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Abstract 

Background and purpose: In recent years, dietary practices have begun to be used in painful conditions. This study 
aimed to investigate the effect of a vegan diet and therapeutic exercise in patients with chronic non-specific neck 
pain.

Materials and methods: A total of 45 young female patients with chronic non-specific neck pain, aged 18–25 years, 
participated in the study. Body mass index and body fat percentage were measured with bioelectrical impedance 
analysis. Pain severity was assessed using the Visual Analogue Scale, quality of life with the short form-36 scale, kine-
siophobia with the Tampa scale of kinesiophobia and neck disability with the Neck Disability Index.

Results: The pain severity reduced in the diet group and exercise group after treatment (p = 0.001). After treatment, 
Neck Disability Index score decreased in the diet group and exercise group (p = 0.001). Tampa scale of kinesiophobia 
score decreased in the diet group and exercise group (p = 0.001). The eight domains of the short form-36 scale score 
increased in the diet group and exercise group (p < 0.05). No difference was found in the body mass index and fat 
percentage in all groups before and after treatment (p˃ 0.05).

Conclusion: A vegan diet and therapeutic exercise are beneficial to patients with chronic non-specific neck pain in 
terms of pain severity and quality of life.
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Introduction
Neck pain is the fourth leading cause of disability [1]. 
Prevalence is generally higher in women, higher in eco-
nomically underdeveloped countries and rural areas [2, 
3]. Neck pain is classified as specific and non-specific 
[4]. Non-specific neck pain (NSNP) has no clear identifi-
able source of pain and originates from the facet joints, 
ligaments, muscles and intervertebral discs [5]. Causes 
of NSNP spread over a wide area, mainly due to inade-
quate ergonomics in the workplace (maintaining the neck 

posture in a non-physiological position for a long time), 
anxiety and depression. Neck pain lasting for <6 weeks is 
classified as acute, 3 months and less as subacute and >3 
months as chronic [6].

Generally, patients with neck pain account for 
approximately 25% of outpatient physical therapy clinic 
visits [7]. The most commonly used treatment methods 
for neck pain in physical therapy are exercise, manual 
therapy, low level laser therapy, acupuncture, mes-
sage and electrotherapy agents [8, 9]. A recent review 
stated that non-pharmacological treatment approaches 
have a low level of evidence [8]. Full recovery after 
treatment is not achieved in most people with neck 
pain, and 50–85% report a recurrence after 1–5 years 
[10]. Therefore, neck pain incurs huge costs in terms 
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of unnecessary treatment fees and work absenteeism. 
Thus, new treatment methods are necessary.

Exercise approaches play an important role in neck 
pain treatment and prevention by activating deep mus-
cles and preventing the excessive activity of superficial 
muscles [11]. A Cochrane review of randomised con-
trolled trials on the effect of exercises on neck pain 
noted the role of exercise in acute and chronic neck 
pain treatment and found moderate evidence for the 
effectiveness of endurance, strengthening and stretch-
ing exercises [12].

Dietary practices increase the quality of life of indi-
viduals by reducing the risk of developing many dis-
eases such as diabetes, cardiovascular diseases, kidney 
failure, cancer and mortality and morbidity rates 
[13–16]. Vegetarianism is a diet that excludes animal-
derived foods such as meat products, poultry and fish 
and includes foods such as fruits, vegetables, grains, 
legumes, nuts, seeds and honey [17]. Varieties of a 
vegetarian diet are available, in which seafood (pesc-
etarianism), eggs (ovo-vegetarianism), dairy products 
(Lacto-vegetarianism) and eggs and dairy products 
(Lacto-ovo-vegetarianism) are freely consumed [18].

