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Stress-associated weight gain,
fibromyalgia symptoms,
cardiometabolic markers, and
human growth hormone
suppression respond to an amino
acid supplement blend: Results of
a prospective, cohort study

Susan Pekarovics1,2*, Adam Beres1, Colleen Kelly3, Sonja K. Billes4

and Amy L. Heaton5,6

1Susan Pekarovics, MD, Professional Medical Corporation, Los Angeles, CA, United States, 2Attending
Physician, Cedars-Sinai Medical Center, Los Angeles, CA, United States, 3Kelly Statistical Consulting,
San Diego, CA, United States, 4August Scientific, Encinitas, CA, United States, 5Sierra Research Group, LLC,
Salt Lake City, UT, United States, 6Pennington Biomedical Research Center, Baton Rouge, LA, United States
Introduction: An orally administered amino acid-based test supplement was

recently shown to increase human growth hormone (hGH) in healthy adults.

This prospective, observational, single-center, single-arm cohort study

investigated the effects of 24 weeks of daily oral administration of the test

supplement in individuals with stress-related weight gain, fibromyalgia (FM) and

stress-related low-normal hGH production (15-30th percentile for age-

appropriate levels) on insulin-like growth factor 1 (IGF-1), an indicator of hGH

levels caused by stress related stimulation of somatostatin.

Methods: Participants continued to receive standard care. The primary endpoint was

the change from baseline to endpoint (Week 24) in serum IGF-1. Additional

endpoints included the change in body weight, clinical symptoms (assessed with

the Revised Fibromyalgia Impact Questionnaire [FIQR], range 0-100, and Perceived

Stress Scale [PSS], range 0-40), fasting cardiometabolic markers, tolerability, and

safety. The study enrolled 84 fibromyalgia patients with low-normal age-adjusted

IGF-1 serum levels. High mean ± Standard Deviation (SD) baseline FIQR and PSS

scores of 76 ± 16 and 32 ± 5, respectively, indicated poor to moderate symptom

management with standard care. All individuals completed 24 weeks.

Results: Serum IGF-1 levels increased with a Week 24 mean± Standard Error (SE)

change of 28.4 ± 3.0 ng/mL (p<0.001). Body weight was reduced with a Week 24

mean ± SE change of -5.5 ± 0.3 kg (p<0.001) (a 6.5% weight loss from baseline).

The change from baseline in FIQR and PSS scores were -29.1 ± 1.1 and -20.0 ± 0.8,

respectively (both p<0.001), indicating a substantial improvement. Statistically

significant improvements from baseline to Week 24 were observed in systolic

and diastolic blood pressure, HbA1c, LDL and HDL cholesterol, and triglycerides (all

p<0.001). The supplement was well tolerated; no adverse events were reported.
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Discussion: Sustained augmentation of IGF-1 with the test supplement may

represent a novel method of improving clinical symptoms, including stress-

related weight gain, in individuals with fibromyalgia and stress-associated low-

normal hGH.
KEYWORDS
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Introduction

Fibromyalgia (FM) is a syndrome characterized primarily by

chronic pain, fatigue, many times with significant weight gain, and

sleep disturbance that affects approximately 3-8% of the general

population (1–3). It is most prevalent in women (1). Fibromyalgia

is most commonly diagnosed in individuals aged 20-50 years but the

incidence increases with age so that approximately 8% of adults meet

classification criteria for fibromyalgia by age 80 (4). Other common

concurrent symptoms include increased stress, disturbed sleep,

impaired cognition, fatigue, mood disorders, other pain disorders,

endocrine disorders, and obesity (1, 5, 6). There is no cure for

fibromyalgia; treatment is individualized based on patient

symptoms and may include medications, behavioral approaches,

and lifestyle modifications, including regular exercise. The benefits

of consistent resistance and aerobic physical activity regime, as well as

multimodality physical therapy have been demonstrated in the

current literature (7–10).

Several studies indicate that reduced production of human growth

hormone (hGH) is evident in approximately 30% of individuals with

fibromyalgia and may play a role in its pathophysiology (11–14).

