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ABSTRACT

This cross-sectional study evaluates the relationship of the dietary inflaimmatory index
(DII), a novel tool developed to measure the inflammatory capacity of a diet, with
pulmonary functions and asthma control test (ACT) scores in asthmatic individuals.

The study included 120 patients who were diagnosed with asthma for at least one yeatr.
The anthropometric measurements, one-day long nutrition uptake records, pulmonary
function tests, and ACT scotres of the respondents were recorded and compared according
to categories of the DII which was calculated from 24- hour recalls.

Forced vital capacity (FVC), forced expiratory volume in one second (FEVi) and ACT
scores decreased with increasing DII tertiles (p<<0.05). The total energy, carbohydrate, fat,
and saturated fat uptake of the participants increased in parallel to DII (p<0.05); while
vitamin A, C, and E uptakes, on the other hand, decreased as DII increased (p=0.0001).

In conclusion, an increase in the inflammatory potential of diet among asthmatics
decreases pulmonary functions and asthma control.
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INTRODUCTION

Asthma is a chronic inflammatory disease that is
characterized by oversensitivity of the respiratory
airways, leading to symptoms such as shortness of
breath, wheezing, chest tightness, and coughing
episodes.'

Inflammatory response plays a significant role in
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the development and aggravation of the disease, and
the levels of inflammatory cytokines such as tumor
necrosis factor (TNF)-a, interleukin (IL)-4 and IL-6
that have been found to be higher in asthma patients
than in healthy controls.” The decreased antioxidant
uptake and the consumption of foods with an anti-
inflammatory activity that have come with recent
changes in nutritional habits have been associated with
increased asthma prevalence.’ In particular, the
increased uptake of saturated fats and pro-inflammatory
food products such as processed food and decreased
uptake of anti-inflammatory nutrients like vitamins A,
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C, E, and omega-3 represent significant examples of
such changes.*

In addition to changes in nutritional habits, obesity,
which develops with increases in body fat, has been
frequently associated with asthma.’ Fat tissue, which is
considered a pro-inflammatory substance leading to
systemic and local inflammation, enhances the severity
of asthma and negatively affects pulmonary function;
while abdominal fat tissue is an important source of
cytokine production; impairing pulmonary functions in
asthmatic individuals by causing increases in TNF-a
and C-reactive protein (CRP) levels (Rastogi et al.
2015).%7 Obesity develops as a result of both an
increased consumption of processed and high-fat foods
and an increased calorie uptake and therefore has a
negative effect on asthma patients by enhancing
inflammatory response in the body.>’

Although it is well documented that nutritional
habits affect the inflammatory response, the responsible
nutrients or nutrient groups and their level of impact
have not been well clarified. For this purpose, Shivappa
et al. recently developed the dietary inflammatory
index (DII) as a tool for the assessment of the
inflammatory potential of a diet. Accordingly, a higher
DII score indicates a more pro-inflammatory diet.®
Previous studies have reported increases in the levels of

some inflammatory biomarkers in individuals with
increased DIL*' Increasing DII score has also been
shown to be associated with increased risk of asthma in
a couple of studies in Western countries.'"> The
present study was carried out to evaluate DII in
asthmatics and to uncover the relationship between DII
and pulmonary functions and asthma control test
(ACT) scores.

PATIENTS AND METHODS

Study Population and Design

This cross-sectional study was carried out in the
Pulmonology Department of the Kirsehir Ahi Evran
Training and Research Hospital in Kirsehir, Turkey.
The study included all participants aged between 20
and 65 years who were referred to the clinics over a
two-month period in the spring who had been
diagnosed with asthma at least one year earlier and who
voluntarily agreed to take part in the study. The
diagnosis of asthma was made by a specialist doctor
and documented based on the patient’s airway
hyperresponsiveness history. Pregnant or lactating
women were excluded from the study so as to eliminate
the potential effects on body weight and changes in
nutritional habits.

Eligibility assessed (n=180)

[ Systemic corticosteroid drug use (n=12) ]

S

n=168

[ Refusal to participate (n=17)

n=151

'S

Asthma diagnosed less than one year (n=11) ]

n=140
[ In exacerbation (n=7) J
n=133 D
[ Pregnant-lactating (n=4) ]

@ n=129

[ Incomplete questionnaire (n=9) }

Figure 1. Flowchart of study participants
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Patients using systemic corticosteroid medications
were also excluded from the study, as these drugs
increase food intake and sodium  retention.”
Additionally, participants  experiencing  asthma
exacerbation were also excluded from the study as they
were mostly using systemic corticosteroids during these
events and experienced greater than the normal decline
in pulmonary functions. The study was completed with
120 participants. The necessary permissions were
obtained before initiating the study and it was approved
by the Ankara University Medical Faculty Science
Ethics Committee with approval number 02-43-16. The
flowchart of the studied participants is shown in figure 1.

