
ABSTRACT

Musculoskeletal pains (MPs), defined as persistent or recurrent pain, is a complex health 
problem. High overall calorie and fat intake have been related to obesity and MPs. Dietary 
energy density (DED), defined as energy content of food and beverages (in kcal) per unit 
total weight, has been associated with chronic muscle, cartilage, bone damage and pain. 
Thus, the purpose of this study is to investigate the association between DED and MPs in 
adult men and women. A total of 175 men and women (> 18 years) with MP participated in the 
study. A validated short form physical activity (PA) questionnaire, demographic, and McGill 
Pain Questionnaire were used. Anthropometric measurements were evaluated via standard 
protocols. Furthermore, a seven-day 24-hour recall of diet was used to determine the dietary 
intake. Total DED was calculated and divided into quartiles. Linear regression was used to 
discern the association between DED and MPs in adults. Participants assigned in the highest 
category of DED were characterized by lower intake of potassium, magnesium, vitamin C, 
folate, and fiber. However, results showed displayed higher intake of sodium, vitamin E, 
vitamin B3, fat, protein, cholesterol, saturated fatty acids, monounsaturated fatty acids, and 
polyunsaturated fatty acids (p < 0.001). Finally, after adjustment for confounders such as age, 
gender, PA, body mass index, waist circumference, education, job, marital status, history of 
some chronic diseases and vitamin C supplementation, a significant positive association was 
detected between DED and pain intensity. There was no significant association between DED 
and pain frequency in all models.
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INTRODUCTION

Musculoskeletal pains (MPs), defined as persistent or recurrent pain, is a complex health 
problem and it is essential to manage the severity and frequency of pain in patients who 
suffer from MPs effectively [1]. As understanding of chronic (musculoskeletal) pain has 
evolved over the last few decades, many new approaches have emerged [2]. A significant 
number of the population are affected by MPs [3,4], where the average prevalence of MPs 
was shown to be 30% (ranging from 13.5%–47%) across 15 different countries [5]. Studies 
have shown that there is a bidirectional relationship between chronic musculoskeletal pain 
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and depression, anxiety, pain catastrophizing, and kinesiophobia [2]. Moreover, MPs is the 
leading cause of disability and can affect different musculoskeletal structures, such as, bone 
and muscle, especially shoulders, neck, back and knees [6]. Further, inability to maintain 
homeostasis and organ response to stressors are as a result of severe and chronic pain [7].

Chronic pain management is increasingly focused on lifestyle factors such as sleep quality, 
smoking, alcohol intake, psychological and cognitive factors, level of physical activity (PA) and 
type of diet [2]. Indeed, the World Health Organization (WHO) regards diet as one of the most 
important lifestyle factors related to chronic disease, such as musculoskeletal diseases [8]. 
For example, overweight and obesity, excessive consumption of sodium, sugar and fat, and 
also high overall calorie intake, have routinely been related to MPs [5]. Dietary energy density 
(DED), defined as energy content of food and beverages (in kcal) per unit total weight [9], has 
been reported to impact the regulation of our total daily energy intake (EI), and reduction of 
DED can lead to reduction of EI. Diets with low energy density (ED) have higher water and fiber, 
such as whole grains, vegetables, fruits, low-fat dairies and lean meat; however, diets with high 
ED have higher fat content and are low in water, such as refined grain, animal fat and process 
meat [10]. Several previous studies have shown there is positive association between DED and 
overweight and obesity, whereas low DEE has a negative association, and this excessive calorie 
consumption may be related to chronic pain and MPs [5,10,11]. Previous studies have suggested 
that moderate consumption of protein foods rich in glutamic acid, tryptophan, and leucine, 
such as soy, egg, cod, dairy products, lean meat, poultry, and fish, can be support and prevent 
muscle pain and muscle-wasting [7,12]. It is well known that vitamin D and dietary magnesium 
(Mg++) may have some beneficial effect on MPs [13,14]; indeed, some studies have reported 
that supplements such as vitamin E have a positive effect on reducing muscle pain symptoms 
[15]. Plant-derived substances, such as curcumin and ginger, have been shown contribute to 
decreasing MPs [7], and elicit positive improvements in chronic pain, function, and quality of 
life [16]. In a review study, it was shown that patients with chronic rheumatoid arthritis pain 
had inadequate intake of magnesium, calcium, zinc, vitamin B6 and B9 [2]. On the other hand, 
there was a negative relation with pain severity and carbohydrates, proteins, lipids, vitamin 
A-E-K-B9, selenium, and zinc in fibromyalgia [2]. However, in another study, there was a 
positive association between pain threshold and protein intake in fibromyalgia [17]. Further, 
in patients with osteoarthritis, pain severity was associated with higher intake of sugar and fat 
[18]. However, some cross-sectional evidence disputes this finding, and noted no significant 
correlation between pain severity and any nutrient intakes [19]. Thus, given the inconclusive 
results of previous studies, the objective of this study was to investigate the association between 
DED and MPs in adult men and women.