Impaired hGH production in these individuals is hypothesized to

contribute to common fibromyalgia symptoms and comorbidities,

such as fatigue, disordered sleep, impaired cognition, decreased lean

body mass, increased adipose tissue, muscle weakness, and poor

general health (11, 14). Furthermore, preliminary studies have

demonstrated that treatment with rhGH produces an improvement

in tender points and fatigue in individuals with fibromyalgia (15, 16).

There are no Food and Drug Administration (FDA) approved

treatments for increasing hGH levels in individuals with FM who

do not have hGH deficiency (below the 15th percentile for age). Thus,

rhGH therapy in individuals with low hGH levels (but higher than the

cutoff for GHD) is expensive, requires dose monitoring and

adjustment, and may result in adverse effects. Additionally, the

incidence of FM and low hGH increases with age (4, 17). However,

treatment of fibromyalgia in elderly patients is complicated by greater

prevalence of comorbidities and polypharmacy, as well as the

increased risk of adverse drug reactions. There is a need for safe

and effective methods to increase hGH in patients with fibromyalgia

and low hGH, including the elderly.

An oral amino acid-based test supplement was recently shown to

increase release of endogenous hGH in healthy individuals (18). The

test supplement is hypothesized to enhance the release of hGH by

suppressing somatostatin (19) and preliminary observations indicate
02
that continued administration of the supplement promotes sustained

improvements in hGH levels (19). This open-label, single-arm study

investigated the effects of 24 weeks of daily oral administration of the

amino acid-based test supplement in addition to standard care on

serum IGF-1, a surrogate marker of hGH secretion in individuals with

treatment-resistant fibromyalgia and low-normal hGH production

(between the 15th and 50th percentile for age-appropriate levels of

IGF-1) (13). Impaired hGH production can be identified by reduced

levels of insulin-like growth factor (IGF-1), a mediator of hGH action

and a long-term indicator of hGH levels (17). We hypothesized that

oral administration of the supplement for 24 weeks would increase

IGF-1 levels and improve clinical symptoms in individuals with

treatment-resistant fibromyalgia and low-normal IGF-1.
Materials and methods

Study design

All studies were conducted in accordance with the principles of

the Declaration of Helsinki and Good Clinical Practice. Written

informed consent was obtained from all participants in all studies.

The study is registered at clinicaltrials.gov, identifier: NCT04510181.

This was a prospective, open-label, single-arm, observational,

single-center study designed to assess the efficacy of the test

supplement in individuals with low-normal hGH production over

24 weeks. The supplement was well tolerated. No participants

withdrew from the study early and no adverse events were

reported. There were no adverse changes in vital signs, laboratory

markers, or physical examinations.

Participants were recruited and 84 fibromyalgia patients were

enrolled with low-normal age-adjusted IGF-1 serum levels from the

Study Site (Private Practice of Susan Pekarovics, MD, Inc., Los

Angeles, CA) between 2018 and 2020. All enrolled patients

completed the study. Eligible participants were males and females

between the age of 18 and 80 years and had a clinical diagnosis of

fibromyalgia (according to the 2010 American College of

Rheumatology criteria (6)) for which they were receiving standard

care at the Private Practice of Susan Pekarovics, MD, as well as

fibromyalgia-related comorbidities, including low-normal hGH

production (between the 15th and 50th percentile for age-

appropriate levels of IGF-1) (11, 12). Female participants of

childbearing potential agreed to avoid pregnancy during the study.

Participants were excluded from the study if they were diagnosed with
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human growth hormone deficiency (GHD), defined as IGF-1 levels

below the 15th percentile for age appropriate levels) (11, 12), had

previous treatment with rhGH, a history of substance abuse, or a

history or presence of a severe mental illness, or at the discretion of

the investigator.

After informed consent was obtained, demographics and baseline

medical history were collected, and a baseline psychological

examination was performed. Eligible participants returned for a

baseline (Week 0 visit). Participants were instructed to self-

administer the test supplement daily 30 minutes prior to bedtime

on an empty stomach. The test supplement consists of 4 capsules

containing 2.9 g of blended (listed in descending order) L-lysine, L-

arginine, oxo-proline, N-acetyl-l-cysteine, L-glutamine, and

Schizonepeta tenuifolia) and is commercially available (Basic

Research, LLC). For participants who purchased the test

supplement, the investigator verified that participants purchased the

correct product. For participants who were financially limited and

unable to purchase the amino acid-based blend, samples were

provided by Sierra Research Group, LLC. No compensation was

given for participation in the study.

