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ABSTRACT

Introduction Ageing of populations globally, coupled
with the obesity epidemic, has resulted in the rising
prevalence of chronic diseases including diabetes,
cardiovascular diseases, cancers and neurodegenerative
disorders. Prevention of risk factors that contribute to
these diseases is key in managing the global burden of
chronic diseases. Recent studies suggest that carnosine,
a dipeptide with anti-inflammatory, antioxidative

and antiglycating properties may have a role in the
prevention of chronic diseases; however, no previous
reviews have examined the effects of carnosine and
other histidine-containing peptides (HCDs) on chronic
disease risk factors and outcomes. We aim to conduct a
comprehensive systematic review to examine the effects
of supplementation with carnosine and other HCDs on
chronic disease risk factors and outcomes and to identify
relevant knowledge gaps.

Methods and analysis Electronic databases including
Medline, Cumulative Index of Nursing and Allied Health,
Embase and all Evidence-Based Medicine will be
systematically searched to identify randomised controlled
trials (RCTs) and systematic reviews of RCTs, comparing
supplementation with carnosine and/or other HCDs versus
placebo, usual care or other pharmacological or non-
pharmacological interventions. One reviewer will screen
titles and abstracts for eligibility according to prespecified
inclusion criteria, after which two independent reviewers
will perform data extraction and quality appraisal. Meta-
analyses, metaregression and subgroup analyses will be
conducted where appropriate.

Ethics and dissemination Ethics approval is not required
as this review does not involve primary data collection.
This review will generate level-one evidence regarding the
effects of carnosine supplementation on chronic disease
risk factors and outcomes and will be disseminated
through peer-reviewed publications and at conference
meetings to inform future research on the efficacy of
carnosine supplementation for the prevention of chronic
diseases.

PROSPERO registration number CRD42017075354.

Strengths and limitations of this study

» This protocol is for the first systematic review to
investigate the effects of supplementation with
carnosine and other histidine-containing pep-
tides (HCDs) on chronic disease risk factors and
outcomes.

» We employ rigorous international gold-standard
methodology including Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses guidelines,
a Population, Intervention, Comparison, Outcomes
framework and the Grading of Recommendations
Assessment, Development and Evaluation approach
and use a comprehensive search strategy.

» Findings from our review will provide important
evidence on the efficacy of supplementation with
carnosine and/or HCDs in chronic disease preven-
tion and will identify knowledge gaps to guide future
research in this area.

» Although we will endeavour to identify grey litera-
ture, some unpublished data may be missed and
publication bias cannot be ruled out.

INTRODUCTION

The burden of chronic diseases is rapidly
increasing in line with the growing obesity
epidemic and population ageing." Chronic
diseases contribute to 68% of deaths world-
wide® and 46% of the global burden of
disease.! In 2012, the four leading causes of
chronic disease deaths were cardiovascular
diseases (CVD) contributing to 46.2% of
deaths, followed by cancers (21.7%), respira-
tory diseases including asthma and chronic
obstructive pulmonary disease (10.7%) and
diabetes (4%).? Moreover, obesity, which is
a common risk factor for chronic diseases,
has already reached unprecedented levels
and is continuing to increase at an alarming
rate.! While lifestyle strategies targeting diet
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and exercise are effective in reducing obesity and related
chronic diseases, these interventions on a population
scale are difficult to achieve and maintain in the long
term." Identification of simple and easily scalable inter-
ventions is therefore needed to ameliorate the current
chronic disease burden.

Supplementation with carnosine (B-alanyl-L-histidine)
and other histidine-containing dipeptides (HCDs) such
as anserine and N-acetylcarnosine, as well as their compo-
nents (eg, P-alanine) have been proposed as poten-
tial strategies for the prevention of chronic diseases.”
Carnosine, a dipeptide and the ‘founding member’ of
the HCD family of soluble peptides, is found naturally in
mammalian brain tissue and skeletal and heart muscle.*
It is synthesised by the enzyme carnosine synthase
and degraded by carnosinase.” The primary source of
carnosine has traditionally been via dietary intake of
meat and fish, with varying amounts depending on the
type of meat or fish and cooking method.”” However, due
to increased production and consumption of processed
meats, the amount of carnosine derived from the modern
diet is limited.*® In addition, consumption of processed
meat has been linked to negative health effects.®? Over-
the-counter carnosine supplementation may therefore be
a more ideal source of carnosine.