Increased inflammatory responses in the periph-
eral and central nervous systems play a key role in the 
development of many pathological pain conditions 
[19]. Studies reported in the literature indicated that 
large consumption of animal-derived food is associ-
ated with chronic pain and inflammation [20, 21]. A 
general assumption is that people who avoid animal 
foods experience less pain. People whose diets are pri-
marily plant-based have a significantly lower prevalence 
of chronic pain or inflammation than those who eat an 
average American diet [21]. The typically meat-heavy 
American diet contributes to blood acid levels, which 
disrupts pH and causes an inflammatory response 
[22]. A plant-based diet of fruits, vegetables and whole 
grains is rich in vitamins and phytochemicals and pro-
duces antioxidant responses [23]. In addition, people 
on a plant-based diet are closer to their target weight 
than those who consume a typical American diet [24]. 
Obesity or excess adipose tissue was long known to 
positively correlate with inflammatory proteins [25]. 
Moreover, vegan nutrition has a positive effect on the 
intestinal microbiota [26]. The gut microbiota played a 
role in acute and chronic pain pathophysiology, as well 
as in opioid response [27].

Despite the positive effects of a vegan diet on health, 
no reported study in the literature has examined the 
effect on chronic NSNP. Thus, this study aimed to 
investigate the effect of a vegan diet or therapeutic 
exercises in individuals with chronic NSNP.

Materials and methods
Patients
This randomised controlled study was conducted in a 
private university hospital in Konya between May 2021 
and July 2021. A total of 45 female patients between the 
ages of 18 and 25 years (mean 20.91 ± 1.82 years) diag-
nosed with chronic NSNP by a specialist doctor partici-
pated in the study. Inclusion criteria for the study are as 
follows: 18–25 years old, neck pain for at least 3 months 
and a Visual Analogue Scale (VAS) score of >5. Indi-
viduals who regularly take painkillers, have undergone 
neck surgery, have specific or neurological problems in 
the neck (for example, vertebral fracture, inflammation, 
infection, etc.), are pregnant, use cortisone or antide-
pressants, have serious chronic or psychiatric diseases 
and have received physical therapy in the last 3 months 
were excluded from the study.

Sample size
The sample size calculation was done using a G*power 
analysis software Version 3.0.10 (G*Power, Franz Faul, 
Universität Kiel, Germany), which was calculated 
according to the previous study examining the effect of 
intermittent diet and physical therapy on chronic pain 
[28]. Pain level was used to estimate the sample size. 
The analysis indicated that 15 participants for each 
group were enough to detect a large Cohen’s effect (d 
= 0.75) with an alpha error probability of 0.05 and a 
power of 80%.

Randomisation and blinding
The diagram describing the patient selection pro-
cess and study flow is shown in Fig.  1. The study was 
designed as single-blind. All participants completed an 
evaluation form before and after the treatment by a sin-
gle observer, who was blinded to the treatment. Three 
different treatment options for randomisation were cre-
ated on the computer by the statistician, put into enve-
lopes and numbered from largest to smallest. A total of 
45 patients were divided into 3 groups according to the 
sequential randomisation method. The person applying 
the treatment opened these envelopes one by one and 
applied the treatment in the envelope according to the 
number of participants. As mentioned above, partici-
pants were divided into 3 groups as exercise group (EG) 
(n = 15), diet group (DG) (n = 15) and control group 
(CG) (n = 15).

Ethical consideration
The study protocol was approved by the Non-invasive 
Clinical Research Ethics Committee of the Faculty of 
Medicine, the University of XX on 06 October 2020. 
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The study was conducted following the ‘Ethical prin-
ciples for medical research involving human subjects’ 
of the Helsinki Declaration. Before commencement of 
the study, detailed information about the study and its 
relevance was given to each participant and informed 
consent was obtained from each participant.

Intervention
The body composition of participants was measured by 
a dietician with Tanita BC 545 N Inner Scan TM with 
bioelectrical impedance analysis. Before weighing, metal 

items were taken off by participants and stood barefooted 
on the scale. The bioimpedance scale had a capacity of 
150 kg, with a precision of 0.1 kg for weight and 0.1% for 
fat mass percentage, [29] with a criterion validity with 
dual-energy X-ray absorptiometry of r = 0.89 [30]. Par-
ticipants with chronic NSNP and vegan diet followed a 
diet programme prepared by a dietician under the super-
vision of an endocrinologist after body analysis. This 
diet programme includes grains, fruits, vegetables and 
legumes, as well as dairy products and eggs, known as 
a lacto-ovo vegetarian. Consumption of meat, poultry, 

