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Abstract
Objective: To determine if a vegan diet will result in subjective reduction in perceived pain and functional limitations.

Methods: This was a six-week randomized controlled study of participants aged 18-70 with an official diagnosis of fibromyalgia. Participants were randomized to a whole-foods, plant-based diet (WFPB) or to continue their current diet. Outcomes were assessed by mixed model
analysis of a weekly 36-Item Short Form Health Survey (SF-36v2), weekly Patient Global Impression of Change (PGIC) scale, and weekly Visual
Analog Scale (VAS) pain assessments. Mixed model analysis evaluated changes from baseline of the following clinical measures: weight, BMI,
body temperature, pulse, and blood pressure.

Results: 40 Participants were randomized. 39 of them, 19 control and 20 intervention, completed the study. Throughout the six-week study,
the intervention group reported a significantly greater improvement than the control group in SF-36v2 energy/vitality, physical functioning,
role physical, and the physical component summary scale in physical functioning (PF), energy/vitality (VT), physical component summary scale
(PCS), mental health (MH); p values varied between <0.05 to <0.001. Differences between the intervention and control PGIC scales were statistically significant towards the conclusion of the study (p < 0.05), with the intervention groups showing a more pronounced decrease. Intervention
group improvement in weekly mean VAS assessments was also significantly greater (p < 0.01) than that of the control group from weeks two
through five.
Conclusion: A whole-foods, plant-based diet significantly improves various aspects self-assessed measures of functional status among fibromyalgia patients

Introduction
Fibromyalgia is a medical disorder characterized by
widespread chronic pain, difficulty sleeping, daytime fatigue,
sleepiness or somnolence, and an inappropriate response to
pressure stimuli. With an estimated prevalence of 1-2% and
female to male ratio of approximately 7:1, Fibromyalgia’s
etiology remains unclear, but research suggests that central
nervous system abnormalities including sensitization of neural
circuits and impaired descending inhibitory pain pathways
contribute to fibromyalgia’s symptomatology [1].
Unfortunately, side effect profiles of many medications used
to treat fibromyalgia can deter patients from compliance. It is
also thought that medications alone may not be a comprehensive
enough approach to alleviate symptoms in this complicated
condition. Therefore, non-pharmacological therapy including
dietary modifications should be incorporated into treatment.
In fact, this has already been shown to improve symptoms in
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patients with many other chronic conditions [2]. The American
Dietetic Association (ADA) further supports this position that
appropriately planned vegetarian or total vegetarian/vegan
diets are healthful, nutritionally adequate, and may provide
benefits in the prevention and treatment of certain diseases [3].
In fact, vegans have increased levels of beta and alfa carotenes,
lycopenes and lutein, and vitamin C and E in their sera [4], which
is important because of their role as antioxidants. Vegan diets
are also low in arachidonic acid, a precursor to inflammatory
prostaglandins, which is increased in the western diet [5-9].

Studies investigating the effect of dietary modification
on fibromyalgia symptoms have been promising. One open,
nonrandomized controlled study of 33 patients found beneficial
effects of a vegan diet on fibromyalgia symptoms in a threemonth intervention period, with improvements in the Visual
Analog Scale and three other scales [10]. An observational
001
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study of 30 fibromyalgia patients on a raw vegetarian diet with
daily supplementation of dehydrated barley grass juice showed
benefit in 19 of the participants. Short-form Health Survey (SF36) measures for all scales except bodily pain were no longer
statistically different from baseline for women 45 to 54 years
of age in this group of 19 responders [11-18]. The beneficial
effects of WFPB diets on mood and depression are reported in
previous studies [19-22], including a 2016 cross-sectional study
that observed dietary habits of patients with fibromyalgia and
found that patients who ate at least daily or nearly daily fruit
and fish had improved scores on depression and outlook on life.
However, there have been no published randomized controlled
trials assessing whether a vegan diet including cooked and
uncooked food and gluten-containing foods would benefit
fibromyalgia patients.

