to their 
potential inflammatory effects on a scale ranging from maximally 
anti- inflammatory to maximally proinflammatory which will help 
examine the potential of a diet to induce cancer through modulat-
ing the inflammatory state. Although a large body of evidence sug-
gests a central role of dietary factors in the development of BrCA, 
the relationship remains controversial with insufficient evidence to 
infer a probable causal association (Albuquerque et al., 2014; Ferrini 
et al., 2015; Shivappa, Blair, et al., 2017; Shivappa et al., 2015). To 

date, prospective epidemiologic studies failed to provide a signif-
icant, strong, reproducible association between diet and BrCA in-
cidence (Ferrini et al., 2015). Here, we examined the association 
between the DII and BrCA among Jordanian women.

2  | SUBJEC TS AND METHODS

2.1 | Study design and setting

This case– control study was conducted between October 2016 and 
September 2017. Its goal was to investigate the association between 
DII scores and BrCA among Jordanian women. This study was car-
ried out at the main two hospitals in Jordan that offer cancer ther-
apy: King Hussein Cancer Center (KHCC) and Al- Basheer Hospitals. 
Permission was obtained from each hospital for having a private 
room in good physical condition that we could use to carry out the 
interviews was obtained.

2.2 | Sample enrollment

Two hundred recently diagnosed (up to 3 months from diagnosis) 
BrCA patients were recruited from the Oncology department at 
KHCC and Al- Basheer Hospitals. Patients were included based on 
the following criteria: recently (≤3 months) diagnosed with primary 
BrCA, Jordanian nationality, aged ≥20 years, and able to communi-
cate verbally in Arabic. The exclusion criteria were hospitalized or 
critically ill, suffering from or previously diagnosed with other types 
of cancer and other diseases requiring a specific diet, and being 
pregnant or lactating. The control group was enrolled from the com-
munity of the participating hospitals including the employees and 
visitors, as well as patients' accompanying persons, none of whom 
could be a first- degree relative. The assignment of participants into 
the control group was contingent on the performance of a mammo-
gram or clinical examination, during the previous year, to ensure that 
they were free of BrCA. Cases and controls were recruited at a 1:1 
ratio. Matching between cases and control groups was performed 
based on age as well as economic and marital statuses. Recruitment 
was accomplished via representatives from each participating hospi-
tal who called each patient to invite her to participate in the research. 
During the first interview, the investigator explained to participants 
the purpose and requirements of the study and elucidated potential 
risks and benefits knowing that the present study has no risk. The 
investigator also clarified that the participants can withdraw from 
the study at any time they want without any consequences.

2.3 | Ethics

The protocol of this study was conformed to the ethical standards of 
the responsible committee on human experimentation and in com-
pliance with the Helsinki Declaration of 1975, as revised in 1983. 
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The Institutional Review Boards of the participating hospitals had re-
viewed and approved the proposal. Written informed consent form 
was completed and obtained before starting data collection from 
all participants where each participant was encouraged to read the 
consent form before signing it. Patients' information was kept and 
treated confidentially.

2.4 | Data collection

A personal and demographic information sheet and a validated 
Arabic food frequency questionnaire (FFQ) (Tayyem et al., 2014) 
were used for data collection via a face- to- face interview by a 
trained researcher.

2.4.1 | Personal information sheet

This questionnaire included information on sociodemographic ques-
tions related to age, marital status, education, employment, family 
income, family members diagnosed with cancer, smoking status, 
medication, previous and current health problems, among others.

2.4.2 | Dietary assessment

The validated Arabic quantitative FFQ, which includes 109 questions 
on food and beverages, was used to collect dietary data. This FFQ 
was adapted from the Diet History Questionnaire of the US National 
Cancer Institute and was designed to measure the diet of Jordanians. 
The one- year reference period, which was selected to reflect sea-
sonal variation in some food types, aimed to cover the year before 
the diagnosis date for cases and the year before interview for con-
trols. The average rate of consumption of each food item they had 
consumed at least one standard serving size was determined based 
on the following categories: “<1/month, 2– 3/month, 1– 2/week, 3– 4/
week, 5– 6/week, 1/day, 2– 3/day, 4– 5/day, or 6/day.” Estimating the 
consumed portion size was facilitated via standardized food mod-
els (Nasco Company) and standard measuring tools. Food lists in the 
modified FFQ questions were classified based on types of foods: 21 
items of vegetables; 16 items meat such as red meat (lamb and beef), 
chicken, fish, cold meat, and others; 21 items of fruits and juices; 9 
items of milk and dairy products; 8 items of cereals; 4 items beans; 
4 items of soups and sauces; 5 items drinks; 9 items of snacks and 
sweets; and 14 items of herbs and spices. Dietary analysis software 
(ESHA Food Processor SQL, version 10.1.1; ESHA) was used to ana-
lyze the dietary intakes.

