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age and severity of pain in men.
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Objective: Musculoskeletal pain conditions (MPs) are a widespread public problem that can affect 13.5% to 47%

of the total population. Dietary changes can have strong effects on person’s health; for instance, Sulfur amino acids
(SAAs) can act as a precursor of neurotransmitters, antioxidative metabolic intermediates, such as glutathione, impact
inflammation, and play a role in severity and frequency of MPs. We evaluated the relationship between dietary SAAs
intake with severity and frequency of pain in patients with MPs.

Results: This cross-sectional study consisted of 175 men and woman. Anthropometric measurements and pain
assessments were conducted via questionnaires. Dietary data were collected using 7 days 24-h recall. ANOVA and
Spearman correlation coefficients were used to examine the relationship and correlation, respectively, between expo-

There was a significant correlation between age, weight, waist circumference (WC), waist circumference to height
(WHtR), body mass index (BMI), and severity and frequency of MPs among women. There was a correlation between

The present study highlights a positive association between the dietary SAAs and severity of pain, even after adjusting

Keywords: Musculoskeletal pain, Sulfur amino acids, Diet, Pain

Introduction

Musculoskeletal pain conditions (MPs) are a widespread
public problem, and there is an urgent and on-going need
to control and manage severity and frequency of pain in
patients. MPs are multifaceted and affect 13.5% to 47% of
total population [1, 2]; indeed, MPs impose great finan-
cial pressure, both personally and to healthcare systems
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[3]. Lower back, neck, shoulders, and knee pains are
major causes of disability throughout life [4—6]. Empirical
evidence suggests that most treatments, although pro-
vide some short-term relief, have little long-term efficacy
for MPs [6, 7].

Recently, lifestyle changes, unhealthy diet, and obesity
have been considered to further managing chronic pain
[5]. Indeed, dietary changes have multiple effects (posi-
tive or negative) on a person’s health [8]. Sulfur amino
acids (SAAs), as a part of protein structure, [9] can act
as a precursor of neurotransmitters and antioxidative
metabolic intermediates such as glutathione. Moreover,
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SAA’s can play a role in inflammation, severity and fre-
quency of MPs [10]. Indeed, it is evident the amount of
SAAs received from daily diet is inappropriate with indi-
vidual needs. Accordingly, some previous studies have
reported that SAAs consumption may have an alleviating
action on a large number of chronic diseases and degen-
erative changes, which are associated with normal aging,
by inhibiting oxidative stress [11]. One of the main role of
SAAs is necessary for detoxification of many drugs, such
as acetaminophen, which is widely used for relieving pain
by the liver [9]. However, to our knowledge, no studies
have been performed to suitably investigate the poten-
tial association between SAA’s and MP’s. In the present
study, we sought to examine the relationship between
dietary SAAs intake and severity and frequency of pain in
Iranian patients with MPs.

Main text

Materials and methods

Study population

This study was designed as a cross-sectional study and
done from February to October 2020, with multistage
cluster random sampling. The target population were vol-
unteers referred to physiotherapy and orthopedic clinics
in districts 2 and 3 of Tehran, Iran. Participants who were
enrolled in the study consisted of 175 men and woman
above 18 years. Having a bone fracture in last 3 months,
pregnancy and lactation, and psychosomatic disorders
were the exclusion criteria. Age, sex, education status,
occupation, smoking status, menopausal status, number
of births, and delivery type(s) were assessed through a
demographic questionnaire.

