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Abstract
Objective: Fibromyalgia, which is becoming increasingly common today, affects the quality of life of those affected. The aim of this study was 
to investigate the relationship between diet and pain, disease severity, and biochemical parameters in fibromyalgia.
Design: Cross-sectional design using validated questionnaires.

Setting: Fibroyalgia patients with Traditional and Complementary Medicine clinics.

Subject: In total, 84 patients with fibromyalgia (FM), which was diagnosed by a rheumatologist.

Methods: The cross-sectional study was conducted with 84 fibromyalgia patients in Turkey. The Dietary Inflammatory Index (DII) was calculated by 
a 24-hour diet recall. Self-reported pain levels and disease severity were evaluated by the Visual Analog Scale (VAS) and a Revised Fibromyalgia 
Impact Questionnaire (FIQR), respectively. Antropometric measures and biochemical parameters associated with inflammation were also evaluated.
Results: Linear regression analysis revealed that the VAS pain score [β (95% confidence interval [CI])¼1.72 (0.90–2.55), P< .001], FIQ-R [β (95% CI)¼
5.62 (0.14–11.09), P< .001] and uric acid/creatinine ratio [β (95% CI)¼0.21 (−0.10 to 0.52), P< .001] were positively associated with the DII after adjust
ments for body mass index (BMI), body fat, fat free mass, cholesterol, fiber, caroten, iron, magnesium, vitamine C reported by the patients with FM.
Conclusions: A pro-inflammatory diet was associated with higher pain, disease severity and uric acid/creatinine ratio in patients with FM.
Keywords: dietary ınflammatory ındex; fibromyalgia; pain; life quality: nutrients. 

Introduction
Fibromyalgia (FM) is a common condition characterized by 
chronic pain, sleeping problems, physical fatigue and cogni
tive symptoms.1 The quality of life of FM patients is affected 
by all these symptoms. Therefore, the management of fibro
myalgia is aimed at improving the quality of life.2 Treatment 
strategies to improve quality of life in FM emphasize the 
importance of lifestyle changes, including dietary habits.3

The global prevalence of FM is 2.7%;4 approximately 2.3% 
of the European population (ranging from 0.4% in Greece to 
8.8% in T€urkiye),5,6 and 2–6% of the US population7 but the 
etiology of FM remains unknown. However, dysfunction of the 
nervous system, neurotransmitters, hormones, immune system, 
stressors draws attention to increased FM susceptibility.8

Moreover, pro-inflammatory cytokines can be role in the onset 
and maintenance of FM.9,10 In particular, interleukin (IL)-8, 
tumor necrosis factor (TNF)-α and IL-6, which have pro- 
inflammatory and algesic have been shown to have higher 
serum levels in FM patients compared to controls.11 In addition, 
IL-4 and IL-10, which have anti-inflammatory and analgesic 

activity, have been shown to be at low levels in FM patients 
compared to healthy controls.12 These findings may support the 
hypothesis that FM patients with chronic pain may have an 
innate or acquired imbalance in cytokine production and secre
tion. However, the results of studies on the role of cytokines in 
the pathogenesis of FM are debated, so high-quality studies 
involving more patients are needed.9

Moreover, it has been shown in the literature that various 
ratios such as neutrophil/lymphocyte, uric acid/creatinine, 
uric acid/HDL, other than cytokines, are biochemical param
eters associated with inflammatory processes in different dis
ease groups.13–15 For example, fibromyalgia patients were 
found to have higher neutrophil/lymphocyte ratios and C- 
reactive protein (CRP) levels, which are associated with 
inflammatory conditions other than cytokines. Moreover, 
fibromyalgia patients were found to have higher neutrophil/ 
lymphocyte ratios and CRP levels, which are associated with 
inflammatory status other than cytokines.16,17 In addition, 
these patients have been shown to have higher levels of hs- 
CRP, and higher levels of hs-CRP are associated with higher 
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symptom burden. In addition, these elevated hs-CRP levels 
may be associated with higher body weight.18,19 Pro- 
inflammatory cytokine secretion is higher in obese individu
als than in lean individuals, which may cause low chronic 
inflammation in obese individuals. In particular, visceral 
adiposity can cause systemic inflammation due to direct 
access and secretion of free fatty acids and inflammatory 
cytokines into the portal circulation.20 Therefore, high adi
pose tissue in FM may cause an increase in disease severity by 
causing the release of pro-inflammatory cytokines that medi
ate inflammation and modulate pain. Therefore, body weight 
and composition may be critical in the management of FM.

European Alliance of Associations for Rheumatology 
(EULAR) stated that the treatment of fibromyalgia requires a 
multidisciplinary approach with a combination of non- 
pharmacological and pharmacological treatments tailored to 
the symptoms.21 In addition, the first-line therapy to treat 
FM should focus on non-pharmacological treatments, which 
currently draws attention to nutrition.2 The practical and 
valid DII, which shows the inflammatory properties of diets, 
is widely used in the literature in various fields of study.22,23

Moreover, the Dietary Inflammatory Index (DII), an 
approved dietary index developed to predict patient inflam
mation levels of diet, has been shown to be associated with 
higher pressure pain hypersensitivity. The findings that a pro- 
inflammatory diet is associated with hypersensitivity to pain 
in people with FMS have generated excitement in the field.24

In this context, more research is still required on dietary 
interventions in FM and the relationship between the diet 
inflammatory state and symptoms. Although the relationship 
between diet and pain, the main symptom of FM, has been 
investigated,25–27 the relationship between DII and pain and 
disease severity in FM have attracted attention recently. In 
addition, inflammatory cytokines have been studied, but the 
biochemical parameters associated with the inflammatory 
state such as neutrophil/lymphocyte ratio, uric acid/HDL-C, 
uric acid/creatinine have shown conflicted results.