2.4.3 | Physical activity level assessment

Weekly physical activity level of each participant was evaluated using 
the Sallis et al. (1985) physical activity recall (PAR) questionnaire 

(Sallis et al., 1985). The frequency, intensity, time, and type of physi-
cal activity were all considered. Thereafter, total physical activity 
was estimated using a metabolic equivalent score.

2.5 | Anthropometric measurements

Measurement was taken according to Lee and Nieman (2012) (Lee 
& Nieman, 2012). Body weight (to the nearest 0.1 kg) was measured 
with the participant in bare feet and with minimal clothing, using 
a calibrated portable scale. Standing height was measured, using 
a calibrated portable measuring- bar, to the nearest 0.5 cm where 
participants were in the full standing position without shoes. Body 
mass index (BMI) was calculated by dividing weight, in kilograms, by 
height, in meters, squared.

2.6 | The dietary inflammatory index

Details regarding the development and validation of DII have been de-
scribed elsewhere (Shivappa, Steck, Hurley, Hussey, & Hebert, 2014; 
Shivappa, Steck, Hurley, Hussey, Ma, et al., 2014). Briefly, the DII was 
developed based on literature search that was conducted to recog-
nize the associations between inflammatory biomarkers and various 
food parameters, including several nutrients, foods, and bioactive 
compounds. The identification of these food parameters was not 
performed a priori; rather, they were identified prospectively, that is, 
dynamically as the search was conducted, in order to identify dietary 
components that influence the inflammation.

Of a possible 45 food parameters that comprise the full DII, the 
following dietary components were retrieved from the FFQ and used 
for DII calculation: carbohydrate, protein, fat, energy, alcohol, fiber, 
cholesterol, saturated fat, monounsaturated fat, polyunsaturated 
fat, omega- 3, omega- 6, trans- fat, niacin, thiamin, riboflavin, vitamin 
B12, vitamin B6, iron, zinc, vitamin A, vitamin C, vitamin D, vitamin 
E, folic acid, beta carotene, magnesium, and selenium. The inability 
to account for all of the DII components is common in many studies 
that use FFQ for dietary assessment. The FFQ also provided infor-
mation on onions and tea and the following bioactive compounds: 
flavan- 3- ol, flavones, flavonols, and isoflavones.

The standard global mean value for each food parameter (which 
provides an estimate of a mean and standard deviation) was sub-
tracted from each individual's dietary intake; afterward, the ob-
tained value was divided by the standard deviation to create a 
z- score. Subsequently, the z- scores were converted to a proportion 
using the PROBNORM function in SAS (SAS Institute). These values 
were then centered by doubling the value and subtracting 1. This 
value was then multiplied by the inflammatory effect score for each 
food parameter. DII- specific scores of all of the food parameter were 
then summed to create the overall DII score for every subject in the 
study. DII = b1 * n1 + b2 * n2…b(n) * n(n), where b refers to the 
literature- derived inflammatory effect score for each food param-
eter; n refers to the food parameter- specific- centered percentiles, 
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which were derived from the dietary data; and (n) refers to the total 
number of food parameters that will be available from this study. A 
more proinflammatory diet is indicated by a positive score, while a 
negative score reflects a diet that is more anti- inflammatory. Finally, 
the DII scores were calculated per 1,000 calories/d consumed, 
which requires using an energy- adjusted world referent database, 
and produced energy- adjusted DII (E- DII) scores.

2.7 | Statistical analysis

Sample size was calculated based on the number of women diag-
nosed with BrCA in 2014 which was 1,174, 95% confidence interval, 
5% margin of error, and 85% response distribution. The calculated 
sample size was 170. In general, about 20% of our population had 
been enrolled.

Differences in baseline variables among different tertiles were 
estimated using chi- square tests for categorical variables and 
ANOVA for continuous variables. DII was categorized into tertiles, 
with cutpoints derived from data obtained in the controls. Logistic 
regression models were used to calculate odds ratios (ORs), and 95% 
CIs were estimated using, adjusting only for age first and then for 
age and energy in the second model. The third model was adjusted 
for additional adjustment including age, education, total energy, 
BMI, number of pregnancy, contraceptive use, lactation, smoking, 
and family history of BrCA. All tests were two- sided, and the sig-
nificance level was set at p < .05. Data were analyzed using SPSS® 
for Windows version 23 (SPSS Inc.). Data were further stratified 
based on BMI values into overweight/obese (BMI ≥25 kg/m2) and 
nonobese (BMI ≤25 kg/m2); then, the associations between DII and 
BrCA were calculated using the aforementioned procedure.