Anthropometric Measurements

Height and weight were measured by standard
methods and body mass index (BMI) was calculated.
Height was measured; using a height measurement with
0.1 cm accuracy while having no shoes on, in a
standing position, looking straight ahead, and putting
the shoulders and back of the feet in one direction.
Weight was measured with 0.1 kg accuracy; using a
scale while having no shoes on, wearing minimum
clothing, and after excretion. Waist circumference
(WC)was measured; using a steel measuring tape with
measurements made halfway between the lower border
of the ribs and the iliac crest on a horizontal plane. Hip
circumference was measured at the widest point of the
buttocks. BMI was calculated by dividing body weight
in kilograms by the square of height in meters (kg/m?),
and the classification was made according to the World
Health Organization (WHO) data."*

Pulmonary Function Tests (PFT)

The PFT measurements of the patients were
obtained by a trained and experienced nurse; using a
Cosmed Quark Spiro device. Measurements were
obtained while the patients were sitting on a flat surface
with measurements repeated three times and the best
mean values considered. Forced expiratory volume in
one second (FEV,), forced vital capacity (FVC), peak
expiratory flow (PEF), and mid-expiratory flow (MEF)
values were measured. The patients’ age, gender, and
height were recorded on the measurement device
before the measurements were taken and the values
were evaluated after respiratory maneuvers.'

Asthma Control Test (ACT)
The ACT consisted of five questions that inquired
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about the level of influence of asthma symptoms on
daily activities and each question was scored on a scale
of 1-5. The total score that can be obtained from ACT
is in a range of 5-25 with a high score indicating better
asthma control.'® In the present study, ACT was applied
to the patients by a specialist physician for the
assessment of asthma control.

Assessment of Nutrition Consumption Records

The nutrition consumption records of the
participants were recorded retrospectively for one
weekday; using the 24-hour recall method. A nutrition
photograph catalog was used to determine the measures
and amounts during recordings.’One day food
consumption data provides more realistic results than
methods involving longer recording durations (like 3
days record) because some patients may hide their food
consumption in the following days due to dietitian
control. All consumed nutrients were recorded in detail
and the collected data were evaluated; using the
Turkey-Specific ~ Nutrition Guide (TOBR) and
computer-supported nutrition program.'®

Dietary Inflammatory Index (DII)

A detailed description of the DII has been
previously —published.® In brief, the literature
(approximately 2,000 articles) published between
19502010 was reviewed in terms of the relationship
between various micronutrients, macronutrients,whole-
food items (termed food parameters), and inflammation
for the purpose of deriving inflammatory effect scores
of the food parameters. At the same time, DII scores
calculation included standardized to a world database
that contains the means and standard deviations of the
food intake parameters from 11 populations around the
world. The world mean values for that food parameter
was subtracted from the actual intake value for each
food parameter and then divided by the world standard
deviation to create a z-score. In the next step, the z-
scores were converted to proportions which were then
centered by doubling the value and subtracting. This
value was then multiplied by the inflammatory effect
score for each food parameter. These were then
summarized across all food parameters to derive the
overall DII score. More positive scores indicate pro-
inflammatory diets; while negative scores indicate anti-
inflammatory diets. The DII was adjusted for energy
intake; using the nutrient density method by dividing
by an individual’s energy-intake and multiplying by
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1,000 to obtain the energy-adjusted (E-DII) per 1,000
kcals of intake. In this study, 24 out of 45 food
parameters (carbohydrate, protein, total fat, alcohol,
fiber, cholesterol, saturated fatty acids (SFA),
monounsaturated fatty acids (MUFA), polyunsaturated
fatty acids (PUFA), omega-3, omega-6, niacin,
thiamine, riboflavin, vitamin B12, vitamin B6, iron.
magnesium, zinc, selenium, vitamin A. vitamin C,
vitamin E, folic acid, caffeine) were included in the
calculation of the DII. The energy was not included as
E-DII was adjusted for energy.