In the light of previous information, our study outcome 
shows as follows;

1) Primary outcome is the relationship between DII and 
pain severity. 

2) Secondary outcomes are the relationship between DII and 
disease severity and inflammatory markers in FM patients. 

Methods
This study had a cross-sectional design and was conducted in 
Department of Traditional and Complementary Medicine 
clinics. The study was approved from the G€ulhane Education 
and Research Hospital Traditional and Complementary 
Medicine Ethical Committee (2023/3).

Participants
A total of 84 patients with FM, which was diagnosed by a 
rheumatologist according to the 2016 American College of 
Rheumatology criteria, and invited to the study from the 
G€ulhane Education and Research Hospital, Department of 
Traditional and Complementary Medicine clinics, Turkey. 
Patients were included in the study using the convenience 
sample method. Patients were informed about the risks and 
benefits of prolotherapy. Prolotherapy has been evaluated as 
a treatment option in patients who do not respond to medical 

treatment, physical therapy, manual therapy or other conser
vative treatments. In addition, prolotherapy is not used in 
patients with a bleeding tendency, systemic inflammatory dis
eases, oncological diseases, systemic infections, a history of 
infection in the treatment area or any intervention in the 
same area within the last 12 weeks.

All patients were informed about the study before data col
lection and participants were informed of the purpose of the 
study the “Informed Voluntary Consent Form” was signed 
by those who agreed to participate in the study.

The criteria for inclusion of patients with FM in this study 
were (1) a diagnosis of FM according to 2016 American 
College of Rheumatology criteria, (2) >18 age, (3) followed 
and treated with prolotherapy at the University of Health 
Sciences, (4) the absence of any acute or terminal illnesses. 
From the patients who met the inclusion criteria, the ones 
who: (1) a history of drug or alcohol abuse (2) women who 
were pregnant or breastfeeding (3) participants with an active 
tumor were excluded (Figure 1). Since fibromyalgia patients 
who routinely receive prolotherapy are followed up, patients 
receiving prolotherapy were included in the study.

Measurements
Questionnaire form
Participants' sociodemographic information, dietary habits 
and anthropometric measurements were collected by 
questionnaire.

Visual analog scale for pain
Patients' general level of pain was assessed using the visual 
analogue scale (VAS). The VAS is scored from 0 to 10, with 
higher scores indicating more severe pain. The VAS is an 
important tool for assessing pain levels. It has been reported 
to be sensitive and specific in assessing pain in fibromyalgia 
patients.28

Revised-fibromyalgia impact questionnaire
The Revised Fibromyalgia Impact Questionnaire (FIQR) is a 
shortened form of the Fibromyalgia Impact Questionnaire. 
FIQR is a reliable and valid measure of fibromyalgia in the 
Turkish population (Cronbach-α¼ 0.835). This question
naire contains 21 questions and each question is scored 
between 0 and 10. FIQR consists of three subscales: (a) the 
“function” dimension includes 9 questions, (b) the “global 
impact” dimension includes 2 questions measuring symptom 
severity and the impact of global impact on function, and (c) 
“symptoms” includes 10 questions. The total score for 
“function” (0–90 points) is divided by 3, the total score for 
“overall impact” (0–20 points) remains same, and the total 
score for “symptoms” (0–100 points) is divided by 2. The 
FIQR score is determined by summing the scores of the three 
sub-dimensions, and a high score indicates increased disease 
severity.29

Antropometric measures
Measurements were taken of height, waist circumference, 
and neck circumference taken by specialist. The height of the 
individuals was measured with a portable Seca769 stadiome
ter in the Frankfort plane without shoes.30 In addition, body 
composition was assessed using the TANITA BCA601 device 
to determine body weight (kg), body fat percentage (%), 
muscle percentage (kg), water percentage (%), bone mineral 
content (kg), and internal fat status.
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Body mass index
Body mass index was calculated by dividing body weight by 
the square of height in meters for all the individuals, who 
were then classified as “underweight” for <18.5 kg/m2, 
“normal” for 18.5–24.9 kg/m2, “overweight” for 25.0– 
29.9 kg/m2, and obese if ≥30.0 kg/m2.31

Waist circumference
The waist circumference was measured using an inflexible 
tape measure that passed through the midpoint between the 
lowest point of the costal bone and the crystalloid bone taken 
by specialist. Waist circumference was classified as ≥80 cm 
risk and ≥88 cm high-risk in women and ≥94 cm risk and 
≥102 cm high-risk in men.30

Dietary assessment
A 24-hour recall method was used to record participants' one 
day food consumption. Food consumption records were 
recorded once, using the face-to-face method, once the 
patients had completed their examination. The 24-hour diet
ary recall method consists of accurately recalling, identifying, 
and quantifying the foods and beverages consumed through
out the day in the 24-hour period before the interview, from 
the first intake in the morning to the last food or beverage. 
The information must describe the type and characteristics of 
the food (fresh, canned, etc), net amount consumed, method 
of preparation, trademarks, sauces.32 Energy and nutrients 
were calculated using the Nutrition Information System 
which is a food software program in compliance with 
Turkish food according to the food consumption record. In 
addition, the average nutrient and nutrient consumption cal
culated from the food record was used to calculate the 
Dietary Inflammatory Index (DII).