3  | RESULTS

One control participant dropped out from the study due to personal 
reasons. Thus, the final number of participants included in the sta-
tistical analyses was 199 controls and 200 cases. In this study, DII 
scores ranged from −4.08 (most anti- inflammatory score) to 4.08 
(most proinflammatory score). The general sociodemographic char-
acteristics and lifestyle variables between cases and controls were 
presented elsewhere. General characteristics of case and control 
participants are presented in Tables 1 and 2, respectively. There 
were no statistical differences in sociodemographic factors and 
lifestyle habits across DII tertiles among cases; however, BMI and 
number of pregnancies factors of controls were statically different 
among DII tertiles.

The ORs (95% CIs) for the association between DII and BrCA are 
shown in Table 3. Results obtained from modeling DII scores a con-
tinuous variable in relation to the odds of developing BrCA showed 
no significant associations after adjusting for age (model 1), age and 
energy intake (model 2) or age, education, total energy intake, BMI, 
number of pregnancy, contraceptive use, lactation, smoking, and 

family history of BrCA (model 3). Tables 4 and 5 show the association 
between DII score and BrCA among normal weight and overweight/
obese participants, respectively. Following the stratification of data 
based on the BMI values into overweight/obese (BMI ≥25 kg/m2) 
and normal weight (BMI <25 kg/m2), overweight/obese participants 
in the highest DII tertile had an OR of 1.77 (95% CI, 1.01– 3.12) com-
pared with participants in the lowest tertile, in the age- adjusted 
models for DII tertiles. None of the other models for overweight/
obese participants showed significant results.

4  | DISCUSSION

Cancer, a global leading cause of death, appears often to be related 
to chronic, low- grade inflammatory state that can be triggered by a 
microenvironment such as diet (Phillips et al., 2019). However, in this 
Jordanian case– control study the consumption of proinflammatory 
diet was not associated with an increased BrCA except among over-
weight/obese women.

The association between DII and cancer risk was recognized for 
various other types of cancer including prostate, colorectal, and 
pancreatic; nevertheless, the evidence was not conclusive regard-
ing BrCA (Hoang et al., 2019; Shivappa, Blair, et al., 2017; Shivappa 
et al., 2016; Tabung et al., 2015). Several modifiable and non- 
modifiable factors have been identified for their association with 
BrCA risk, including genetics, age, reproductive history, hormone 
use, diet, alcohol consumption, smoking, physical activity level, and 
obesity (McKenzie et al., 2015; Shivappa et al., 2015). In a large pro-
spective cohort, a combination of healthy behaviors (never smoke, 
no alcohol consumption, high level of physical activity, being normal 
weight, and having a healthy diet) was found to have an inverse as-
sociation with BrCA risk compared with unhealthy lifestyle as mea-
sured by healthy lifestyle index score (McKenzie et al., 2015). In their 
study, McKenzie et al. (2015) detected that a one- point increment 
in the healthy lifestyle index score corresponded to a 3% reduction 
in BrCA risk, which highlights the contribution of modifiable factors 
on the pathogenesis of BrCA. Although the results of the current 
study have been adjusted for several confounders, the association 
between DII and BrCA risk did not reach the level of significance for 
the study as a whole. In accordance with our results, several previ-
ous observational studies and clinical trials have failed to link BrCA 
risk with dietary quality (Fung et al., 2005; Prentice et al., 2006; 
Smith- Warner et al., 2001; Terry et al., 2001). The multifactorial eti-
ology of BrCA, as well as the complexity of the diet, could contrib-
ute to the controversy regarding the association between BrCA and 
dietary factors due to the difficulty to nullify the influence of all of 
these factors.

Shivappa et al. (2016) detected 11% increase in the hazard ratio 
(95% CI: 1.00– 1.22) for BrCA in association with proinflammatory 
diet as evidenced by higher DII, and the association was stronger 
in obese women (HR = 1.35; 95% CI: 1.10– 1.66) (Shivappa, Blair, 
et al., 2017). Additionally, for obese women, a 5% higher risk was 
associated with a one- unit increase in DII score (95% CI: 1.02– 1.12). 
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Similarly, other studies supported such association (Shivappa, Hebert, 
et al., 2017; Shivappa et al., 2015). On the other hand, in accordance 
with the results of our study, no association was discovered between 

the incidence of BrCA and DII among two different populations of 
postmenopausal women (Ge et al., 2015; Tabung et al., 2016). More 
research is warranted to examine the inflammatory potential of diet 