Statistical Analysis of Data

The SPSS 22.0 software package was used for the
evaluation of the data collected in the study.
Descriptive statistics were presented as mean+ standard
deviation for normally distributed data,

and nominal variables were presented as the number
of cases and percentages (%). The DII score was

divided into tertiles for all analyses. The study
population was divided into three subgroups according
to their DII score and analysis of covariance
(ANCOVA) was used for testing the differences across
DII tertiles, with BMI, age, sex, and education level as
covariates.

Pearson correlation test was used to evaluate the
association between two continuous quantitative
variables. All statistical analyses were performed
within a 95.0% confidence interval, and a p-value of
0<.05 was considered statistically significant.

RESULTS

The majority of the respondents in all tertiles were
women (>75.0%). The mean DII values in tertiles 1, 2
and 3 were -0.79+£0.11, 0.74+0.05, and 2.22+0.10,
respectively (Table 1).

Table 1. Demographic characteristics of the participants according to tertiles of the DII

Tertile 1 Tertile 2 Tertile 3 p

(n=39) (n=39) (n=42)
Age (mean+sd) 413421 46.5+1.8 42,8+2.0 0.096
Gender n (%)
Male 8(20.5) 6(15.6) 6 (14,3) 0.729
Female 31(79.5) 33 (84.6) 36 (85,7)
Level of education n (%)
Primary school graduate 14 (35.9) 16 (41.0) 16 (38,1) 0.560
High school graduate 17 (43.6) 21 (53.8) 22(52,4)
University graduate+ 8 (20.5) 2(5.1) 4(9,5)
Residential area n (%)
Rural 7(17.9) 6(15.3) 7(16,7) 0.358
Urban 32 (82.1) 33 (84.7) 35(83,3)
Smoking n (%)
Non-smoker/ex-smoker 34 (87.2) 30 (76.9) 35(83,3) 0.173
Active smoker 5(12.8) 9(23.1) 7 (12,7)
Duration of asthma n (%)
1-10 years 25 (64.1) 29 (74.4) 34 (81,0) 0.346
10+years 14 (35.9) 10 (25.6) 8(29,0)
Comorbidities n (%)
Diabetes - 5(12.8) 4(9,5) 0.128
Hypertension 1(2.6) 2(5.1) 4(9,5)
Allergic rhinitis 3(7.7) 3(7.7) 3(7,1)
Reflux 5(12.8) 4(10.2) 5(11,9)
DII (meanzsd) -0.79+0.11 0.74+0.05 2,22+0,10 0.0001""

Data was presented as n (%) or mean+sd.

Tertile 1; <0.178 stertile 2; 0,178-1,43; tertile 3; >1.43. **p<0.01.
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Table 2. Asthma characteristics and anthropometric measurements of individuals according to DIItertiles

a

Tertile 1 Tertile 2 Tertile 3 y
(n=39) (n=39) (n=42)
FvC 90.6+16.8 90.2+18.5 85.1£17,9 0,038"
FEV, 88.5+17.8 87.2+£22.2 81.6+£21,3 0,025"
FEV,/FVC 102.7£8.0 100.7+13.2 100.3+12,4 0,735
PEF 67.7£22.3 65.94+22.0 61.2420,0 0,088
MEF;5 70.8+23.8 68.8425.5 62.2+21,8 0,252
MEF;, 73.4-£2.2 72.6+33.7 69.£28,3 0,315
MEF,s 81.0£27.5 80.2+44.5 77,7+49,5 0,860
MEF,5 75 71.0£19.8 72.6+32.8 65,9+28,5 0,227
ACT scor 20.0+3.2 19.2+3.4 19,0+3,3 0,033
BMI (kg/m?) 27.1+6.8 28.2+7.3 29,4+7,2 0,016"
WC (cm) 83.3+18.0 91.0+17.6 91,2+18,0 0,043"
WHR 0.82+0.9 0.85+0.07 0,86+0,10 0,086

Tertile 1; <0,178 ;tertile 2; 0,178-1,43; tertile 3; >1,43

FEV,: Forced expiratory volume in one second, FVC: Forced vital capacity, PEF: Peak expiratory flow, MEF: Mid-expiratory

flow, ACT: Asthma control test, BMI: body mass index, WHR: Waist hip ratio. Data were presented as meantstandard

deviation. "Adjusted for BMI, age, sex, and education level.*p<0.05 **p<0.01.