All visits (Weeks 0, 6, 12, 18, and 24) were conducted in the

morning and participants were instructed to be fasted (except for

water) from 9:00pm the preceding evening. At each visit, compliance

with the study protocol was assessed by the investigator by asking

open ended questions about taking the test supplement, the assigned

diet, an exercise program, blood draws were conducted for assessment

of IGF-1, insulin-like growth factor binding protein-3 (IGFBP-3),

fasting lipid panel (total cholesterol, LDL cholesterol, HDL

cholesterol, triglycerides), fasting glucose, and HbA1c and

participants completed the Revised Fibromyalgia Impact

Questionnaire (FIQR) and Perceived Stress Scale (PSS). Adverse

events were collected at each visit.

Before entering the study, participants were receiving standard

care for fibromyalgia at the Private Practice of Susan Pekarovics, MD.

Standard care for fibromyalgia consists of symptom management and

primarily includes medication, physical therapy, dietary advice (28

kcal/kg/day), exercise advice (walk 45 minutes/day). Study procedures

were conducted during standard care visits. Evaluation of symptoms

was conducted at each visit and changes to standard care were made

at any time during the study at the discretion of the Investigator.

Participants could withdraw from the study at any time for any reason

and receive standard care for fibromyalgia at the Private Practice of

Susan Pekarovics, MD.
Outcomes

The primary endpoint was the change from baseline (Week 0) to

endpoint (Week 24) in serum IGF-1 (Quest Diagnostics, Los Angeles,

CA). Additional endpoints included the change from baseline to

Week 24 in body weight, and fibromyalgia symptoms (assessed with

the FIQR) and stress symptoms (assessed with the PSS). The FIQR is a

21-item self-report measure that estimates the severity and impact of

FM (20). Score ranges from 0-100 with higher scores indicating

greater severity/impact of FM. The PSS is a 10-item self-report

measure that assesses the perception of stress (21). Total score
Frontiers in Endocrinology 03
ranges from 0-40 with higher scores indicating greater perceived

stress. Other outcomes included the change from baseline to Week 24

in IGFBP-3, body weight, systolic and diastolic blood pressures,

HbA1c, and fasting lipids (Quest Diagnostics, Los Angeles, CA).

Adverse events and safety were monitored by the Investigator who

evaluated medical history, exploring the patients for any new

complaints, and performed physical exams to detect any

pathological changes, asked open-ended questions related to

tolerability, and reviewed vital signs and laboratory markers.
Statistical analysis

A paired t-test was used to compare changes from baseline to

endpoint (Week 24). Data are presented as mean ± SD or mean ± SE.

p<0.05 is considered statistically significant.
Results

The study enrolled 84 participants (56 female, 28 male) and all

completed 24 weeks of treatment. The mean ± SD baseline age was 67

± 11 years. Consistent with entry criteria, mean ± SD serum IGF-1

was 107 ± 43 ng/mL. The relatively high mean ± SD baseline FIQR

score of 76 ± 16 and PSS score of 32 ± 5 reflect poor to moderate

control of fibromyalgia symptoms (20, 21). Baseline cardiometabolic

markers indicate slightly elevated blood pressure, moderate

dyslipidemia, and impaired fasting glucose (Table 1).

There was an increase from baseline in mean IGF-1 levels that

peaked at Week 12 remained elevated for the remainder of the study

(Figure 1). At Week 24, the mean ± SE increase from baseline in

serum IGF-1 was 28.4 ± 3.9 ng/mL (p<0.001). IGFBP-3 levels were

unchanged from baseline (mean ± SE change: 0.9 ± 0.7, p=ns).

There was a progressive reduction from baseline in mean body

weight that continued for the duration of the study (Figure 2). At

Week 24, the mean ± SE change from baseline in body weight was -5.5

± 0.3 kg (p<0.001). This was a mean weight loss of 6.5%, a clinically

significant weight reduction.