Anthropometric measuring

Height and weight were measured, using a Seca 216 sta-
diometer to the nearest 0.1 cm, and Seca scale to the
nearest 0.1 kg, respectively, while participants wore light
clothes and were unshod. Waist circumference (WC)
was measured according to standard procedures by an
anthropometrist. Body mass index (BMI) was calculated
as weight in kg, divided by height in m?,

Pain assessment

The validated McGill Pain Questionnaire, consisting
of 20 questions, was used to assess the severity of pain
information. Scores ranged from 0 (no pain) to 78 (severe
pain) [12]. Pain subcategories were pain sensory, pain
affective, pain miscellaneous, pain evaluative, and pain
frequency. Pain intensity might be expressed by respond-
ent’s questions choice. The frequency of pain was evalu-
ated by the number of days feeling pain per week. All
measurements were done by a qualified clinician.
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Dietary assessment

Dietary data were collected using 7 days 24-h dietary
recall through face-to-face interview. Participants were
asked to recall all foods and beverages consumed in the
preceding 7 days [13]. Portion-sizes of consumed foods
were converted to grams, then, each food and beverage
was analyzed for their energy and nutrients, especially
sulfur-containing amino acids (methionine, cysteine)
content, using Nutritionist IV (version 7.0; N-Squared
Computing, Salem, OR) Software modified for Ira-
nian foods [14]. The software database was drawn from
United States Department of Agriculture (USDA) food
composition tables. Total energy intake between 800 and
4000 kcal was accepted, with intake outside of the range
resulting in exclusion form the analysis. Participant’s
total SAAs intake was divided into tertiles based on trend
of dietary SAAs.

Statistical analysis

Data analysis was performed using the SPSS version 26
(IBM SPSS Inc.). The Kolmogorov—Smirnov test was
used to evaluate the normality of the data, and mean and
SD (standard deviation) and median (mid-quarter range)
were used to describe quantitative variables, whilst fre-
quency report (percentage) was used for qualitative vari-
ables. Analysis of variance (ANOVA), Chi-square, and
analysis of covariance (ANCOVA) were used to compare
qualitative and quantities factors between SAAs tertiles.
Spearman correlation coefficients were computed to
examine the correlation between independent and out-
come variables. Linear logistic regression was used to find
the relationship between SAAs intake and pain. We com-
puted 3 models: crude model, model 1 (adjusted for age,
PA, energy intake, BMI, WC), and a final model (adjusted
for model 1+ gender, education, job, marital status, and
delivery type). For data analysis, a P-value<0.05 was, a
priori, considered statistically significant.

Results

Study population and general characteristics

General characteristics of participants are shown
across SAAs tertiles in Table 1. The mean=+SD of BMI
and daily energy intake were 24.84+4.32 kg/m? and
2230£651.71 kcal/day, respectively. No severe pain was
reported.

Comparison of daily nutrient intake in participants

across people in pain tertiles

In Table 2, the intakes of food groups and nutrients
are shown after adjusting for energy intake among
pain tertiles. The first tertile group includes healthy
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Table 1 Characteristics of study participants among total SAAs intake tertiles

Variables T1 T2 T3
(n=58) (n=59) (n=58)