BMI, WC, and waist to hip ratio (WHR) increased
with increasing DII from tertile 1 to tertile 3. The
increases in BMI and WC were significant (p<0.05). In
terms of pulmonary functions, all values decreased with
increasing DII levels, with the decreases in the FVC
(»=0.038) and FEV1 (p=0.025) values, in particular,
being statistically significant. In parallel with
pulmonary functions, the ACT scores also differed
between tertiles and decreased with increasing DII
values (p=.033) (Table 2).

When the energy and nutrient uptakes of the
respondents were evaluated, the total uptake in calories,
carbohydrates, fat, and SFA was found to increase in
parallel to increases in DII (p<0.05); while the protein,
MUFA, and PUFA uptakes were not significantly
different between the tertiles. The vitamin A, C, and E
uptake significantly decreased with increasing DII from
tertile 1 to 3 (p=0.000), and a decrease in the total
uptake of vitamins A, C and E lead to an increased DII
(Table 3).

Table 3. Energy and macro-micro nutrient uptake of individuals according to DIltertiles

Tertile 1 Tertile 2 Tertile 3 p*
(n=39) (n=39) (n=42)
Energy (kcal) 1519.1£319.1 1679.0+313.6 1716.7+357.0 0.019"
Carbohydrates (g) 168.7+48.3 170.4+45.4 174.2+47.0 0.038"
Protein (g) 63.9+£25.8 61.2+21.1 63.5+17.0 0.080
Total fat (g) 67.9+18.0 78.4+23.0 82.6+£22.9 0.040"
SFA (g) 23.1+7.8 26.8+7.3 32.348.2 0.036"
MUFA (g) 20.9+9.3 25.749.8 25.9+7.8 0.542
PUFA (g) 22.7+10.3 23.8+11.0 24.148.1 0.111
Vitamin A (mcg) 1981.3+446.6 1890.4+638.3 742.2+50.0 0.0001"
Vitamin C (mg) 178.3+17.3 98.8+9.6 72.0+7.5 0.0001"
Vitamin E (mg) 24.0+1.2 222415 13.4+1.1 0.0001""

Tertile 1; <0,178 ;tertile 2; 0,178-1,43; tertile 3; >1,43

SFA: Saturated fatty acids, MUFA: Mono-unsaturated fatty acids, PUFA: Poly-unsaturated fatty acids. Data was presented

as meantstandard deviation. "Adjusted for BMI, age, sex and education level. *p<0.05 **p<0.01.
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a) 0.4 0.3 0.2 -0.1 0 0.1 0.2 0.3 0.4
WHR —().]55
FVC (%)* 0200  e—
FEV1(%)* 0227 e ———
FEV1/FVC (%) 0,037  w—
PEF (%)* 0253  e————

MEF75 (%)
MEF50 (%)
MEF25 (%)

MEF25-75 (%)

ACT score 0.116  —
BMI (kg/m2)* 0.309
WC (cm)* — ().]9]
b) 0.7 0.5 0.3 0.1 0.1 03 0.5
Vitamin E (mg)** 0.51
Vitamin C (mg)** -0.529
Vitamin A (mcg)** 0358 n—
PUFA (g) — (.054
MUFA (g) 20131 —
SFA (g) * — (.247
Total fat (g)** — (.275
Protein (g) 0.125  e—
Carbohydrates (g)* ——(.284
Energy (kcal)** —— (.304

Figure 2. a) Correlation between DII, anthropometric measurements, and asthma characteristics. b) Correlation between

DII, energy, and macro-micro nutrient uptake. BMI: Body mass index, WHR: Waist hip ratio, SFA: Saturated fatty acids,

MUFA: Mono-unsaturated fatty acids, PUFA: Poly-unsaturated fatty acids, FEV;: Forced expiratory volume in one second,
FVC: Forced vital capacity, PEF: Peak expiratory flow, MEF: Mid-expiratory flow, ACT: Asthma control test. *p<0.05

#4p<0.01.

According to the data presented in Figure 2, DII
was positively correlated with the anthropometric
measurements of BMI (r=0.309) and WC (r=0.197),
and negatively correlated with the pulmonary function
measurements of FVC (r=-0.209), FEV, (r=-0.227), and
PEF (r=-0.253) (p<0.05).

The total calorie (r=0.304), carbohydrate (0,284),
and fat uptake were positively correlated with DII
(»<0.05). On the other hand, the total uptake of vitamin
A (r=0.358), vitamin C (r=-0.529), and vitamin E (r=-
0.510) were negatively correlated with DII (r=0.275)
(»<0.01) (Figure 2).