The mean change in FIQR score from baseline to endpoint was

statistically significant (Table 1, Figure 3). At baseline, the mean ± SD

PSS score was 32 ± 5 and the mean ± SE change from baseline in PSS

score was -20.0 ± 0.8 (p<0.001).

Statistically significant improvements from baseline to Week 24

were observed in all cardiometabolic measures: systolic and diastolic

blood pressure, HbA1c, triglycerides, LDL-cholesterol, and HDL-

cholesterol (Table 1, Figure 4).

The supplement was well tolerated. No participants withdrew from the

study early and no adverse events were reported. There were no adverse

changes in vital signs, laboratory markers, or physical examinations.
Discussion

In individuals with suboptimal control of fibromyalgia and low-

normal IGF-1 levels, the supplement resulted in an increase in IGF-1

levels from baseline. Additional improvements were observed in body
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weight, fibromyalgia and stress symptoms, blood pressure, A1C, and

lipids. All individuals were receiving treatment for fibromyalgia that

adhered to standard of care guidelines (1, 6). There was a 2:1 ratio of

female to male participants, which is consistent with the incidence of

fibromyalgia (1).
Frontiers in Endocrinology 04
Human growth hormone (hGH) is primarily known for its vital

role in the tissue and bone growth but also influences sleep, stress,

pain, mood, and quality of life (1–3, 22, 23). hGH production and

release from the pituitary is primarily stimulated by growth hormone

releasing hormone (GHRH) and inhibited by somatostatin. The
FIGURE 1

Mean serum levels of IGF-1 by visit. Data are mean ± SE by visit for all participants (N=84). ***p<0.001 for baseline vs endpoint.
TABLE 1 Baseline and week 24 assessments for all participants.

Baseline Week 24 Change Mean 95% CI

Body weight (kg) 85 ± 19 79 ± 19 -5.5 ± 0.3*** -6.1, -5.0

IGF-1 (ng/mL) 107 ± 43 135 ± 41 28.4 ± 3.0*** 22.3, 34.6

IGFBP-3 (ng/mL) 3.8 ± 1.3 4.7 ± 6.9 0.9 ± 0.7 -0.5, 2.4

FIQR total score 76 ± 16 46 ± 16 -29.1 ± 1.1*** -31.2, -27.0

PSS total score 32 ± 5 12 ± 7 -20.0 ± 0.8*** -21.6, -18.5

Systolic blood pressure (mm Hg) 133 ± 11 113 ± 15 -20.6 ± 1.7*** -23.9, -17.2

Diastolic blood pressure (mm Hg) 84 ± 11 73 ± 7 -11.1 ± 1.2*** -13.4, -8.7

HbA1C (%) 7.0 ± 1.8 6.2 ± 1.1 -0.8 ± 0.1*** -0.9, -0.6

LDL cholesterol (mg/dL) 132 ± 45 101 ± 30 -32.2 ± 3.2*** -38.5, -25.9

HDL cholesterol (mg/dL) 52 ± 19 60 ± 19 8.1 ± 0.6*** 6.9, 9.2

Triglycerides (mg/dL) 203 ± 124 129 ± 42 -73.7 ± 11.4*** -96.3, -51.1
Baseline and week 24 data are mean ± SD. Change data are mean ± SE. N=84. ***p<0.001 for comparison of baseline vs week 24 using a paired t-test.
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majority of hGH release occurs at the onset of slow wave sleep when

GHRH levels are elevated and somatostatin tone is low (22, 23). hGH

levels are highest during puberty and decline with age (24, 25). Low

levels of hGH and IGF-1 are well documented in individuals with

fibromyalgia (12, 13, 15, 26, 27). In the approximately one-third of

patients with fibromyalgia and GHD, treatment with rhGH is
Frontiers in Endocrinology 05
appropriate and has been demonstrated to improve clinical

symptoms (15, 26). In women with fibromyalgia and GHD,

improvements in fibromyalgia symptoms and tender point scores

were observed approximately 6 months after beginning treatment

with rhGH (15). One study examined the effect of treatment with a

low dose of rhGH on fibromyalgia outcomes in women with
FIGURE 2

Mean body weight by visit. Data are mean ± SE by visit for all participants (N=84). ***p<0.001 for baseline vs endpoint.
A B