It is thought that carnosine and HCDs may prevent
chronic diseases via their anti-inflammatory, antioxidative,
antiglycating, anti-ischaemic and chelating properties.'” !

Cell culture studies have reported that carnosinase
content and activity were increased in hyperglycaemia,'”
and that polymorphisms in the carnosinase gene (CNDPI)
predicted progression to end-stage renal disease in
patients with type 1 diabetes and diabetic nephropathy."”
In cancer cell lines, carnosine suppressed tumourigen-
esis by inhibiting proliferation and inducing apoptosis in
human glioblastoma cells as well as colorectal and ovarian
carcinoma cells."*™"” Evidence from animal studies has
shown that carnosine supplementation reduced insulin
resistance'” and plasma concentrations of glucose, lipids
and inflammatory markers'' '® and delayed the develop-
ment of atherosclerosis.'” In mouse /ratmodels, carnosine
rescued cognitive decline in Alzheimer’s disease® and
reduced the size of ischaemia in various organs including
the heart, brain, liver and 1<idney.21_25 Moreover, both
carnosine and N-acetylcarnosine were shown to delay the
development of lens opacification leading to cataracts.?*?’

In humans, observational studies by our group® * and
others *! have shown that muscle carnosine content is
higher in drug-naive patients with type 2 diabetes mellitus
(T2DM) and is associated with obesity, insulin resistance
and progressive impairment of glucose tolerance. However,
other studies have reported lower muscle carnosine content
in patients with T2DM but not TIDM.* The primary
hypothesis, which is yet to be confirmed, is that carnosine
levels increase in an adaptive mechanism to counteract
the increased inflammation and oxidative stress present
in obesity and T2DM; however, muscle carnosine storage
may decline with disease progression or under certain

pathological conditions where oxidative stress and glycation
are exacerbated.*™

Human randomised controlled trials (RCTs) have shown
that supplementation with carnosine (0.5-2g) or PB-ala-
nine (1-6g) daily for 1 to 6 months improved a range of
outcomes related to chronic diseases including: cogni-
tion and exercise capacity in young and elderly healthy
327956, physical performance and quality of life in
patients with heart failure™; glucose metabolism in over-
weight or obese non-diabetic and prediabetic individuals™*;
plasma glucose, haemoglobin Alc (HbAlc), lipid levels and
urinary albumin—creatinine ratio in diabetic nephropathy*’
and neurological outcomes including balance (foot up and
go test) and locomotion (rigidity of extremities and hand
movements) in elderly adults and patients with Parkinson’s
disease.™*! In a recent pilot clinical trial by our group,™ we
showed that 2g daily of pure carnosine supplementation for
12 weeks reduced insulin resistance, measured by homeo-
static model assessment, compared with placebo. Simi-
larly, two other RCTs found improved glucose metabolism
following supplementation with carnosine combined with
chromium and cinnamon™ or with olipoic acid, zinc and
B vitamins.*

Although current evidence supports a potential role for
carnosine and related HCDs in the prevention of chronic
diseases, no previous reviews have investigated the effect
of supplementation with carnosine or HCDs on chronic
disease risk factors and outcomes. Previous systematic
reviews**™ and meta-analyses” have focused only on the
effects of carnosine and HCDs on exercise performance,
despite a number of newly published studies suggesting a
broader role for these dipeptides. We aim to address this
knowledge gap by conducting a comprehensive systematic
review of RCTs to synthesise current evidence regarding
the effects of carnosine and HCD supplementation on
chronic diseases risk factors and outcomes.

SYSTEMATIC REVIEW QUESTION

Is carnosine and/or HCD supplementation effective in
improving chronic disease risk factors and outcomes
compared with placebo, usual care or other pharmaco-
logical or non-pharmacological interventions?

