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Abstract  Obesity is associated with chronic low-grade inflammation caused by progressive infiltration in adipose 
tissue macrophage (increase M1 pro-inflammatory and decrease M2 anti-inflammatory). In this study, we aim to 
assess the inflammatory status of obese patients and the impact of using resveratrol as a therapeutic approach. A 
cross sectional trial on 10 patients from surgical word in KAUH were assessed by DII and blood test to measure 
there inflammatory status. In addition, a questionnaire is used to observe their social habits and medical history. 
Then an ex vivo study will be carried to assess the effect of resveratrol of adipose tissue macrophage. Results have 
shown that all volunteers had pro- inflammatory score of DII and high CRP. There was no association between types 
and amount of polyphenols intake and level of CRP, except flavonols was strongly associated negatively with CRP 
(p<0.05, R2= 0.425). DII can be used in the future as a new tool in the routine assessment of the inflammatory 
potential for the diet, which can be applied to obese population in Saudi Arabia. In the next step of this research, we 
will study the therapeutic application of resveratrol to treat obesity from inflammatory aspect.  
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1. Introduction 

1.1. Obesity  
Obesity is considered as one of the major public health 

problems worldwide. According to the World Health 
Organization, Several epidemiological studies showed that 
obesity has doubled between 1980 and 2014 [1]. Where 
the prevalence in the Saudi population aged 15 years or 
older is 28.7% Or 3.6 million [2]. Obesity is considered  
as a leading cause of chronic diseases such as high risk  
of coronary heart disease, certain types of cancers, shorter 
life expectancy, type 2 diabetes and insulin resistance  
[3]. The global surge in obesity can be attributed largely to 
the increased consumption of high fat diets in combination 
with sedentary lifestyles [3]. The development of obesity 
is related to the passive role of fat, stored in adiposities, 
where the metabolism changes during the enlargement of 
adipose tissue process associated to obesity [4]. In recent 
years, several hypotheses have been offered to explain 
obesity-related chronic low-grade inflammation especially 
among white adipose tissue illustrating a strong relation 
between metabolism and immunity [5]. However, the 
mechanism of obesity related chronic inflammation refers 
to the progressive infiltration of immune cells particularly 

macrophage, it increases within obese adipose tissue 
emerged as a result of a disproportion between pro-  
and anti-inflammatory cytokines production leading to 
dysfunction and systemic inflammation [3]. Obesity is 
defined as excessive fat accumulation in the body that 
impairs health [6]. The normal levels of body fat in young 
adult is considered being 12-20% of body weight in males 
and 20-30% in females, while levels in obese males >25% 
of body weight and >33% in females [7]. One of the  
major causes of obesity is an energy imbalance between 
the expended and consumed calories. Globally the intake  
of energy dense foods that are high in fat coupled  
with physical inactivity has increased due to the sedentary 
nature of work forms, altering the transportation modes 
and increasing urbanization. Obese people compared to 
those with healthy weights are at a higher risk of 
developing several serious diseases and health problem 
such as cardiovascular diseases, diabetes, musculoskeletal 
disorders and some forms of cancers. Obesity can be 
prevented through supportive environments and communities 
which can shape people’s choices by making healthy food 
selection available and engaging the public in regular 
physical activity. At the individual level people can follow 
general recommendations such as increasing fruits and 
vegetables consumption, limiting energy intake from 
sugars and fats and increasing physical activity (150 
minutes per week for adults). It is important at the societal 
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level to support individuals in following the above 
recommendation through political collaboration and 
increased commitment of many private and public 
stakeholders. Ensure that physical activity and healthy 
food choices are affordable, available and accessible at all 
society levels [6]. 