FIGURE 3

Change from baseline to Week 24 in FIQR (A) and PSS Scores. (B) Data are mean ± SE by visit for all participants (N=84). FIQR, Revised Fibromyalgia
Impact Questionnaire; PSS, Perceived Stress Scale. ***p<0.001 for baseline vs endpoint.
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fibromyalgia and low to moderate hGH levels (defined as IGF-1 levels

below 150 ng/mL at baseline) (16). Treatment with a low dose of

rhGH for up to 12 months resulted in an increase in IGF-1 and

improvement in fibromyalgia impact scores. In our study, which

included a similar patient population and baseline IGF-1 and

fibromyalgia impact scores as reported by Cuatrecasas et al. (16), an

increase in IGF-1 was observed, as well as improvements in the FIQR

and FIQR subscales. Thus, our results are consistent with previous

beneficial reports of the effects of hGH replacement in individuals

with fibromyalgia and low IGF-1.
Frontiers in Endocrinology 06
Fibromyalgia is often comorbid with obesity and metabolic

perturbations, such as insulin resistance and elevated leptin

(28, 29). At baseline, the mean HbA1c of the population was 7.6%,

indicating elevated fasting blood glucose. The population also

exhibited dyslipidemia and slightly elevated blood pressure. After

24 weeks of administration of the supplement, there was weight loss

of nearly 6 kg (approximately 1 kg per month), a reduction in mean

HbA1c of 0.8%, and statistically significant improvements in systolic

and diastolic blood pressure and lipids. The high baseline HbA1c

levels and dyslipidemia observed in our study is consistent with the
A B

D

E

C

FIGURE 4

Change from baseline to Week 24 in systolic BP (A), in diastolic BP (B), in triglycerides (C), in LDL cholesterol (D), and HDL cholesterol (E), as
cardiometabolic markers. Data are mean ± SE by visit for all participants (N=84). BP, blood pressure. ***p<0.001 for baseline vs endpoint.
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known inverse correlation between low IGF-1 levels and insulin

resistance (30) and metabolic effects of IGF-1 (31). Furthermore,

improvements in cardiometabolic parameters such as HbA1c, blood

pressure, and lipids, is known to be associated with restoring IGF-1

levels to physiological levels in individuals with low IGF-1 (32).

Although the cause of weight loss and improvement in

cardiometabolic parameters requires further study, they are

consistent with normalization of IGF-1 levels (31, 32), reduction in

stress, and the known benefits of weight loss (33, 34) in

this population.

Stress in among the most common psychological features of

fibromyalgia. During chronic stress, elevated corticotropin-releasing

hormone increases hypothalamic somatostatin tone (11, 23).

Increased somatostatin tone has been observed in fibromyalgia and

modulates the stress-induced suppression of pituitary hGH release

(11, 12, 27, 35–39). The PSS reflects dynamic changes in stress (40). In

general, individuals with fibromyalgia score higher on the PSS and

reductions in PSS score are associated with an improvement in

fibromyalgia symptoms and impact (21, 40, 41). This is consistent

with the high baseline PSS score and reduction in PSS score that was

observed in the study. Thus, our results indicate that there was an

improvement in perceived stress over the course of the study. The

reductions in perceived stress observed in this study may be attributed

to the known effects of some amino acids to reduce somatostatin tone

under certain conditions (23, 42–44).

Interpretation of the results of this study is limited by the lack of a

placebo comparator group. However, our study is unique in that all

the individuals were already receiving treatment for fibromyalgia by

the study investigator at the study site prior to enrolling in the study.

There were no changes to the standardized care upon the start of the

study except for the addition of the test supplement to their existing

treatment. Standard care consisted of office visits every 6 weeks. At

these visits, blood draws were performed for IGF-1, IGFBP-3, fasting

lipid panels, fasting glucose, and HbA1c and participants completed

the FIQR and PSS questionnaires according to the study protocol. The

patients also were asked about any adverse events, new symptoms,

and the list of their medications. Next, they received a physical exam,

including measuring their vital signs. At the end of each visit the

patients were evaluated for their compliance with the supplement,

their assigned diet and exercise. Care and symptom management

continued as usual upon entering the study. Notably, exercise and

dietary advice were already a key component of the standard care

being provided to all the patients at the study site prior to entry in this

study and these recommendations were not changed upon entering or

during the study. Whether the increase in IGF-1 and other benefits

observed in this study cohort are sustained beyond 24 weeks remains

to be determined. Further randomized clinical trials would be

necessary with larger samples and using a control group in order to

obtain a more robust inference from the results.