Purpose

The specific aim of this study is to determine if a WFPB
diet will result in a subjective reduction in perceived pain and
functional limitation in patients suffering from fibromyalgia. The
following are hypothesized
i.
Improvement in the SF-36v2 BP, PF, RP, VT, and PCS will
be significantly greater in the intervention group than in the
control group.

ii.
Among participants capable of experiencing a clinically
important level of change in VAS (>1.3), i.e those with a day 1
VAS >2, VAS improvement will be significantly greater in the
intervention group than in the control group.
iii. PGIC scale improvement will be significantly greater in
the intervention group than in the control group.

Methods

This study was a 6-week randomized controlled trial. The
Institutional Review Board approved the clinical study site and
protocol. All patients provided written informed consent before
the commencement of any study activities or protocols.

Subjects

The subjects were selected based on the following inclusion
criteria: male or female patients aged 19 to 70 years at the start
of the study. A physician must have diagnosed each patient with
fibromyalgia. Patients were also deemed capable of buying and
preparing their meals. Patients were discouraged to significantly
modify their pain management regimens, but the patient’s
Table 1: Baseline assessments.
Description
Sex: females: # (%)

Age: mean (Std. dev.)
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provider could modify other medications as needed. Patients
that were illiterate, visually impaired, non-English speaking,
diabetic, following a prescribed diet, pregnant, diagnosed with
eating disorder, already vegetarian or vegan, or with known food
allergies were excluded from this study. Patients were recruited
through local physician offices, a local fibromyalgia support
group, local newspaper, and www.drmarymd.com, the website
of Dr. Mary Clifton, and their eligibility was screened by phone.
Eligible patients were emailed or mailed a copy of the informed
consent to read. If patients were still interested after receiving a
copy of the informed consent, patients were formally consented
at Dr. Clifton’s office. Patients were randomized into the control
or intervention group using randomization blocks of four and
trained through the use of a one hour presentation on plantbased diets.

They were also directed to www.pcrm.org and www.
drmarymd.com for low glycemic, animal free, low fat food
options, given a vegetarian starter kit, and 21 days of vegan
recipes from the Physician’s Committee for Responsible
Medicine (PCRM). The control group continued their normal
omnivorous diet program. Twenty-four hour food recalls were
obtained at the start and end of the trial, and once a week for
the six weeks of the trial via telephone. Patients underwent a
final interview at the end of the six-week study period. Patients
received additional individual consultation as needed to
promote compliance and answer specific questions. Over the six
weeks, the Patient Global Improvement of Change (PGIC) and the
MOS 36 item short form health survey (SF-36) were performed
weekly by telephone. Patients performed a Visual Analog Scale
(VAS) of their daily pain level daily at home. C-reactive protein
levels were assessed at the beginning and end of the study at
Munson Medical Center Laboratories as a secondary measure of
diet changes and inflammatory status.

Analysis

Baseline Assessment: Summary statistics were calculated
from baseline assessments table in Table 1. The quantitative date
was expressed as the mean (SD) and nominal data was expressed
as the number (percentage). Comparability between the control
and intervention groups was calculated using student’s t-test
(two-tailed), nominal data compared by Fisher’s exact test
(two-tailed), and nominal data greater than two categories was
calculated using chi-squared test. Statistical significance was
defined as a p value less than 0.05.

Control
(n=18)

18(100%)

54.67(11.58)

Intervention
Demographic

(n=18)

16(88.89%)

54.56(13.17)

p-value
0.0891
0.9787
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Race: white: # (%)

17(94.44%)

Hypertension: yes

2(11.11%)

Smoker: yes: # (%)

2(11.11%)

17(94.44%)

Health conditions: # (%)

0.25

0(0%)

0.0891

5(27.78%)

0.2004

Depression: yes

10(55.56%)

7(38.89%)

0.3154

BMI

30.99(7.42)

28.85(7.32)

0.3895

Pulse

77.28(9.95)

75.83(10.50)

0.6744

Clinical exam findings: mean (Std. dev.)

Body temperature

98.36(0.84)

Blood pressure: systolic

98.17(0.85)

118.89(12.25)

Blood pressure: diastolic

72.94(7.17)

0.5192

118.78(17.63)
Survey responses

0.9826

74.61(11.38)

0.6026

Meat and dairy per week: # (%)

1-8/week

4(22.22%)

>12/week

13(72.22%)

17(94.44%)

PF: physical functioning

36.65(10.67)

40.51(10.27)

0.2757

BP: bodily pain

35.18(10.53)

34.81(6.68)

0.9004

9-12/week

0(0%)

1(5.56%)

SF-36v2 t scores: mean (Std. dev.)