Fig. 1 The diagram describing the patient selection process and study flow
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fish, seafood and processed food and beverages was disal-
lowed [31]. No calorie restriction was made in the diet, 
which was arranged according to the number of calories 
calculated by the expert dietician according to the body 
mass index (BMI). In the study, a lacto-ovo-vegetarian 
diet programme was preferred for participants to easily 
adapt to the study since a vegetarian diet was not previ-
ously followed. The diet programme lasted for 8 weeks. 
Participants in the DG used the My Fitness Pal® (MFP) 
mobile programme for diet tracking. MFP is a calorie-
counting mobile app that allows users to track and input 
their daily food intake. MFP provides a breakdown of 
daily calorie and nutrient intake and gives feedback on 
the number of calories and nutrients needed [32]. In 
addition, participants shared their mobile programme 
information with the dietician daily and weekly for dieti-
cian control. Thus, the diet programme was controlled by 
a dietician.

Participants in the EG performed the following thera-
peutic exercises for 8 weeks, 3 days a week, accompanied 
by a physiotherapist [33].

1. The patient, sitting in the cervical spine neutral posi-
tion, performs cervical spine flexion, extension and 
rotation, unloaded in the maximum possible range of 
motion (3 sets of 3 repetitions for each move).

2. The patient is in a supine position while the physi-
otherapist stabilises the shoulder (in the acromial 
region) with one hand and with the other mak-
ing passive lateral glides, mobilising the nerve roots 
(bilaterally 3 times for 1 min).

3. Patient in a supine position with the cervical spine in 
the neutral position will contract the cervical region 
deep muscles (flexors, extensors and rotators) with-
out moving the spine (3 sets, 10-s repetitions for each 
muscle group).

4. In a supine position, the patient performs isometric 
neck flexion, lateral flexion and rotation against the 
manual resistance given by the physiotherapist (3 
sets, 10-s repetitions for each muscle group).

5. The patient lying on her back does isometric neck 
extension against gravity (3 reps of 10 s).

6. The patient performs isometric neck flexion, lateral 
flexion and rotation against the elastic band in the 
sitting position (3 sets of 10-s repetitions for each 
muscle group).

No intervention was made in the CG.

Outcomes
Bodyweight, fat percentage (FAT%), BMI, (VAS) and 
Neck Disability Index (NDI) to evaluate the neck 

disability; Short Form-36 (SF-36) to evaluate the qual-
ity of life; and Tampa scale of Kinesiophobia (TSK) 
to evaluate the kinesiophobia were obtained before 
and after the study. VAS is a very common scale used 
for pain assessment in daily practice, and pain aver-
ages ranging from 0 to 10 are given in this assessment. 
Accordingly, ‘0’ indicates no pain, 1–4 mild pain, 5–6 
moderate pain and 7–10 severe pain [34]. NDI consists 
of a total of 10 titles as follows: intensity of pain, self-
care, lifting, reading, headache, concentration, work-
ing, driving, sleeping and resting activity. Each title was 
scored from 0 (no disability) to 5 (complete disability). 
The total score ranges from 0 (no disability) to 50 (total 
disability) [35]. SF-36 is a self-assessment scale con-
sisting of 36 items, which measures eight dimensions: 
physical function (10 items), social function (2 items), 
role limitations due to physical problems (4 items), role 
limitations due to emotional problems (3 items), mental 
health (5 items), energy/vitality (4 items), pain (2 items) 
and general perception of health (5 items). Subscales 
evaluate health between 0 and 100. High scores from 
the test indicate well-being [36]. TSK is a 17-item scale 
developed to measure the fear of movement/re-injury. 
The scale includes injury/re-injury and fear-avoidance 
parameters in work-related activities, with a 4-point 
Likert scoring. The total score ranges between 17 and 
68. A high value on the TSK indicates a high degree of 
kinesiophobia [37].

