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Abstract
Background: The prevalence of diseases associated with chronic inflammation is higher in
postmenopausal women. The dietary inflammatory index (DII®) was developed to evaluate the dietassociated inflammation. The aim of this study was to evaluate the association between the DII score
and levels of fasting blood sugar (FBS), lipid profile, and inflammatory biomarkers.
Methods: This cross-sectional study was conducted on 175 postmenopausal women referred to the
southern health centers and health clinics affiliated to the southern municipality of Tehran, Iran. The DII
score was calculated using dietary intakes derived from a validated food frequency questionnaire (FFQ).
Concentrations of FBS, triglyceride (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDLC), low-density lipoprotein cholesterol (LDL-C), high sensitivity C-reactive protein (hs-CRP), interleukin-6
(IL-6), interleukin-1β (IL-1β), and tumor necrosis factor-α (TNF-α) were determined. Using linear regression
models, we evaluated the association between the DII score and blood biomarkers.
Results: After adjustment for covariates, the highest DII score category was associated with higher TG
value (bDIIt3vs1= 0.08, p=0.03), TG/HDL-C ratio (bDIIt3vs1= 0.10, p=0.04), and IL-6 concentration (bDIIt3vs1=
0.06, p=0.01) compared to the first category of the DII score.
Conclusions: We found a positive association between pro-inflammatory diet and unfavorable
biomarkers in postmenopausal women.

Background
Inflammation is a tissue response to infections and injures, resulting in wound healing and the restoration
of tissue [1–4]. Chronic inflammation is resulted from repeated stress factors such as obesity and poor
diet [5] and it is determined by persistent, enhanced levels of serum inflammatory biomarkers including
high sensitivity C-reactive protein (hs-CRP), interleukin (IL)-6 and tumor necrosis factor-α (TNF-α). This
state is associated with chronic conditions like type 2 diabetes mellitus, cardiovascular diseases (CVDs),
cancer and obesity [6–13]. Several studies have shown that the levels of inflammatory biomarkers
increases with aging [14–19]. During menopause, the levels of serum cytokines such as IL-8, monocyte
chemoattractant protein-1 (MCP-1), and TNF-α are increased [20]. These changes may adversely affect
the function of endothelial cells which in turn leads to CVDs [20]. Furthermore, due to increased levels of
inflammation, disturbance in metabolism of glucose such as insulin resistance may occur in
postmenopausal women [21].
Nutrition is considered to be an important modulating factor for chronic inflammation during the life
cycle [22]. Numerous dietary components affect inflammatory status [23]. For example, high intake of
olive oil, plant foods, fish and whole grains and moderate consumption of alcohol, and low intake of red
meat, saturated fat and sugar (Mediterranean-style diet) are associated with low levels of plasma
inflammatory biomarkers [23–26]. On the contrary, greater adherence to the Western dietary pattern (high
consumption of red meat, high-fat dairy product, and refined grains) is associated with increased level of
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chronic inflammation [27, 28]. Several dietary factors such as magnesium, -carotene, vitamin E, vitamin C,
omega-3 polyunsaturated fatty acids, and fiber have shown to decrease the level of inflammation [29, 30].
Hebert et al. designed a new index to quantify the diet-associated inflammation. The Dietary
inflammatory index (DII®) was developed based on review and scoring of the peer-reviewed literature on
the effect of dietary factors (macronutrients, micronutrients, specific food items, spices, energy intake,
and flavonoids) on six inflammatory biomarkers [31]. The first construct validation, against hs-CRP, was
conducted in the SEASONS study [32]. Subsequently, construct validations have examined the
association between DII score and serum levels of hs-CRP, IL-6, and TNF-α in several populations [33–36].
In addition, multiple studies demonstrated the positive link between adherence to pro-inflammatory diet
(the higher DII score) and levels of serum glucose, as well as, the association between the DII score and
serum levels of lipid profile [37–40]. Previous studies have shown that there is the association between
the DII score and different chronic diseases such as obesity [41], metabolic syndrome (MetS) [42],
cancers [35, 43–45], and CVDs [46–48]. In Iran, DII has been shown to be associated with various cancers
[44, 49–51] and cataract [52] and specifically among Iranian women, a positive association has been
observed between higher DII scores and spontaneous abortion [36], gestational diabetes mellitus [53] and
decreased bone mineral density among postmenopausal women [54].
Given that there is a high prevalence of cardio-metabolic disorders in postmenopausal women, and
absence of any studies investigating the association between the DII score and cardio-metabolic risk
factors in Iranian postmenopausal women; therefore, this study aimed to investigated the association
between the DII score and fasting blood sugar (FBS), lipid profile, and inflammatory biomarkers levels in
these women.