RP: role physical

37.40(11.65)

GH: general health

VT: energy/vitality

41.25(7.10)

41.83(10.89)

37.03(10.36)

35.49(14.97)

40.87(12.49)

39.58(11.49)

44.81(9.64)

38.15(10.68)

SF: social functioning
RE: role emotional
MH: mental health

39.70(13.68)

0.2501
0.2441
0.1479
0.8765

44.23(11.19)

Table 2: SF-36v2 mixed models analysis of change from baseline.

Control(Cntl)

0.6072

36.80(8.96)

Primary outcomes: The primary outcome variables were
changes in pain and functional status between the first and
last week of the study, as measured by the SF-36v2 domain
subscales for bodily pain (BP), physical functioning (PF), role
physical (RP), energy/vitality (VT) and Physical Component
Summary (PCS) scores, VAS, and the PGIC scales. Mixed models
(repeated measures) analysis was used to evaluate change in SF36v2 subscales from intake baseline level (BL) and determine if
the difference in change between the intervention and control
groups was statistically significant (Table 2). Additional mixed
models analysis of PGIC-Row and PGIC-Line data was conducted

Intervention(Int)

0.1843

44.11(12.07)

37.34(11.59)

MCS: Mental Component
Summary Scale

0.2399

36.49(8.42)

39.06(13.44)

PCS: Physical Component
Summary Scale

Baseline mean

0.0478

1(5.56%)

0.2839

to evaluate description of life changes related to pain and rating
of degree of change since baseline level. Because the PGIC
measures change associated with participant’s baseline pain and
the VAS was not measured at intake, the participant’s BL SF-36v2
BP subscale score was included as a covariate in analysis of PGICRow and PGIC-Line (Table 3). VAS data, which was only available
for a subset of participants, was evaluated for participants with
a VAS of 2 or greater on Day 1. Mixed models analysis compared
mean weekly VAS data to evaluate statistical significance (Table
4). It was also used to determine if any changes to clinical
findings had significantly changed from baseline (Table 5).

PF

RP

BP

VT

PCS

GH

SF

RE

MH

MCS

36.65

37.40

35.18

41.83

38.15

35.49

39.06

39.58

37.34

39.70

40.51

41.25

34.81

37.03

36.49

Change from baseline

40.87

44.11

44.81

36.80

44.23

Week 1

003
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Cntl

3.18

2.12

2.06

Int-Cntl

2.61

0.27

0.51

Int

5.80

2.39

-0.8

0.17

3.59

3.79

2.46

1.26

2.66

1.08

2.67

0.93

2.57

3.91
4.70

8.15‡

8.31

-1.79

-0.63

2.16

5.08

7.36

6.31

0.71

6.63

10.81￥

2.99

0.21

0.15

4.85

2.31

Week 2

Cntl

4.66

2.12

1.57

1.10

Int-Cntl

1.25

2.9

4.63

6.47†

Int

5.91

5.04

6.20

Cntl

3.98

3.98

5.14

Int-Cntl

4.75

4.24

4.4

Int

8.73

8.22

7.57

12.97

Week 3

1.38

9.38

10.12
Week 4

-0.03

8.20

6.00

1.03

2.99

-0.63

6.27

12.47 ￥

Cntl

3.18

3.85

4.77

0.60

9.86

Int-Cntl

5.91†

3.31

4.83

11.25 ￥

6.15
9.64

Cntl

3.07

2.92

3.42

-0.52

2.99

Int-Cntl

5.91†

4.24

6.55†

8.98

7.16

7.16

9.60

9.97

11.85

15.80

Week 6

12.97

13.49 ￥

Table 3: mixed models analysis of PGIC change from Week 1.