Variables
Tertile 1a 
<−0.47

Tertile 2
−0.47 to −1.17

Tertile 3
>−1.17 p- valueb 

Age (year) 48.3 ± 8.83 49.2 ± 8.60 49.0 ± 9.40 .842

BMI (kg/m2) 30.49 ± 5.56 28.9 ± 4.41 30.0 ± 5.46 .264

Smoking

Yes 15 9 16 .283

No 44 55 61

Marital status

Married 45 49 60 .84

Single 10 7 9

Divorced 1 4 3

Widowed 3 4 5

Education

Illiterate 2 4 6 .366

Primary school 10 18 24

High school 19 18 28

Diploma 21 16 10

Bachelor 3 5 6

Higher education 4 3 3

Work

Yes 16 13 24 .345

No 43 51 53

Physical activity (METs/wk)

Inactive 51 60 70 .391

Minimally active 3 3 2

HEPA activec  5 1 3

Family with cancer

Yes 32 35 42 .999

No 27 29 35

Number of pregnancy

0 13 10 12 .847

1– 3 9 12 13

4– 6 23 26 28

7– 10 13 12 21

>10 1 4 3

Lactation

Yes 38 42 50 .949

No 21 22 27

Note: Values are mean ± SD or n.
Abbreviations: HEPA, Health- Enhancing Physical Activity; METs, metabolic equivalents.
aDII scores ranged from −4.08 to 4.08
bStudent's t test was used for continuous variables. Chi- square test was used for categorical 
variables.
cThe Health- enhancing physical activity category “active” included any participant who performed 
vigorous- intensity activity on ≥3 d/wk, accumulated ≥1,500 MET- min/wk, or who performed 
any combination of walking, moderate- intensity or vigorous- intensity activities ≥5 d achieving a 
minimum of ≥3,000 MET- min/wk.
p- value was set at < 0.05.

TA B L E  1   Participant characteristics 
by tertile of dietary inflammatory index 
among cases, Jordanian breast cancer 
case– control study (n = 200)
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in a larger sample to test the effects on BrCA incidence. In this study, 
higher DII scores (third tertile compared with the reference tertile) 
were associated with 77% increases in the risk of developing BrCA 

in participants with BMI ≥25. Although this association was at bor-
derline significance (95% CI: 1.01 –  3.12 and p- trend .05), such asso-
ciation did not appear in normal weight individuals (BMI <25 kg/m2). 

Variables
Tertile 1a 
<−0.47

Tertile 2
−0.47 to −1.17

Tertile 3
>−1.17 p- valueb 

Age (year) 48.8 ± 8.56 47.1 ± 7.90 46.4 ± 8.10 .225

BMI (kg/m2) 28.4 ± 5.26 29.2 ± 4.90 26.4 ± 4.69 .004

Smoking

Yes 7 3 4 .341

No 58 63 64

Marital status

Married 52 49 55 .701

Single 8 11 10

Divorced 1 1 2

Widowed 4 5 1

Education

Illiterate 1 3 1 .209

Primary school 2 3 7

High school 20 11 15

Diploma 20 21 23

Bachelor 15 21 19

Higher education 7 7 3

Work

Yes 23 36 30 .142

No 42 30 38

Physical activity (METs/wk)

Inactive 52 52 58 .699

Minimally active 7 10 7

HEPA activec  6 4 3

Family with cancer

Yes 25 27 21 .454

No 40 39 47

Number of pregnancy

0 9 13 22 .010

1– 3 29 18 22

4– 6 20 23 16

7– 10 4 12 8

>10 3 0 0

Lactation

Yes 47 44 39 .431

No 18 22 28

Note: Values are mean ± SD or n.
Abbreviation: METs, metabolic equivalents.
aDII scores ranged from −4.08 to 4.08
bStudent's t test was used for continuous variables. Chi- square test was used for categorical 
variables. p- value was set at <0.05.
cThe Health- enhancing physical activity category “active” included any participant who performed 
vigorous- intensity activity on ≥3 d/wk, accumulated ≥ 1,500 MET- min/wk, or who performed any 
combination of walking, moderate- intensity or vigorous- intensity activities ≥5 days achieving a 
minimum of ≥3,000 MET- min/wk.

TA B L E  2   Participant characteristics 
by tertile of dietary inflammatory index 
among control, Jordanian breast cancer 
case– control study (n = 199)
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This finding is compatible with earlier- mentioned studies and points 
to the role of adiposity in BrCA risk, possibly via the consumption of 
a proinflammatory diet.