MATERIALS AND METHODS

Study population
This cross-sectional study was conducted by means of multistage cluster random sampling, 
from February to October 2020. Participants in this study were volunteers in district 2 and 3 
of Tehran, Iran, who had been referred to physiotherapy and orthopedic clinics. A total of 175 
men and women, above 18 years of age, participated in the study. A demographic questionnaire 
was used to assess persistence of pain for more than three months, age, gender, education 
level, job, history of chronic diseases, supplementation and vitamin usage, pain relief drugs 
consumption, smoking status and marital status. The exclusion criteria were having a bone 
fracture in the last three months, pregnancy, breastfeeding, and psychosomatic disorders.
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Anthropometric and PA measuring
For height measurements, subjects were in a standing position and unshod, and recorded to 
the nearest 0.1 cm. The weight of participants was measured, using a Seca scale to the nearest 
0.1 kg, while they were unshod and with light clothes. Body mass index (BMI) was computed 
as weight (kg) divided by height squared (m2). A non-elastic tape, with an accuracy of 0.1 cm, 
was used to measure waist circumference (WC) at a point midway between the iliac crest and 
lower rib margin. The anthropometric measurements were performed by a dietitian trained 
in anthropometry to reduce individual error. In addition, PA was assessed using the validated 
short form of the International Physical Activity Questionnaire (IPAQ) [20]. PA was divided to 
low, moderate and high.

Dietary assessment and evaluation of DED
The dietary data were collected via a face-to-face interview using a seven-day 24-hour recall of 
diet. All foods and beverages consumed during the preceding week were asked to be recalled 
by participants [21]. We converted the portion-sizes of foods and beverages to grams. 
Nutritionist IV (version 7.0; N-Squared Computing, Salem, OR, USA) Software modified for 
Iranian foods [22] was used to analyze all foods and beverages for their energy and nutrient 
content. Food composition tables from the United States Department of Agriculture (USDA) 
were used to develop the software database. The analysis considered energy intake in the 
range of 800–4,000 kcal, anything outside of this range being excluded. To calculate ED, the 
total daily energy (in kcal) was divided by food weight (in g) consumed in a single day [2,23].

Pain assessment
In order to assess pain severity, we used the validated McGill Pain Questionnaire, which 
consists of 20 questions with a score range of 0 (no pain) to 78 (severe pain) [24]. According 
to the number of days they feel pain in a week, the frequency of pain was evaluated. A 
qualified clinician performed all measurements.

Statistical analysis
Normal distribution of data was checked by Kolmogorov-Smirnov test. DED were transformed 
to quartiles based on the trend, quantitative variables were described by means and standard 
deviations, whereas qualitative variables were described using the frequencies (percentage). 
To compare qualitative and quantitative factors across DED quartiles, χ2 test and one-way 
analysis of variance (ANOVA) and ANCOVA were used. For non-normally distributed data, non-
parametric test (Kruskal-Wallis test) was used to find the differences between DED quartiles. 
To discern the relationship between DED and pain, linear logistic regression was used. Three 
models were created: crude model, model 1, which was adjusted for age, gender, PA, and BMI, 
and model 2, which was adjusted for model 1+ education, job, and marital status, history of 
kidney disease and vitamin C supplementation. Final model was adjusted for model 2+ history 
of osteoporosis, gout, carpal tunnel syndrome, migraine, tennis elbow, rheumatoid arthritis, 
hereditary disorders of the skeleton and limb-length discrepancy. The results of the study were 
analyzed using SPSS 26 software (IBM Corp., Armonk, NY, USA), and, for all tests, values of less 
than 0.05 were considered statistically significant.