Methods
This cross-sectional study was conducted on enrolled 175 postmenopausal women living in southern
regions of Tehran, Iran. The sampling method was as follows: First, two out of six southern regions in
Tehran were selected using random sampling. Then 10 urban health centers affiliated to Tehran
University of Medical Sciences (TUMS) and 10 health clinics affiliated to the southern municipality of
Tehran were randomly chosen from these two regions. The study was conducted on 175
postmenopausal women, aged 40–76 years, who attended urban health centers and health clinics.
Participants were postmenopausal women with at least one year elapsed since natural menopause.
Postmenopausal women with body mass index (BMI) ≥ 40 kg/m2, certain current chronic diseases such
as diabetes, cancer, multiple sclerosis, thyroid diseases, and dementia, individuals with hormone
replacement therapy for the past six months, and smoking at least once a week were not enrolled into the
study. The study was conducted from September 2016 to September 2017. The study protocol was
approved by the ethics committee of TUMS. The research objectives were explained to the participants
and both verbal and written informed consent were obtained from all participants.

Page 3/18

Demographic Information And Socioeconomic Status (ses)
Demographic variables including age, education level, marital status, current chronic diseases (CVDs,
endocrine and metabolic, and musculoskeletal diseases), and intake of drugs and dietary supplements
were assessed. SES was determined using the number of items of life. These items included personal
home or car, freezer, computer, television with flat screen, handmade carpet, dishwasher, villa or additional
home, and microwave. Participants with ≤ 3 items were considered low SES; and those with 4 to 6 items
were moderate SES; and ≥ 7 items were high SES, respectively [55]. All data were collected using the faceto-face interview.

Anthropometric And Physical Activity (pa) Measurement
Participant's weight was measured using digital scales (Seca725 GmbH & Co. Hamburg, Germany) to the
nearest 0.1 kg with light clothing and without shoes. Height was assessed to the nearest 0.5 cm using a
non-elastic tape measure while the participants were in a standing position, without shoes, and their
shoulders were against the tape measure. BMI was calculated based on weight and height [BMI = weight
(kg)/ height (m)2]. Waist circumference (WC) was measured using a non-elastic tape to the nearest
0.5 cm in the middle of the iliac crest and the lowest rib while participants were standing and breathing
out (i.e., expiring).
PA was evaluated by International Physical Activity Questionnaire (IPAQ) short form [56]. This
questionnaire is used to measure the levels of PA of individuals in the past seven days and includes
seven items for assessing walking, vigorous and moderate PA. For appraising the total exercise per week,
the frequency of each PA was multiplied by duration of it and then, the obtained value for each activity
was multiplied by the metabolic equivalent (MET) of it. Finally, all obtained values were summed to
calculate MET-minute per week as the total PA per week [57].