Due to the complicated etiology and advanced age of many

individuals with fibromyalgia, and weight gain there is a need for

therapies for fibromyalgia and obesity that are both safe and effective

as an additional part of a diverse treatment plan. In addition,

considering some similar features between fibromyalgia and

prolonged critical illnesses, long-COVID, and post-ICU syndrome,

a coordinated multidisciplinary effort to share insights by the research
Frontiers in Endocrinology 07
and clinical community could be more successful in tackling the

challenges of fibromyalgia therapy. The hGH enhancing effects of the

test supplement represents a potential low-risk and cost-effective

treatment to amplify endogenous hGH and improve clinical

symptoms, benefitting individuals with low-normal hGH such as

fibromyalgia, especially as this population includes elderly patients

where the risk/benefit ratio is of substantial concern. Future studies

should be conducted for repurposing sustained augmentation of IGF-

1 with the supplement in weight control, and to assess its benefits in

otherwise healthy individuals with obesity and low-normal hGH.
Data availability statement

The original contributions presented in the study are included in

the article/supplementary material. Further inquiries can be directed

to the corresponding author.
Ethics statement

The studies involving human participants were reviewed and

approved by Argus IRB. The patients/participants provided their

written informed consent to participate in this study.
Author contributions

SP was the Primary Investigator of this study and the primary

author of this manuscript. AB was contributing to collecting and

organizing the data, analyzing the results, and composing the

manuscript. CK was assisting with statistical analysis of the results.

SB and AH were consulting on literature review and background

information, study design, interpretation of the results, and

composing the discussion part of this manuscript. All authors

contributed to the article and approved the submitted version.
Acknowledgments

This was an independent investigator-initiated study. Preliminary

results were presented at the 2019 Endocrine Society Meeting in San

Francisco, CA and the 2022 Endocrine Society Meeting in Atlanta,

GA. Ann Liu, PhD assisted with the preparation of the manuscript.
Conflict of interest

AH was employed by Sierra Research Group and some samples of

the test supplement were provided by Sierra Research Group. Authors

SP and AB were employed by Professional Medical Corporation.

Author CK was employed by Kelly Statistical Consulting.

The remaining authors declare that the research was conducted in

the absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
frontiersin.org

https://doi.org/10.3389/fendo.2023.1053692
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Pekarovics et al. 10.3389/fendo.2023.1053692
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated
Frontiers in Endocrinology 08
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Clauw DJ. Fibromyalgia and related conditions. Mayo Clin Proc (2015) 90(5):680–
92. doi: 10.1016/j.mayocp.2015.03.014

2. Moberly T. Movement on pain. BMJ (2018) 360:k1309. doi: 10.1136/bmj.k1309

3. Sugerman DT. JAMA patient page. fibromyalgia. JAMA (2014) 311(15):1577.

4. About fibromyalgia (2018). Available at: http://www.fmaware.org/about-
fibromyalgia/prevalence/.

5. Fitzcharles MA, Perrot S, Hauser W. Comorbid fibromyalgia: A qualitative review of
prevalence and importance. Eur J Pain (2018) 22(9):1565–76. doi: 10.1002/ejp.1252

6. Wolfe F, Clauw DJ, Fitzcharles MA, Goldenberg DL, Katz RS, Mease P, et al. The
American college of rheumatology preliminary diagnostic criteria for fibromyalgia and
measurement of symptom severity. Arthritis Care Res (Hoboken) (2010) 62(5):600–10.
doi: 10.1002/acr.20140

7. Chen J, Han B, Wu C. On the superiority of a combination of aerobic and resistance
exercise for fibromyalgia syndrome: A network meta-analysis. Front Psychol (2022)
13:949256. doi: 10.3389/fpsyg.2022.949256