Ethics statement
The National Committee for Ethics in Biomedical Research approved this study under 
code IR.IAU.SRB.REC.1399.084. The data are not publicly available because of containing 
information that could compromise the privacy of the research. All participants signed 
written informed consent forms.
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RESULTS

Study population and general characteristics
In total, 175 patients were included in the statistical analysis. General characteristics of 
participants across quartiles of DED are provided in Table 1. With regard to all general 
characteristics, no differences were observed between participants in the highest 
category compared to those in bottom one except history of kidney disease and vitamin C 
supplementation (p < 0.05).
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Table 1. General characteristics of participants across DED
Variables DED

Q1 (n = 43) Q2 (n = 44) Q3 (n = 44) Q4 (n = 44) p value
Education 0.73

Diploma or less 8 (18.6) 8 (18.2) 3 (6.8) 5 (11.4)
Bachelor’s degree 16 (37.2) 18 (40.9) 19 (43.2) 21 (47.7)
Master’s degree 10 (23.3) 13 (29.5) 12 (27.3) 10 (22.7)
PhD or higher 9 (20.9) 5 (11.4) 10 (22.7) 8 (18.2)

Job 0.82
Housekeeper 5 (11.6) 4 (9.1) 6 (13.6) 1 (2.3)
Labor 0 (0) 1 (2.3) 0 (0) 1 (2.3)
Management employee 7 (16.3) 7 (15.9) 5 (11.4) 4 (9.1)
Non-managerial employee 9 (20.9) 8 (18.2) 10 (22.7) 12 (27.3)
Pensionary 1 (2.3) 4 (9.1) 4 (9.1) 4 (9.3)
University student 12 (27.9) 8 (18.2) 9 (20.5) 14 (31.8)
No work 1 (2.3) 3 (6.8) 2 (4.5) 1 (2.3)
Other 5 (11.6 (5) 9 (20.5) 8 (18.2) 10 (22.7)

Marriage 0.47
Married 21 (48.8) 21 (47.7) 18 (40.9) 12 (27.3)
Single 21 (48.8) 22 (50.0) 25 (56.8) 30 (68.2)
Divorce 1 (2.3) 1 (2.3) 1 (2.3) 2 (4.5)

Gender 0.58
Men 9 (20.9) 13 (29.5) 15 (34.1) 13 (29.5)
Women 34 (79.1) 31 (70.5) 29 (65.9) 31 (70.5)

Smoking 0.92
Yes 8 (18.6) 7 (15.9) 6 (13.6) 5 (11.4)
No 33 (76.7) 35 (79.5) 37 (84.1) 36 (81.8)
Before 2 (4.7) 2 (4.5) 1 (2.3) 3 (6.8)

Age 0.11
Younger adult (18–45) 23 (21.9) 22 (21) 25 (23.8) 35 (33.3)
Middle-aged (46–64) 16 (30.2) 17 (32.1) 14 (26.4) 6 (11.3)
Elderly (> 65) 4 (23.5) 5 (29.4) 5 (29.4) 3 (17.6)

PA 0.07
Low 19 (24.1) 22 (27.8) 21 (26.6) 17 (21.5)
Medium 4 (20.0) 2 (10.0) 3 (15.0) 11 (55.0)
High 20 (26.3) 20 (26.3) 20 (26.3) 16 (21.1)

History of kidney disease 0.02
Yes 0 (0.0) 5 (62.5) 3 (37.5) 0 (0.0)
No 43 (25.7) 39 (23.4) 41 (24.6) 44 (26.3)

Osteoporosis 0.36
Yes 3 (33.3) 4 (44.4) 1 (11.1) 1 (11.1)
No 40 (24.1) 40 (24.1) 43 (25.9) 43 (25.9)