Dietary inflammatory index
The Dietary Inflammatory Index (DII) is a measure of the 
inflammatory potential of the diet, validated according to the 
effect of diet on inflammatory markers.33 Overall, 26 food 
parameters including energy, carbohydrates, protein, total 
fat, monounsaturated fatty acid, polyunsaturated fatty acid, 
saturated fatty acid, omega-3, omega-6, niacin, cholesterol, 

fiber, caffeine, folate, iron, magnesium, riboflavin, beta caro
tene, thiamine, vitamin A, vitamin B12, vitamin B6, vitamin 
B9, vitamin C, vitamin E, zinc were used to calculate the 
global DII scores. To calculate the DII, z-scores ([individual 
average intake -global standard intake]/standard deviation) 
are calculated from the intakes of these foods/nutrients. 
These are then converted into percentile scores. As a result of 
the summing of the scores obtained by multiplying the per
centile value obtained for each nutrient parameter by the 
'parameter-specific overall inflammatory effect scores' calcu
lated for that nutrient parameter, the DII score is obtained, 
which is an indicator of the inflammatory status of the indi
vidual's daily diet. Higher scores have more pro- 
inflammatory status. In the study, individuals will be divided 
into quartile groups according to their DII scores. As in simi
lar studies, the DII is divided into quartiles because it does 
not have a cut-off point.34,35 The lowest DII score will be 
selected as the first quartile control group and the values of 
the other groups will be compared with this group.

Biochemical parameters
Biochemical parameters including C-reactive protein (CRP), 
neutrophil count, lymphocyte count, High Density 
Lipoprotein-Cholesterol (HDL-C), urea, uric acid, and creati
nine were measured from the individuals. To assess these rou
tine laboratory parameters, peripheral venous blood samples 
were taken from patients after a 12-hour fast. If there was no 
12-hour fast after the examination, the patient donated blood 
the next day after a 12-hour fast. If there was a 12-hour fast 
after the examination, the patient donated blood on the same 
day. The blood was processed in the laboratory of G€ulhane 
Education and Research Hospital immediately after dona
tion. Using an enzymatic method (Olympus AU 2700, USA), 
the following parameters were measured: Triglyceride, total 
cholesterol, low-density lipoprotein (LDL), high-density lipo
protein (HDL), uric acid, urea, and creatine. Uric acid apply
ing its own kits with an Olympus AU2700 autoanalyzer 
(Olympus Diagnostics, Hamburg, Germany). The amounts of 
neutrophils and lymphocytes were measured with a Coulter 
Counter Model S (Coulter Electronic Limited, Luton, UK). 
CRP was examined nephelometrically with an automated 

Overall assessed the eligibility
(n:108)

Analysis (n:84)

Excluded (n:17)

-acute disease (n:6)
-breastfeeding (n:4)

-participants with active tumor (n:3)
- missing questionnaire data (n: 4)

- individuals with an energy intake 
response <0.9 of the basal metabolic 
rate according to the Mifflin equation 
were not included in the analysis to 
eliminate the risk of under-response 
with the 24-hour recall method (n:7)

Concluded the study (n:91)

Figure 1. Flowchart.
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Immage (Beckman Coulter, USA) analyzer. Additionally, 
ratios known to be associated with inflammation in the 
literature were calculated: Neutrophil/lymphocyte ratio, 
uric acid/HDL-C ratio, and uric acid/creatinine ratio. The 
neutrophil/lymphocyte ratio is calculated by dividing neutro
phil count by lymphocyte count. The uric acid/HDL-C ratio 
is calculated by dividing serum uric acid level by serum HDL- 
C level. The uric acid/creatinine ratio is calculated by dividing 
serum uric acid level by serum creatinine level.

C-reactive protein (CRP), neutrophil, lymphocyte, High 
Density Lipoprotein- Cholesterol (HDL-C), urea, uric acid, 
and creatinine biochemical parameters were taken from the 
individuals. In addition, neutrophil/lymphocyte ratio, uric 
acid/HDL-C, uric acid/creatinine parameters, which have been 
shown to be related to inflammation in the literature, were 
calculated. Neutrophil/lymphocyte ratio is calculated with 
division of neutrophil by lymphocyte.36 Uric acid/HDL-C is 
calculated with division serum uric acid by serum HDL-C.14

Uric acid/creatinine ratio is calculated with division of serum 
uric acid by serum HDL cholesterol.37

