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Abstract: Food consumption has significant positive effects on an individual’s health status,
including the reduction of symptoms associated with musculoskeletal pain. However, specific
food groups indicated for the treatment of pain are not yet determined. Hence, this review aimed
to analyze the effects of nutritional interventions with specific diets, oils and/or fatty acids, and
foodstuffs in natura in the reduction of musculoskeletal pain. An integrative review was conducted
in the following databases: Embase, PubMed, LILACS, and Google Scholar. Clinical trials written in
English, Spanish, and Portuguese and published between 2000 and March 2020 were included in
this review. Seventeen studies were included. Among these, a reduction of musculoskeletal pain
with different types of nutritional interventions, such as vegan and Mediterranean diets and the
consumption of blueberry, strawberry, passion fruit peel extract, argan oil, fish oil (omega-3), olive oil,
and undenatured type II collagen and vitamin D gel capsules, was observed in 14 studies. Eight studies
evaluated the profiles of several inflammatory markers, and of these, decreased interleukin (IL)-6,
IL-13, and tumor necrosis factor-« levels were observed in two studies. This review suggests that
different nutritional interventions with specific diets, oils and/or fatty acids, and foodstuffs in natura
reduce musculoskeletal pain, specifically in adults with osteoarthritis. Besides pain improvement,
nutritional interventions, including the consumption of strawberry and vitamin D gel capsules,
decrease the levels of several inflammatory markers.
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1. Introduction

Musculoskeletal pain is a complex health problem that causes discomfort, results in poor quality
of life, and affects millions of people worldwide [1-3]. This pain can arise in different musculoskeletal
structures (e.g., muscles, bones, joints, ligaments and tendons, and periarticular tissues) [3-5].
Pharmacological and non-pharmacological interventions and surgical procedures are the mainstay
treatments of musculoskeletal pain, and these treatments subsequently improve an individual’s physical
function [6,7]. However, more recently, several noninvasive and non-pharmacological interventions
used to reduce musculoskeletal pain have been investigated [3] such as nutritional interventions with
specific diets or with the consumption of specific foods [8-11].

Some foodstuffs are potentially considered beneficial to reduce musculoskeletal pain including
fruits, vegetables, and whole grains [12]. Several foods or substances with functional properties
have been studied for their anti-inflammatory effects and/or their possible treatment of pain, such as
omega-3 present in fish o0il [13-16], olive oil [17,18], turmeric [19], and green tea [20]; resveratrol in
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grapes and wine [21]; capsaicin in pepper; and several flavonoids [22] in cabbage [23], cocoa [24],
apple, and citrus fruits [25]. Furthermore, other studies have shown an association between the
progression of osteoarthritis and vitamin D [26-28] and vitamin K [29] deficiencies and on the use of
omega-3 and polyunsaturated fatty acids in the diet, positively affecting the biochemical composition
of the cartilage of individuals with osteoarthritis [30]. Dietary habits are related to several chronic
diseases and may be a major contributor to mortality and morbidity worldwide [31]. The balanced
consumption of food has significant positive effects on an individual’s health status, body weight,
and cardiovascular status [32-34]. Studies assessing the benefits of nutritional interventions indicate
that some foods possibly have anti-inflammatory activities, neutralizing chronic inflammation and
oxidative stress (an imbalance of free radicals and antioxidants in the body, which can lead to cell
and tissue damage) [32], which are the main determining factors for chronic pain [12]. Additionally,
some foods may regulate the immune system and pain perception, improving the functional loss
associated with musculoskeletal conditions and providing a better quality of life [12,35-37]. However,
each food has different properties and mechanisms that act to reduce pain and other musculoskeletal
conditions, [11] and the mechanisms behind these interactions are still unclear and need to be further
explored [11].