Arthritis 0.64
Yes 5 (38.5) 2 (15.4) 3 (23.1) 3 (23.1)
No 38 (23.5) 42 (25.9) 41 (25.3) 41 (25.3)

Gout 0.37
Yes 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)
No 42 (24.1) 44 (25.3) 44 (25.3) 44 (25.3)

(continued to the next page)
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Variables DED
Q1 (n = 43) Q2 (n = 44) Q3 (n = 44) Q4 (n = 44) p value

Carpal tunnel syndrome 0.56
Yes 1 (50.0) 0 (0.0) 1 (50.0) 0 (0.0)
No 42 (24.3) 44 (25.4) 43 (24.9) 44 (25.4)

Migraine 0.25
Yes 3 (60.0) 1 (20.0) 1 (20.0) 0 (0.0)
No 40 (23.5) 43 (25.3) 43 (25.3) 44 (25.9)

Tennis elbow 0.29
Yes 0 (0.0) 1 (33.3) 2 (66.7) 0 (0.0)
No 43 (25.0) 43 (25.0) 42 (24.4) 44 (25.6)

Rheumatoid arthritis 0.57
Yes 0 (0.0) 1 (50.0) 0 (0.0) 1 (50.0)
No 43 (24.9) 43 (24.9) 44 (25.4) 43 (24.9)

Hereditary disorders of the skeleton 0.10
Yes 0 (0.0) 3 (75.0) 0 (0.0) 1 (25.0)
No 43 (25.1) 41 (24.0) 44 (25.7) 43 (25.1)

limb-length discrepancy 0.43
Yes 1 (50.0) 1 (50.0) 0 (0.0) 0 (0.0)
No 42 (24.3) 43 (24.9) 44 (25.4) 44 (25.4)

Vitamin C supplementation 0.04
Yes 12 (38.7) 6 (19.4) 10 (32.3) 3 (9.7)
No 31 (21.5) 38 (26.4) 34 (23.6) 41 (28.5)

Vitamin D supplementation 0.50
Yes 20 (23.5) 18 (21.2) 25 (29.4) 22 (25.9)
No 23 (25.6) 26 (28.9) 19 (21.1) 22 (24.4)

Multivitamin supplementation 0.07
Yes 15 (29.4) 6 (11.8) 16 (31.4) 14 (27.5)
No 28 (22.6) 38 (30.6) 28 (22.6) 30 (24.2)

Zinc supplementation 0.47
Yes 9 (23.7) 9 (23.7) 7 (18.4) 13 (34.2)
No 34 (24.8) 35 (25.5) 37 (27.0) 31 (22.6)

Calcium supplementation 0.33
Yes 10 (32.3) 8 (25.8) 9 (29.0) 4 (12.9)
No 33 (22.9) 36 (25.0) 35 (24.3) 40 (27.8)

Omega 3 supplementation 0.53
Yes 4 (25.0) 2 (12.5) 6 (37.5) 4 (25.0)
No 39 (24.5) 42 (26.4) 38 (23.9) 40 (25.2)

Taking: Acetaminophen 0.88
Yes 1 (16.7) 2 (33.3) 2 (33.3) 1 (16.7)
No 42 (24.9) 42 (24.9) 42 (24.9) 43 (25.4)

Taking: Ibuprofen 0.07
Yes 2 (12.5) 7 (43.8) 6 (37.5) 1 (6.3)
No 41 (25.8) 37 (23.3) 38 (23.9) 43 (27.0)

Taking: Celecoxib 0.51
Yes 40.0 (2) 0.0 40.0 (2) 20.0 (1)
No 24.1 (41) 25.9 (44) 24.7 (42) 25.3 (43)