Statistics
The data were analyzed using the SPSS package program. 
The distribution of all dependent and independent variables 
was evaluated with the Kolmogorov Smirnov test. Energy, 
cholesterol, fibre, caffeine, folate, cobalamin, vitamin C, vita
min A, beta-carotene, iron, and zinc from energy and 
nutrients; fat-free mass and body fluid from body composi
tion; CRP, neutrophils, lymphocytes, HDL, urea, uric acid, 
creatinine, uric acid/HDL, uric acid/creatinine from biochem
ical parameters are not normally distributed, that is, they are 
non-parametric variables. All other dependent and independ
ent variables are normally distributed. Descriptive statistics 
were presented as mean±standard deviation for normally 
distributed variables, median and minimum-maximum value 
for non-normally distributed variables, and number and per
centage (%) for nominal variables. The Independent Samples 
t test was used to compare the means of 2 parametric inde
pendent groups, and the Mann-Whitney U test was used in 
nonparametric conditions. One-way ANOVA was applied 
for the comparison of the means of more than two independ
ent parametric groups and Kruskal-Wallis test was applied 
for the comparison of the means of more than 2 nonparamet
ric groups. “Bonferroni Test,” one of the post-hoc tests, was 
applied to determine the difference in the comparison of 
more than two groups. When analyzing categorical variables, 
χ2 test was applied to evaluate the relationship between num
ber (n) and percentage (%) distribution. In cases where χ2 

assumptions were not met, Fischer test was used if appropri
ate conditions were met. In the comparison of more than 2 
ratios, the appropriate post-hoc test was applied to determine 
the difference.

In order to evaluate the statistical relationship between 2 
quantitative variables, Pearson Correlation Coefficient was 
used when 2 of the variables met the normal distribution 
assumptions, and Spearman Correlation Coefficient was used 
when at least 1 of the variables did not meet the normal dis
tribution assumptions. In all statistical tests, the confidence 
interval was accepted as 95.0% and evaluated at a signifi
cance level of P< .05. Overall DII scores were analyzed as 
both continuous and categorized variables. The outcome var
iables included pain, FIQ-R and uric acid/creatinine ratio. 
Variables with moderate correlation and no multicollinearity 

with the independent variable have been added as potential 
confounders. Potential confounders were also identified as a 
result of the literature review.38–44 Lineer regression models 
were adjusted for confounding variables including ages 
(years), gender (male, female), educational status (secondary 
school and above), BMI (kg/m2), body fat (%), fat free mass 
(kg), cholesterol (mg/day), fiber (g/day), β-caroten (mg/day), 
iron (mg/day), magnesium (mg/day), and vitamin C (mg/day).

In all statistical tests, the confidence interval was accepted 
as 95.0%; it was evaluated at the P< .05 significance level.

Results
Sample characteristics
The general characteristics of FM patients are shown in  
Table 1. The mean age of the patients was 48.8 ± 12.6 years. 
Among the participants, 17 were male and 67 were female. 
Half of the patients were secondary school graduates. The 
supplement usage ratio was 39.0%. Additionally, 27.3% of 
individuals used vitamin D, and 51.4% used cobalamin. 
Menopause was reported in 50.7% of the patients, and 
42.9% had chronic diseases. The mean body weight was 
74.4 ± 14.0 kg, the BMI was 27.6 ± 4.7 kg/m2, the waist cir
cumference was 93.6 ± 13.1 cm, and the body fat mass was 
31.5 ± 7.4%. The mean FIQ-R was 54.0 ± 23.4, and the mean 
VAS pain score was 5.8 ± 2.2 cm.

Energy and nutrients intake
The DII scores were divided into quartiles according to the 
following cutoff points: Q1: −1.65 to ≤−0.60; Q2: >−0.6 to 
≤0.17; Q3: >0.17 to ≤0.73; Q4: >0.73 to 1.46. The energy 
and nutrient intakes of patients according to the quartiles of 
the DII scores are shown in Table 2. There were no statisti
cally significant differences in energy, macronutrient, choles
terol, and caffeine intakes between quartiles. However, fiber, 
thiamine, folate, vitamin C, vitamin A, beta-carotene, iron, 
and magnesium intakes were statistically significantly differ
ent between quartiles (P< .05).

Table 1. General characteristics of participants.

Total (n¼ 84)

Age, y 48.8 ± 12.6
Gender (female) n (%) 67 (79.7)
Secondary school education, n (%) 42 (50.0)
Use of supplement n (%) 33 (39.3)
Use of antidepressant n (%) 52 (62.9)
Menstruel status (menopose) n (%) 34 (50.7)
Chronic disease (yes) n (%) 36 (42.9)
Weight (kg) 74.4 ± 14.0
BMI (kg/m2) 27.6 ± 4.7
Waist circumference (cm) 93.6 ± 13.1
Body fat mass (%) 31.5 ± 7.4
FIQ-R 54.0 ± 23.4
VAS pain (cm) 5.8 ± 2.2
CRP 2.3 ± 1.7
Uric acid/creatinin 5.0 ± 1.2
DII 0.05 ± 0.76

Abbreviations: BMI, body mass index; CRP, C-reactive protein; DII, Diet 
Inflammatory Index; FIQ-R, Revised Fibromyalgia Impact Questionnaire; 
VAS, visual analog scale.
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Table 2. Energy and nutrients intake of participants across quartiles (Q) of the Dietary Infammatory Index (DII) scores.