Statistical analysis
Statistical Package for the Social Sciences 25 (IBM 
Corp. Released 2017. IBM SPSS Statistics for Win-
dows, Version 25.0. Armonk, NY: IBM Corp.) pack-
age programme was used to evaluate the data. In the 
study, descriptive statistics (mean, standard devia-
tion, median, first quartile, third quartile, number and 
percentile) were given for categorical and continu-
ous variables. The homogeneity of variances, which is 
one of the prerequisites of the parametric tests, was 
checked with the Levene test. Normality assumption 
was checked with the Shapiro-Wilk test. The spheric-
ity assumption was checked with the Mauchly test 
for repeated tests. The Sphericity Assumed test was 
applied with met sphericity assumption. The Huynh-
Feldt test was applied for cases where the epsilon value 
was >0.75 and the Greenhouse Geisser test for cases 
where it was smaller, with unmet sphericity assump-
tion. Mixed order analysis of variance was used to make 
an overall assessment between repeated measures and 
patient groups, and Bonferroni-Dunn test was used for 
time effect. A p-value of <0.05 level was considered sta-
tistically significant.
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Results
Age, BMI and body FAT% of participants
The demographic data of participants are presented in 
Table  1. The mean age of participants in DG was 21.6 
± 1.64 years, 19.6 ± 0.99 years in EG and 21.53 ± 2.03 
years in CG. Before and after treatment, the main effect 

of time on BMI and FAT% was not significant in all 
groups (p ˃ 0.05). No significant difference was found 
in the BMI and FAT% before and after treatment in all 
groups (p ˃ 0.05). The BMI and FAT% were expressed 
in kilogramme/metre2 (kg/m2) and percentage (%), 
respectively.

Table 1 The demographic data of participants

TS test statistics, pre first measurement, post last measurement, F two-way analysis of variance in repeated measures, r effect size. aComparison between groups, 
bintra-group comparison, ccomparison of pre and post values between groups, summary statistics mean ± standard deviation; given as median (first quartile–third 
quartile) values

Diet Exercise Control TSa TSc

F p r F p r

BMI (kg/m2) Pre 23.51±3.96
23 (20.2; 25.8)

25.1±5.58
23.4 (20.9; 26.2)

23.79±4.32
21.6 (20.4; 28.3)

1.612 0.212 0.071 1.218 0.306 0.055

Post 22.61±3.23
21.8 (20.1; 24.9)

26.59±9.3
23.9 (21; 29.9)

23.65±4.15
21.5 (20.3; 28.3)

1.379 0.144 0.039

TSb F=0.177
p=0.676
r=0.004

F=2.7
p=0.108
r=0.06

F=0.004
p=0.948
r=0.001

FAT(%) Pre 33.49±5.48
32.9 (29.3; 36.9)

28.27±10.48
31.5 (22.3; 35.2)

31.24±6.85
28.9 (25.5; 39.6)

1.656 0.203 0.073 0.302 0.741 0.014

Post 33.07±4.56
34 (30.5; 35)

29.09±7.27
30.5 (22.4; 34.5)

31.27±6.73
30 (25.5; 39.2)

1.498 0.235 0.067

TSb F=0.136 p=0.714 r=0.003 F=0.512 p=0.478 r=0.012 F=0.001 p=0.982 r=0.001

Table 2 The neck disability, kinesiophobia and VAS scores of participants

TS test statistics, pre first measurement, post last measurement, F two-way analysis of variance in repeated measures, r effect size. aComparison between groups, 
bintra-group comparison, ccomparison of pre and post values between groups, summary statistics mean ± standard deviation; given as median (first quartile–third 
quartile) values

Diet Exercise Control TSa TSc

F p r F p r

VAS (cm) Pre 6.07±1.16
6 (5; 7)

6.4±1.06
6 (6; 7)

6.8±0.94
7 (6; 8)

1.810 0.176 0.079 42.124 0.001 0.667

Post 2.67±1.18
2 (2; 4)

3.33±1.23
3 (3; 4)

6.8±1.15
7 (6; 8)

52.524 0.001 0.714

TSb F=138.632
p=0.001
r=0.767

F=112.782
p=0.001
r=0.729

F=0.001
p=0.999
r=0.001

NSI Pre 35.47±10.13
38 (28; 42)

35.87±12.29
34 (28; 50)

37.07±7.67
38 (32; 42)