A systematic review on clinical practice guidelines for the evaluation and treatment of
musculoskeletal pain described the main available recommendations to reduce musculoskeletal
pain, including physical examination, monitoring of the patient’s progress, physical exercise, and
manual therapy [38]. In this review article and in a broad literature review, consistent evidence
regarding the nutritional treatment of chronic pain is not yet available. Thus, considering that (a)
there is little knowledge about foods and diets in the treatment of musculoskeletal pain in humans,
(b) there is a need to verify which foods are indicated for the treatment of pain [11], and (c) there are
no dietary and nutritional recommendations in the national and international treatment protocols
and consensus on the clinical treatment of musculoskeletal pain; this integrative review aimed to
analyze the effects of nutritional interventions with specific diets, oils and/or fatty acids, and foodstuffs
in natura in the reduction of musculoskeletal pain. In addition, our findings may stimulate further
study in nutrition and pain management areas, as well as contribute to clinical practice, public health
promotion, and existing gaps to be addressed in future studies.

2. Materials and Methods

An integrative literature review was conducted based on the criteria of Whittemore and Knafl
(2005) [39], focusing on the current scientific evidence in the area of nutrition and musculoskeletal pain.
This review was conducted in the following six stages: formulation of the problem, establishment
of the inclusion and exclusion criteria, definition of the information to be extracted from the articles
identified and selected, analysis of information, interpretation of results, and presentation of the
review [40]. To guide the search for scientific publications of intervention studies, the problem was
formulated based on the PICO strategy [41], where P stands for people with musculoskeletal pain;
I for nutritional interventions with specific diets, oils and/or fatty acids, and foodstuffs and other food
supplements in natura in the treatment of pain; C for the control group with normal diet or the placebo
group or other interventions for pain; and O for the expected outcome, which was the reduction of
musculoskeletal pain.

The publications were collected by the principal investigator through an electronic search in the
following databases: Embase, LILACS, PubMed, and Google Scholar. To perform the search, the
Medical Subject Headings terms were used. The descriptors used for the searches were as follows:
Musculoskeletal Pain, Pain, Osteoarthritis, Diet, Mediterranean, Diet Gluten-Free, Diet Fat-Restricted,
Diet Vegetarian, Blueberry Plants, Plants Edible, Fruit, Vegetables, Fatty Acids, Fish Oils, and Olive Oil.
The following filters were used for the PubMed search: Clinical Trial and Humans. The search strategy
was combined and adapted for each of the databases using the Boolean operators (AND, OR, NOT or
AND NOT).
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The inclusion criteria were as follows: randomized clinical trials with nutritional interventions
(interventions with specific diets, fruits and vegetables, or other foods in natura and interventions
with the use of oils and/or fatty acids, vitamins, and other food supplements) in the treatment of
musculoskeletal pain; studies that were written in English, Portuguese, or Spanish; and studies that
were published between 2000 and March 2020. However, the following studies were excluded in this
review: studies that combined diet and physical exercises or other types of therapies, considering
that the combined use of two interventions can influence the results, subsequently preventing the
identification of the intervention that resulted in the reduction of pain, studies assessing pain resulting
from physical exercise and topical treatment, animal studies, theses, dissertations, case studies,
review articles, editorials, letters to the editor, and duplicate studies.

Information on authors and year of publication, study population, place of study, follow-up
period, interventions, outcomes assessed, and the main results of the clinical trials, including the
reduction of pain and results of inflammatory markers when available, was collected. Due to the
heterogeneity of the studies, the analysis was described according to the criteria of Whittemore and
Knafl (2005) [39]. Thus, the studies were presented in subgroups based on the types of nutritional
interventions. The Risk of Bias Assessment Tool from the Cochrane Collaboration will be used to
assess the randomized clinical trial using RevMan Web [42]. This integrative literature review is based
upon previously published studies. There are therefore no ethical concerns with regard to this study.

3. Results

A total of 3194 articles were identified, of which 35 were considered potentially relevant. In
the final analysis, 17 studies were included (Figure 1). Of these, four studies assessed specific diets,
four with nutritional interventions with fruits, five with the use of oils or fatty acids, and four with
the use of other supplements. The studies were conducted in different countries, with the majority of
the studies being conducted in Europe or North America. The full results of the included studies are
presented in Tables 1-4. Although the risk of general bias in the studies was low, some were identified
as having a high risk of bias, as demonstrated in Figure 2, as they did not meet the following criteria:
random sequence generation, allocation concealment, blinding of participants and personnel, blinding
of outcome assessment, and selective reporting.
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Figure 1. Study selection flowchart.
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Table 1. Nutritional interventions with specific diets on musculoskeletal pain, other musculoskeletal manifestations, and inflammatory markers.