1.2. Inflammation 
Inflammation is the main mechanism related to 

pathogen killing, tissue repair, and maintaining the 
homeostasis mechanisms of infected or damaged tissue. In 
addition, it produces a number of chemical mediators that 
cause self-regulation of inflammatory response by 
secreting anti-inflammatory cytokines and preventing pro-
inflammatory signaling. However, inflammation may be 
associated with pathological effects in low-grade 
inflammation [8]. It is associated with many chronic 
issues such as metabolic syndrome, and type 2 diabetes [9]. 
Such low-grade inflammation is characterized by adipose 
tissue macrophage (ATM) infiltrations [10]. Specifically, 
white adipose tissue (WAT) produces a number of factors 
called adipokines that play a significant role in obesity 
associated with insulin resistance and/or cardiovascular 
disease. Consequently, the level of some pro-inflammatory 
cytokines are increased, such as tumor necrosis factor α 
(TNF-α), interleukin 6 (IL-6), interleukin 1β (IL- 1β),  
C-reactive protein (CRP), and other inflammatory markers 
[11,12]. Recent research has provided that adipose tissue 
inflammation is the main mechanism that cause complications 
during obesity such as type 2 diabetes [13,14], which is 
associated with pro-inflammatory action of bone marrow 
derived white adipose tissue macrophage (ATM) [15]. 
Inflammation occurs firstly due to the initiation of 
macrophage recruitment by expansion of adipose tissue 
due to hypertrophy and hyperplasia of adipocytes, which 
is caused by fatty acid flux, vascularization, increased 
leptin secretion, hypoxia and adipocytes cell death. The 
death of adipocytes leads to the production of a crown-like 
structure (CLS) around the dead cell and it is mostly 
consisting of macrophages. The visceral and epididymis 
fat depots have more adipose tissue death, inflammatory 
cytokines and accumulation of (ATM) than subcutaneous 
adipose tissue. Secondly, ATM themselves cause propagation 
of signals that lead to producing new macrophages at the 
same time, and then adipocytes initiate macrophages 
recruitment. To support this mechanism, recent study on 
lethal yellow (AY) mouse shows that there is a strong 
correlation between ATM content and adipose tissue mass 
when the total fat ranges from 2 to 15 g [16]. In addition, 
studies have shown that adipose tissue remodeling has a 
strong association with decreasing the number of ATM 
during obesity [17]. The mechanism of remodeling is 
identified by the macrophage phenotype in adipose tissue, 
which includes M1 and M2. M1 macrophage, which is a 
Pro-inflammatory or “classically activated” macrophage, 
is induced by lipopolysaccharides (LPS) and interferon-γ 
(IFN-γ), and stimulates the production of tumor necrosis 
factor α (TNF-α) and interleukin 6 (IL-6) those may be 
associated with the initiation of insulin resistance and 
production of reactive oxygen species like nitric oxide 
(NO) due to stimulation of iNOS (Nos2). Whereas M2, 
exhibits an opposite effect, which is the Anti-inflammatory 

or “alternatively activated” macrophage that is generated 
by exposure to interleukin 4 (IL-4) and interleukin 13  
(IL-13). In addition, it is stimulating the production of 
interleukin 10 (IL-10) and interleukin 1 (IL-1) receptors 
those may be associated with repairing and remodeling of 
the tissue. Also, M2 produces arginase enzymes that block 
the activity of iNOS via many mechanisms [10,18,19]. A 
study carried out by saltiel and colleagues showed that 
lean mice ATMs secrete high levels of high arginase-1 
and IL-10, while the high-fat feed mice express low levels 
of arginase-1 and IL-10 and high levels of TNF-α and 
inducible nitric oxide synthase (iNOS) [10]. Researchers 
suggested an imbalance between M1 and M2 to be 
associated with such inflammatory status [20]. Such trials 
prove that M1 macrophages are most likely to cause 
inflammation and insulin resistance in adipose tissue, 
while M2 macrophages are associated with preventing the 
increase in adipose tissue size. Thus, the phenotype of 
macrophages (M1 and M2) will indicate to control 
inflammation in adipose tissue and may associate with 
tissue repair and remodeling that occur during adipose 
tissue hypertrophy [21]. In vitro studies show that using 
luteolin (food-derived flavonoid) on 3T3-L1 adipocytes 
and RAW264 macrophages stop the activation of pro-
inflammatory markers like TNF- α, MCP-1, and nitric 
oxide (NO) in adipose tissue macrophage [22]. Another 
study has investigated the effect obese mice which shows 
that capsaicin (a spicy component of hot peppers) reduces 
the level of MCP-1, IL-6, and COX-2 gene in adipose 
tissue. Also, it significantly decreases macrophage 
infiltration into adipose tissue [23]. Shirakawi et al study 
on high fat feed rodents show that monounsaturated fatty 
acid (MUFA) will prevent excessive adipocytes and 
prevent the infiltration of M1 macrophage and CD8+ T 
cell [24]. Little studies have been investigated using 
different type of polyphenols showing significant effect on 
adipose tissue macrophage infiltration. A study using 
grape powder extract (GPE) will decrease the expression 
of inflammatory markers such as IL-6, IL-8, IL-1β, and 
TNF-α in adipose tissue macrophage [25]. In vitro studies 
show that using cocoa polyphenols extract on 3T3-L1 
preadipocytes will inhibit the adipogenesis process. This 
result is supported by in vivo studies using the cocoa 
polyphenols extract on high fat fed mice shows inhibition 
in the weight gain [26].  