METHODS/DESIGN

This systematic review will employ rigorous gold-standard
methodology and will conform to the reporting standards
of the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA; see online supplementary
table 1). A search strategy with keywords has been devel-
oped (see online supplementary table 2) and the protocol
has been registered on Prospective Register of Systematic
Review Protocols: CRD42017075354.

Eligibility criteria

The Population, Intervention, Comparison, Outcomes
(PICO) framework in table 1 established a priori will be
used as a tool for determining the eligibility of articles.
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Table 1 PICO for study inclusion
Participants (P) Intervention (I) Comparison (C) Outcomes (O)

Inclusion Men and Carnosine and related HCDs Placebo or usual care All chronic disease risk
women of any  (beta-alanine, anserine, NAC, etc)  or any pharmacological factors and outcomes
age, ethnicity, supplementation administered in or non-pharmacological including but not limited
geographic area, any form (intravenous, intramuscular interventions to metabolic/glycaemic,
comorbidities or or oral), alone (pure) or combined cardiovascular and cognitive/
medication use  with other intervention/s, of any mental health risk factors and

dosage and for any duration outcomes

Exclusion Studies not in Studies without carnosine and/or Studies with no control group None
humans HCD supplementation

Study type RCTs and systematic reviews of RCTs

Language No limit

Year of publication No limit

HCDs, histidine-containing dipeptides; NAC, N-acetylcarnosine; PICO, Population, Intervention, Comparison, Outcomes framework; RCT,

randomised controlled trial.

Search strategy
The following electronic databases will be used to identify
relevant literature based on the systematic search strategy
developed using relevant search terms (see online supple-
mentary table 2):
» Medline via Ovid;
» Medline in process and other non-indexed citations
via Ovid,;
» Cumulative Index of Nursing and Allied Health;
Embase via Ovid;
» All Evidence-Based Medicine Reviews
incorporating:
— Cochrane Database of Systematic Reviews;
— American College of Physicians (ACP) Journal
Club;
— Database of Abstracts of Reviews of Effects;
— Cochrane Central Register of Controlled Trials;
— Cochrane Methodology Register;
— Health Technology Assessment;
— National Health Service Economic Evaluation
Database.

Bibliographies of relevant studies as well as systematic
reviews identified by the search strategy will be screened
for identification of additional studies. Where required
data are not presented, the corresponding authors of
included studies will be contacted to provide deidenti-
fied aggregate data for the purpose of meta-analyses if
necessary. Clinical trials registries including the National
Institute of Health Clinical Trials Register (https://clin-
icaltrials.gov/) and the Australian New Zealand Clinical
Trials registries (https://www.anzctr.org.au) will also be
searched to identify unpublished trials and grey literature.

v

via Ovid

Study selection

Two reviewers (KM and AM) will review the titles, abstracts
and keywords of every article retrieved by the search strategy
using the selection criteria described in table 1. Disagree-
ment between reviewers regarding the eligibility of arti-
cles will be resolved by discussion. Where consensus is not

reached, a third reviewer (BdC) will be consulted. Full-text
articles will be retrieved for further assessment if the infor-
mation given suggests that the study meets the selection
criteria or if there is doubt regarding the eligibility of the
study based on the title and abstract. Any full-text article
excluded will be tabulated with reasons for its exclusion.

Quality appraisal of the evidence

Methodological quality of the included studies will be
assessed at the study level by two reviewers (KM and AM)
using the Monash Centre for Health Research and Imple-
mentation critical appraisal tool.** Individual quality
items will be investigated using a descriptive component
approach which will consider methods of randomisation
and allocation of participants to study groups; blinding
of participants, investigators and outcome assessors;
methods of outcome assessment and reporting; attrition
rates; conflicts of interest of authors; presence of prespec-
ified selection criteria and statistical issues including
powering and methods of data analysis. This process
will allow each study to be allocated a risk of bias rating.
Disagreement among reviewers will be resolved by discus-
sion to reach a consensus.