50f17

Authors/Year/ . Follow-Up . Outcomes Pain Assessment . Reduction of
Country Population Type of Study Period Intervention Assessed Instrument Used Main Results Pain
There was a slight
_ . . Group 1: Gluten-free . . reduction in pain that
Slimetal. 2017 [10] "= /O PAUENE WIth o gomized diet (n = 35) . Brief Pain did not differ
. ibromyalgia . . 24 weeks . . Pain Inventory-Short Form . . No
Spain Awe > 18 vears clinical trial Group 2: Low-calorie (BPI-SF) significantly between
8 y diet (n = 40) the two study groups
(p =0.982)
Pain score was lower
in group 1 (p = 0.011
Group 1: Pain and 0.049) than that
McKellar et al. n =130 women with Pilot study of Mediterranean diet Stiffness alrr: dt krlﬁ;ﬁ?:ol%rfﬁiz’s
(2007) [43] rheumatoid arthritis dietary 6 weeks (n=75) Inflammatory Global Pain Scale (= 0.0 411) V%aslmore Yes
United Kingdom Age: 30-70 years intervention Group 2: Healthy marker: P _ré dominantl
control diet (1 =55)  CRP and IL-6 p . y
observed in group 1
compared to the
control group
) In group 1 there was
. . Groupl: . Pain an improvement in
Skoldstam; Hagfors; . Mediterranean diet . .. R
) n=>51 Randomized, Swelling of the joint swelling
Johansson (2003) [44] 13 weeks (n =26) .. VAS Yes
Age: 33-75 years parallel study . joints (p=0.001),and a
Sweden Group 2: Control . L .
(regular diet) (1 = 25) Stiffness reduction in pain
& = (p = 0.006).
Group 1: Vegan diet
“living food”:
uncooked foods, There was a reduction
Kaartinen et al. N = 28 with . fruits, vegetables, . in pain observed on
(2000) [45] fibromyalgia Non-randomized 13 weeks mushrooms, nuts, Pain VAS the visual analogue Yes
clinical trial seeds, legumes, and Stiffness pain scale (p = 0.005)

Finland

Age: 34-62 years

cereals (n = 18)
Group 2: Control
with omnivorous diet
(n=15)

and joint stiffness
(p =0.001) in group 1.

IL-6, interleukin 6; CRP, C-reactive protein; VAS, Visual Analog Scale; a Daily intake of 1829 kcal, protein intake 71 g (16%-E), carbohydrate intake 276 g (53%-E), fat intake 63 g (31%-E),

and no cholesterol.
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Table 2. Nutritional interventions with fruits on the outcomes of musculoskeletal pain, other musculoskeletal manifestations, and inflammatory markers.