0.100 0.905 0.005 19.694 0.001 0.484

Post 14.4±10.26
14 (8; 16)

18.4±4.85
18 (16; 22)

36.73±7.86
38 (35; 42)

33.485 0.001 0.615

TSb F=71.217
p=0.001
r=0.629

F=48.956
p=0.001
r=0.538

F=0.018
p=0.894
r=0.001

TSK Pre 41.8±5
43 (41; 45)

40.73±5.13
40 (36; 44)

42.93±3.03
42 (40; 46)

0.899 0.415 0.041 7.542 0.002 0.264

Post 35.93±3.88
36 (32; 39)

36.47±6.65
35 (32; 40)

42.87±3.11
42 (41; 46)

9.704 0.001 0.316

TSb F=28.926
p=0.001
r=0.408

F=15.3
p=0.001
r=0.267

F=0.004
p=0.952
r=0.001
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Neck disability and kinesiophobia scores of participants
The neck disability and kinesiophobia scores of partici-
pants are presented in Table  2. Before and after treat-
ment, the main effect of time on the measurement was 
significant [p = 0.001 (for neck disability); p = 0.002 
(for kinesiophobia)]. The between-group comparison 
revealed the post-treatment neck disability scores of the 
EG and DG as significantly different from the CG (p = 
0.001). Intragroup value comparison before and after 
treatment revealed no significant difference in the CG (p 
= 0.894), whereas a significant difference in the EG and 
DG (p = 0.001).

In group comparison, the post-treatment kinesiopho-
bia scores of the EG and DG were significantly different 
from the CG (p = 0.001). The intragroup value compari-
son before and after treatment revealed no significant 
difference in the CG (p = 0.952), whereas a significant 
difference in the EG and DG (p = 0.001).

VAS scores of participants
The VAS scores of participants are presented in Table 2. 
Before and after treatment, the main effect of time on 
the measurement was significant (p = 0.001). The group 
comparison revealed that post-treatment VAS scores of 
the EG and DG were significantly different from the CG 
(p = 0.001). The intragroup value comparison before and 
after treatment revealed no significant difference in the 
CG (p = 0.999), whereas a significant difference in the 
EG and DG (p = 0.001). The VAS score was expressed in 
centimetres (cm).

SF‑36 scores of participants
The SF-36 scores of participants are presented in Table 3. 
Before and after treatment, the main effect of time on the 
measurement was significant. The between-group com-
parison revealed that post-treatment SF-36 scores of the 
EG and DG were significantly different from the CG. The 
post-treatment emotional role score was significantly dif-
ferent in the DG compared to the other two groups (p = 
0.013). Post-treatment general health score was higher 
in the DG than in the EG (p = 0.001; p = 0.013, respec-
tively). The intragroup value comparison before and after 
treatment revealed no significant difference in the CG, 
whereas a significant difference in the EG and DG (see 
Table 3).

Discussion
In our study, the effects of a vegan diet and therapeu-
tic exercise for pain relief and quality of life and kine-
siophobia improvement were investigated in patients 
with chronic NSNP. Results indicated that pain sensa-
tion decreased and the quality of life score increased 
in DG and EG. Furthermore, the kinesiophobia scores 

decreased in both groups. A vegan diet is an alternative 
option for chronic pain treatment.

The risk of chronic neck pain was higher in females 
than in males [38]. Several studies report that the inci-
dence of chronic neck pain in females ranges from 7 to 
22% compared with 5–16% in males [39, 40]. Similarly, 
our study participants consisted of female patients. No 
significant difference was found in the body weight and 
body FAT% before and after treatment in all groups since 
participants were of normal weight and the diet followed 
did not include calorie restriction. These results were 
similar to the study of Towery et al. [31].

Spinal manipulation, acupuncture, message, exercise, 
traction, electrotherapy and immobilisation with a soft 
collar are among the alternative treatment methods for 
neck pain. In a review, exercise was emphasised as the 
method with the highest evidence among the alternative 
treatment methods used in NSNP [41]. In another review, 
exercise was stated as the most effective and inexpensive 
method for NSNP management [42]. Considering the 
limited financial resources in the health system, decision-
makers should give great importance that applied treat-
ments are effective and cheap [43]. Similarly, exercise and 
diet, which are cost-effective treatment methods, were 
applied to our study participants.