8. Ma J, Zhang T, Li X, Chen X, Zhao Q. Effects of aquatic physical therapy on clinical
symptoms, physical function, and quality of life in patients with fibromyalgia: A
systematic review and meta-analysis. Physiother Theory Pract (2022) 1–19.
doi: 10.1080/09593985.2022.2119906

9. Couto N, Monteiro D, Cid L, Bento T. Effect of different types of exercise in adult
subjects with fibromyalgia: a systematic review and meta-analysis of randomized clinical
trials. Sci Rep (2022) 12(1):10391. doi: 10.1038/s41598-022-14213-x

10. Santos JM, Mendonça VA, Ribeiro VGC, Tossige-Gomes R, Fonseca SF, Prates
ACN, et al. Does whole body vibration exercise improve oxidative stress markers in
women with fibromyalgia? Braz J Med Biol Res (2019) 52(8):e8688. doi: 10.1590/1414-
431X20198688

11. Bennett RM. Adult growth hormone deficiency in patients with fibromyalgia. Curr
Rheumatol Rep (2002) 4(4):306–12. doi: 10.1007/s11926-002-0039-4

12. Paiva ES, Deodhar A, Jones KD, Bennett R. Impaired growth hormone secretion in
fibromyalgia patients: evidence for augmented hypothalamic somatostatin tone. Arthritis
Rheum (2002) 46(5):1344–50. doi: 10.1002/art.10209

13. Leal-Cerro A, Povedano J, Astorga R, Gonzalez M, Silva H, Garcia-Pesquera F,
et al. The growth hormone (GH)-releasing hormone-GH-insulin-like growth factor-1 axis
in patients with fibromyalgia syndrome. J Clin Endocrinol Metab (1999) 84(9):3378–81.
doi: 10.1210/jc.84.9.3378

14. Landis CA, Lentz MJ, Rothermel J, Riffle SC, Chapman D, Buchwald D, et al.
Decreased nocturnal levels of prolactin and growth hormone in women with
fibromyalgia. J Clin Endocrinol Metab (2001) 86(4):1672–8. doi: 10.1210/jc.86.4.1672

15. Bennett RM, Clark SC, Walczyk J. A randomized, double-blind, placebo-controlled
study of growth hormone in the treatment of fibromyalgia. Am J Med (1998) 104(3):227–
31. doi: 10.1016/S0002-9343(97)00351-3

16. Cuatrecasas G, Alegre C, Fernandez-Sola J, Gonzalez MJ, Garcia-Fructuoso F,
Poca-Dias V, et al. Growth hormone treatment for sustained pain reduction and
improvement in quality of life in severe fibromyalgia. Pain (2012) 153(7):1382–9. doi:
10.1016/j.pain.2012.02.012

17. Ranke MB, Wit JM. Growth hormone - past, present and future. Nat Rev
Endocrinol (2018) 14(5):285–300. doi: 10.1038/nrendo.2018.22

18. Tam CS, JohnsonWD, Rood J, Heaton AL, Greenway FL. Increased human growth
hormone after oral consumption of an amino acid supplement: Results of a randomized,
placebo-controlled, double-blind, crossover study in healthy subjects. Am J Ther (2020) 27
(4):e333–7. doi: 10.1097/MJT.0000000000000893

19. Heaton AL, Kelly C, Rood J, Tam CS, Greenway FL. Mechanism for the increase in
human growth hormone with administration of a novel test supplement and results
indicating improved physical fitness and sleep efficiency. J Med Food (2020) 24(6):653–9.
doi: 10.1089/jmf.2020.0109

20. Bennett RM, Friend R, Jones KD, Ward R, Han BK, Ross RL. The revised
fibromyalgia impact questionnaire (FIQR): Validation and psychometric properties.
Arthritis Res Ther (2009) 11(4):R120. doi: 10.1186/ar2783

21. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health
Soc Behav (1983) 24(4):385–96. doi: 10.2307/2136404

22. Kaiser U, Ho KKY. Pituitary physiology and diagnostic evaluation. In: Melmed S,
Polonsky KS, Larsen PR, Kronenberg HM, editors. Williams book of endocrinology, 13th
Edition. Elsevier: Philadelphia, PA (2016).