Dietary Intake And Dietary Inflammatory Index (dii®)
Usual dietary intake of participants was measured using a validated 147item semiquantitative food
frequency questionnaire (FFQ) which contained specific portion sizes [58]. The frequency of consumption
of each food item in the past year on periods of daily, weekly, monthly, and yearly was asked. The
reported frequency for intake of each food substance was changed to daily frequency of consumption for
it, and then the amount of daily intake for each food substance was obtained using portion sizes. We
applied Nutritionist 4 software (First Databank; Hearst, San Bruno, CA, USA) for extracting of the contents
of energy and nutrients of food items comprising the USDA food composition data. Iranian food
composition table (IFCT) was used for traditional Iranian food substances analyses that were not contain
in this database [59]. Turmeric and thyme were added to FFQ. All FFQs were completed by three trained
nutritionists by face-to-face interview.
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The DII® is a validated and updated meta-analytic tool that quantifies the inflammatory potential of diet
from maximally anti-inflammatory to maximally pro-inflammatory. The procedure used to develop this
index has been described in detail elsewhere [31]. Briefly, nearly 2000 relevant papers evaluating the
effect of 45 dietary factors on IL-1β, IL-4, IL-6, IL-10, TNF-α, and CRP were reviewed and scored, with + 1
assigned to dietary factors with pro-inflammatory effects, -1 assigned to anti-inflammatory dietary items,
and 0 assigned to dietary factors without any effect on the inflammatory biomarkers.
At first, to measure the DII score for each individual, the amount reported for dietary factors (i.e.,
macronutrients, micronutrients, food items, spices, and flavonoids) initially was linked to the regionally
representative global database that provided a robust estimate of a mean and standard deviation for
each of them. To obtain the z-score, we subtracted the value of global mean intake of each dietary factor
from reported amount consumed. We then divided this number by world standard deviation. Global daily
mean intake and standard deviation for each dietary factor were obtained via datasets of 11 countries
(i.e., USA, Australia, Bahrain, Denmark, India, Japan, New Zealand, Taiwan, South Korea, Mexico, and UK).
To minimize the effect of ‘right skewing’, the dietary factor-specific z-scores were converted to a
proportion (i.e., with values from 0 to 1). Afterwards, to create a symmetrical distribution with a range of
-1 to + 1 and centered on 0, the achieved value for each dietary factor was multiplied by 2 and then 1 was
subtracted from it. The resulting value for each dietary factor was multiplied by overall dietary factorspecific inflammatory effect score to achieve dietary factor-specific DII score. Finally, all dietary factorspecific DII scores were summed to calculate the DII score for each participant. The final range of the DII
score is from − 8.87 to 7.98, and lower value of the DII score indicates the lower dietary inflammation and
higher DII score shows the higher dietary inflammation.
In the current study, we estimated the DII score using 34 dietary factors. The pro-inflammatory
constituents contained energy, carbohydrate, protein, total fat, cholesterol, saturated fatty acids (SFA),
vitamin B12, and iron and the anti-inflammatory components consisted of monounsaturated fatty acids
(MUFA), polyunsaturated fatty acids (PUFA), n-3 and n-6 fatty acids, fiber, folic acid, niacin, riboflavin,
thiamin, vitamin A, vitamin C, vitamin D, vitamin E, vitamin B6, zinc, selenium, magnesium, β-carotene,
caffeine, ginger, turmeric, thyme, garlic, onion, pepper and black tea. The other constituents of DII score
(i.e., alcohol, eugenol, anthocyanidins, flavan-3-ol, flavones, flavonols, flavonones, isoflavones, trans fat,
saffron, and rosemary) were not used in the DII score calculation because the associated data was not
available as part of the FFQ. To control the effect of total energy intake, all dietary factors were adjusted
for energy via the residual method [60] and then used for the DII calculation. In the current study, none of
participants consumed fortified foods and the amount of intake of nutrient supplement was not clear, so
supplement intakes of nutrients were not included in the DII score calculation.

Laboratory Measurements
To evaluate blood biomarkers, after 12–14 hours of fasting, 10 ml of venous blood was collected in EDTA
free tube by a trained nurse. Blood samples were centrifuged (Behdad Universal Centrifuge, Iran) at
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3000 rpm for 10 min. The serum levels of FBS and lipid profile were evaluated on the same day of
collecting blood samples and the remaining serum samples were stored in -80 °C for assessment of
inflammatory biomarkers. FBS was measured by the enzymatic colorimetric method using glucose
oxidase (Pars Azmoon, Tehran, Iran). Triacylglycerol (TG), total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C) concentrations were evaluated by
enzymatic colorimetric method (Pars Azmoon, Tehran, Iran) using cholesterol esterase, cholesterol
oxidase, and glycerol phosphate oxidase. FBS and lipid profile were assessed using autoanalyzer (BT
1500, Biotecnica Instruments, Italy .(TG/HDL-C ratio was calculated based on serum levels of TG and
HDL-C [TG/HDL-C = TG (mg/dl)/ HDL-C (mg/dl)].
The serum levels of hs-CRP was determined using German ZellBio kit with intra- and inter-assay
coefficient of variation (CVs) of < 9.9% and < 12%, respectively. The concentrations of IL-6, IL-1β, and TNFα were quantified using Diaclone kit (made in France). Intra- and inter-assay CVs for IL-6, IL-1β and TNF-α
were 4.2% and 7.7%, 4.5% and 8.7%, and 3.3% and 9.0%, respectively. All inflammatory biomarkers were
assessed using enzyme-linked immunosorbent assay (ELISA) method.