Studies revealed an impaired activity of the neck mus-
cles in individuals with neck pain [44, 45]. Cagnie et al. 
[46] reported that females with chronic neck pain had 
weaker neck extension strength than healthy females. 
Weakening of the deep cervical flexor and extensor mus-
cles caused neck pain [45, 47]. Decreased deep cervical 
muscle activity impaired joint movement and repetitive 
micro-trauma, resulting in neck pain. The best exercise 
prescription for neck muscles is a combination of resist-
ance, endurance and stretching exercises [48]. Similarly, 
exercises applied in our study included resistance, endur-
ance and stretching, and the pain scores of participants in 
the EG were significantly reduced.

Towery et  al. [31] found that an 8-week vegan diet 
reduced the pain and improved the quality of life in indi-
viduals with chronic musculoskeletal pain. Similarly, our 
study revealed that pain scores of participants in the vegan 
DG decreased and their quality of life increased due to the 
positive effect of gut microbiota in the vegan diet. The gut 
microbiota consists of diverse microbial communities that 
compete with each other and produce metabolites that 
affect human health in many ways. Gut microbiota par-
ticipates in the regulation of many neurological diseases, 
including Parkinson’s disease, Alzheimer’s disease, depres-
sion and chronic pain. Disruption of the gut microbiota 
causes neuroinflammation in the peripheral and central 
nervous systems [49, 50]. Neuroinflammation is caused 
by cytokines and chemokines released from the glial cells. 
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Table 3 SF-36 scores of participants

Diet Exercise Control TSa TSc

F p r F p r

Physical functioning Pre 67.67±12.8
70 (60; 80)

71.27±17.23
80 (60; 85)

60.33±10.6
65 (50; 70)

2.440 0.099 0.104 11.694 0.001 0.358

Post 90±11.34
90 (75; 100)

82±9.02
80 (75; 90)

61±10.89
60 (50; 70)

30.724 0.001 0.594

TSb F=49.614
p=0.001
r=0.542

F=11.445
p=0.002
r=0.214

F=0.044
p=0.834
r=0.001

Role-physical Pre 26.67±27.49
25 (0; 50)

26.33±25.18
25 (0; 50)

36.67±22.89
50 (25; 50)

0.811 0.451 0.037 14.975 0.001 0.416

Post 88.33±16
100 (75; 100)

83.33±26.16
100 (75; 100)

40±22.76
50 (25; 50)

21.800 0.001 0.509

TSb F=54.194
p=0.001
r=0.563

F=46.302
p=0.001
r=0.524

F=0.158
p=0.693
r=0.004

Role-emotional Pre 33.31±25.19
33.3 (33.3; 33.3)

39.98±18.66
33.3 (33.3; 66.6)

24.46±23.45
33.3 (0; 33.6)

1.779 0.181 0.078 2.388 0.010 0.102

Post 57.72±15.24
66.6 (33.3; 66.6)

48.86±27.79
66.6 (33.3; 66.6)

31.08±26.6
33.3 (0; 66.6)

4.838 0.013 0.187

TSb F=15.166
p=0.001
r=0.265

F=2.007
p=0.164
r=0.046

F=1.115
p=0.297
r=0.026

Vitality Pre 35.33±12.46
30 (25; 45)

44.33±14.13
40 (30; 60)

35.33±12.32
30 (25; 45)

2.399 0.103 0.103 7.321 0.002 0.258

Post 58.67±16.09
60 (50; 70)

56.33±9.9
50 (50; 60)

37±11.77
40 (25; 50)

12.846 0.001 0.380

TSb F=33.938
p=0.001
r=0.447

F=8.976
p=0.005
r=0.176

F=0.173
p=0.679
r=0.004

 Mental Health Pre 48.27±18.05
44 (40; 60)

52.2±18.01
52 (30; 68)

42.13±16.36
40 (30; 56)

1.262 0.294 0.057 4.282 0.020 0.169

Post 64.13±16.5
68 (52; 80)

66.1±15.11
64 (56; 76)