Data extraction

Data for outcomes of interest based on the selection criteria
(table 1) will be extracted from all the included studies by
two reviewers (KM and AM) using a specially developed data
extraction form. The data extracted will include general
details of the study design and setting; participant charac-
teristics; mean values, SDs and CIs of the outcomes; point
estimates and measures of variability; frequency counts for
dichotomous variables; numbers of participants and inten-
tion-to-treat analysis. Both reviewers will check all computed
data entries for meta-analysis if applicable.

Grading the body of evidence
Quality of the evidence for the effects of carnosine and/
or HCD supplementation on health outcomes will be
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assessed at the outcome level and will be graded as high,
moderate, low or very low using the Grading of Recom-
mendations Assessment, Development and Evaluation
(GRADE) approach."” Quality of the evidence will be
graded by two independent reviewers (AM and KM)
based on risk of bias, inconsistence between studies,
indirectness, imprecision and publication bias. In line
with PRISMA guidelines, quality will be reported at both
the study and outcome levels where appropriate, and
disagreement will be resolved by consensus.

Data analysis and synthesis

Data will be presented in summary tables and descriptive
text to describe the study populations, interventions and
outcomes of the studies included in the review. Aggregate
effect measures will be used for meta-analyses for trials
deemed homogenous with regard to participants, inter-
ventions and outcomes. Meta-analyses will be performed
using DerSimonian and Laird random effects models
in Review Manager V.5. Dichotomous results will be
presented as relative risks or ORs with 95% ClIs, while
continuous results will be presented as weighted mean
difference with 95% CIs. Where outcomes have been
measured using different tools or methods or where
results vary substantially, standardised mean differences
with 95% CIs will be presented. Statistical heterogeneity
will be assessed using the I° test where values over 50%
will indicate moderate to high heterogeneity. Descriptive
analysis will be conducted for studies that are found to
be clinically heterogeneous or present insufficient infor-
mation for pooling. A two-tailed p value of <0.05will be
considered statistically significant.

Subgroup and sensitivity analyses
Subgroup analyses, and where possible, meta-regression
will be performed on factors that are assumed to cause vari-
ation in the outcomes of interest, and these may include
age, gender, body mass index, duration, dose and route of
supplementation, type of carnosine or HCD used, partici-
pant disease status, medications and study duration.
Sensitivity analyses will be performed if indicated to
explore the influence of certain factors or studies on the
effect size, which will be determined during the review
process. Studies contributing to high heterogeneity I’
>50% or those with high risk of bias will be excluded
through sensitivity analysis to examine their influence on
the results. Where there are sufficient numbers of studies,
visual inspection of funnel plots and Egger and Begg"®*
statistical tests will be used to determine small study effects
and publication bias. If applicable, metaregression
and publication bias assessments will be examined on
the Comprehensive Meta-analysis software V.3., and p
values<0.05will be considered statistically significant.

DISCUSSION
Interventions aimed at reducing chronic disease risk
factors including obesity, insulin resistance, hypertension,

dyslipidaemia and inflammation, among others, are vital
to addressing the growing burden of chronic disease.
Although carnosine and HCDs are proposed to have
anti-inflammatory, antioxidative and antiglycating prop-
erties, the efficacy of carnosine and HCD supplementa-
tion in the prevention of chronic disease risk factors and
outcomes has not been established.

Here, we will conduct the first systematic review exam-
ining the effects of supplementation with carnosine and/or
other HCDs on chronic disease risk factors and outcomes.
Using rigorous methodology (PRISMA guidelines, PICO
framework, GRADE approach), prespecified criteria and
a predetermined search strategy, this review will synthesise
all existing RCT data to establish the effects of carnosine
and HCD supplementation on a broad range of risk factors
and outcomes related to chronic diseases including T2DM,
CVD, cancers, neurodegenerative disorders and others. By
systematically reviewing and appraising the literature, we
will also identify relevant knowledge gaps and uncertainties,
thereby providing a platform for future studies in this field.
However, although our search will endeavour to identify
grey literature, potential publication bias cannot be ruled
out as there may be unpublished data not accounted for.