15.13

12.14 ￥

9.26

7.58

6.51†

9.68

10.16

0.37

11.55

-1.50

-1.89

0.00

8.67‡

-1.37

5.38

5.68

7.39

0.61

6.81

2.39

2.74

0.46

9.15‡

2.18

7.78

7.77

8.41
Int-Cont

Week1

2

3.17

1.17

Week2

0.06

0.78

0.72

Week4

0.17

1.61

1.44

Week5

PGIC-Row

Change from Week 1
1.17

0.56

Week6

1.22

4.11

-1.06

-0.61

-0.5

PGIC-Line

5.17

Week2

-0.11

Week4

-0.39

-1.16

Week6

-0.44

-1.83

Week3

Change from Week 1

-0.5

Week5

-0.5

-0.17

Change from week 1

8.99

0.2565
0.1598

0.1033

0.04533

0.3175
1

-0.78

0.131

-1.33

0.009747

-1.39

0.02012

Intervention

Intervention-Control

p-value

5.04

5.88

0.84

0.07

(n=13)

9.76

10.18

0.192

Control
(n=13)

9.03

3.17

P value

0

-1.5

Table 4: mixed models analysis of PGIC change from Week 1.

7.85

1

1.78

Week1

10.16

0.78

1.56

0.56

7.36

3.54

Intervention

0.39

10.86

10.54

8.36

9.54

8.49

7.55

Control

Week3

8.94

7.28‡

-1.04

10.70 ￥

Week 5

5.57

0.95

0.01

2.34

9.10

3.16

15.63

3.59

10.89

3.58

10.83

9.08

3.93

1.1

5.12†

6.29

6.46

10.03

Int-Cntl

Int

004

9.01‡

3.54

9.06

3.96

Int

Week 1

10.10

9.87

3.84
7.42

7.57

9.86

2.96

8.07

0.13

8.07

Cntl
Int

3.15

5.82

14.83

8.74‡

1.79
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Week 2

0.51

-0.74

-1.25

<0.01

Week 4

-0.14

-1.95

-1.81

<0.01

Week 3

0.49

Week 5

-0.98

0.23

Week 6

-2

-0.11

Results

-1.46

<0.01

-2.23

-2.29

<0.01

-2.17

Baseline demographics, clinical characteristics, and
surveys
The majority of study participants were female (94.5%)
and average age was 54 years old. No statistically significant
demographic or clinical diagnoses were identified at intake.
Survey responses showed a significant difference in the
frequency of meat and dairy ingested per week between 1-8
times. No statistically significance difference was noted at 9-12
or >12 times of meat and dairy ingestion per week (Table 1).

Efficacy

The primary focus of the SF-36v2 analysis was the four
domains and single component summary scale previously
identified as directly related to pain and functional limitations:
BP, PF, RP, VT, and PCS (Table 2). PF was statistically significant in
weeks 4 to 6 (p <0.05). VT was significant in week 3 through week
6. PCS demonstrated less consistent findings. Significance was
found beginning in the first week until week 4. No difference was
noted in week 5, but again noted to be significant in week 6. RP,
BP, GH, SF, RE, and MCS did not show any significant differences.
However, MH consistently showed a significant difference in
weeks 3-6. None of the SF-36v2 measures had any findings of
statistical significance through the six-week study period.
Mean weekly PGIC-row (description of change related to
pain) and PGIC-line (degree of change since beginning) scores,
adjusted for SF-36v2 BP at BL, are shown in Table 3. No statistical
significance between intervention-control differences existed in

0.1

either scale during week 1 of the study, with PGIC- row means
between 3.0 and 2.0, respectively, and PGIC-line means at 5.0 (no
change) and 4, for intervention-control group, respectively. In the
PGIC-row group, statistical significance was seen only in week 6.
No differences were calculated in weeks 1 through 5. There was
a consistent increase in the PGIC-row intervention group when
compared to the control group, however, only significance was
seen at week 6. In week 2, PGIC-row control group increased
to 2.06, while the intervention group jumped to around 4.0.
By the completion of the six-week trial, the intervention group
scored close to 5.0 and the control group barely surpassed 2.5.
In the PGIC-line group, statistical significance was calculated in
week 5 and 6, but no statistical significance was noted in weeks
1 through 4. Control group PGIC-line means minimally varied
over the 6 weeks of the study, while intervention group means
decreased steadily over time, from 4.11 to 1.83 on a scale where
5 = “no change” and 0 = “much better.”
Table 4 illustrates the mixed models (repeated measure)
analysis evaluating change in mean VAS assessments from Week
1. When compared to the results of the baseline, the VAS scores
were significantly improved. These changes and improvements
were consistent through weeks 2-5 (Table 4). However, there was
no significance in the final week of the study. Participants were
asked to provide a VAS assessment each day at a random time
and a subset of participants, 13 controls and 13 interventions,
provided the requested data. To be able to assess clinically
important change in VAS, analysis was restricted to participants
with a day 1 VAS of 2 or more.