Authors/Year/ . Follow-Up . Pain Assessment . Reduction of
Country Population Type of Study Period Intervention Outcomes Assessed Instrument Used Main Results Pain
%{3:583; 40?;;1‘;2;(1;5?(1 There was a significant
P ! & Pain reduction of pain in the
packs for daily - .
n = 63 adults with consumption. Consumed Stiffness freatment group with
self-reported twice a da‘ (n=27) Inflammatory blueberry (p < 0.05)
Du et al. (2019) [8] svm tl(:))matic Randomized, 17 weeks Placebo yrou_ 2 markers: WOMAC There were no significant Yes
United States ymp i double-blind ) group & Interleukin (IL)-1p3, questionnaire changes in the plasma
osteoarthritis Consumption of 40 g of .
" " 1L-6,1L-10, IL-13, concentrations of
Age: 45-79 years control” placebo powder infl .
daily, divided in 20-g packs TNF-a, MMP-3, inflammatory markers in
Y . ’ MMP-13, and MCP-1 the treatment group
consumed twice a day (> 0.05)
(n = 22) b5
n =17 adults Group 1: 50 g of Pain $1gn1f1cant redu.c’nor\ of
diagnosed with freeze-dried strawberr Inflammator; pain (@ll p < 0.05) in group 1
Schell et al. gnosec . Y y . A significant reduction in
(2017) [46] osteoarthritis of the Randomized, 26 weeks beverage consumed twice a markers: ICOAP Pain the biomarkers interleukin Yes
. knee double-blind day (n =a) Interleukin (IL)-6, Questionnaire
United States Avera . G 2: Placeb d L1 ) (IL) -6, IL-1p after
ge age: roup 2: Placebo powder 3, and MMP-3 ith b
57 + 7 years (n=a) and MMP-8 treatment with strawberry
- versus control (all p < 0.05).
Group 1 patients reported a
significant reduction in
. stiffness (p = 0.00), but there
Group 1: pomegranate Pain was no reduction in pai
_ . . L . - pain
Ghoochani et al n = 38 patients with juice intervention (1 = 19). Stiffness scores in group 1 (p = 0.49)
’ osteoarthritis of the Randomized Consumption of 200 mL WOMAC .
(2016) [47] .. R 6 weeks . Inflammatory . . and group 2 (p = 0.13) No
knee clinical trial without added sugar questionnaire S
Iran Age: 30-80 vears Group 2 (control): Usual markers: MMP-1, There were significant
8 y P ; MMP-13 differences between the
lifestyle (n = 19) . .
two groups in relation to
MMP-1 (p = 0.05) and
MMP-13 (p = 0.02)
. Group 1: Passion fruit peel
N = 33 adults with ggﬂgloe I_I;Zirelj' extract (n = 17) There was a significant
Farid et al. (2010) [48] osteoarthritis of the  placebo-controlled C%rogp 2 ('plac.ebo): Pﬂls . WOMAC rec%uctlon in physical
Tran Kknee studv, with 8 weeks with inactive ingredients Pain Lestionnaire function after 30 days and Yes
Age: 25-65 vears arallZi rou without therapeutic activity q pain after 60 days in group
8¢ Y p desiggn P and identical appearance 1 (p <0.001)

(n=16)

IL, interleukin; MCP-1, monocyte chemoattractant protein-1, MMP-3, matrix metalloproteinase-3; MMP-8, matrix metalloproteinase-8; MMP-13, matrix metalloproteinase-13; TNE,
tumor necrosis factor; CRP, C-reactive protein; WOMAC, Western Ontario and McMaster Universities Arthritis Index; a, Not indicated; ICOAP, Intermittent and Constant Osteoarthritis Pain.
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Table 3. Nutritional interventions with the use of olive oil, omega-3, and other oils on musculoskeletal pain, other musculoskeletal manifestations, and

inflammatory markers.
Authors/Year/ Population Type of Study FOHOYV-uP Intervention Outcomes Assessed Pain Assessment Main Results Reduct_lon of
Country Period Instrument Pain
n =100 patients with Group 1: argan oil to be More y ignificant reductions
Essouiri ] et al osteoarthritis of the consumed each morning in pain were found by the
' Randomized . VAS and WOMAC VAS (p = 0.02) and
(2017) [9] knee .. R 8 weeks (30 mL per day) (n = 51) Pain . R . . Yes
clinical trial questionnaire WOMAC questionnaire
Morocco Average age: Group 2: no treatment .
_ (p < 0.0001) in group 1
58.24 + 7.2 years (n =49)
compared to group 2
There was a greater
Group 1. High dose of fish reduction in pain scores at
i omegy oyt
Hill et al. (2016) [15] osteoarthritis of the Randomized Yot = . . WOMAC group p
. . . . 104 weeks Group 2. Low dose of fish Pain . - group 1 Yes
Australia knee and pain clinical trial . . questionnaire -
Ace: >40 vears oil (omega-3 fatty acids and There was no statistically
8¢ ¥ canola oil 1: 9, 0.45 g) significant difference
15 mL/day. (n = 101) between the two groups in
a year of segment (p = 0.06)
- Group 1. Without fish oil
supplement (n = 25)
_ . - Group 2. Fish oil There was a significant
Peanpadungrat n=75 adults. Wlth Randomized supplementation 1000 mg Pain WOMAC reduction in pain and
(2015) [16] osteoarthritis .. R 12 weeks . - R . . . . Yes
Thailand Age: 40-75 years clinical trial daily for 8 weeks (1 = 25) Stiffness questionnaire stiffness in groups 1 and 2
’ - Group 3. Fish oil (p < 0.0001)
supplementation 2000 mg
daily for 8 weeks (1 = 25)
Double-blind,
placebo-controlled
. n =90 adults with ra.n(%omlz.e d Grou.p 1 Olive oil capsules Pain There was a significant
Bitler et al. (2007) [17] i clinical trial rich in polyphenols. Inflammatory . .
. osteoarthritis . 8 weeks VAS reduction of pain in the Yes
United States Age: 55-75 vears Consumption of (n =43). markers: treatment group (p = 0.05)
g Y 2 capsules twice Group 2: Placebo (n = 47). IL-1B3, IL-6, IL-8 group {p = .
per day
(100 mg)
Group 1. Placebo (soybean A more sta’nshca%ly
. _ significant reduction
oil) (n =13) (p < 0.05) in the intensity of
Berbert et al. n = 43 patients Randomized Group 2. Omega-3 fish oil Pain 'zint .ain in groups 2 ar?d 3
(2005) [13] A - 20F73 ar linical trial 12 and 24 weeks B g/d) (n=13) Inflammatory marker: VAS ) mpar d tg . 1131 1 wa Yes
Brazil 8 years cimie Group 3. Fish oil - omega-3 CRP compared to group s