Statistical analysis
Initially, normal distribution of variables was examined using Kolmogorov-Smirnov test. TG, TG/HDL-C
ratio, IL-1β and IL-6 did not have normal distribution. Thus, these parameters were logarithm (log)
transformed. The DII score was considered as the categorical (tertile) and continuous variables in the
analyses. To illustrate quantitative variables according to the tertile of DII variable, means ± standard
deviations (SDs) or median (interquartile range (IQR)) were used for variables with normal and skewed
distribution, respectively. Moreover, the qualitative variables were expressed as the number (percentage).
Comparisons of mean values of general characteristics, intake of energy, micro and macronutrients, and
food groups with normal distribution across the DII tertiles were made using One-way analysis of
variance (ANOVA) test. Furthermore, Kruskal-Wallis test was used to compare medians of variables with
non-normal distribution. We used χ2 test to compare the percentage of categorical variables across the
DII tertiles. Moreover, linear regression models were used to determine the association between the DII
score and FBS, lipid profile and inflammatory biomarkers. To obtain linear trend of blood biomarkers
across the DII tertiles, we entered the DII tertile in the regression model as an independent variable. We
adjusted no potential covariates in the crude model (model I). Age, educational level, PA, BMI, energy
intake, dietary supplement use, lipid-lowering medication, and current chronic diseases for the FBS and
lipid profile were adjusted in Model II. Furthermore, for the inflammatory biomarkers in Model II, these
covariates were controlled: age, BMI, educational level, PA, energy intake, dietary supplement use, antiinflammatory and cardiovascular medications, and current chronic diseases. All analyses were performed
using SPSS version 20 software package for windows (SPSS Inc., Chicago, USA) and P-value < 0.05 was
considered as statistically significant.

Results
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This study was conducted on 175 postmenopausal women with mean (±SD) age of 56.6 (5.5) years. The
DII scores ranged from -3.88 to +3.84 with a mean of +0.35 (SD=1.77). Table 1 shows distribution of the
participants’ characteristics across the tertiles of DII score. There was no significant trend in the
distribution of the participants’ characteristics across of the tertiles of DII score except for dietary
supplement use (P=0.01). With increased adherence of pro-inflammatory diet, the number of participants
who consumed dietary supplement decreased.
Table 2 shows the distribution of the intake of energy, micro and macro-nutrients, fiber and food groups
across the DII score tertiles. Overall, DII scores were positively associated with higher intake of energy,
total fat, SFA, high-fat dairy, hydrogenated fats, carbonated drinks, and refined grains (P for all<0.01) and
a lower consumption of carbohydrates, proteins, β-Carotene, vitamin C, and fiber (P for all<0.05).
The association between the DII score and serum levels of FBS and lipid profile is shown in Table 3. The
highest tertile of the DII score was associated with higher log of TG concentration compared to
participants with anti-inflammatory diet (the lowest tertile of the DII score) in the crude model (Model I)
(bDIIt3vs1= 0.08, 95% confidence interval (CI): 0.01, 0.16) and multivariable model (Model II) (bDIIt3vs1=
0.08, 95% CI: 0.008, 0.16). Individuals in the highest DII tertile had a higher log of TG concentration in the
crude and multivariable models (P trend for all comparisons <0.05). In addition, individuals in the highest
tertile of DII score had a higher log of TG/HDL-C ratio compared with those in the first tertile of DII score
in the crude model (Model I) (bDIIt3vs1= 0.11, 95% CI: 0.01, 0.21) and multivariable model (Model II)
(bDIIt3vs1= 0.10, 95% CI: 0.003, 0.20). Participants in the highest DII tertile had higher log of TG/HDL-C
ratio in the crude and multivariable models (P trend for all comparisons <0.05). We observed no
significant association between the DII score and other measured outcomes (FBS, TC, LDL-C, and HDL-C).
The association between the DII score and serum levels of inflammatory biomarkers is shown in Table 4.
A significant positive association was observed between the DII score and log of IL-6 concentration in the
crude model (Model I) (bDIIt2vs1=0.05, 95% CI: 0.001, 0.11; bDIIt3vs1=0.06, 95% CI: 0.007, 0.11).
Participants in the highest category of the DII score had a greater log of IL-6 value compared to those in
the first tertile of the DII after adjustment for potential covariates (Model II) (bDIIt3vs1=0.06, 95% CI: 0.01,
0.12). Individuals in the highest DII tertile had a higher log of IL-6 levels in the crude and multivariable
models (P trend for all comparisons <0.05). No significant association was observed between the DII
score and other inflammatory biomarkers (hs-CRP, IL-1β, and TNF-α).