Energy and nutrients

DII                                                                                       

P       

Q1 (n: 21) Q2 (n: 21)            Q3 (n: 22)            Q4 (n: 20)            
x� ± SS/median  

(min–max)
x� ± SS/median                       

(min–max)            
x� ± SS/median                       

(min–max)            
x� ± SS/median                       

(min–max)            

Energy (kcal) 1566.4 (1016.5–2415.2) 1368.4 (1092.3–2456.0) 1387.5 (1098.4–2338.4) 1545.8 (1156.7–2488.4) .336µ

Carbohydrate (%) 46.6 ± 10.0 44.8 ± 11.4 45.6 ± 1..6 43.4 ± 10.4 .804�
Protein (%) 14.1 ± 3.8 13.2 ± 1.9 15.3 ± 4.0 13.9 ± 4.3 .310�
Fat (%) 38.2 ± 10.2 41.5 ± 11.5 39.3 ± 11.0 42.0 ± 9.2 .596�
Saturated fat (g) 18.3 ± 7.0 18.1 ± 7.1 19.8 ± 8.0 22.2 ± 12.3 .429�
Monosaturated fattty acids (g) 25.3 ± 9.3 24.7 ± 9.9 23.1 ± 10.0 21.3 ± 13.7 .684�
Polyunsaturated fat (g) 15.3 ± 9.0 13.0 ± 5.8 10.4 ± 5.4 11.9 ± 6.5 .122�
Omega-3 fatty acids (g) 0.8 (0.4–3.7) 0.8 (0.3–2.0) 0.8 (0.2–3.1) 0.8 (0.2–4.5) .751µ

Omega-6 fatty acids (g) 13.8 ± 8.0 11.8 ± 5.7 9.0 ± 5.2 10.5 ± 5.7 .095�
Cholesterol (mg/day) 225.7 (35.7–438.0) 220.1 (3,0–544.5) 263.6 (55.0–623.7) 248.7 (73.1–6476.4) .158 µ

Fiber (g/g€un) 21.8 (7.8–45.9)a 19.4 (8.4–29.1)a, b 14.5 (8.3–25.1)b, c 10.2 (4.6–26.7)c <.001µ

Caffeine (mg/day) 60.0 (0.0–396.0) 80.0 (0.0–320.0) 60.0 (0.0-780.0) 40.0 (0.0–160.0) .156 µ

Thiamine (mg/day) 0.9 (0.4–1.7)a 0.7 (0.3–1.1)a. b 0.6 (0.3–1.2)a. b 0.5 (0.3–0.9)b .001 µ

Riboflavin (mg/day) 0.9 (0.3–1.7) 0.7 (0.4–1.5) 0.9 (0.4–1.5) 1.0 (0.3–5.9) .430�
Niacin (mg/day) 8.2 (2.6–83.7) 6.5 (1.2–12.4) 7.5 (2.6–22.4) 6.3 (1.8–30.4) .134 µ

Pridoxin (mg/day) 1.0 (0.4–2.2) 0.9 (0.2–1.3) 0.7 (0.4–1.5) 0.6 (0.2–2.2) .068 µ

Folate (µg/day) 288.0 (122.7–638.0)a 271.7 (118.0–553.0)a 194.0 (134.1–462.6)a. b 158.7 (61.4–1205.0)b .002 µ

Cobalamin (µg/day) 1.3 (0.0–208.1) 1.2 (0.0–4.0) 2.5 (0.6–6.7) 2.5 (0.5–117.2) .173µ

Vitamine C (mg/day) 134.0 (8.6–208.1)a 65.0 (6.4–213.0)b 45.7 (11.3–159.6)b 51.3 (0.0–156.8)b <.001 µ

Vitamine A (µg/day) 1091.9 (32.8–2147.3)a 635.8(149.8–1216.2)a. b 628.5 (161.8–1540.0)b 453.4 (190.2–3254.9)b .001 µ

Beta carotene (mg/day) 5.0 (0.2–10.9)a 1.6 (0.5–4.5)a. b 1.2 (0.1–8.6)b 0.5 (0.0–3.6)b <.001 µ

Iron (mg/day) 10.4 (5.4–24.2)a 7.1 (3.7–11.3)a. b 6.6 (5.1–10.8)b 5.4 (2.8–18.1)b <.001 µ

Magnesium (mg/day) 267.4 ± 99.6a 215.6 ± 75.9b 192.8 ± 59.6c 155.3 ± 54.6c <0.001�
Zinc (mg/day) 7.0 (3.9–13.6) 5.9 (3.3–9.9) 6.2 (3.8–9.7) 5.3 (2.7–17.0) .159 µ

�
One-way ANOVA; γ: χ2; µ:Kruskal-Wallis.

Different letters in the row indicate statistically significant difference between groups.

Table 3. Antropometric measures and biochemical parameters of participants across quartiles (Q) of the Dietary Infammatory Index (DII) scores.