Weight (kg/m2) 68.56 ± 16.66 68.73 ± 13.33 72.34 ± 16.46 67.75 ± 14.21 0.50
Height (cm) 165.36 ± 8.89 165.75 ± 8.74 168.04 ± 9.22 167.43 ± 8.41 0.42
BMI (kg/m2) 24.88 ± 4.59 24.98 ± 4.25 25.37 ± 3.94 24.12 ± 4.52 0.58
WC (cm) 87.55 ± 23.31 86.79 ± 19.10 89.04 ± 16.94 83.15 ± 14.63 0.50
WHR 0.52 ± 0.14 0.52 ± 0.11 0.52 ± 0.08 0.49 ± 0.09 0.50
Total pain result* 15.11 ± 19.09 14.13 ± 14.39 20.68 ± 18.73 18.29 ± 16.72 0.08
Pain frequency (number per week)* 2.07 ± 2.50 1.39 ± 1.61 2.07 ± 2.09 1.45 ± 1.84 0.53
Quantitative variables were described by means and standard deviations, whereas qualitative variables were described using the frequencies (percentage). The 
bold-faced p values < 0.05 was considered significant.
DED, dietary energy density; BMI, body mass index; PA, physical activity; WC, waist circumference; WHR, waist to height ratio.
Calculated by χ2 and analysis of variance for qualitative and quantitative variables, respectively; *Kruskal Wallis test was used.

Table 1. (Continued) General characteristics of participants across DED
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Comparison of daily nutrient intake in participants across DED quartiles
Energy adjusted selected nutrients and food group intakes of participants across quartiles 
of DED are represented in Table 2. Participants in the highest category of DED were 
characterized by lower intake of potassium (p < 0.001), magnesium (p = 0.02), vitamin C (p 
< 0.001), folate (p < 0.001), and fiber (p < 0.001). However, they displayed higher intake of 
sodium (p = 0.03), vitamin E (p = 0.009), vitamin B3 (p < 0.001), fat (p < 0.001), protein (p = 
0.006), cholesterol (p = 0.02), saturated fatty acids (SFA) (p = 0.001), monounsaturated fatty 
acids (MUFA) (p < 0.001), and polyunsaturated fatty acids (PUFA) (p = 0.001).

Association of DED and intensity and frequency of pain among patients
As detailed in Table 3, in the crude model, there was no significant relationship between DED 
and pain intensity (β = 1.61; 95% confidence interval [CI] = −0.70 to 3.92; p = 0.17). However, 
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Table 2. Energy-adjusted dietary intakes across DED
Variables DED