This is one of the few studies that have examined the association 
between DII and BrCA risk in Middle East region (Jalali et al., 2018; 
Vahid et al., 2018). Despite its strengths, this study has several lim-
itations. First, we cannot exclude selection bias. Second, information 
bias always is of concern in a case– control study. Third, this study 
is relatively small compared with the very large sample sizes that 
have been used in other DII- focused studies (Accardi et al., 2019; Ge 
et al., 2015; Tabung et al., 2016). However, the calculated sample 

size was representative considering the incidence rate of BrCA in 
both sexes that had been reported by Jordanian Cancer Registry in 
2014 (Ministry of Health, N.- C. D. D., 2014). Fourth, we were not 
able to account for all 45 components of the original DII. In this pop-
ulation, missing information included food parameters such as gar-
lic and onion— and these may have played a role in this association. 
However, the absence of several food parameters such as turmeric 
and thyme is not of great concern because of the infrequency of 
consumption.

Although the relationship between the proinflammatory po-
tential of the diet and BrCA risk is yet to be clarified, maintaining 

TA B L E  3   Odds ratios 95% confidence intervals for the association between dietary inflammatory index and breast cancer in a Jordanian 
case– control study (N = 399)

DII

Energy- adjusted DII (tertilesa ), OR (95% CI)

ptrend
*

Energy- adjusted DII 
(continuous) OR (95% CI)

Tertile 1 
(≤−0.47)

Tertile 2 (−0.47 to 
−1.17) Tertile 3 (>−1.17)

Age adjusted 1 (ref.) 1.08 (0.66– 1.77) 1.27 (0.78– 2.06) .328 1.10 (0.94– 1.25)

Age and energy adjusted 1 (ref.) 0.95 (0.57– 1.59) 1.18 (0.72– 1.95) .508 1.03 (0.90– 1.18)

Multivariate adjustedb  1 (ref.) 1.01 (0.55– 1.84) 1.11 (0.61– 2.01) .753 1.00 (0.85– 1.17)

Abbreviation: DII, dietary inflammatory index.
aDII scores ranged from −4.08 to 4.08
bAdjusted for age, education, total energy, body mass index, number of pregnancy, contraceptive use, lactation, smoking, and family history of breast 
cancer.
*p- value for trend derived using the median approach.

DII

Energy- adjusted DII (Tertilesa ), OR (95% CI)

ptrend
*

Tertile 1 
(≤−0.47)

Tertile 2 (−0.47 
to −1.17) Tertile 3 (>−1.17)

Age adjusted 1 (ref.) 1.55 (0.47– 5.11) 0.78 (0.27– 2.31) .518

Age and energy adjusted 1 (ref.) 1.29 (0.37– 4.55) 0.70 (0.22– 2.20) .457

Multivariate adjustedb  1 (ref.) 1.47 (0.23– 10.1) 0.19 (0.03– 1.19) .224

Abbreviation: DII, dietary inflammatory index.
aDII scores ranged from −4.08 to 4.08
bAdjusted for age, education, total energy, body mass index, number of pregnancy, contraceptive 
use, lactation, smoking, and family history of breast cancer.
*p- value for trend derived using the median approach.

TA B L E  4   Odds ratios 95% confidence 
intervals for the association between 
dietary inflammatory index and breast 
cancer among nonobese participants in a 
Jordanian case– control study (n = 92)

DII

Energy- adjusted DII (tertilesa ), OR (95% CI)

p trend
*

Tertile 1 
(≤−0.47)

Tertile 2 (−0.47 
to −1.17)

Tertile 3 
(>−1.17)

Age adjusted 1 (ref.) 1.00 (0.58– 1.73) 1.77 (1.01– 3.12) .050

Age and energy adjusted 1 (ref.) 0.91 (0.52– 1.59) 1.6 (0.9– 2.86) .121

Multivariate adjustedb  1 (ref.) 0.88 (0.46– 1.70) 1.48 (0.74– 2.97) .324

Abbreviation: DII, dietary inflammatory index.
aDII scores ranged from −4.08 to 4.08
bAdjusted for age, education, total energy, body mass index, number of pregnancy, contraceptive 
use, lactation, smoking, and family history of breast cancer.
*p- value for trend derived using the median approach and it was set at <0.05.

TA B L E  5   Odds ratios 95% confidence 
intervals for the association between 
dietary inflammatory index and 
breast cancer among overweight and 
overweight/obese participants in a 
Jordanian case– control study (n = 307)
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higher diet quality and adherence to dietary recommendations for 
balanced, healthy diet would boost health and reduce the risk for 
chronic diseases.

ACKNOWLEDG MENTS
This research was funded by Deanship of Academic Research of The 
University of Jordan (Grant number 2016- 2017/14). Open Access 
funding provided by the Qatar National Library.