DISCUSSION

The effects of nutritional habits and some specific
nutrients on asthma have been investigated for many
years with one of the most important hypotheses
suggesting that a diet rich in fruit and vegetables and
high  anti-inflammatory such as the
Mediterranean ~ diet, provide protection against

content
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asthma." Processed foods with high-fat content, on the
other hand, have been shown to exacerbate the
symptoms of asthma.' Previous studies have also
indicated that anti-inflammatory nutrients improve
asthma control and pulmonary function. Nutrients rich
in vitamins A, C, and E, in particular, have been shown
to decrease inflammatory response by increasing
antioxidant capacity and to improve asthma control as
well as pulmonary functions.”**'***** The relationship
between DII, as a novel and recent concept reflecting
the inflammatory degree of a diet with asthma
characteristics, has not been clarified to date. The first
study into this topic reported that an increased DII was
and FVC, as
measures of pulmonary function (p<0.05)."? In another
study in the US, higher DII (a pro-inflammatory diet)
was associated with current wheeze among adults (eg,
odds ratio [OR] for quartile 4 vs 1, OR=1.41, 95%
confidence interval [CI]=1.17-1.70; p trend<0.01) (Han
et al. 2018).Another study similarly reported that
increased DII exacerbated dyspnea as a symptom of

associated with decreases in FEV,
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impaired respiration and decreased FVC values.”> In
line with the limited number of studies reported in the
literature, it was found in the present study that FEV,
FVC, FEV//FVC, PEF, MEF;s MEFsy MEF,s and
MEF,;s_;5 values decreased with increasing DII, with
decreases in FVC and FEV, values being more
prominent (p<0.05) and negatively correlated with a
DII increase. The ACT scores of the patients also
decreased with DII increase from tertile 1 to tertile 3
(»<0.05) which may be attributed to the impairment of
respiration due to increased inflammatory response and
the consequent decrease in asthma control. Previous
studies have also reported that increased levels of
inflammatory cytokines such as TNF-a, CRP, and IL-6
are associated with decreased asthma control although
there have been no previous studies in the literature
comparing DII and ACT scores.’*?’

Obesity itself enhances inflammatory response in
asthmatic individuals by causing lipid peroxidation and
inflammatory cytokine release through fat tissue; while
an increased inflammatory response, on the other hand,
enhances bronchial irritability which is a characteristic
of asthma by causing airway contractions.”®**The
general opinion on this matter is that an increased BMI
aggravates inflammatory response in asthmatic
individuals. Previous studies have reported increased
blood levels of TNF-a, CRP, and IL-6 with increased
BMI in asthmatic individuals.”*' In a study by Wood et
al. (2015), the DII in asthmatic individuals increased
with increasing BML'?> Similarly, BMI significantly
increased with increasing DII from tertile 1 to tertile 3
in the present study, and both increases were
significantly correlated (p<0.05) which is an expected
finding.

In addition to BMI, WC, and WHR increase, as
markers of abdominal obesity, also impair pulmonary
function and asthma control; as increased abdominal fat
tissue aggravates the symptoms of inflammatory
diseases such as asthma by enhancing the release of
inflammatory cytokines.’***** In a study by Rastogi et
al., an increase in the WC of asthmatic individuals was
positively correlated with an increase in hs-CRP levels
(»<0.01), and other studies monitoring the effects of
diet and physical activity on asthma have also reported
significant decreases in CRP, TNF-a, IL-6, and IL-10
levels with decreasing WC measurements (p<0.05)
(Scott et al. 2011; Freitas et al.2017).>*° Similarly, in
the present study, DIl as an inflammatory marker,
increased  with  increasing WC and WHR

Vol. 18, No. 6, December 2019

measurements, although the increase was more
prominent for WC (p<0.05). Based on these findings,
one may argue that asthmatics with high WC in the
present study more commonly preferred nutrients with
high inflammatory content.

Upon the changes in nutritional habits and the
change from conventional diets to modern diets, the
consumption of high-calorie and high-fat foods such as
fast foods has become more common.*® These foods are
intensively processed or fried and increase allergic
irritability as well as the symptoms of asthma.' In
addition, excessively consumed calories and
carbohydrates are transformed into fat through
triglycerides and cause inflammation through fat
tissue.’” Previous studies have demonstrated that the
over-consumption of foods with high SFA and calorie
content induce allergic irritability and airway
inflammation and is associated with early-onset asthma
(Wood et al. 2018; Wood et al. 2017; Sausenthaler et
al. 2006).>%*** In the present study, DII increased with
increased consumption of calories, carbohydrates, total
fat, SFA, and these increases were positively correlated
with DII (p<0.05). An increased dietary ratio of omega-
6 fatty acids which are rich in a pro-inflammatory
substance called arachidonic acid also enhances allergic
symptoms.*' Similarly, DII increased with increasing
omega-6 fatty acid-rich PUFA levels in the present
study, although the increase was not statistically
significant (p>0.05).