fatty acids (3 g/d) and
9.6mL of olive oil (n = 17)

observed
There was no statistically
significant change in CRP

IL, interleukin; CRP, C-reactive protein WOMAC, Western Ontario and McMaster Universities Arthritis Index; VAS, Visual Analog Scale.
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Table 4. Nutritional interventions with other food supplements on musculoskeletal pain, other musculoskeletal manifestations, and inflammatory markers.

Authors/Year/ Population Type of Study FOHO‘.’V-UP Intervention Outcomes Assessed Pain Assessment Main Results Reduct'lon of
Country Period Instrument Pain
Pain Significant reduction for all
three WOMAC subscales in
n =190 adults with Randomized, . Stiffness o _
Lugo et al. (2016) [49]  osteoarthritis of the double-blind, Group 1: undenatured type Physical function WOMAC group L: pain (p = 0.0003 vs.
. 25 weeks II collagen (40 mg) (n = 53) . R placebo), stiffness (p = 0.004 Yes
United States knee placebo-controlled Inflammatory questionnaire X
. Group 2. placebo (n = 54) versus placebo), physical
Age: 40-75 years clinical study markers: CRP, IL-6, . ot
function (p = 0.007
MMP-3
vs. placebo)
Group 1. skimmed yogurt
(125mLd (1))
_ . supplemented with 80 mg
or;t;c?fr?}?r T:E(‘;;ltt}}:e Randomized, d (-1) of the crest of the There were no significant
Sola et al. (2015) [50] double-blind, rooster . differences between the
. knee 12 weeks " Pain VAS No
Spain Average age: placebo-controlled roostercombextract (RCE) groups for the
0541 3‘?1 6 & e‘ars parallel study rich in hyaluronicacid” inflammatory markers
D 0 Y (n = 40)
Group 2. Placebo-yogurt
(n = 40)
There were no statistically
significant differences
n = 74 patients with .Gr01_1p 1. 4000 IU of between the intervention
. . vitamin D3 orally (4 gel . .
musculoskeletal pain Randomized, . Pain and control groups in
Gendelman et al. . capsules of 1000 units) - -
> 6 months double-blind Inflammatory relation to pain (p = not
(2015) [51] . 13 weeks (n =36) . VAS Yes
Tsracl Age: >18 years and controlled Group 2. Placebo (1 = 38) markers: reported)
Follow-up period: study ’ . . CRP, IL-6, TNF-o TNFa levels dropped by
Both: regular pain reliever o
13 weeks for 3 months 54.3% (after 6 weeks, p <
0.026) in the group treated
with vitamin D
_ . Group 1. Vitamin D Group 1 had significantly
Schreuder et al. n = 84 adults Wlth. Randomized (150,000 IU of vitamin D (3) . lower pain reduction than
(2012) [52] musculoskeletal pain 6 weeks - Pain VAS Yes
Netherlands Age: 18-60 years controlled study orally) (n = 44) the placebo group
’ Group 2. Placebo (n = 40) (p <0.001)