Total SAAs (mg/day)**

Median 1981.29 2968.39 4646.96
Age (y)* 185+£5 20+10 25415
Gender, n (%)**
Men 5(8.5) 17(29.3) 28(48.3)
Woman 54(91.5) 41 (70.7) 30(51.7
Smoking, n (%)
Yes 5(85) 12 (20.7) 12 (15.5)
No 54 (91.5) 40 (69.0) 47 (81.0)
Before 0 6(10.3) 2(34)
Education, n (%)
Diploma or less 9(15.3) 6(10.3) 9 (15.5)
Bachelor degree 32(54.2) 20 (34.5) 22 (37.9)
Master degree 9(15.3) 20 (34.5) 16 (27.6)
Phd or higher 9(15.3) 12 (20.7) 11 (19.0)
BMI (kg/mz) 24511403 2556+£4.65 2446427
Weight (kg)* 64504 1147° 727141721 709341538
Height (cm)** 162.184+5.63° 168.00+9.44 169.86+9.10
Waist circumference (cm) 83.93+£15.76 88.79£20.12 87.22£19.96
WHIR
Normal 593 62.1 56.9
At risk 40.7 379 431
Total pain result 13.51£16.97 14.64£15.59 12.98+14.38
Pain subcategories
Pain sensory 7.88+£9.94 8.17+£9.22 790+£8.79
Pain affective 1.71+£246 2314+279 1624229
Pain miscellaneous 2.88+3.96 2.88+3.34 22643.03
Pain evaluative 1.03+£147 1.28+1.65 121+£1.55
Pain frequency 1.90+238 1.79+1.98 153+1.74
Occupation, n (%)
Manager 5(8.5) 7(020) 11(19.0)
Employee 17 (28.8) 12 (20.7) 10(17.2)
Worker 101.7) 0 101.7)
Housewife 9(15.3) 7(12.1) 0.0
Pensionary 5(8.5) 4(6.9) 4(6.9)
Other 9(153) 8(13.8) 15(25.9)
Collegian 10 (16.9) 16 (27.6) 17 (29.3)
No work 3(5.1) 4(6.9) 0
Delivery number, n (%)
0 35(59.3) 44 (75.9) 50(86.2)
1 5(8.5) 5(86) 2(34)
2 11(18.6) 7(12.1) 4(6.9)
3 8(13.6) 0 1(1.7)
4 0 1(1.7) 1(1.7)
9 0 101.7) 0
Delivery type, n (%)
Natural childbirth 6(10.2) 2(34) 4(6.9)
Cesarean section 18 (30.5) 12 (20.7) 4(6.9)

Men 5(85) 16 (27.6) 26 (44.8)
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Table 1 (continued)
Variables T1 T2 T3
(n:58) (n:59) (n:58)
No delivery 30 (50.8) 28 (48.3) 41.4)
Menopause, n (%)** 9(15.3) 4 (6.9) )
Acetaminophen (325/daily), n (%) 4(0.2) 7(0.8

SD Standard deviation, BMI body mass index, WHtR waist to height ratio, SAAs sulfur amino acids

Quantitative variables were showed by means & SD and qualitative variables were showed by number (percentage)

? indicates differences between tertiles

“ P value <0.05 and **P value <0.001 were considered.

P values resulted from ANCOVA analysis and Chi-square test and were adjusted for energy intake

Table 2 Comparison of daily nutrient intake in participants across people in pain tertiles

Variables T1 T2 T3

Amounts per day (n=58) (n=59) (n-58)

Energy (kcal)* 214764167041 2388.54+629.30 2191.66+601.17
Protein (g) 93.76 £57.44 106.85+87.66 88.29+31.64
Carbohydrate (g)* 2294549432 266.99+ 10842 25379410237
Fat (g) 1024014493 108.10+£42.31 100.52+24.23
Cholesterol (mg) 345.89+£253.87 350.19£280.76 337.19£269.04
SFA (9) 29.99+23.46 2727 £9.56 29.07£14.23
PUFA (9) 2590+13.82 30.71£23.26 25.89+7.28
alpha-Linolenic acid (mg) 321+898 3304935 445+£947

Sodium (mg)*
Potassium (mg)
Calcium (mq)
Magnesium (mg)
Phosphorus (mg)
Vitamin A (RAE)
B1 (mg)*

B2 (mg)

B3 (mg
B6 (mg
B9 (ug)
B12 (ug)
Vitamin D (ug)
Fiber (g)
Fructose (g)

)
)

Sucrose (g)
Lactose (9)
Tryptophan (mg)
Caffeine (mg)
Methionine (mg)
Cysteine (mqg)

1790444+ 831.05
3670.4941485.21
148734+ 604.26
826.86+596.75
153049+ 680.62
2143.244+1378.57
1.61£0.64
249+£1.03
224841539
215£1.11
341.644+179.25
701£6.56
269+£2.04
13.99+£9.62
7.18+6.12
1544+£10.88
19.05+£1237
1023.78 £654.18
185.28+£132.90
2164.71+£1557.72
1176.10+£717.85