Table 5: Clinical findings: mixed models analysis of change from baseline.
Intake(BL)

Exit: Change from BL

P value

Control

Intervention

Cntl

Int

Int-Cont

Weights (lbs.)

181.86

172.26

181.51

165.59

-6.31

<0.001

BMI (kg/m2)

30.99

28.85

30.70

27.80

-0.75

0.07

Body
Temperature (F)

98.36

98.17

98.05

98.44

0.57

0.173

Pulse

77.28

75.83

78.53

73.78

-3.31

0.387

Systolic BP
(mmHg)

119

118.78

118.23

118.61

0.43

0.058

Diastolic BP
(mmHg)

74

74.61

73.71

69.33

-5.21

0.329

Table 5 depicts changes in clinical findings from intake
baseline to exit. The average weight loss between the control
and intervention groups was statistically significant. With the
decrease in weight loss, there was also an associated decrease
in BMI. No significant changes in body temperature, pulse, and
systolic or diastolic blood pressure were noted.
005

Safety
Adverse events included one instance each of rash, herniated
disc, dizziness, and a new diagnosis of prostate cancer in the
control group. Within the treated group, adverse events included
one urinary tract infection, 3 complaints of gas and bloating, one
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upper respiratory infection, one gouty arthritis exacerbation,
and one complaint of hunger. The incidence of adverse events
in the intervention group was not higher than the control group.

Laboratory findings

Initial CRP measurements were normal at intake screening
laboratory evaluations in all participants. Subsequent readings
after completion of the study did not differ significantly from
initial measurements.

Discussion

WFPB diet was associated with a significant reduction in
pain compared to an ordinary omnivorous diet, with statistically
significant pain reduction seen as early as two weeks after
initiation of dietary modification. Previous studies show that
diets enriched with omega-3 fats and plant proteins tend to
decrease subjective complaints of pain. These studies are
limited by their design, size, and significant dropout rates. To
our knowledge, including an exhaustive literature search, this
is the first randomized controlled trial to examine the effects of
a WFBP diet on subjective pain reports and functional status/
limitation due to fibromyalgia.

The primary mechanism by which diet reduces subjective
pain may be a result of normalization of the fatty acid profile
and reduction in exposure to inflammatory protein precursors.
Western diets are high in arachidonic acid, which are modified
into pro-inflammatory prostaglandins and leukotrienes. Nonsteroidal anti-inflammatory drugs work to reduce pain by
limiting the metabolism of arachidonic acid. Arachidonic acid
is found in animal foods and some vegetable oils. In addition,
WFPB dieters have elevated serum levels of omega-3 fats
compared to omnivores and even higher levels than fish
eaters. The metabolism of alpha-linoleic acid, which is found
in abundance in legumes, vegetables, and soy, produces antiinflammatory prostaglandins. The decrease in concentration of
these prostaglandins may contribute to reduction in symptoms.
Therefore, the adoption of a WFPB diet will dramatically reduce
the availability of precursors necessary to produce painful
prostaglandins. Other inflammatory markers have been identified
in the pathogenesis of fibromyalgia. A 2015 systemic review [21]
found these other markers to be interleukin 1, 6, and 8 (IL-1,
IL-6, Il-8, respectively) as well as insulin-like growth factor-1
(IGF-1). Studies evaluating the effect of non-pharmacological
treatment on these specific inflammatory markers have not been
conducted, but similar non-specific studies have shown modest
effects of whole grain diets on inflammatory markers and T-cell
immune responses [23].
Animal protein and fat consumption also increases the
permeability of the small intestine to bacterial translocation,
leading to systemic immune complex development. Overall
changes to gut microbiota are noted in western diets, as well.
These bulky immune complexes can lodge in small capillaries,
006

resulting in inflammation and accumulation damage over time. It
is hypothesized that this is responsible for the exacerbation and
proliferation of many autoimmune and chronic inflammatory
diseases, such as arthritis conditions [24].