Nevertheless, this review will generate important
insights regarding the potential use of carnosine and HCD
supplementation for the prevention of chronic diseases.
If carnosine and/or HCDs are shown to be effective in
reducing chronic disease risk factors and/or outcomes
on review and meta-analysis, this would generate level-one
evidence of efficacy with considerable clinical and public
health implications.

ETHICS AND DISSEMINATION

This study does not require ethical approval as it does not
involve primary data collection. Findings from this review
regarding the effects of carnosine supplementation on
chronic disease risk factors and outcomes will be dissemi-
nated through peerreviewed publications and at confer-
ence meetings to inform future research on the use of
carnosine supplementation for the prevention of chronic
diseases.

Acknowledgements AM is a recipient of the Australian Postgraduate Award
Scholarship provided by Monash University. BdC is supported by a National Heart
Foundation Future Leader Fellowship (100864).

Contributors KM developed the search strategy, wrote the first draft of the review
protocol and contributed to data collection and analysis. AM contributed to the
design and scope of the search strategy, revised and edited the manuscript and
contributed to data collection and analysis. BdC determined the design and scope
of the review, revised and edited the manuscript, supervised the review process
and is the guarantor of the review.

Funding This research received no specific grant from any funding agency in the
public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient consent Detail has been removed from this case description/these case
descriptions to ensure anonymity. The editors and reviewers have seen the detailed
information available and are satisfied that the information backs up the case the
authors are making.

4

Menon K, et al. BMJ Open 2018;8:2020623. doi:10.1136/bmjopen-2017-020623



8 Open Access

Provenance and peer review Not commissioned; externally peer reviewed.

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2018. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES

1. WHO. The world health report 2002: reducing risks, promoting
healthy life. Geneva: World Health Organization, 2002.

2. WHO. Global status report on noncommunicable diseases 2014.
Geneva: World Health Organization, 2014.

3. Xie Z, Baba SP, Sweeney BR, et al. Detoxification of aldehydes
by histidine-containing dipeptides: from chemistry to clinical
implications. Chem Biol Interact 2013;202:288-97.

4. Guiotto A, Calderan A, Ruzza P, et al. Carnosine and carnosine-
related antioxidants: a review. Curr Med Chem 2005;12:2293-315.

5. Boldyrev AA, Aldini G, Derave W. Physiology and pathophysiology of
carnosine. Physiol Rev 2013;93:1803-45.

6. Abe H. Role of histidine-related compounds as intracellular
proton buffering constituents in vertebrate muscle. Biochemistry
2000;65:757-65.

7. Sale C, Artioli GG, Gualano B, et al. Carnosine: from exercise
performance to health. Amino Acids 2013;44:1477-91.

8. Micha R, Wallace SK, Mozaffarian D. Red and processed meat
consumption and risk of incident coronary heart disease, stroke, and
diabetes mellitus: a systematic review and meta-analysis. Circulation
2010;121:2271-83.

9. Sinha R, Cross AJ, Graubard BI, et al. Meat intake and mortality:

a prospective study of over half a million people. Arch Intern Med
2009;169:562-71.

10. Aldini G, Orioli M, Rossoni G, et al. The carbonyl scavenger
carnosine ameliorates dyslipidaemia and renal function in Zucker
obese rats. J Cell Mol Med 2011;15:1339-54.

11. Lee YT, Hsu CC, Lin MH, et al. Histidine and carnosine delay
diabetic deterioration in mice and protect human low density
lipoprotein against oxidation and glycation. Eur J Pharmacol
2005;513:145-50.

12. Riedl| E, Koeppel H, Brinkkoetter P, et al. A CTG polymorphism in the
CNDP1 gene determines the secretion of serum carnosinase in Cos-
7 transfected cells. Diabetes 2007;56:2410-3.

13. Alkhalaf A, Bakker SJ, Bilo HJ, et al. A polymorphism in the gene
encoding carnosinase (CNDP1) as a predictor of mortality and
progression from nephropathy to end-stage renal disease in type 1
diabetes mellitus. Diabetologia 2010;53:2562-8.