IL, interleukin; MMP-3, matrix metalloproteinase-3; TNF, tumor necrosis factor; CRP, C-reactive protein; WOMAC, Western Ontario and McMaster Universities Arthritis Index; VAS, Visual

Analog Scale.
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3.1. Results of Nutritional Interventions

3.1.1. Specific Diets

The effect of specific diets on musculoskeletal pain was demonstrated in four studies. There were
a total of 284 participants, and two studies were randomized clinical trials [10,44]. Two studies assessed
and compared the effects of a Mediterranean diet and a normal diet and demonstrated significant
reductions in musculoskeletal pain with specific diets [43,44]. Another study demonstrated more
significant improvements in pain with a vegan diet compared to an omnivorous control diet [45].
Pain reduction with the consumption of a gluten-free diet and a low-calorie diet was not observed [10].
Only one of these four studies investigated the levels of some inflammatory markers including
C-reactive protein (CRP) and interleukin (IL)-6), and according to the result of this study, alterations in
the levels of these markers were not observed [43] (Table 1). The follow-up period of these studies
ranged from 6 to 24 weeks, and all studies were conducted in Europe.

3.1.2. Nutritional Intervention with Fruits

Four studies evaluated the nutritional interventions with fruits, specifically the effects observed
when blueberry [8], lyophilized strawberry powder [46], pomegranate juice [47], and passion fruit peel
extract were consumed [48]. The studies had a total of 151 participants, and three were randomized and
double-blind [8,46,48]. All studies compared the intervention group with the control or placebo group.
Studies evaluating blueberry, strawberry, and passion fruit peel extract revealed that a significant
reduction in musculoskeletal pain was observed after the consumption of blueberry, strawberry,
and passion fruit peel extract [8,46,48].

Of the four studies, three evaluated the levels of some inflammatory markers [8,46,47],
and according to the results of these studies, nutritional intervention with the consumption of strawberry
demonstrated a significant reduction in the levels of IL-6 and IL-1B [46] (Table 2). The follow-up
period in these studies ranged from 6 to 26 weeks. Two of the studies were conducted in the United
States [8,46] and two in Iran [47,48].

3.1.3. Nutritional Effects of the Use of Olive Oil, Omega-3, and Other Oils

Five studies [9,13,15-17] evaluated the nutritional effects of olive oil, omega-3, and other oils in
the reduction of musculoskeletal pain, and all the nutritional interventions (argan oil in mL, fish oil
[omega-3] in mL or g, or olive oil capsules) reported more significant reductions of pain in the treated
group compared to the control group. A total of 510 participants were included in the randomized
clinical trials. Only two studies evaluated the levels of some inflammatory markers, with one study
evaluating the nutritional intervention with the consumption of olive oil capsules (assessing IL-B, IL-6,
and IL-8 levels) [17] and another evaluating the nutritional intervention with the consumption of fish
oil (assessing CRP level) [13]. According to the results of these two studies, significant alterations in
the levels of some inflammatory markers evaluated were not observed. The follow-up period of the
clinical trials ranged from 8 to 104 weeks (Table 3).

3.1.4. Vitamin D and Other Food Supplements

Four studies evaluated the nutritional effects of vitamin D and other supplements based on
the following interventions: consumption of undenatured type II collagen [49] and low-fat yoghurt
supplemented with rooster comb extract (RCE) rich in hyaluronic acid [50] and rich in vitamin D in two
studies [51,52]. There was a total of 428 participants in the three randomized double-blind trials [49-51].
The studies assessing the consumption of undenatured type II collagen and vitamin D demonstrated a
reduction of musculoskeletal pain. Regarding the nutritional intervention involving the consumption
of low-fat yoghurt supplemented with RCE, pain reduction was statistically insignificant between
the placebo group and the intervention group [50]. Only two studies assessed the levels of some
inflammatory markers [49-51], and according to the results of these studies, tumor necrosis factor
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(TNF)-« levels decreased in the group treated with vitamin D gel capsules [51]. The follow-up period
of these studies ranged from 10 days to 25 weeks (Table 4).