1.3. Dietary Inflammatory Index (DII)  
Dietary inflammatory index is a tool that measures 

inflammatory potential in an individual’s diet quality from 
maximally anti-inflammatory (negative or healthier DII 
scores) to maximally pro- inflammatory (positive or 
unhealthy DII scores) for 45 food items and it predicts the 
level of six specific inflammatory markers: IL-1β, IL-4, 
IL-6, IL-10, TNF-α, and CRP [27]. This tool has been 
developed over the past five years and it’s used in 
different datasets across diverse populations in order to 
predict levels of inflammatory markers and related health 
outcomes [27]. Therefore, it is advised to be used when 
treating a patient’s inflammatory status. The use of this 
tool is to classify the individual’s diets, which 
demonstrates their immune system status with regards to 
inflammation, focusing on both anti-inflammatory and 
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pro-inflammatory influence. Such status is observed as a 
score for each food item and component that were 
collected form each participant obtained from the 24-h 
dietary recall interviews (24HR) to positive or negative 
affect of inflammation levels. A score was given to each 
food and component dependent on the previous findings 
from reviewed journal articles (Figure 1 shows the 
previous studies were used with dietary inflammatory 
index). Accordingly, the scoring strategies of dietary 
inflammatory index on food parameter are one of three 
possible values, +1 if pro-inflammatory, 0 if produced no 
change in inflammatory marker, -1 if anti-inflammatory 
[27]. Specific compounds in the diet are believed to 
excrete anti-inflammatory actions, which include 
polyphenols [28]. 

DII has never been implemented on the Saudi 
population, which is considered an excellent potential tool 
to be used by physicians and clinical dietitians to assess 
inflammatory dietary parameters. The objectives of the 
current study are to assess inflammation in obese Saudi 
patients who are admitted for bariatric surgeries, to 
identify dietary factors related to inflammation and 
consider it in further recovery stages. This study is 
following Shivappa et. al. study [27] using a cross 
sectional study by 24hr recall and DII. 

2. Materials and Methods 

2.1. Samples  
A total of 10 adults’ volunteers, (aged between 18-50 

years; female and male), recruited from king Abdul Aziz 
university hospital, Jeddah, Saudi Arabia. Fully informed 
and written consent was obtained in all cases and the study 
protocol was approved by Medicine College Ethics 
Committee at King AbdulAziz university (Reference 
NO413-15). Participants were admitted for a bariatric 
surgery in the year 2016. Inclusion criteria include a BMI 
above (30 kg/m2) and free from chronic, inflammatory, 
and infectious diseases. Exclusion criteria included 
genetics obesity, patients on steroids based medications 
and on specific diet before the surgery. A descriptive 
analysis of volunteers has been carried (Table 1) 

2.2. 24-hour recall 
The diet of the participants was assessed over a period 

of three days (2 weekdays and 1 weekend day) in which 
the respondent is asked to recall and describe all food and 
drinks consumed during the interview. Firstly, a quick list 
of any consumed foods is obtained; Secondary, record all 
information about the snacks and meals consumed 
including place and time; Thirdly, prompts for foods that 
may have been forgotten; Finally, the record and more 
details of portion sizes related to any consumed foods will 
be revised and completed [30]. The interviews were 
conducted in the surgical ward at king Abdulaziz 
University Hospital. The 24 h recall interviews were 
included in the questionnaires to assess nutritional, 
chemical and inflammatory status such as BMI, CRP, 
lipid profile, and signs of inflammation, medication, 
allergy). 