One of the most extensively investigated topics
related to asthma and nutrition is the effects of
antioxidant vitamins.”' An increased amount of reactive
oxygen species in the body enhances the immune
response by causing the down-regulation of T-helperl
cells and leads to airway inflammation. Under these
circumstances, an insufficient uptake of antioxidant
vitamins increases IL-1, IL-6, CRP, and NF-kb levels
and enhances inflammatory response in asthmatics.?
Additionally, the processing of fruit and vegetables in
accordance with modern dietary habits decreases the
antioxidant and anti-inflammatory capacity of such
nutrients.”  Studies investigating the effects of
antioxidant A, C, and E vitamins on asthma have
generally reported that insufficient uptake of these
vitamins increases the symptoms of asthma and
inflammatory response; while the symptoms of asthma
and IL-10 levels have been found to decrease in people
given supplements containing these vitamins.”>*****? In
line with these results, the Vitamin A, C, and E uptake
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in the asthmatics of the present study decreased with
increasing DII levels, as a novel marker of dietary
inflammation potential.

This study has some limitations. First of all, our
results cannot be extrapolated to the overall population
as the study was carried out as a single-center and with
a relatively small patient sample. Furthermore, we did
not analyze the levels of such inflammatory cytokines
as CRP, TNF-a, and IL-6, or compare these levels with
DII. The number of female subjects was higher than the
number of males in this study, although there was no
bias in patient selection. The gender difference in the
prevalence of asthma is a global fact; being more
common in women than men due to the effects of post-
pubertal sex hormones.”

Despite these limitations, the value of this study is
increased through its support of the findings with
anthropometric addition  to
pulmonary function test results and ACT scores. The
comparisons made between DII, as a new marker
reflecting the inflammatory capacity of diet, and the
characteristics of asthma, as well as macro-micro
nutrients, shed some light on the relationship between
asthma and nutrition. This study has also provided
clarification on the effect of nutritional habits on
asthma control; being the first study to compare DII
and ACT scores.

In conclusion, pulmonary function and asthma
control decreased with increasing DII in asthmatic
patients in the present study; while BMI and WC
increased with increasing DII. Accordingly, in addition
to weight loss, the increased consumption of foods with
high anti-inflammatory content may be helpful in
improving the symptoms of asthma as an inflammatory
disease and it would hence be appropriate to provide
asthmatic
guidelines in order to ensure a favorable disease course.

measurements,  in

individuals with  accurate nutritional

ACKNOWLEDGEMENTS

The authors would like to thank MehtapAkgil Ok
for statistical support.

REFERENCES

1. Lambrecht B, Hammad H. The immunology of asthma.
Natlmmunol 2015; 16(1):45-56.

612/ Iran J Allergy Asthma Immunol

11.

14.

Scott HA, Gibson PG, Garg ML, Wood LG. Airway
inflammation is augmented by obesity and fatty acids in
asthma. Eur Respir J 2011;38(3):594-602.

Zein JG, Erzurum SC. Asthma is different in women.
Curr Allergy Asthma Rep 20154; 15(6):28.

Allan, K., and G Devereux. Diet and asthma: nutrition
implications from prevention to treatment. J
AmDietAssoc 2015; 111(2):258-68.

Boulet LP. Asthma and obesity. ClinExpAllergy 2013;
43(1):8-21.

Sideleva O, Suratt BT, Black KE, Tharp WG, Pratley RE,
Forgione P, et al. Obesity and asthma: an inflammatory
disease of adipose tissue not the airway. Am J Respir Crit
Care Med 2012; 86(7):598-605.

Rastogi D, Fraser S, Oh J, Huber AM, Schulman Y,
Bhagtani RH, et al

dysregulation, and pulmonary function among obese

Inflammation, metabolic
urban adolescents with asthma. Am J Respir Crit Care
Med 2015; 191(2):149-60.

Shivappa N, Steck SE, Hurley TG, Hussey JR, Hébert JR.
Designing and  developing a literature-derived,
population-based dietary inflammatory index. Public
Health Nutr 2014;17(8):1689-96.