14. lovine B, Guardia F, Irace C, et al. I-carnosine dipeptide overcomes
acquired resistance to 5-fluorouracil in HT29 human colon cancer
cells via downregulation of HIF1-alpha and induction of apoptosis.
Biochimie 2016;127:196-204.

15. lovine B, Oliviero G, Garofalo M, et al. The anti-proliferative effect
of L-carnosine correlates with a decreased expression of hypoxia
inducible factor 1 alpha in human colon cancer cells. PLoS One
2014;9:€96755.

16. Mikuta-Pietrasik J, Ksiazek K. L-carnosine prevents the pro-
cancerogenic activity of senescent peritoneal mesothelium towards
ovarian cancer cells. Anticancer Res 2016;36:665-71.

17. Rybakova YS, Kalen AL, Eckers JC, et al. [Increased manganese
superoxide dismutase and cyclin B1 expression in carnosine-
induced inhibition of glioblastoma cell proliferation]. Biomed Khim
2015;61:63-71.

18. Bao Y, Gao C, Hao W, et al. Effects of dietary L-carnosine and
alpha-lipoic acid on growth performance, blood thyroid hormones
and lipid profiles in finishing pigs. Asian-Australas J Anim Sci
2015;28:1465-70.

19. Brown BE, Kim CH, Torpy FR, et al. Supplementation with carnosine
decreases plasma triglycerides and modulates atherosclerotic
plague composition in diabetic apo E(-/-) mice. Atherosclerosis
2014;232:403-9.

20. Herculano B, Tamura M, Ohba A, et al. f-alanyl-L-histidine
rescues cognitive deficits caused by feeding a high fat diet in a
transgenic mouse model of Alzheimer's disease. J Alzheimers Dis
2013;33:983-97.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Dursun N, Taskin E, Oztilrk F. Protection against adriamycin-
induced cardiomyopathy by carnosine in rats: role of endogenous
antioxidants. Biol Trace Elem Res 2011;143:412-24.

Dobrota D, Fedorova T, Stvolinsky S, et al. Carnosine protects the
brain of rats and Mongolian gerbils against ischemic injury: after-
stroke-effect. Neurochem Res 2005;30:1283-8.

Fouad AA, EI-Rehany MA, Maghraby HK. The hepatoprotective effect
of carnosine against ischemia/reperfusion liver injury in rats. Eur J
Pharmacol 2007;572:61-8.

Fujii T, Takaoka M, Muraoka T, et al. Preventive effect of L-carnosine
on ischemia/reperfusion-induced acute renal failure in rats. Eur J
Pharmacol 2003;474:261-7.

Rajanikant GK, Zemke D, Senut MC, et al. Carnosine is
neuroprotective against permanent focal cerebral ischemia in mice.
Stroke 2007;38:3023-31.

Yan H, Guo Y, Zhang J, et al. Effect of carnosine, aminoguanidine,
and aspirin drops on the prevention of cataracts in diabetic rats. Mo/
Vis 2008;14:2282-91.

Babizhayev MA, Yegorov YE. Advanced drug delivery of
N-acetylcarnosine (N-acetyl-beta-alanyl-L-histidine), carcinine
(beta-alanylhistamine) and L-carnosine (beta-alanyl-L-histidine)

in targeting peptide compounds as pharmacological chaperones
for use in tissue engineering, human disease management and
therapy: from in vitro to the clinic. Recent Pat Drug Deliv Formul
2010;4:198-230.

de Courten B, Kurdiova T, de Courten MP, et al. Muscle carnosine is
associated with cardiometabolic risk factors in humans. PLoS One
2015;10:e0138707.

Stegen S, Everaert |, Deldicque L, et al. Muscle histidine-containing
dipeptides are elevated by glucose intolerance in both rodents and
men. PLoS One 2015;10:e0121062.

Gualano B, Everaert |, Stegen S, et al. Reduced muscle carnosine
content in type 2, but not in type 1 diabetic patients. Amino Acids
2012;43:21-4.