3.1.5. Pain Assessment Instruments

In the 17 articles analyzed, 5 different instruments were used for the assessment of musculoskeletal
pain. Only one study [9] used two instruments, the WOMAC questionnaire and the Visual Analog
Scale (VAS). The pain assessment instruments included the following: the multidimensional WOMAC
questionnaire, used in seven studies [8,9,15,16,47-49]; Brief Pain Inventory-Short Form, used in one
study [10]; Global Pain Scale, used in one study [43]; ICOAP Pain Questionnaire [46], used in one
study; and VAS, the unidimensional scale, used in eight studies [9,13,17,44,45,50-52].

4. Discussion

This study aimed to analyze the effects of several nutritional interventions in reducing
musculoskeletal pain. In this context, nutrition has scarcely been given attention, and its effects
on pain have been underestimated but may become a key point in pain management [11]. According
to the results of our study, different nutritional interventions have varying benefits in reducing
musculoskeletal pain [8,9,13,15-17,44-46,48,49,51,52]. Out of the 17 studies assessing nutritional
interventions, 14 demonstrated significant reductions in musculoskeletal pain and 2 reported a
reduction in the levels of some inflammatory markers. Significant reductions in pain were not observed
in only three studies [10,47,50].

4.1. Specific Diets

Two studies assessing a Mediterranean diet [43,44] and one study assessing a vegan diet [45]
reported a reduction in musculoskeletal pain. This result is consistent with the result of a cohort
comprising 4770 adults with osteoarthritis in which a Mediterranean diet was associated with a
significant reduction of musculoskeletal pain [53]. Moreover, a recent meta-analysis investigated
the effects of nutritional interventions on the severity and intensity of pain in individuals with
chronic non-oncologic pain. Generally, it was observed that nutritional interventions (specific diets or
consumption of one nutrient/food only) had significant effects on the reduction of pain [54].

Similar with this finding, Towery et al. (2018) [55] observed that the consumption of
vegetable-based diets results in the reduction of musculoskeletal pain, while a balanced sugar
diet (mono-, di-, and oligosaccharides) significantly reduces the symptoms of fibromyalgia [56].
These findings are possibly attributed to the higher concentrations of vitamins, minerals,
and antioxidants provided by a balanced diet together with a lower intake of salt and animal
fat, which acts positively on the outcome under analysis.

4.2. Nutritional Interventions with Fruits

Studies assessing nutritional interventions using different types of fruits such as blueberry [8],
strawberry [46], and passion fruit peel extract [43] promoted a significant reduction in pain in
individuals with osteoarthritis. This result is possibly attributed to the content of polyphenols present
in blueberry and strawberries and flavonoids present in the passion fruit peel extract, which have
anti-inflammatory effects, besides promoting anabolic effects in the cartilage, possibly explaining their
activity against pain [57].

Consistent with these observations, a few studies have investigated the anti-inflammatory effects
of polyphenols [58] on the cartilage [59] in individuals with osteoarthritis and observed that the daily
intake of fruits, vegetables, carotenoids, and vitamin C [58] can improve pain, while vitamin D and K
deficiencies are associated with loss of cartilage and injuries [59].
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4.3. Effect of the Use of Olive Oil, Omega-3, and Other Oils

Nutritional interventions with oils or fatty acids, such as argan oil [9], olive oil capsules rich in
polyphenols [17], and fish oil rich in omega-3, have been associated with a significant reduction in
pain in individuals with knee osteoarthritis [13,15,16]. Studies on exercise-induced pain investigated
the effects of supplementation with omega-3 derived from fish oil [60-62] and found a significant
reduction of musculoskeletal pain after the consumption of fish oil. Two meta-analyses indicated that
the consumption of omega-3 is possibly an adjuvant treatment in joint pain associated with rheumatoid
arthritis, significantly reducing the administration of nonsteroidal anti-inflammatory drugs in patients
with joint pain [63,64].