Discussion
This study is the first attempt to assess the relationship between the inflammatory potential of diet (as
estimated by the DII score) and FBS, lipid profile, and inflammatory biomarkers in Iranian
postmenopausal women. A diet rich in energy, total fat, and SFA (pro-inflammatory dietary factors) and
poor in anti-inflammatory dietary factors (β-Carotene, vitamin C, and fiber) can lead to greater DII score
which in turn can lead to increased levels of inflammation in individuals as determined by increased
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serum levels of IL-6 and higher levels of TG and TG/HDL-C ratio. No significant association was
observed between DII score and serum levels of FBS, TC, LDL-C, HDL-C, hs-CRP, IL-1β, and TNF-α.
Pro-inflammatory diet (i.e., the greater DII score) was associated with higher serum levels of TG. This
finding is in line with the study of Neufcourt et al. conducted on 4347 French adults [42]. In addition, an
observational study carried out on Iranian adults demonstrated similar findings [37]. Likewise, another
research conducted on American adults revealed a direct association between pro-inflammatory diet and
the serum levels of TG [39]. These results may be due to an increase in levels of inflammatory biomarkers
that stimulate TG production in liver [61-63]. Despite the observed association between the DII score and
TG in the mentioned studies, Ren et al failed to find any association between the DII score and serum
levels of TG in a national Chinese study conducted on 1,712 participants aged 18-75 years [64]. Similarly,
the studies of Naja [65] and Sokol et al. [66] conducted on Lebanese and Polish adults, respectively, did
not reveal this association. The absence of the relationship may be due to the smaller number of dietary
factors used for the DII score calculation. Moreover, we showed a positive association between the DII
score and TG/HDL-C ratio. Higher TG/HDL-C ratio is associated with coronary artery diseases [67]. In line
with the current study, the findings of Mazidi study indicated a significant association between the DII
score and TG/HDL-C ratio in adults [39].
Our findings were not consistent with our expectation of higher serum levels of TC and LDL-C and lower
levels of HDL-C with higher DII scores. Previous studies conducted in Lebanon [65] and China [64] are
consistent with our result of HDL-C. An observational study conducted with the aim of determination of
association between dietary patterns and serum lipids on Latin America showed a significant inverse
association between prudent diet and serum levels of TC and LDL-C [68]. Likewise, another crosssectional study carried out on Singaporean subjects aged 21 to 94 years showed a significant
association between alternative healthy eating index-2010, alternate Mediterranean diet score, and dietary
approaches to stop hypertension diet score and selected serum lipids of TC, HDL-C, and LDL-C [69].
Difference in ethnic group and sample size of the studies may explain the different findings from these
studies.
TNF-α can cause insulin resistance via several biochemical mechanisms such as increases in circulating
free fatty acids [70-72], reduction of glucose transporter (GLUT)-4 transporter in muscle cells [70] and
autophosphorylation of insulin receptors [70]. An observational study conducted on adults aged 18 years
and older, showed a significant positive association between the increased pro-inflammatory diet and
higher serum levels of fasting blood glucose (FBG), which is not in agreement with our results [39], which
might be due to the relatively small sample size of the present study. Moreover, in an observational study,
Vahid et al. found that individuals in the highest tertile of DII score had higher levels of fasting plasma
glucose (FPG) than those in the first tertile [37]. On the contrary, findings of another cross-sectional study
showed no significant association between the categorical or continues DII score and FBG [64]. In
addition, two studies performed in Lebanon [65] and Poland [66] showed no association between the
increased DII score and hyperglycemia. The reported differences between studies may be due to the
number of dietary factors applied for the calculation of DII score and differences in sample size as noted.
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The synthesis of 17 beta-estradiol (E2) in ovaries was decreased in menopause [73]. The levels of TNF-α,
IL-6 and IL-1 (pro-inflammatory biomarkers) were increased in postmenopausal women following
limitation of ovarian function [74]. In addition, the deposition of visceral fat increases in menopause
releases the inflammatory cytokines [75]. Various studies demonstrated the higher levels of IL-2, IL-4 and