Srikanthan P, Singhal A, Lee CC, et al. Characterization of intra-
myocellular lipids using 2D localized correlated spectroscopy and
abdominal fat using mri in type 2 diabetes. Magn Reson Insights
2012;5:MRI.S10489-36.

Hoffman JR, Landau G, Stout JR, et al. B-Alanine ingestion increases
muscle carnosine content and combat specific performance in
soldiers. Amino Acids 2015;47:627-36.

Szczesniak D, Budzen S, Kope¢ W, et al. Anserine and carnosine
supplementation in the elderly: effects on cognitive functioning and
physical capacity. Arch Gerontol Geriatr 2014;59:485-90.

Baraniuk JN, EI-Amin S, Corey R, et al. Carnosine treatment for

gulf war illness: a randomized controlled trial. Glob J Health Sci
2013;5:69-81.

del Favero S, Roschel H, Solis MY, et al. Beta-alanine (Carnosyn™)
supplementation in elderly subjects (60-80 years): effects on
muscle carnosine content and physical capacity. Amino Acids
2012;43:49-56.

Hobson RM, Saunders B, Ball G, et al. Effects of 3-alanine
supplementation on exercise performance: a meta-analysis. Amino
Acids 2012;43:25-37.

Lombardi C, Carubelli V, Lazzarini V, et al. Effects of oral
administration of orodispersible levo-carnosine on quality of life and
exercise performance in patients with chronic heart failure. Nutrition
2015;31:72-8.

de Courten B, Jakubova M, de Courten MP, et al. Effects of
carnosine supplementation on glucose metabolism: Pilot clinical trial.
Obesity 2016;24:1027-34.

Liu Y, Cotillard A, Vatier C, et al. A dietary supplement containing
cinnamon, chromium and carnosine decreases fasting plasma
glucose and increases lean mass in overweight or obese pre-
diabetic subjects: a randomized, placebo-controlled trial. PLoS One
2015;10:e0138646.

Elbarbary NS, Ismail EAR, El-Naggar AR, et al. The effect of 12
weeks carnosine supplementation on renal functional integrity and
oxidative stress in pediatric patients with diabetic nephropathy: a
randomized placebo-controlled trial. Pediatr Diabetes 2017 (Epub
ahead of print 27 Jul 2017).

Boldyrev A, Fedorova T, Stepanova M, et al. Carnosine [corrected]
increases efficiency of DOPA therapy of Parkinson's disease: a pilot
study. Rejuvenation Res 2008;11:821-7.

Derosa G, D'Angelo A, Romano D, et al. A clinical trial about a food
supplement containing a-lipoic acid on oxidative stress markers in
type 2 diabetic patients. Int J Mol Sci 2016;17:1802.

Berti Zanella P, Donner Alves F, Guerini de Souza C. Effects of
beta-alanine supplementation on performance and muscle fatigue in
athletes and non-athletes of different sports: a systematic review. J
Sports Med Phys Fitness 2017;57:1132-41.