Anthropometric measures

DII                                                                                                  

Q1 (n : 21) Q2 (n : 21)            Q3 (n : 22)            Q4 (n : 20)            
P      x� ± SS/median (min-max) x� ± SS/median (min-max) x� ± SS/median (min-max) x� ± SS/median (min-max)

Body weight (kg) 68.5 ± 11.5a 72.7 ± 13.8a. b 75.1 ± 12.1a. b 81.6 ± 16.1b .023�
Body mass index (kg/m2) 25.8 ± 4.0a 26.7 ± 3.6a. b 27.6 ± 4.4a. b 30.2 ± 5.6b .018�
Normal 47.6 (10) 38.1 (8) 27.3 (6) 20.0 (4) .067γ

Overweight 38.1 (8) 28.6 (6) 54.5 (12) 30.0 (4)
Obese 14.3 (3) 33.3 (7) 18.2 (4) 50.0 (10)
Waist circumference (cm) 90.0 ± 14.6a 101.4 ± 14.0b 93.0 ± 7.44a 89.9 ± 12.8a .013�
Normal 28.6 (6)a 9.5 (2)b. c 4.5 (1)c 35.0 (7)a .033γ

Risk 71.4 (15)a. b 90.5 (19)b. c 95.5 (21)c 65.0 (13)a

Body fat mass (%) 26.3 ± 6.9a 32.3 ± 4.7b 32.8 ± 6.6b 34.8 ± 8.5b .010�
Fat free body mass (kg) 48.5 (38.0–71.3) 43.8 (38.7–65.3) 45.5 (36.8–68.1) 46.2 (31.9–63.0) .302µ

Body fluid (%) 49.5 (41.1–60.8)a. b 49.0 (30.2–52.8)a 48.6 (35.0–57.0)a 52.8 (42.1–60.7)b .015 µ

Biochemical parameters
CRP (mg/L) 1.5 (0.3–5.7) 3.1 (0.3–4.5) 1.8 (0.0–10.2) 2.4 (0.1–6.8) .167 µ

Neutrophil (103/μL). 58.7 (34.0–79.0) 58.5 (39.6–76.9) 58.5 (40.1–71.9) 58.6 (43.0–72.6) .429 µ

Lymphocyte (103/μL). 33.0 (20.3–41.5) 30.2 (15.3–45.7) 29.7 (6.5–48.9) 36.5 (17.3–48.7) .300 µ

HDL-C (mg/dL) 54.0 (42.0–76.0) 49.0 (32.0–88.0) 50.5 (36.0–77) 50.5 (30.0–80.0) .124 µ

Urea (mg/dL) 25.0 (12.0–58.0) 24.0 (6.0–58.0) 24.3 (7.0–48.0) 24.5 (6.0–46.0) .970 µ

Uric acid (mg/dL) 3.8 (2.7–6.4) 4.2 (2.7–7.5) 3.9 (2.1–7.0) 4.2 (2.7–6.6) .629 µ

Creatinine (mg/dL) 0.8 (0.5–3.4) 0.8 (0.5–1.7) 0.8 (0.5–1.1) 0.8 (0.5–1.8) .599 µ

Neutrophil/lymphocyte ratio 1.7 ± 0.5 1.9 ± 0.5 2.0 ± 0.7 2.0 ± 0.8 .447�
Uric acid/HDL–C 0.1 (0.0–0.1) 0.1 (0.1–0.2) 0.1 (0.0–0.2) 0.1 (0.1–0.2) .016 µ

Uric acid/creatinine 4.4 (1.1–6.5)a 4.7 (2.7–6.8)a. b 5.3 (6.8–3.6)b 5.5 (4.3–7.5)b <.001 µ

�
One way ANOVA; γ: χ2; µ:Kruskal-Wallis.

Different letters in the row indicate a statistically significant difference between groups.
Abbreviations: CRP: C-reactive protein, HDL-C: High Density Lipoprotein Cholesterol.
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Antropometric measures and biochemical 
parameters
The anthropometric characteristics and biochemical parame
ters of participants according to the quartiles of the DII scores 
are shown in Table 3. Significant differences were observed 
between the quartiles of DII scores for mean body weight, 
BMI, body fat mass, body fluid, waist circumference, and 
waist circumference category (P< .05). Additionally, correla
tions of body mass index and anthropometric measurements 
with outcomes are shown (Table S1). There was a linear 
trend toward increasing weight and body fat mass with 
increasing DII scores (P< .001) (Figure 2).

The biochemical markers of patients according to the quar
tiles of the DII scores are also shown in Table 3. Only the 
uric acid/creatinine ratio was statistically significant 
(P< .001), and there was a linear trend toward increasing 
uric acid/creatinine ratio with higher DII scores (Figure 2).

Linear regression analysis
Table 4 summarizes the study's primary and secondary out
comes using linear regression analysis (Table 4). High DII [β 
(95% CI) ¼ 1.98 (1.52–2.40), P< .001] was independently 
positively associated with the VAS pain score, explaining 
47.0% of its variance. The VAS pain score was positively 
associated with DII after full adjustment [β (95% CI) ¼ 1.72 
(0.90–2.55), P< .001], with a coefficient of determination of 
48.6%.

Additionally, linear regression analysis revealed that high 
DII was positively associated with the FIQ-R score, explain
ing 44.7% of its variance. The FIQ-R score was positively 
associated with DII after full adjustment [β (95% CI) ¼ 5.62 
(0.14–11.09), P< .001], with a coefficient of determination 
of 41.2%. Furthermore, high DII was positively associated 
with the uric acid/creatinine ratio, explaining 25.8% of its 
variance. The uric acid/creatinine ratio was positively 

associated with DII after full adjustment [β (95% CI) ¼ 0.21 
(−0.10 to 0.52), P< .001], explaining 29.5% of its variance.