Table 1. Descriptive analysis of volunteers 

Age (mean ± SD) 38.70 ± 13.05 
Gender n (N%)  
Male 3 (30%) 
Female 7 (70%) 
Weight (kg) (mean ± SD) 107.65 ± 12.68 
Hight (cm) (mean ± SD) 162 ± 7.72 
BMI (kg/m2) (mean ± SD) 40.07 ± 3.35 
BMI Obesity class n (N%) 
Obese class 1 2 (20%) 
Obese class 2 2 (20%) 
Obese class 3 6 (60%) 
Do you have chronic diseases? n (N%) 
No 6 (60%) 
Yes 4 (40%) 
Diabetes 2 (20%) 
Hypertension 1 (10%) 
High cholesterol 1 (10%) 
CHD 1 (10%) 
Do you have allergies? n (N%) 
No 9 (90%) 
Yes 1 (10%) 
Do you have family disease history? n (N%) 
Diabetes 7 (70%) 
Hypertension 2 (20%) 
CHD 1 (10%) 
Do you take any of the following medication regularly? n (N%) 
No 6 (60%) 
Yes 4 (40%) 
Smoking n (N%)  
No 8 (80%) 
Yes 2 (20%) 
Did you receive breastfeeding? n (N%) 
No 3 (30%) 
Yes 7 (70%) 

2.3. Dietary Inflammatory Index  
The dietary intake of each participant were obtained 

from the 24-h recall interview and analyzed using Super 
Tracker website. Super tracker was used to collect all food 
and constituents used in inflammatory index except 
flavonoids intake. The flavonoids intake were collected 
using (phenol-explorer database website). After analysis 
of individual intake, the dietary inflammatory index was 
calculated by finding out the Z-score and percentile for 
each food firstly. The Z-score was calculated by 
subtracting the standard mean from the amount reported 
(the amount of food eaten by individual) and dividing the 
value by standard deviation for the food. (The standard 
mean and standard deviation are obtained from Figure 1). 
Then the Z-score converted to percentile to minimize the 
right skewing effect.( the symmetrical distribution will 
achieved with value centered on 0 (null) and the value 
between -1 (maximally anti-inflammatory) and +1 
(maximally pro-inflammatory), each percentile score is 
doubled and then “1” is subtracted). After that, the 
centered percentile was multiplied by overall food 
parameter-specific inflammatory effect score (Figure 1) to 
identify the food parameter specific DII score. Finally, 
each food parameter-specific DII scores was summed to 
create the overall DII score for an individual which is 
range from -8 to +8 [27,31]. 
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Figure 1. Food parameters included in the dietary inflammatory index 
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3. Results 

3.1. 24-hour recall 
Obese patients were assessed by 24-hour recall. In 

addition, the results showed that all the patients had pro-
inflammatory score (Table 2). 

Table 2. Descriptive analysis of DII level  

 N Minimum Maximum Mean SE 
DII 10.00 0.04 5.07 3.56 0.47 

3.2. CRP & lipid profile  
Blood tests have been carried to assess the CRP and lipid 

profile including LDL, HDL, TG and cholesterol. The 
results in (Table 3) show that mean level of CRP is higher 
than the normal range (0-3 mg/dl) among all patients. 

Table 3. Descriptive analysis of biochemical data 

 N Minimum Maximum Mean SE 
C-reactive protein 

(mg/dl) 10 5.51 23.80 13.09 2.63 

LDL (mmol/l) 10 3.50 5.64 4.24 0.70 
HDL (mmol/l) 10 0.72 1.73 1.23 0.51 
TG (mmol/l) 10 1.24 2.58 1.82 0.22 
Cholesterol 10 3.28 7.69 5.05 0.62 

3.3. CRP, Lipid Profile and Other Factors: 
Age, Gender, Allergy and Breastfeeding 

Some factors including age, gender, lipid profile, allergy 
and breast feeding are studied to examine the effect on 
CRP level. There was no significant correlation between 
age and the level of CRP however young adults had 
significantly higher level of CRP than older adults  
(P <0.05, students T-test) (Table 4). No association was 
seen between gender, lipid profile, allergy and breast 
feeding and CRP level (Table 5, Table 6, Table 7). Sample 
number in subject with allergy was too low to perform a 
statistical analysis to investigate whether allergy had an 
effect on CRP level. 