Han YY, Forno E, Shivappa N, Wirth MD, Hébert JR,
Celedon JC. The dietary inflammatory index and current
wheeze among children and adults in the United States. J

Allergy Clin Immunol Pract 2018; 6(3):834-41.

. Phillips C, Shivappa N, Hébert JR, Perry 1. Dietary

Inflammatory Index and Biomarkers of Lipoprotein
Metabolism, Inflammation and Glucose Homeostasis in
Adults. Nutrients 2018; 10(8), 1033.

Wirth MD, Shivappa N, Davis L, Hurley TG, Ortaglia A,
Drayton R, et al. Construct validation of the dietary
inflammatory index among African Americans. J Nutr
Health Aging 2017; 21(5):487-91.

. Wood LG, Shivappa N, Berthon BS, Gibson PG, Hebert

JR. Dietaryinflammatoryindex is related to asthma risk,
lung function and systemic inflammation in asthma. Clin
Exp Allergy 2015; 45(1):177-83.

. Moxley RT, Pandya S, Ciafaloni E, Fox DJ, Campbell K.

Change in natural history of Duchenne muscular
dystrophy with long-term corticosteroid treatment:
implications for management. J Child Neurol 2010;
25(9):1116-29.

Ozbey U, Ucar A, Calis AG. The effects of obesity on
pulmonary function in adults with asthma. LungIndia:
Official Organ of Indian Chest Society 2019; 36(5):404.

Vol. 18, No. 6, December 2019

Published by Tehran University of Medical Sciences (http:/ijaai.tums.ac.ir)



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

The Relationship between Dietary Inflammatory Index and Asthma

Pellegrino R1, Viegi G, Brusasco V, Crapo RO, Burgos F,
Casaburi R, et al. Interpretativ estrategies for lung
function tests. Eur Respir J 26(5):948-68.

Uysal MA, Mungan D, Yorgancioglu A, Yildiz F, Akgun
M, Gemicioglu T. The validation of the Turkish version of
asthma control test. Qual Life Res 2013; 22(7):1773-9.
Rakicioglu N, Acar N, Ayaz A, Pekcan G. Yemek ve
Besin Fotograf Katalogu. 2012. Ankara, Turkey: Ata
Ofset Press.

Tiirkiye’ye Ozgii Beslenme Rehberi (TOBR). 2015. T.C.
Saglik Bakanligt Temel
Midiirliigi,. 9-62. Ankara.
Del Chierico F, Vernocchi P, Dallapiccola B, Putignani L.

Saglik Hizmetleri Genel

Mediterranean diet and health: food effects on gut
microbiota and disease control. Int J MolSci 2014;
15(7):11678-99.

Han YY, Forno E, Holguin F, Celedon JC. Diet and
asthma: an update. Curr Opin Allergy Clin Immunol
2015; 15(4):369-74.

Wood LG, Garg ML, Smart JM, Scott HA, Barker D,
Gibson PG. Manipulating antioxidant intake in asthma: a
randomized controlled trial. Am J Clin Nutr 2012;
96(3):534-43.

Kanagaratham C, Kalivodova A, Najdekr L, Friedecky D,
Adam T, Hajduch M,
inflammation and airway hyperresponsiveness in a mouse
model of allergic asthma. Am J Respir Cell MolBiol
2014; 51(6):783-92.

Li J, Li L, Chen H, Chang Q, Liu X, Wu Y, et al.

Application of vitamin e to antagonize swents-induced

et al. Fenretinide prevents

exacerbation of allergic asthma. SciRep 4:4275.

McEvoy CT, SchillingClay D, Jackson K, Go MD,
Spitale PC Bunten, et al. Vitamin C supplementation for
pregnant smoking women and pulmonary function in
their newborn infants: A randomized clinical trial. JAMA
2014; 311(20):2074-82.

Maisonneuve P, Shivappa N, Hébert JR, Bellomi M,
Rampinelli C, Bertolotti R, et al. Dietary inflammatory
index and risk of lung cancer and other respiratory
conditions among heavy smokers in the COSMOS
screening study. Eur J Nutr 2016; 55(3):1069-79.

Zhang XJ, Zheng L, Zhang Y, Liu GP, Chen L, Wang G,
et al. Systemic inflammation mediates the detrimental
effects of obesity on asthma control. Allergy Asthma Proc
2018; 39(1):43-50.