These results are possibly attributed to the beneficial effects of polyunsaturated fatty acids and
omega-3 in osteoarthritis, considering that osteoarthritis is a metabolic condition in which lipids
contribute to the pathophysiological degradation of the cartilage [30]. Moreover, omega-3 fatty acid
supplementation increases the levels of E-series resolvins in synovial fluids, which are associated with
pain reduction in patients with arthritis [65].

4.4. Vitamins and Other Food Supplements

Food supplements such as type Il collagen [49] and vitamin D [51,52] showed significant reductions
in musculoskeletal pain. Vitamin D consumption has been associated with cartilage regeneration
in osteoarthritis, but the exact mechanism is not well defined [66]. Type II collagen consumption
can reduce the inflammatory T-cell response and activate T-regulatory cells via its oral tolerance
mechanism, which may reduce cartilage damage [67]. A recent systematic review evaluated the
use of food supplements (unsaponifiable soy and avocado, capsaicin, turmeric, ginger, glucosamine,
melatonin, polyunsaturated fatty acids, and vitamin D) in reducing musculoskeletal pain and noted
that when food supplements are consumed as part of a balanced diet, they can aid in pain relief [68].

4.5. Strong Points

The results of this review are based on the data obtained from randomized clinical trials
demonstrating that different nutritional interventions reduce pain and decrease the levels of some
inflammatory markers. Thus, a balanced diet, rich in vitamins and minerals, may be a good
option to reduce musculoskeletal pain considering that foods rich in vitamins and minerals contain
antioxidants [48].

Considering the diverse set of studies, with different follow-up periods and pain assessment
instruments used, assessing several nutritional interventions performed to reduce musculoskeletal
pain, comprehensively demonstrating the effectiveness of nutritional interventions by performing a
meta-analysis is impossible. However, this review has the following strength: this review comprises a
large number of studies that assessed the effects of nutritional interventions on musculoskeletal pain
in randomized clinical trials.

4.6. Limitations

However, this study has the following limitations: we limited our search to studies carried out in
the last 20 years, which may have limited the search; only few studies have investigated the levels
of inflammatory markers; adverse effects were not assessed in this study; heterogeneity between the
studies and types of nutritional interventions was observed; variation in the measures used to evaluate
musculoskeletal pain was noted, and large variation in the follow-up period of clinical trials was
evident in this study. We emphasize that it is necessary to assess the levels of several inflammatory
markers in randomized clinical trials considering that these markers are possibly associated with the
reduction in musculoskeletal pain. In addition, some studies had a small sample size and were not
randomized or blinded.
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4.7. Future Recommendations

Large-scale and robust randomized clinical trials, with longer follow-up periods, are required to
confirm the effects of different nutritional interventions in reducing musculoskeletal pain. In addition,
other additive or synergistic treatments as well as integrated approaches [69], such as physical exercises
or physical therapy interventions and self-management and educational strategies, [69-71] could
enhance the effects on pain reduction, and they should therefore be given attention [72]. Future studies
should follow the CONSORT (Consolidated Standards Of Reporting Trials) [73] and ensure that
appropriate methods are used for randomization, allocation, and assessment of results. Similarly,
future studies should use standardized measures in pain evaluation, reporting the rates of adverse
events, and should include the assessments of inflammatory markers. Additionally, further studies
evaluating overweight, obesity, and other comorbidities that could affect the analysis of the pain
reduction outcomes are required. High-quality studies assessing nutritional interventions performed
in adults with musculoskeletal pain would be beneficial to researchers and clinicians in clinical practice
and may improve the quality of life of people experiencing musculoskeletal pain.

5. Conclusions

In summary, our findings indicate that food and nutritional interventions are considered beneficial
in the treatment of pain and inflammatory conditions. For example, vegan and Mediterranean diets
and the consumption of blueberry, strawberry, passion fruit peel extract, argan oil, fish oil (omega-3),
olive 0il, and undenatured type II collagen and vitamin D gel capsules reduce musculoskeletal
pain, specifically in adults with osteoarthritis. Besides pain improvement, nutritional interventions,
including the consumption of strawberry and vitamin D gel capsules, decrease the levels of several
inflammatory markers including IL-6, IL-13, and TNF-cx.
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