CONFLIC T OF INTERE S T
SSH, RM, LM, and RFT declare that they have no conflict of inter-
ests. Disclosure: Dr. James R. Hébert owns controlling interest in 
Connecting Health Innovations LLC (CHI), a company that has li-
censed the right to his invention of the DII from the University of 
South Carolina in order to develop computer and smartphone ap-
plications for patient counseling and dietary intervention in clinical 
settings. Dr. Nitin Shivappa is an employee of CHI.

E THIC AL APPROVAL
The study was conducted in accordance with the ethical standards 
of the responsible committee on human experimentation and with 
the Helsinki Declaration of 1975, as revised in the proposal was ap-
proved by the Institutional Review Board of the 2 hospitals: King 
Hussein Cancer Center (KHCC) and Al- Basheer (16 KHCC 57 and 
2250, respectively).

ORCID
Reema F. Tayyem  https://orcid.org/0000-0003-1640-0511 

R E FE R E N C E S
Accardi, G., Shivappa, N., Di Maso, M., Hébert, J. R., Fratino, L., Montella, 

M., La Vecchia, C., Caruso, C., Serraino, D., Libra, M., & Polesel, J. 
(2019). Dietary inflammatory index and cancer risk in the elderly: 
A pooled- analysis of Italian case- control studies. Nutrition, 63– 64, 
205– 210. https://doi.org/10.1016/j.nut.2019.02.008

Albuquerque, R. C., Baltar, V. T., & Marchioni, D. M. (2014). Breast cancer 
and dietary patterns: A systematic review. Nutrition Reviews, 72(1), 
1– 17. https://doi.org/10.1111/nure.12083

Cavicchia, P. P., Steck, S. E., Hurley, T. G., Hussey, J. R., Ma, Y., Ockene, 
I. S., & Hébert, J. R. (2009). A new dietary inflammatory index pre-
dicts interval changes in serum high- sensitivity C- reactive protein. 
Journal of Nutrition, 139(12), 2365– 2372. https://doi.org/10.3945/
jn.109.114025

Ferrini, K., Ghelfi, F., Mannucci, R., & Titta, L. (2015). Lifestyle, nutri-
tion and breast cancer: Facts and presumptions for consideration. 
Ecancermedicalscience, 9, 557. https://doi.org/10.3332/ecanc 
er.2015.557

Fung, T. T., Hu, F. B., Holmes, M. D., Rosner, B. A., Hunter, D. J., Colditz, 
G. A., & Willett, W. C. (2005). Dietary patterns and the risk of post-
menopausal breast cancer. International Journal of Cancer, 116(1), 
116– 121. https://doi.org/10.1002/ijc.20999

Ge, I., Rudolph, A., Shivappa, N., Flesch- Janys, D., Hebert, J. R., & Chang- 
Claude, J. (2015). Dietary inflammation potential and postmeno-
pausal breast cancer risk in a German case- control study. Breast, 
24(4), 491– 496. https://doi.org/10.1016/j.breast.2015.04.012

Hoang, D. V., Shivappa, N., Pham, N. M., Hebert, J. R., Binns, C. W., & Lee, 
A. H. (2019). Dietary inflammatory index is associated with increased 

risk for prostate cancer among Vietnamese men. Nutrition, 62, 140– 
145. https://doi.org/10.1016/j.nut.2018.12.012

Jalali, S., Shivappa, N., Hebert, J. R., Heidari, Z., Hekmatdoost, A., 
& Rashidkhani, B. (2018). Dietary inflammatory index and odds 
of breast cancer in a case- control study from Iran. Nutrition 
and Cancer, 70(7), 1034– 1042. https://doi.org/10.1080/01635 
581.2018.1494843

Lee, R., & Nieman, D. (2012). Nutritional assessment. McGraw- Hill 
Education.

McKenzie, F., Ferrari, P., Freisling, H., Chajès, V., Rinaldi, S., de Batlle, J., 
Dahm, C. C., Overvad, K., Baglietto, L., Dartois, L., Dossus, L., Lagiou, 
P., Trichopoulos, D., Trichopoulou, A., Krogh, V., Panico, S., Tumino, 
R., Rosso, S., Bueno- de- Mesquita, H. B., … Romieu, I. (2015). Healthy 
lifestyle and risk of breast cancer among postmenopausal women in 
the European Prospective Investigation into Cancer and Nutrition 
cohort study. International Journal of Cancer, 136(11), 2640– 2648. 
https://doi.org/10.1002/ijc.29315

Ministry of Health, N.- C. D. D. (2014). Cancer Incidence in Jordan.
Phillips, C. M., Chen, L.- W., Heude, B., Bernard, J. Y., Harvey, N. C., Duijts, 

L., Mensink- Bout, S. M., Polanska, K., Mancano, G., Suderman, M., 
Shivappa, N., & Hébert, J. R. (2019). Dietary inflammatory index and 
non- communicable disease risk: A narrative review. Nutrients, 11(8), 
1873. https://doi.org/10.3390/nu110 81873