Q1 (n = 43) Q2 (n = 44) Q3 (n = 44) Q4 (n = 44) p value*
Calcium (mg/day) 1,315.32 ± 638.70 1,283.75 ± 513.41 1,118.17 ± 448.48 1,176.47 ± 605.94 0.31
Potassium (mg/day) 4,547.17 ± 19.54 4,056.67 ± 1,206.02 3,340.81 ± 1,106.91 3,261.49 ± 1,408.90 < 0.001
Phosphorus (mg/day) 1,557.43 ± 638.60 1,625.57 ± 561.53 1,397.74 ± 495.18 1,668.18 ± 931.73 0.26
Magnesium (mg/day) 390.91 ± 162.84 362.17 ± 122.21 312.24 ± 128.59 312.76 ± 140.60 0.02
Sodium (mg/day) 1,777.03 ± 938.30 1,923.54 ± 659.04 1,681.12 ± 677.35 2,247.55 ± 1,353.71 0.03
Zinc (mg/day) 11.14 ± 4.26 11.79 ± 4.33 10.68 ± 4.40 13.63 ± 9.44 0.11
Iron (mg/day) 14.81 ± 7.48 15.68 ± 4.54 14.16 ± 6.76 16.64 ± 8.12 0.35
Vitamin A (RAE) 2,554.39 ± 1,844.21 2,069.89 ± 1,050.62 2,197.40 ± 1,285.06 1,855.11 ± 1,268.78 0.12
Vitamin E 13.68 ± 10.87 16.73 ± 12.10 16.05 ± 10.70 32.46 ± 53.67 0.009
Vitamin B1 (mg/day) 1.72 ± 0.65 1.75 ± 0.48 1.54 ± 0.50 1.80 ± 0.98 0.31
Vitamin B2 (mg/day) 2.52 ± 0.98 2.59 ± 0.82 2.33 ± 0.81 2.65 ± 1.24 0.45
Vitamin B3 (mg/day) 18.80 ± 6.43 22.16 ± 6.58 20.28 ± 8.31 32.51 ± 29.55 < 0.001
Vitamin B6 (mg/day) 2.44 ± 1.41 2.20 ± 0.68 1.98 ± 0.84 2.43 ± 1.96 0.32
Vitamin B9 (μg/day) 451.56 ± 286.85 395.09 ± 131.52 304.93 ± 173.56 263.24 ± 109.64 < 0.001
Vitamin B12 (μg/day) 5.18 ± 4.79 6.42 ± 4.93 7.26 ± 6.64 7.66 ± 6.81 0.21
Vitamin C (mg/day) 155.46 ± 94.60 150.38 ± 74.17 121.12 ± 58.80 89.47 ± 50.87 < 0.001
Vitamin D (μg/day) 2.82 ± 2.48 2.57 ± 1.94 2.59 ± 1.94 2.48 ± 2.07 0.89
Vitamin K (μg/day) 250.09 ± 186.62 270.03 ± 156.22 225.68 ± 120.35 230.17 ± 218.60 0.61
Carbohydrate (g/day) 263.05 ± 113.22 251.95 ± 68.67 230.17 ± 89.60 236.90 ± 124.43 0.42
Fat (g/day) 88.34 ± 24.24 97.61 ± 23.29 95.50 ± 19.65 133.66 ± 63.98 < 0.001
Protein(g/day) 84.66 ± 31.49 93.60 ± 29.09 83.25 ± 31.26 125.94 ± 115.51 0.006
Cholesterol (mg/day) 291.11 ± 196.52 321.92 ± 184.45 321.05 ± 228.35 447.66 ± 377.59 0.02
SFA (g/day) 25.30 ± 11.35 28.14 ± 13.00 24.02 ± 7.92 38.34 ± 30.14 0.001
MUFA (g/day) 31.54 ± 11.80 32.19 ± 9.45 35.72 ± 10.65 47.11 ± 20.95 < 0.001
PUFA (g/day) 22.12 ± 8.41 26.17 ± 7.13 25.68 ± 6.58 35.54 ± 29.45 0.001
Fiber (g/day) 21.09 ± 16.65 15.64 ± 5.76 13.26 ± 8.09 10.60 ± 5.96 < 0.001
Variables were described by means and standard deviations. Calculated by analysis of covariance. The bold-faced p values < 0.05 was considered significant.
DED, dietary energy density; RAE, retinol activity equivalents; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid.
*Adjusted for energy intake.

Table 3. Association of DED with intensity and frequency of pain among patients
DED (kcal/g) Pain intensity* Pain frequency*

β 95% CI p value β 95% CI p value
Crude 1.61 (−0.70, 3.92) 0.17 −0.11 (−0.38, 0.15) 0.40
M1 2.26 (−0.01, 4.53) 0.05 0.01 (−0.23, 0.26) 0.90
M2 2.35 (0.07, 4.64) 0.04 0.02 (−0.21, 0.26) 0.82
M3 3.03 (0.88, 5.19) 0.006 0.09 (−0.15, 0.33) 0.45
The bold-faced p value < 0.05 was considered significant. Beta coefficient shows the degree of change in the outcome variable.
M1: Adjusted for age, gender, physical activity, BMI; M2: Adjusted for age, gender, physical activity, BMI, education, job, marital status, history of kidney disease, 
vitamin C supplementation; M3: M2 + osteoporosis, gout, carpal tunnel syndrome, migraine, tennis elbow, rheumatoid arthritis, hereditary disorders of the 
skeleton, limb-length discrepancy.
DED, dietary energy density; CI, confidence interval.
*Linear regression was used.
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after adjustment for confounders such as age, gender, PA, BMI, WC, education, job, marital 
status, history of kidney disease, vitamin C supplementation, osteoporosis, arthritis, gout, 
carpal tunnel syndrome, migraine, tennis elbow, rheumatoid arthritis, hereditary disorders 
of the skeleton and limb-length discrepancy a significant positive association was detected in 
model 1 (β = 2.26; 95% CI = −0.01 to 4.53; p = 0.05), model 2 (β = 2.35; 95% CI = 0.07 to 4.64; 
p = 0.04) and model 3 (β = 3.03; 95% CI = 0.88 to 5.19; p = 0.006). There was no significant 
association between DED and pain frequency in all models (p > 0.05).