Table 4. C-reactive protein level in young and older adults 

 
18-35 young adults 36-65 older adults 

Mean SE Mean SE 
C-reactive protein (mg/dl) 17.00 3.60 7.22* 0.53 

* denotes significant difference between age groups at P <0.05 
significance level (student’s T test) 

Table 5. Lipid profile and c-reactive protein level in males and 
females 

 

Gender 
Male Female 

Mean SE Mean SE 
C-reactive protein (mg/dl) 11.35 5.33 13.83 3.23 
LDL (mmol/l) 4.61 1.03 3.50 . 
HDL (mmol/l) . . 1.23 0.51 
TG (mmol/l) 2.15 0.32 1.49 0.15 
Cholesterol 5.75 1.01 4.35 0.65 

There was no significant difference between gender groups (student’s T 
test). 

Table 6. C-reactive protein and allergy 

 

do you have any type of allergy? 
No Yes 

Mean SE Mean SE 
C-reactive protein (mg/dl) 12.10 2.72 22.00 . 

There was no significant difference between allergy groups (student’s T 
test) 

Table 7. C-reactive protein and breastfeeding 

 

did you receive breastfeeding? 
No Yes 

Mean SE Mean SE 
C-reactive protein (mg/dl) 17.14 5.31 11.35 3.01 

There was no significant difference between breastfed and non-breastfed 
groups (student’s T test) 

3.4. Associations between diet and 
inflammation 

There was no difference in the DII or the intake of 
polyphenols and flavonoids between males and females 
(Table 8). 

Table 8. Type and amount of polyphenols intake among female and 
male 

 
Male Female 

Mean SE Mean SE 
DII 2.51 1.26 4.01 0.35 

flavan-3-ol 7.94 3.97 12.31 9.97 
Flavones 3.18 0.66 7.72 2.31 
Flavonols 90.40 42.59 49.25 30.88 

Flavonones 17.30 5.49 47.68 15.76 
Anthocyanidins 13.23 6.90 0.95 0.95 

Isoflavones 0.45 0.24 0.00 0.00 
 
DII was significantly positively correlated with the level of 

LDL (P<0.001, R2=0.969) and was negatively correlated 
with the level of HDL (P<0.001, R2=1). However, there was 
no association between the DII and TG, Cholesterol and 
CRP (Figure 2, Figure 3, Figure 4). There was no association 
between types and amount of polyphenols intake and  
level of CRP, except flavonols was strongly associated 
negatively with CRP (p<0.05, R2= 0.425) (Figure 3). 

There was no significant difference between gender 
groups (student’s T test) 

 

Figure 2. Relation between DII and LDL 
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Figure 3. Relation between DII and HDL 

 

Figure 4. Relation between flavonols intake and C - reactive protein 

4. Discussion 

Epidemiological studies have proved that there is a 
strong association between inflammation and obesity, due 
to the action of macrophage [3]. In addition, diet has been 
associated with reducing inflammation, which include anti 
inflammatory agents, such as flavonoids, proved in vitro 
[23,32], and in vivo [33]. The aim of the present study is 
to examine the inflammatory status of obese patients. 
Initially the capacity of overall dietary patterns that 
promote inflammation in obese patients by using dietary 
inflammatory index tool. Our results showed that all the 
obese patients had an increased DII pro inflammatory 
score close to +1. Our results were in agreement with 
canela et al study, where DII score was higher in people 
who consume less Mediterranean diet, fruits and 
vegetables that are rich in polyphenols [34]. As it showed 
in our results all subjects had a pro inflammatory, which 
may be due to consuming very little amounts of 
polyphenols which affect their DII score to be close to +1. 
This study has also tested the association between DII 
scores and BMI for the first time in Saudi Arabia, where it 
showed a positive association. People with BMI > 29.5 
kg/m2 are always at a state of chronic low grade of 
inflammation [3]. DII is a new instrument used for 
assessing the inflammatory potential of the diet [35]. 
Therefore, it does need further investigation to explain the 