23. Low MJ. Neuroendocrinology. In: Melmed S, Polonsky KS, Larsen PR, Kronenberg
HM, editors. Williams book of endocrinology, 13th Edition. Elsevier: Philadelphia, PA
(2016).
24. Lamberts SWJ, van den Beld AW. Endocrinology and aging. In: Melmed S,
Polonsky KS, Larsen PR, Kronenberg HM, editors. Williams textbook of endocrinology,
13th Edition. Elsevier: Philadelphia, PA (2016).

25. Ho KY, Evans WS, Blizzard RM, Veldhuis JD, Merriam GR, Samojlik E, et al.
Effects of sex and age on the 24-hour profile of growth hormone secretion in man:
importance of endogenous estradiol concentrations. J Clin Endocrinol Metab (1987) 64
(1):51–8. doi: 10.1210/jcem-64-1-51

26. Cuatrecasas G, Riudavets C, Guell MA, Nadal A. Growth hormone as concomitant
treatment in severe fibromyalgia associated with low IGF-1 serum levels. A pilot study
BMC Musculoskelet Disord (2007) 8:119. doi: 10.1186/1471-2474-8-119

27. Bennett RM. Disordered growth hormone secretion in fibromyalgia: a review of
recent findings and a hypothesized etiology. Z Rheumatol (1998) 57(Suppl 2):72–6. doi:
10.1007/s003930050240

28. Koca TT, Berk E, Seyithanoglu M, Kocyigit BF, Demirel A. Relationship of leptin,
growth hormone, and insulin-like growth factor levels with body mass index and disease
severity in patients with fibromyalgia syndrome. Acta Neurol Belg (2020) 120(3):595–9.
doi: 10.1007/s13760-018-01063-6

29. Yanmaz MN, Mert M, Korkmaz M. The prevalence of fibromyalgia syndrome in a
group of patients with diabetes mellitus. Rheumatol Int (2012) 32(4):871–4. doi: 10.1007/
s00296-010-1618-8

30. Friedrich N, Thuesen B, Jorgensen T, Juul A, Spielhagen C, Wallaschofksi H, et al.
The association between IGF-I and insulin resistance: a general population study in
Danish adults. Diabetes Care (2012) 35(4):768–73. doi: 10.2337/dc11-1833

31. Clemmons DR. Metabolic actions of insulin-like growth factor-I in normal
physiology and diabetes. Endocrinol Metab Clin North Am (2012) 41(2):425–43vii–viii.
doi: 10.1016/j.ecl.2012.04.017

32. Aguirre GA, De Ita JR, de la Garza RG, Castilla-Cortazar I. Insulin-like growth factor-1
deficiency and metabolic syndrome. J Transl Med (2016) 14:3. doi: 10.1186/s12967-015-0762-z

33. Gummesson A, Nyman E, Knutsson M, Karpefors M. Effect of weight reduction on
glycated haemoglobin in weight loss trials in patients with type 2 diabetes. Diabetes Obes
Metab (2017) 19(9):1295–305. doi: 10.1111/dom.12971

34. Zomer E, GurusamyK, Leach R, Trimmer C, Lobstein T,Morris S, et al. Interventions
that cause weight loss and the impact on cardiovascular risk factors: a systematic review and
meta-analysis. Obes Rev (2016) 17(10):1001–11. doi: 10.1111/obr.12433

35. Sarchielli P, Alberti A, Candeliere A, Floridi A, Capocchi G, Calabresi P. Glial cell
line-derived neurotrophic factor and somatostatin levels in cerebrospinal fluid of patients
affected by chronic migraine and fibromyalgia. Cephalalgia (2006) 26(4):409–15. doi:
10.1111/j.1468-2982.2005.01048.x

36. Stengel A, Rivier J, Tache Y. Modulation of the adaptive response to stress by brain
activation of selective somatostatin receptor subtypes. Peptides (2013) 42:70–7. doi:
10.1016/j.peptides.2012.12.022

37. Dos Santos JM, Rodrigues Lacerda AC, Ribeiro VGC, Scheidt Figueiredo PH,
Fonseca SF, da Silva Lage VK, et al. Oxidative stress biomarkers and quality of life are
contributing factors of muscle pain and lean body mass in patients with fibromyalgia. Biol
(Basel) (2022) 11(6):935. doi: 10.3390/biology11060935
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