Monadi M,
Sharbatdaran M, Heidari B. Serum C-reactive protein in

Firouzjahi A, Hosseini A, Javadian Y,

asthma and its ability in predicting asthma control, a case-
control study. Caspian J Intern Med 2016; 7(1):37-42.

Vol. 18, No. 6, December 2019

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38

39

Leiria LO, Martins MA, Saad MJ. Obesity and asthma:
beyond TH2 2015;n
64(2):172-81.

Nakagome K, Nagata M. Pathogenesis of airway

inflammation.  Metabolism

inflammation in bronchial asthma. Auris Nasus Larynx
2011; 38(5):555-63.

Ozbey U, Balaban S, Sézener ZC, Ugar A, Mungan D,
Misirligil, Z. The effects of diet-induced weight loss on
asthma control and quality of life in obese adults with
asthma: a randomized controlled trial. J Asthma 2019; 1-
9.

Lu Y, Van Bever HP, Lim TK, Kuan WS, Goh DY,
Mahadevan M. Obesity, asthma prevalence and IL-4:
Roles of inflammatory cytokines,
Y. Pediatr

adiponectin and

neuropeptide Immunol 2015;
26(6):530-36.

Farah CS, Kermode JA, Downie SR, Brown NJ, Hardaker
SM, Berend N, Salome CM. Obesity is a determinant of
asthma control independent of inflammation and lung
mechanics. Chest 2011; 140(3):659-66.
Rabec C, De Lucas RP,
Respiratorycomplications of
Bronconeumol 2011; 47(5):252—61.

Steene-Johannessen J, Kolle E, Resel and JE, Anderssen

Allergy

Veale D.

obesity. Arch

SA, Andersen LB. Waist circumference is related to low-
grade inflammation in youth. Int J Pediatr Obes 2010;
5(4):313-9.

Freitas PD, Ferreira PG, Silva AG, Stelmach R, Carvalho-
Pinto RM, Fernandes FL, et al. The role of exercise in a
weight-loss program on clinical control in obese adults
with asthma. A randomized controlled trial. Am J Respir
Crit Care Med 2017; 195(1):32-42.

Garcia-Marcos L, Castro-Rodriguez JA, Weinmayr G, et
al. Influence of Mediterranean diet on asthma in children:
A systematic review and meta-analysis. Pediatr Allergy
Immunol 2013; 24(4):330-8.

Wang YI, Schulze J, Raymond N, Tomita T, Tam K,
Simon SI, et al. Endothelial inflammation correlates with
subject triglycerides and waist size after a high-fat meal.
Am J Physiol Heart Circ Physiol 2011; 300(3):H784-91.

. Wood LG, Li Q, Scott HA, Berthon BS, Gibson PG,

Baines KA. Saturated fatty acids, but not n-6
polyunsaturated fatty acids or carbohydrates, increase
airway inflammation in non-obese asthmatics. Obesity
and Nutrients in Lung Disease 2017;8(2):7467-A7467.

. Wood LG, Li Q, Scott HA, Rutting S, Berthon BS,

Gibson PG, Young P. Saturated fatty acids, obesity and
the NLRP3 inflammasome in asthma. J Allergy Clin
Immunol 2018; 6749(18):30773-5.

Iran J Allergy Asthma Immunol, / 613

Published by Tehran University of Medical Sciences (http:/ijaai.tums.ac.ir)



U. Ozbey, et al.

40. Sausenthaler S, Kompaue I, Borte M, Herbarth O, Schaaf
B, Berg A, et al. Margarine and butter consumption,
eczema and allergic sensitization in children. The LISA
birth cohort study. Pediatr Allergy Immunol 2006;
17(2):85-93.

41. Rutting S, Xenaki DE, Lau J, Horvat C, Wood LG,
Hansbro PM, et al. Dietary omega-6, but not omega-3
polyunsaturated or saturated fatty acids, increase
inflammation in primary lung mesenchymal cells. Am J
Physiol Lung Cell Mol Physiol 2018; 314(6): L922—
L935.

42. Maslova E, Hansen S, Strom M, Halldorsson TI, Olsen
SF. Maternal intake of vitamins a, e and k in pregnancy
and child allergic disease: A longitudinal study from the
danish national birth cohort. Br J Nutr 2014;
111(6):1096-1108.

614/ Iran J Allergy Asthma Immunol Vol. 18, No. 6, December 2019
Published by Tehran University of Medical Sciences (http:/ijaai.tums.ac.ir)