Prentice, R. L., Caan, B., Chlebowski, R. T., Patterson, R., Kuller, L. H., 
Ockene, J. K., Margolis, K. L., Limacher, M. C., Manson, J. A. E., 
Parker, L. M., Paskett, E., Phillips, L., Robbins, J., Rossouw, J. E., Sarto, 
G. E., Shikany, J. M., Stefanick, M. L., Thomson, C. A., Van Horn, L., 
… Henderson, M. M. (2006). Low- fat dietary pattern and risk of in-
vasive breast cancer: The Women's Health Initiative Randomized 
Controlled Dietary Modification Trial. JAMA, 295(6), 629– 642. 
https://doi.org/10.1001/jama.295.6.629

Research, A. I. f. C. (2007). Food, Nutrition, Physical Activity and the Prevention 
of Cancer: A Global Perspective. American Institute for Cancer Research.

Sallis, J. F., Haskell, W. L., Wood, P. D., Fortmann, S. P., Rogers, T., 
Blair, S. N., & Paffenbarger, R. S. Jr (1985). Physical activity assess-
ment methodology in the Five- City Project. American Journal of 
Epidemiology, 121(1), 91– 106. https://doi.org/10.1093/oxfor djour 
nals.aje.a113987

Shivappa, N., Blair, C. K., Prizment, A. E., Jacobs, D. R., & Hebert, J. R. 
(2017). Prospective study of the dietary inflammatory index and risk 
of breast cancer in postmenopausal women. Molecular Nutrition & 
Food Research, 61(5), 1600592. https://doi.org/10.1002/mnfr.20160 
0592

Shivappa, N., Hebert, J. R., Rosato, V., Montella, M., Serraino, D., & La 
Vecchia, C. (2017). Association between the dietary inflammatory 
index and breast cancer in a large Italian case- control study. Molecular 
Nutrition & Food Research, 61(3), 1600500. https://doi.org/10.1002/
mnfr.20160 0500

Shivappa, N., Hebert, J. R., Rosato, V., Rossi, M., Montella, M., 
Serraino, D., & La Vecchia, C. (2016). Dietary inflammatory index 
and ovarian cancer risk in a large Italian case- control study. Cancer 
Causes & Control, 27(7), 897– 906. https://doi.org/10.1007/s1055 
2- 016- 0767- 9

Shivappa, N., Sandin, S., Lof, M., Hebert, J. R., Adami, H. O., & Weiderpass, 
E. (2015). Prospective study of dietary inflammatory index and risk 
of breast cancer in Swedish women. British Journal of Cancer, 113(7), 
1099– 1103. https://doi.org/10.1038/bjc.2015.304

Shivappa, N., Steck, S. E., Hurley, T. G., Hussey, J. R., & Hebert, J. R. 
(2014). Designing and developing a literature- derived, population- 
based dietary inflammatory index. Public Health Nutrition, 17(8), 
1689– 1696. https://doi.org/10.1017/s1368 98001 3002115

Shivappa, N., Steck, S. E., Hurley, T. G., Hussey, J. R., Ma, Y., Ockene, I. S., 
Tabung, F., & Hébert, J. R. (2014). A population- based dietary inflam-
matory index predicts levels of C- reactive protein in the Seasonal 
Variation of Blood Cholesterol Study (SEASONS). Public Health 

https://orcid.org/0000-0003-1640-0511
https://orcid.org/0000-0003-1640-0511
https://doi.org/10.1016/j.nut.2019.02.008
https://doi.org/10.1111/nure.12083
https://doi.org/10.3945/jn.109.114025
https://doi.org/10.3945/jn.109.114025
https://doi.org/10.3332/ecancer.2015.557
https://doi.org/10.3332/ecancer.2015.557
https://doi.org/10.1002/ijc.20999
https://doi.org/10.1016/j.breast.2015.04.012
https://doi.org/10.1016/j.nut.2018.12.012
https://doi.org/10.1080/01635581.2018.1494843
https://doi.org/10.1080/01635581.2018.1494843
https://doi.org/10.1002/ijc.29315
https://doi.org/10.3390/nu11081873
https://doi.org/10.1001/jama.295.6.629
https://doi.org/10.1093/oxfordjournals.aje.a113987
https://doi.org/10.1093/oxfordjournals.aje.a113987
https://doi.org/10.1002/mnfr.201600592
https://doi.org/10.1002/mnfr.201600592
https://doi.org/10.1002/mnfr.201600500
https://doi.org/10.1002/mnfr.201600500
https://doi.org/10.1007/s10552-016-0767-9
https://doi.org/10.1007/s10552-016-0767-9
https://doi.org/10.1038/bjc.2015.304
https://doi.org/10.1017/s1368980013002115


     |  9HAMMAD et Al.