Menon K, et al. BMJ Open 2018;8:€020623. doi:10.1136/bmjopen-2017-020623


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/j.cbi.2012.12.017
http://dx.doi.org/10.2174/0929867054864796
http://dx.doi.org/10.1152/physrev.00039.2012
http://www.ncbi.nlm.nih.gov/pubmed/10951092
http://dx.doi.org/10.1007/s00726-013-1476-2
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.924977
http://dx.doi.org/10.1001/archinternmed.2009.6
http://dx.doi.org/10.1111/j.1582-4934.2010.01101.x
http://dx.doi.org/10.1016/j.ejphar.2005.02.010
http://dx.doi.org/10.2337/db07-0128
http://dx.doi.org/10.1007/s00125-010-1863-0
http://dx.doi.org/10.1016/j.biochi.2016.05.010
http://dx.doi.org/10.1371/journal.pone.0096755
http://www.ncbi.nlm.nih.gov/pubmed/26851022
http://dx.doi.org/10.1134/S1990750815010096
http://dx.doi.org/10.5713/ajas.14.0604
http://dx.doi.org/10.1016/j.atherosclerosis.2013.11.068
http://dx.doi.org/10.3233/JAD-2012-121324
http://dx.doi.org/10.1007/s12011-010-8875-y
http://dx.doi.org/10.1007/s11064-005-8799-7
http://dx.doi.org/10.1016/j.ejphar.2007.06.010
http://dx.doi.org/10.1016/j.ejphar.2007.06.010
http://dx.doi.org/10.1016/S0014-2999(03)02079-X
http://dx.doi.org/10.1016/S0014-2999(03)02079-X
http://dx.doi.org/10.1161/STROKEAHA.107.488502
http://www.ncbi.nlm.nih.gov/pubmed/19081783
http://www.ncbi.nlm.nih.gov/pubmed/19081783
http://dx.doi.org/10.2174/187221110793237547
http://dx.doi.org/10.1371/journal.pone.0138707
http://dx.doi.org/10.1371/journal.pone.0121062
http://dx.doi.org/10.1007/s00726-011-1165-y
http://dx.doi.org/10.4137/MRI.S10489
http://dx.doi.org/10.1007/s00726-014-1896-7
http://dx.doi.org/10.1016/j.archger.2014.04.008
http://dx.doi.org/10.5539/gjhs.v5n3p69
http://dx.doi.org/10.1007/s00726-011-1190-x
http://dx.doi.org/10.1007/s00726-011-1200-z
http://dx.doi.org/10.1007/s00726-011-1200-z
http://dx.doi.org/10.1016/j.nut.2014.04.021
http://dx.doi.org/10.1002/oby.21434
http://dx.doi.org/10.1371/journal.pone.0138646
http://dx.doi.org/10.1111/pedi.12564
http://dx.doi.org/10.1089/rej.2008.0716
http://dx.doi.org/10.3390/ijms17111802
http://dx.doi.org/10.23736/S0022-4707.16.06582-8
http://dx.doi.org/10.23736/S0022-4707.16.06582-8

Open Access 8

44. Saunders B, Elliott-Sale K, Artioli GG, et al. B-alanine Clinical Effectiveness, Southern Health, Melbourne, 2010): Monash
supplementation to improve exercise capacity and performance: University and Monash Health, 2013.

a systematic review and meta-analysis. Br J Sports Med 47. Atkins D, Best D, Briss PA, et al. Grading quality of evidence and
2017;51:658-69. strength of recommendations. BMJ 2004;328:1490.

45. Quesnele JJ, Laframboise MA, Wong JJ, et al. The effects of beta- 48. Begg CB, Mazumdar M. Operating characteristics of a rank
alanine supplementation on performance: a systematic review of the correlation test for publication bias. Biometrics 1994;50:1088-101.
literature. Int J Sport Nutr Exerc Metab 2014;24:14-27. 49. Egger M, Davey Smith G, Schneider M, et al. Bias in

46. MCHRI. Evidence Synthesis Program templates for critical appraisal meta-analysis detected by a simple, graphical test. BMJ
and risk of bias (adapted from Critical Appraisal Templates, Centre for 1997;315:629-34.

6 Menon K, et al. BMJ Open 2018;8:2020623. doi:10.1136/bmjopen-2017-020623


http://dx.doi.org/10.1136/bjsports-2016-096396
http://dx.doi.org/10.1123/ijsnem.2013-0007
http://dx.doi.org/10.1136/bmj.328.7454.1490
http://dx.doi.org/10.2307/2533446
http://dx.doi.org/10.1136/bmj.315.7109.629

	Effects of supplementation with carnosine and other histidine-containing dipeptides on chronic disease risk factors and outcomes: protocol for a systematic review of randomised controlled trials
	Abstract
	Systematic review question
	Methods/design
	Eligibility criteria
	Search strategy
	Study selection
	Quality appraisal of the evidence
	Data extraction
	Grading the body of evidence
	Data analysis and synthesis
	Subgroup and sensitivity analyses

	Discussion
	Ethics and dissemination
	References