43.73±18.65
40 (30; 55)

8.136 0.001 0.279

TSb F=18.03
p=0.001
r=0.3

F=13.838
p=0.001
r=0.248

F=0.183
p=0.671
r=0.004

Social functioning Pre 50.83±20.85
50 (37.5; 62.5)

56.67±18.22
62.5 (37.5; 75)

50.83±16
50 (37.5; 62.5)

0.499 0.611 0.023 8.507 0.001 0.288

Post 79.17±14.69
75 (62.5; 87.5)

70±10.35
75 (62.5; 75)

51.83±20.08
50 (37.5; 65)

11.995 0.001 0.364

TSb F=36.446
p=0.001
r=0.465

F=8.071
p=0.007
r=0.161

F=0.045
p=0.832
r=0.001

 Body pain Pre 51.33±14.04
57.5 (35; 57.5)

41.83±9.18
45 (35; 45)

39.33±12.69
35 (32.5; 45)

4.075 0.024 0.163 29.975 0.001 0.588

Post 81.83±10.63
87.5 (77.5; 90)

71.5±14.26
77.5 (65; 77.5)

40.5±11.35
40 (30; 45)

46.784 0.001 0.690

TSb F=99.981
p=0.001
r=0.704

F=94.593
p=0.001
r=0.693

F=0.146
p=0.704
r=0.003

General health Pre 46.67±17.18
50 (35; 60)

44.33±14.98
45 (35; 50)

40±11.02
40 (35; 45)

0.803 0.455 0.037 14.322 0.001 0.405

Post 71±13.39
75 (60; 85)

52.33±12.37
50 (50; 55)

41.67±10.8
40 (35; 45)

22.091 0.001 0.513

TSb F=61.999
p=0.001
r=0.596

F=6.701
p=0.013
r=0.138

F=0.291
p=0.593
r=0.007

TS test statistics, pre first measurement, post last measurement, F two-way analysis of variance in repeated measures, r effect size. aComparison between groups, bintra-
group comparison, ccomparison of pre and post values between groups, summary statistics mean ± standard deviation; given as median (first quartile–third quartile) 

values
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Cytokines and chemokines are potent neuromodulators 
that induce hyperalgesia and allodynia. Increased cytokines 
and chemokines in the central nervous system cause 
chronic pain in many body regions through central sensi-
tisation [51]. The omnivorous diet disrupts the gut micro-
biota and causes inflammation compared to the vegan diet 
[52]. In addition, studies revealed that anxiety and depres-
sion cause NSNP [53, 54]. Diet and lifestyle changes have 
positive effects on psychological diseases such as depres-
sion and anxiety [55]. Vegan individuals have lower anxiety 
levels than omnivore individuals [56]. Similarly, our study 
revealed a significantly different role-emotional score of 
SF-36 in the DG compared to the CG after treatment.

The general health score, one of the sub-dimensions 
of the SF-36 form, was higher in the DG compared to 
the EG. This result is not surprising. Numerous stud-
ies documented the positive effects of diet practices on 
general health. In addition, the exercise method applied 
was only for the neck muscles and excluded a general 
exercise prescription.

Our study revealed that kinesiophobia scores were 
significantly decreased in the DG and EG than CG due 
to neck pain relief in both groups. Patients with pain 
problems often fear that physical activity would worsen 
their conditions, which leads to movement and exercise 
avoidance [57]. Several studies showed that pain avoid-
ance behaviour is closely related to pain chronicity and, 
consequently, loss of function [58, 59].

Our study has several limitations. The mood of par-
ticipants was not evaluated with a separate scale before 
and after the study. The gut microbiota was also not 
examined. Therefore, mechanisms by which a vegan 
diet reduces pain were not fully determined.

Conclusion
We conclude that a vegan diet and therapeutic exercise 
have a beneficial effect on pain severity and quality of 
life in patients with chronic NSNP. Similar to the previ-
ous study, additional diet practices to physical therapy in 
painful musculoskeletal conditions yield positive results. 
Future large-scale studies can investigate the effects of a 
vegan diet on different musculoskeletal pains with differ-
ent measurements and different durations.
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