Nutrition, 17(8), 1825– 1833. https://doi.org/10.1017/s1368 98001 
3002565

Smith- Warner, S. A., Spiegelman, D., Yaun, S.- S., Adami, H.- O., Beeson, 
W. L., van den Brandt, P. A., Folsom, A. R., Fraser, G. E., Freudenheim, 
J. L., Goldbohm, R. A., Graham, S., Miller, A. B., Potter, J. D., Rohan, 
T. E., Speizer, F. E., Toniolo, P., Willett, W. C., Wolk, A., Zeleniuch- 
Jacquotte, A., & Hunter, D. J. (2001). Intake of fruits and vegetables 
and risk of breast cancer: A pooled analysis of cohort studies. JAMA, 
285(6), 769– 776. https://doi.org/10.1001/jama.285.6.769

Tabung, F. K., Steck, S. E., Liese, A. D., Zhang, J., Ma, Y., Caan, B., 
Chlebowski, R. T., Freudenheim, J. L., Hou, L., Mossavar- Rahmani, 
Y., Shivappa, N., Vitolins, M. Z., Wactawski- Wende, J., Ockene, J. K., 
& Hébert, J. R. (2016). Association between dietary inflammatory 
potential and breast cancer incidence and death: Results from the 
Women's Health Initiative. British Journal of Cancer, 114(11), 1277– 
1285. https://doi.org/10.1038/bjc.2016.98

Tabung, F. K., Steck, S. E., Ma, Y., Liese, A. D., Zhang, J., Caan, B., Hou, 
L., Johnson, K. C., Mossavar- Rahmani, Y., Shivappa, N., Wactawski- 
Wende, J., Ockene, J. K., & Hebert, J. R. (2015). The association 
between dietary inflammatory index and risk of colorectal cancer 
among postmenopausal women: Results from the Women's Health 
Initiative. Cancer Causes & Control, 26(3), 399– 408. https://doi.
org/10.1007/s1055 2- 014- 0515- y

Tayyem, R. F., Abu- Mweis, S. S., Bawadi, H. A., Agraib, L., & Bani- Hani, K. 
(2014). Validation of a food frequency questionnaire to assess mac-
ronutrient and micronutrient intake among Jordanians. Journal of the 

Academy of Nutrition and Dietetics, 114(7), 1046– 1052. https://doi.
org/10.1016/j.jand.2013.08.019

Terry, P., Suzuki, R., Hu, F. B., & Wolk, A. (2001). A prospective study 
of major dietary patterns and the risk of breast cancer. Cancer 
Epidemiology, Biomarkers & Prevention, 10(12), 1281– 1285.

Vahid, F., Shivappa, N., Hatami, M., Sadeghi, M., Ameri, F., Jamshidi 
Naeini, Y., Hebert, J. R., & Davoodi, S. H. (2018). Association between 
Dietary Inflammatory Index (DII) and Risk of Breast Cancer: A Case- 
Control Study. Asian Pacific Journal of Cancer Prevention, 19(5), 1215– 
1221. https://doi.org/10.22034/ apjcp.2018.19.5.1215

Warnberg, J., Gomez- Martinez, S., Romeo, J., Diaz, L. E., & Marcos, A. 
(2009). Nutrition, inflammation, and cognitive function. Annals 
of the New York Academy of Sciences, 1153, 164– 175. https://doi.
org/10.1111/j.1749- 6632.2008.03985.x

How to cite this article: Hammad, S. S., Mahmoud, R., 
Shivappa, N., Hebert, J. R., Marie, L., & Tayyem, R. F. (2021). 
Dietary inflammatory index and odds of breast cancer: A 
case– control study. Food Science & Nutrition, 00, 1– 9. https://
doi.org/10.1002/fsn3.2493

https://doi.org/10.1017/s1368980013002565
https://doi.org/10.1017/s1368980013002565
https://doi.org/10.1001/jama.285.6.769
https://doi.org/10.1038/bjc.2016.98
https://doi.org/10.1007/s10552-014-0515-y
https://doi.org/10.1007/s10552-014-0515-y
https://doi.org/10.1016/j.jand.2013.08.019
https://doi.org/10.1016/j.jand.2013.08.019
https://doi.org/10.22034/apjcp.2018.19.5.1215
https://doi.org/10.1111/j.1749-6632.2008.03985.x
https://doi.org/10.1111/j.1749-6632.2008.03985.x
https://doi.org/10.1002/fsn3.2493
https://doi.org/10.1002/fsn3.2493