DISCUSSION

This study presented a novel investigation into the relationship between DED and pain 
intensity among Iranian adults. Our finding that a positive association between DED and pain 
intensity was evident may play an important role in a long-term plan of pain management. 
According to previous studies, higher consumption of energy-dense foods, which are rich in 
fat and low in water, may be related to inflammation all over the body [25]. On other hand, 
inflammation is known to be associated with chronic diseases like MPs [2]. Indeed, neuroglia 
cells commence neuro-inflammation in response to a poor diet which is full of energy dense 
foods like fats. The MPs may be affected by probable mechanisms such as oxidative stress, 
peripheral inflammation, and changes in the gut microbiome [26].

High energy dense foods include high fat content, red and processed meats, as well as fast 
food and desserts [2]. Based on the present study, consumption of protein, fat, cholesterol, 
SFA and PUFA were higher concurrent with DED quartiles, which is supportive of previous 
results. Animal proteins can increase inflammation and MPs [2], however, contrary to this, 
and indeed the present study, some past studies reported beneficial effects of dietary protein 
in muscle health [27]. Andersen found that dietary cholesterol can modulate T lymphocyte 
activity and degradation in joint in patients with rheumatoid arthritis [28]. In addition, 
Sekar et al. [29] showed dietary SFA could contribute to pain in mice with osteoarthritis via 
underlying mechanisms which are related to pro-inflammatory markers like interleukin-1β and 
interferon-γ. Fried foods are often prepared with plant oils which are rich in PUFAs (mostly 
omega 6) in Iran, and this can aggregate pain [30]. Oxidized linoleic acid derived mediators 
like oxylipins may be relevant to pain signaling and adaptation to chronic pain in the brain 
[31]. Indeed, high speed prepared foods are often rich in sodium and sugar, and according 
to the American Heart Association, the amount of dietary sodium should be less than 1,500 
mg per day. The present study population consumed more than 1,500 mg/d, and this may be 
associated with a systemic increase in chronic inflammation and pain severity [32].

On the other hand, subjects in the present study consumed lower levels of potassium, 
vitamin C, magnesium, and fiber, which are abundant in fruits and vegetables, across DED 
quartiles. In line with this study, previous studies found that adherence to a plant-based diet 
can reduce chronic pain via high content of fiber, phytochemicals, and vitamins [16]. Indeed, 
higher intakes of vitamins B can directly decrease homocysteine plasma level, which may be 
responsible for many chronic conditions, including MPs [33]. Overall, fruits and vegetables, 
termed low energy dense foods, are full of water and phytochemicals, and can increase the 
antioxidant capacity of the body [2]. Interestingly, although the intake of vitamin D was not 
statistically different, total intake of was very low, particularly given the ability of vitamin D 
to reduce inflammation [34]. Furthermore, green leafy vegetables are high in magnesium and 
potassium, where dietary magnesium can help muscle function and may improve MPs [35]. 
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In line with this study, many previous studies found a strength association between dietary 
approach to stop hypertension (DASH) diet and improving body composition (reducing body 
fat and increasing muscle strength) and relieving pain [36]. Finally, in the present study, pain 
frequency was not associated with DED, which may be attributable to low frequency of feeling 
pain in weeks.

Although we have provided a novel addition to the literature, there are several limitations 
that should be acknowledged. Indeed, the present work was cross-sectional, which therefore 
precludes causal inferences being made. In addition, the number of women who participated 
in this study was greater than male counterparts, which could have influenced the results. 
Furthermore, MPs are more prevalent in older adults, however, older adults comprised only 17% 
of the study population. In addition, we did not evaluated muscle mass of subjects which may 
have effect on the results. Nevertheless, our findings suggest that a balanced diet, with greater 
adherence to low energy dense foods like vegetables, whole grains and whole fruits, and lower 
consumption of high energy dense foods, is recommended for improving pain intensity.

CONCLUSION

In conclusion, we found that greater consumption of energy dense foods may be related 
to prevalence of musculoskeletal pains in adults. However, to confirm the veracity of these 
findings, further studies with larger sample sizes are needed.
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