Discussion
This study examined, the possible relationships between DII 
score and pain and fibromyalgia-related symptoms severity 
and inflammatory markers in a population of women with 
FM. As a result of our study, we found that pro- 
inflammatory diet were significantly associated with higher 
pain, disease severity and inflammatory marker especially 
uric acid/creatinine ratio. These results support the hypothe
sis that diet-induced inflammatory potential is associated 
with pain and disease severity and inflammatory in people 
with FM.

Current evidences suggest that dietary interventions may 
have promise as complementary therapies in FM.45,46 We 
also hypothesize that anti-inflammatory diets may reduce the 
levels of pain, FM disease severity and inflammatory 
markers.45,47 To evaluate the anti-inflammatory properties 
of the diet, we assessed the inflammatory status of the diet 
using DII, which, as mentioned, has a strong relationship 
with inflammatory markers in the literature. It was found 
that anti-inflammatory diet was associated with lower pain 
and disease severity in our study. Similarly, it has been shown 
that an anti-inflammatory diet has been shown to be associ
ated with reduced pressure pain thresholds.24 Kaartinen et al. 
(2000) has also been shown that FM patients on a vegan diet 
for three months improved pain and quality of life compared 
with omnivores.48 Moreover, in another study, it was shown 
that a vegetarian dietary intervention over a seven-month 
period reduced symptoms of pain, fatigue, depression and 
anxiety in patients.49 It has been reported that vegetarian, 
vegan, and Mediterranean diets may help alleviate FM symp
toms due to their anti-inflammatory properties.45 A recent 

Figure 2. The correlations of weight, body fat mass, and uric acid creatinine ratio and DII.
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study revealed that patients adhering to an anti-inflammatory 
Mediterranean diet experienced improvements in clinical 
symptoms, particularly regarding overall disability.50 On the 
other hand, Azad et al. (2000) concluded that vegetarian diet 
wasn’t an effective intervention for these patients.51 A recent 
systematic review also reported that anti-inflammatory diets 
positively affect pain. However, it emphasized that due to the 
small number of studies, limited sample sizes, and short inter
vention periods, there is currently insufficient evidence to rec
ommend any specific diet for FM patients. More research is 
necessary to recommend specific diets and investigate poten
tial mechanisms.45

The effects of dietary interventions on pain may be medi
ated through oxidative stress and inflammation. Cytokines 
and chemokines produced as a result of oxidative stress lead 
to the production of pro-inflammatory mediators.42 Dietary 
fiber may help prevent inflammation by reducing lipid oxida
tion and supporting gut flora.52 Moreover, thiamine may 
inhibit pro-inflammatory mediators by suppressing NF-κB 
phosphorylation and Toll-like receptor activity, thereby 
reducing TNF-α, IL-6, IL-1B expression and CRP produc
tion.53 Vitamin C may have also anti-inflammatory proper
ties by modulating the binding of NF-κB to DNA, which 
causes oxidative stress. This modulation may reduce the pro
duction of TNF-α and IL-6, which induce CRP production in 
the liver.54 Due to its antioxidant activity, dietary patterns 
rich in antioxidants may be associated with inflammatory 
status. For this reason, diet may play an important role in 
FM, as evidenced by the improvement of symptoms in indi
viduals following dietary intervention.46 Moreover, weight 
loss as a result of dietary interventions is associated with both 
reduced inflammation and improved quality of life in FM 
patients. Therefore, the improvement in symptoms with dif
ferent dietary strategies may support the hypothesis that both 
weight loss and the psychosomatic component of the disease 
may play an important role in the disease.55 Due to the cross- 
sectional nature of our study, changes in body weight were 
not examined, but anthropometric measures were analysed in 
our study. In addition, our study found that body weight, 
BMI, body fat percentage and body fluid percentage were 
higher in individuals in Q4. Interestingly, people in Q2 had a 
higher waist circumference than the other quartiles. 
Individuals in Q1 have low body fat and high lean body 
mass, which may explain the lower waist circumference of 
Q1 compared to other quartiles. The differences in Q2 and 
Q3 may be due to individuals with low muscle mass.

Consistent with the hypothesis that diet modulates inflam
mation, we found only an association between increased DII 
and increased uric acid/creatinine ratio. However, there was 
no statistically significant difference in CRP, neutrophil/lym
phocyte ratio, and uric acid/HDL-C ratio. The uric acid/crea
tinine ratio is associated with BMI, and the metabolic 
conditions associated with this ratio are responsible for 
hyperuricaemia.56 High levels of uric acid can be an inducer 
of oxidative stress and ROS production in vascular endothe
lial cells.57 A positive correlation between DII and CRP has 
been reported in epidemiological studies.33 However, to the 
best of our knowledge, the relationship between DII and CRP 
levels in FM has not been analysed. Since this is the first study 
to investigate the relationship between DII and CRP in FM 
patients, it is thought that the results of this study will shed 
light on the literature.

The ratio of uric acid to HDL-C is a marker that increases 
with inflammation.58 The marker has been shown in the liter
ature to be particularly useful in the diagnosis and progres
sion of metabolic syndrome. Elevated serum uric acid levels 
can induce oxidative processes in vascular smooth muscle, 
endothelium, renal tubules, hepatocytes and adipose tissue.14

In this study, no statistically significant difference was found 
between uric acid/HDL ratios according to dietary inflamma
tory index in FM patients. This may be due to the fact that 
the uric acid and HDL-C levels of the participants, the major
ity of whom were women, were within the reference range.