relationship between DII and other factors such as BMI. 
Dietary inflammatory index (pro inflammatory score close 
to +1) and anthropometric measures of obesity(BMI > 
29.5 kg/m2) study is the only study that was found to show 
the direct association between the DII and obesity, and 
supports the hypothesis that diet low in fruits and 
vegetables, legumes and nuts may have a role in the 
development of obesity through inflammatory modulation 
mechanisms [34] one of the previous mentioned limitation 
is that unclear whether obese individuals are more likely 
to choose pro inflammatory diets, or if pro inflammatory 
diets contributes to promoting obesity. However, diet with 
an anti inflammatory potential can play an important role 
in correcting obese inflammatory status and help to 
prevent consequences associated with chronic inflammation 
[34]. According to several studies, obesity is strongly 
associated with a state of chronic low-grade of inflammation 
[5]. We have observed that there is an increased level of 
CRP among all subjects, which was also seen in Finucane 
study, where it showed that obese have an increased level 
of circulating inflammatory markers such as C-reactive 
protein and other pro inflammatory cytokines such as TNF, 
IL-6 and IL-1B produced by M1 [3]. Another studies 
support the result and showed that BMI has a significant 
positive association with CRP level [4,5,33,35]. All this 
refers to the mechanism of inflammation associated with 
obesity as the progressive immune cells filtration occurs 
into obese adipose tissue macrophages which emerge into 
their body leading to a state of chronic low grade of 
inflammation [3]. The effect of age on serum C-reactive 
protein is debated, some studies shows no association [36] 
and while others believe, it increases with age. This study 
confirms the findings of Miller et al. that there was no 
significant correlation between age and the level of CRP, 
according to a population-based study, there was a 
statistically significant unadjusted positive correlation  
(P 0.0001) between CRP and age. Our result shows no 
association was seen between gender and CRP level due 
to low number of participants recruited in this study. In 
contrast, large contemporary, U.S. population-based 
sample study, they observed that the median CRP level 
was almost twice as high in women compared with men. 
However, their study was similar to our finding that CRP 
levels were identical in women and men. Another factor is 
breast feeding and there is a conflict whether breast 
feeding has a protective role on inflammation or not. 
According to questionnaires customized on inflammation, 
results have shown no association was seen between 
breast-feeding and CRP level. The previous studies have 
been shown there was no relation between infant breast-
feeding and CRP levels in men [37]. In contrast, there was 
a strong relation between duration of breast-feeding for 
three or more months and lower CRP levels in women. 
Although there some studies have reported that no 
significant increases in serum CRP between breastfed 
participants and those never breastfed [38]. There are 
several possible explanations, where breastfeeding might 
influence low-grade inflammation only in people who are 
predisposed to genetic problem. Also, breastfeeding might 
affect inflammatory markers only in subgroups of the 
population who have more pronounced low-grade 
inflammatory status. Another hypothesis is that infancy is 
too early to detect a significant benefit of breastfeeding on 
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inflammation. Our suggest that need more studies , also 
need more duration because a shorter duration of 
breastfeeding, as well as never breastfeeding, may affects 
the association with the inflammation .On the other hand, 
gender may be taken into consideration, because it was 
associated with lower food intakes by women. Also in the 
present study most of the women were eating less than 
recommended dietary intake RDI and interview bias could 
be the reason behind such low intake in the obese subjects. 
This fact influences polyphenol intake as it was shown in 
[39] study were the average polyohenol intake in women 
was 817 mg\day and 919 mg\day in men which could 
contribute to a change in the dietary inflammatory index 
score. In another study polyphenol intakes was higher in 
the men (1172 mg/day) compared to the women (1031 
mg/day) and plant food categories such as beverages, 
vegetables, fruits and cereals were found to be significant 
sources of polyphenols [40]. In contrast a study conducted 
in the US showed higher intake of Pro-anthocyanidins a 
polymers of flavan-3-ols in women (P < 0.01) and the 
major food sources of total PA intake in the U.S. diet were 
tea and legumes followed by wine [41]. Our findings 
showed no significant differences in the intake of 
polyphenols in both genders (Table 7). This indicates that 
polyphenols intake may vary due to many reasons, which 
include different dietary habits among countries, for 
example western diet has low amount of polyphenols 
compared to Mediterranean diet [42] due to high amount 
of red meat in the western diet which are likely to cause 
detrimental effects on polyphenol bio-accessibility [43], 
compare to Mediterranean diet which is rich in polyphenol 
compounds such as virgin olive oil (oleuropein and 
hydroxytyrosol) and red wine (resveratrol and quercetin) 
[44]. In our study, the total energy intake of obese subjects 
was lower than the recommended dietary intake 
(mean=1272 kcal/day), but low polyphenol intake by the 
individuals contributed to higher DII score (more  
pro-inflammatory) (Table 2). With regards to the relation 
between DII and gender [45] showed higher score in 
females than males, this was partially due to the fact that 
males had higher absolute intake amounts of many  
anti-inflammatory components of the DII this supported 
the results in the present study in which females had 
slightly higher DII score than male, but those results did 
not achieve statistical significance. In contrast with our 
finding a study showed controversial results in which the 
DII score was higher in male [46]. The differences among 
gender were due to underreporting, in which men gave 
more details about there diet and more accurate portion 
size than women during the interview. Lipid profile and 
weight status can be influenced by diet [47]. It was 
observed from the present study that DII was significantly 
positively correlated with the level of LDL (P<0.001, 
R2=0.969) (Figure 1). Similarity, a significant correlation 
was detected by shivappa et al, where a significant 
increase in LDL level associated with DII level [48]. High 
DII contribute to a pro-inflammatory status (DII reference) 
and LDL can yield oxidize phospholipids that induce 
inflammatory response [49]. Although, However, with 
regards to HDL, (Figure 2) showed that DII was 
negatively correlated with the level of HDL (P<0.001, 
R2=1). In contrast, with et al, show that there is no 
statistically difference between DII and HDL [50]. On the 