2127.074£1194.83
391267 £1530.67
1603.42+603.94
812.81+£490.32
1637.88+£742.92
219453 4+1583.94
1.87£0.80
265+096
26.164+21.88
244+£1.62
343.234+142.97
649£5.27
2664230
15.53+£9.03
7.88£551
1549+8.06
18611201
1171.85+£1010.08
175.90+£123.48
2269.5441479.06
1285.38+£748.37

1859.41+£825.34
3966.11+1702.20
1601.294+800.16
858.054562.11
1518.96+554.84
2187.814+1129.64
1.70£0.58
241+£089
21.504+7.56
231£139
405.87£316.22
582494
2.34+£199
17.75+£15.59
8.794+9.80
1647 +£11.99
15.64+11.11
970.154347.16
226.544+134.59
1920.50£773.55
1128.08+£417.79

SD standard deviation, SFA Saturated fat, PUFA Polyunsaturated fatty acids, SAAs sulfur amino acids

Data are presented as Mean £ SD

P values resulted from ANCOVA analysis after adjusting energy intake except energy variable

*P-value < 0.05 was significant
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people with no pain. No difference was found between
dietary methionine and cysteine among the three groups
(P>0.05).

Relationship between pain frequency and intensity

and dietary SAAs

To investigate the correlation between the amount of
SAAs and pain, spearman correlation coefficients were
computed (Additional file 1: Table S1 and S2). There was
a weak correlation between age, weight, WC, WHtR, and
BMI and severity and frequency of MPs among women.
Similarly, in men, there was an association between age
and severity of pain (R=0.36; P =0.01). Finally, no rela-
tionship was found between SAAs intake tertiles and
intensity and frequency of pain among patients with MPs
in the crude model and model 1 (shown in Table 3). How-
ever, a positive relationship was found, after adjusting
all confounders, between pain intensity and SAA intake
(B=3.44, 95% CI 0.05-6.83, P=0.04).

Discussion

According to the results of the present study, a significant
relationship was apparent between SAAs consumption
and severity of MPs after adjusting for all confounders.
However, there was no relationship between SAAs intake
and pain frequency. In addition, 56% of women felt pain
more than twice a week. Roughly 60% of the participants
were regarded as young, and age was significantly dif-
ferent across among SAAs tertiles [15]. Indeed, aging
can affect the progressive loss of neuromuscular func-
tion and increase in muscular degenerative injuries [16].

Table 3 Relationship between SAAs intake and intensity and
frequency of pain among patients

SAA intake
B 95% Cl P-value
Pain intensity
Crude 121 (— 1.96-4.38) 045
M1 0.75 (—343-4.94) 0.72
M2 344 (0.05-6.83) 0.04
Pain frequency
Crude —0.18 (— 0.55-0.19) 033
M1 —0.16 (—0.63-0.29) 047
M2 0.15 (—0.21-0.53) 040

SAA sulfur amino acids
M1: adjusted for age, PA, energy intake, BMI, WC
M2: adjusted for M1 + gender, education, job, marital status, delivery type

Logistic regression was used; 3 regression coefficients refer to SAA intake
group’s difference

All values are presented as 95% Confidence intervals (95% Cl)

P-value < 0.05 was significant
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Women reportedly feel pain to a greater extent than men,
and much attention has been paid on the effect of sex
hormones on pain induction. Microglia plays differently
in inducing pain in men and women [17], whilst estro-
gen receptors influence in synthesis and secretion of the
methionine-enkephalin (delta-epithelial ligand receptor)
and beta-endorphin secretion [18].