IL-6 in postmenopausal women as compared with premenopausal women [76, 77].
In this study, participants in the highest tertile of DII score had higher serum levels of IL-6 compared to
those in the first tertile of DII score. However, we observed no association for hs-CRP. In line with the
present study, a cross-sectional study conducted on Belgian adults revealed a significant association
between the DII scores and serum levels of IL-6, but not hs-CRP levels [78]. Similarly, Vahid et al. in a casecontrol study conducted on Iranian women demonstrated a direct association between the DII score and
IL-6 levels [36]. In a large observational study carried out with the aim of determining the relationship
between the DII score and serum levels of hs-CRP in China, there was a significant association between
DII scores and hs-CRP levels, but only in subjects with MetS [64]. Moreover, in a case-control study of
gastric cancer in Iran, Vahid et al. showed the positive association between the DII score and hs-CRP [35].
This discrepancy in the findings of the various studies may be due to the observed differences in
lifestyles, dietary habits, and races in study participants as well as limitations of sample size with
concomitant limitation in statistical power.
The results of the current study on the association between the DII score and serum levels of TNF-α
showed no significant relationship in this regard. This lack of association may be due to the relatively
small sample size of the current study. The finding is consistent with previous study conducted on the
police-officers in Buffalo, New York [40]. On the other hand, two studies conducted on European
adolescents [79] and American postmenopausal women [33] showed a positive association between proinflammatory diet (as measured by DII score) and serum levels of TNF-α. The discrepancy between the
studies may be due to their different sample sizes.
No statistically significant association was addressed between the DII score and serum levels of IL-1β.
By contrast, in an observational study Shivappa et al. showed a significant association between the
increased DII score and higher serum levels of IL-1β [79]. Vahid et al. in a case-control study conducted on
subjects with and without gastric cancer found a positive association between the DII score and serum
levels of IL-1β [35]. The discrepancy between results of our study and these studies may be due to
difference in participants of the studies.
To the best of our knowledge, this study was the first attempt that investigated the association between
the DII score and FBS, lipid profile and inflammatory biomarkers among Iranian postmenopausal women.
Using validated dietary and PA assessment tools, the estimation of dietary potential of diet using an
updated and validated index, examining the association between the DII score and inflammatory
biomarkers applying potential confounders such as the sociodemographic factors and use of antiinflammatory medications, measuring biochemistry factors of FBS, lipid profile, and inflammatory
biomarkers according to standardized procedures are the other strengths of the current study.
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The cross-sectional nature of this study is the most important limitation of the current study; therefore, we
are unable to elucidate the findings on causality. The population of our study included Iranian
postmenopausal women. Thus, we cannot generalize the observed findings to all Iranian people or
postmenopausal women in other countries. The FFQ was applied for individual dietary assessment in the
current study. So, misclassification and recall bias are prevalent problems existing in most
epidemiological studies. Another limitation is the use of an FFQ, known to be subject to a variety of errors,
including both random and systematic [80, 81]. Non-availability of 11 dietary factors which may lead to
not find any association between the DII score and some biomarkers. However, despite of absence of
some dietary factors for the DII score calculation, we could demonstrate some expected associations
between the DII score and lipid profile and inflammatory biomarkers.

Conclusion
This study was conducted to investigate the association between the range of inflammation of diet and
levels of serum FBS, lipid profile, and inflammatory biomarkers. Our results suggest that higher adherence
to anti-inflammatory diet can contribute to modifying inflammatory processes and thus help to improve
lipid profile, in form of TG and markers of inflammation, in form of IL-6. Future studies employing
prospective designs and meta-analyses combining data across studies to both increase heterogeneity
and generalizability and statistical power are recommended.
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