other hand, shivappa et al, have shown a normal level of 
HDL associated with DII [48]. This result may be due to 
we only have two patient they have HDL level, so our 
result maybe not representative for the population. In the 
future, we should assess the HDL level for all patient to 
get significant result.  

The relation between polyphenols intake and CRP level 
is interesting, because both are associated with 
inflammation [51]. Chun et al, show that total flavonoid, 
individual flavonols, anthocyanidin, and isoflavone intake 
were significantly inversely associated with CRP [51]. 
Our study show in (Figure 3) that there was no association 
between types and amount of polyphenols intake and level 
of CRP, except flavonols was strongly associated 
negatively with CRP (p<0.05, R2= 0.425). The mechanism 
behind this result is still unclear according to several 
studies [52,53,54,55,56]. However, in the present study 
this result may be due to small sample size, and the DII 
only estimate the intake of 6 type of poly phenols which 
include (flavan-3-ol, flavones, flavonols, flavonones, 
anthocyanidins, isoflavones). Although the Inflammatory 
Index assesses diet as a whole, it was created using 
articles that examined the effect of single nutrients and 
other dietary constituents on inflammation. Linking 
nutrients to obesity outcomes can yield weaker 
relationships compared with food or dietary pattern intake 
[57]. Another possible limitation of the Inflammatory 
Index is publication bias were Inflammatory Index is 
dependent on the published literature. The actual number 
of participants recruited in this study was half of the 
calculated sample size due to limited bariatric surgeries in 
the research period. Therefore, in order to optimize dietary 
inflammatory index alone in the future among Saudi 
population we need bigger sample size. Another limitation 
was in the 24-hour recall in which all the interviews were 
conducted after the surgery because most of the patients 
did not administer one day prior to the surgery so that 
leaded to a bias in the interview. This is the first study to 
date in Saudi Arabia to apply the DII test and link it with 
C-reactive protein to asses inflammatory status of obese 
subjects and link to their diet. In conclusion, DII can be 
used in the future as a new tool in the routine assessment 
of the inflammatory potential for the diet which can be 
applied to obese population in Saudi Arabia. In the next 
step of this research we will study the therapeutic 
application of one of the polyphenols reviewed in 
literature to induce an anti-inflammatory response in 
obesity. 
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