The WFPB diet offers several advantages that may facilitate
compliance [25]. Because dairy, eggs, and meat are completely
omitted, there is no need to measure portions, limit the size of
meals, handle raw meat, or be concerned of raw meat and egg
safety precautions. A WFPB diet also appears to be easier to
follow than previously studied raw diets and fasting, as evidenced
by the high level of compliance and reasonable dropout rate of
our study. Moreover, this diet elicited beneficial clinical results
in as little as two weeks, which in turn will facilitate continued
compliance. A common misconception is that the use of a plantbased diet without animal products would lead to malnutrition.
Except for a very small risk of B12 deficiency in those who
commit 100% to the diet, a WFPB diet based on unrefined plant
foods supplies the adequate amounts of calories, protein, fats,
vitamins, and minerals including calcium, zinc, and iron [26].
Interestingly, although the plant-based dietary profile (lowfat, high fiber) can lead to a diet that is less energy dense and
reduce caloric intake, the WFPB diet is associated with increased
nutrient density as well as increased concentrations of several
vitamins and trace minerals. Therefore, the WFPB diet group
may have ingested fewer calories than the treated group, even
though they were encouraged to eat without calorie counting.
Weight loss and blood pressure reductions have been
previously documented with WFPB diets [27,28]. The
intervention group of this study also experienced a statistically
significant decrease in weight loss and BMI. For every pound of
weight lost, there is a four-pound reduction in mechanical load
exerted on the knee during daily activities [29]. Weight loss
of 15 pounds has been shown to reduce knee pain by 50% in
overweight individuals with arthritis [19]. Weight loss likely
contributed to the improvement of symptoms in the treatment
group by decreasing the mechanical load on affected arthritic
joints. However, most of the benefits of weight loss were
associated with knee arthritis, and the diagnostic criteria for
fibromyalgia requires pain in multiple joint sites. Weight loss
in the control group minimally decreased from baseline by
0.3 pounds compared to the approximately six pounds lost in
the intervention group. This weight loss between control and
intervention groups is consistent with what has been seen in
previous studies.
Lastly, the results are applicable beyond this research
setting because participants were studied in real time. They
were not provided food and prepared their own meals or ate at
restaurants. The study initiation techniques are easily duplicated
in office settings as the intake interview training lecture and
materials are available online.
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Study Limitations
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Participant adherence to the instructed diet was based on
a self-reported weekly 24-hour food recall. Actual adherence to
dietary recommendations may vary due to recall bias. Extensive
efforts were made to avoid expectation bias by giving the
participants in the separate diet groups identical introductory
and follow-up programs, with exception of the one-hour lecture,
which may have led to a placebo effect. However, follow-up calls
made to both the control and intervention group were equally
frequent and both groups were encouraged to ask questions and/
or voice concerns. The observed responses to the intervention
may have been falsely lowered by the control group’s knowledge
of the dietary modification intervention, which resulted in some
control group participants to implement aspects of the diet
despite the request to continue their original diet. The study
design is another limitation; a crossover design would have
allowed both groups to receive treatment at different times and
could possibly reduce variations in participants’ diets.

The short study period may also be a limitation, but does
not diminish the importance of the findings. Previous nutrition
studies have shown support for short-term interventions,
suggesting that nutrition interventions do not require a long
duration to show benefit. For example, in patients with active
chronic kidney disease, a vegetarian diet with reliance on grains
as the primary protein source resulted in decreased serum
phosphate concentrations in one week [30]. When a woman
begins a low-fat diet, serum estrogen concentrations decrease
by 15–50% in 2-3 weeks [31,32]. Dietary modification has been
shown to result in increased functional capacity, decreased
systolic and diastolic blood pressure, and decreased cholesterol
in twelve weeks [27,28]. Of patients with mild, functionally
limiting angina, 74% were pain- free after twelve weeks of
dietary change [33,34].

Conclusion

Based on this data and other studies that have shown
benefit of WFPB diets in chronic pain conditions, we hope to
encourage an increased appreciation and clinical evaluation of
dietary variables. Clinicians should understand the importance
of discussing dietary modifications with patients suffering from
chronic conditions such as fibromyalgia, in order to provide
lasting benefit to this population. WFPB diet therapies can
be recommended as a safe adjunct to the standard medical
management of fibromyalgia.
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