In contrast with this study, Elma et al. found that
although the total protein intake was higher than the
allowable intake in most patients with pain but the sever-
ity of pain was not significantly related to protein intake
[8]. There was mostly high SAAs intake among partici-
pants, greater than the recommended dietary allowance
(14 mg/kg/day) [19]. Most sulfur-rich sources of amino
acids are found in animal proteins, which have positive
dietary acid load; indeed, according to many studies, this
type of protein can lead to metabolic acidosis and inflam-
mation and this may accounted for MPs in this study
[20]. An imbalance between acidic and alkaline precur-
sors has been shown to disrupt a chronic net dietary acid
load, which may have adverse consequences on bone
health and pain [21]. Furthermore, Calder et al. found
that excessive consumption of SAAs was associated with
increased bone resorption [22], whilst dietary methio-
nine may decrease blood pH and increases skeletal pain
[23]. In contrast with this study, no SAAs deficiency was
observed in people with arthritis in the study of Freyberg
et al.,, which was conducted to discern the relationship
between dietary SAAs and rheumatoid arthritis, [24]. In
a cohort study with 546 people with rheumatoid arthri-
tis, no significant correlation was observed between the
type of protein consumed and the risk of rheumatoid
arthritis [25, 26]. Furthermore, in our study, there was a
positive relationship between carbohydrate intake and
the group that feel most pain, which may due to induced
oxidative stress [27]. In addition, the internal pain relief
system in central nervous system requires essential fatty
acids, especially Eicosapentaenoic acid (EPA) and Doco-
sahexaenoic acid (DHA) [28]. Whereas the consumption
of omega-3 fats (high in fatty fish) was very low in this
population. In addition, consumption of sodium was pos-
itively correlated with bone pain [29]. One of the possible
explanation for such findings is high dietary methionine,
which may increase level of homocysteine and could be
harmful for musculoskeletal health due to altering nitric
oxide (NO) signaling, and endoplasmic reticulum stress
[30]. Due to the fact that the consumption of SAAs was
high in this study, norepinephrine may have increased
chronic pain by producing more inflammatory cytokines
[31]. On other hand, SAAs are precursors of S-adenosyl
methionine (SAM), hydrogen sulfide, taurine, and glu-
tathione which are protective [32, 33]. Among painkill-
ers drugs, acetaminophen intake was not statistically
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different among SAAa intake tertiles. Importantly, glu-
tathione detoxifies drugs such as acetaminophen via the
sulfur element [34, 35].

In the present study, there was a strong correlation
between weight, WC, WHtR, and BMI and the sever-
ity and frequency of musculoskeletal pain in women. In
addition, the percentage of body fat mass was higher in
women, which can be a factor in shortening the height
between discs and increasing the severity of pain [36].
In general, excessive consumption of cysteine causes
obesity and undesirable metabolic phenotype in mice
[37]. Indeed, Stolt et al. noted an increase in serum
level of fibroblast growth factor 21 (FGF-21) and lipo-
genic mRNAs in adipose tissue after a low SAAs diet,
which may be further related with reductions in weight,
adiposity, and obesity-related diseases [38].

Overall, to our knowledge, this is the first study to
have evaluated the relationship between dietary SAAs
intake with severity and frequency of pain in patients
with MPs in Iran. Indeed, given the volume of SAA’s
related supplements sold worldwide, and their potential
use in pain management, this study provides a useful
basis for further investigation; particularly highlighting
the need for elucidation of the safety/risk ratio of SAAs
for pain [22].

Conclusion

In conclusion, the present study shows a positive and
relative association between the dietary SAAs and
severity of pain. Although, targeting a decrease in die-
tary animal protein intake (low SAAs diet) and plant-
based diet might be a concomitantly useful strategy for
reducing pain.

Limitations

The population of this study was mostly among young
adults (18-35 years) and women. Assessing elderly peo-
ple in quarantine period of covid-19 was logistically
difficult and this may influence the final results. In addi-
tion, like any cross-sectional study, no causal relation-
ship between exposure and outcome can be discerned.
Moreover, some unconsidered confounders may have
had a possible influence on our findings. Plant and
animal based proteins were not assessed in this study.
Indeed, further research, that includes a wide range of
ages, should be conducted to clarify our findings.

Abbreviations
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