The anti-inflammatory effects of the Mediterranean diet 
and the DASH diet are well known, and these dietary pat
terns may be associated with the neutrophil/lymphocyte 
ratio. In the elderly population, higher consumption of vege
tables and cereals, especially in women, and higher diet qual
ity have been shown to be associated with lower neutrophil/ 
lymphocyte ratios.59 In a middle-aged population (45– 
70 years), the neutrophil/lymphocyte ratio was shown to 
decrease with increasing adherence to the Mediterranean 
diet.60 In the literature, fibromyalgia patients have been 
shown to have a higher neutrophil/lymphocyte ratio than 
controls.36 In this study, it was observed that the neutrophil/ 
lymphocyte ratio was higher in people with a more pro- 
inflammatory diet. Although the difference between the 
groups is not statistically significant, it fills the gap in the lit
erature on the relationship between diet and neutrophil/lym
phocyte ratio in FM. The results might have varied 
depending on the assessment of other variables influencing 
the neutrophil and lymphocyte ratio in the sample group or 
the inclusion of confounders.

Table 4. Linear regression analysis of the relationship between scores of Pain, FIQ-R, Uric acid/creatinin and DII.

Pain                           FIQ-R                            Uric acid/creatinine ratio            

β   SE %95 CI  R2    β    SE %95 CI     R2    β   SE %95 CI     R2    

DII Crude 1.98 0.23 1.52–2.40 0.470� 20.47 2.52 5.47–25.48 0.447� 0.53 0.11 0.50–1.10 0.258�
Model 1 1.89 0.24 1.41–2.37 0.468� 21.83 2.58 16.69–26.97 0.470� 0.73 0.15 0.43–1.04 0.248�
Model 2 1.72 0.42 0.90–2.55 0.486� 15.72 4.47 6.80–24.64 0.471� 0.45 0.26 −0.08 to 0.97 0.295�

DII Quartile Crude 1.31 0.16 0.99–1.63 0.440� 12.21 1.82 8.47–15.95 0.331� 0.49 0.28 0.29–0.70 0.214�
Model 1 1.22 0.17 0.88–1.57 0.432� 12.49 1.97 8.56–16.42 0.363� 0.45 0.11 0.24–0.66 0.454�
Model 2 0.97 0.24 0.48–1.45 0.477� 5.62 2.74 0.14–11.09 0.412� 0.21 0.15 −0.10 to 0.52 0.285�

Abbreviations: DII, Diet Inflammatory Index; FIQ-R, Revised Fibromyalgia Impact Questionnaire; 95% CI, 95% confident interval; SE, Standart Error.
Beta coefficient, standard error, 95% confidence interval, R squared and P value calculated from linear regression analysis
�

P< .001.
Model 1: Adjusted for age, gender, educational status; Model 2: Additionally adjusted for BMI, body fat, fat free mass, cholesterol, fiber, caroten, iron, 
magnesium, vitamine C.
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Limitations
It is important to note that this study also has potential limi
tations. First, the cross-sectional design of the study means 
that no causal conclusions can be drawn. Second, although 
the 24-hour dietary recall method is a reliable method for 
determining the nutrients consumed by individuals over the 
course of a day, it has an inherent limitation due to recall. To 
minimize 24-hour recall bias in this study, recall was 
interviewer-guided and a food catalogue was used to improve 
the accuracy of food descriptions and quantities. In addition, 
people whose energy intake was <0.9 of their basal metabolic 
rate were not included in the analysis as this would have been 
an under-reporting. Third, the majority of the sample is 
female and not every FM patient is suitable for the indica
tions of prolotherapy, which may not be generalisable to all 
FM patients. Moreover, physical activity was not questioned 
in this study. Future research may question physical activity, 
and it would be useful to measure body mass. In addition, the 
first quartile of the DII was used as the control group in our 
study. Finally, the DII score was calculated on the basis of 
only 26 of the 45 food parameters originally included. 
However, the missing components (eugenol, flavanols, fla
vones, flavanones, anthocyanins, isoflavones, garlic, rose
mary, saffron, ginger, turmeric, tea, alcohol) were not 
detected in the nutritional analysis programme used or were 
consumed in very small amounts or not consumed at all, and 
previous research has reported that their absence had no 
effect on DII scores.33 Despite these limitations, this is one of 
the few studies analysing the relationship between DII and 
FMS clinical symptoms. It is also, to the best of our knowl
edge, the first study to analyze the relationship between the 
DII and markers of inflammation.

Conclusions
In conclusion, we found that anti-inflammatory diets were 
associated with lower pain, disease severity and uric acid/cre
atinine ratio in patients with FM, suggesting that dietary 
inflammatory potential might play a role in FM symptoms 
severity in these patients. In this context, a good way to 
improve the symptoms of the disease may be a combination 
of different dietary approaches that are tailored to the meta
bolic changes. In addition, epidemiological studies with large 
samples and double-blind randomised controlled intervention 
studies which are involved both genders are needed to investi
gate the effect of dietary inflammatory potential on clinical 
symptoms and inflammatory markers in FM.
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