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1. BACKGRouND

Diabetes mellitus is a chronic metabolic disorder characterized by persistent hyperglycemia resulting

from impaired insulin secretion, insulin resistance, or both. The prevalence ofType 2 Diabetes

Mellitus (T2DM) continues to increase worldwide, representing one of the major global public health

challenges. chronic hyperglycemia contributes to the development of microvascular and

macrovascular complications that 5ubstantially increase morbidity and mortaIity.

Diabetic peripheral neuropathy (DPN) is among the most common chronic complications of T2DM,

affecting approximately 30_50% of individuals during the course of the disease. lt is characterized by

progressive de8eneration of peripheral nerves leading to sensory loss, pain, impaired proprioception,

muscle weakness, gait di5turbances, balance impairment, foot ulceration, and increased risk of falls.

These complications negatively affect functional capacity, independence, and quality of life.

Although chronic hyperglycemia is considered the principal pathogenic factoÇ multiple mechanisms

contribute to the development of diabetic neuropathy, including oxidative stress, mitochondrial

dysfuncüon, endothelial injury, chronic low-grade inflammation, impaired neurovascular blood floW

and metabolic dysregulation.

ldentification of novel biomarkers reflecting these pathophysiological mechanisms may facilitate

earlier diagnosis and improve understanding of disease progression.

lrisin is a peptide hormone (myokine) generated through cIeavage of fibronecün type lll domain-

containing protein 5 (FNDCS) and released primarily from skeletal muscle during physical activity,

since its discovery, irisin has attracted considerable scientific interest because of its effects on glucose

metabolism, insulin sensitivity, energy expenditure, lipid metaboli5m, and inflammatory pathways.

2. sclENTlFlc RAT|oNALE



EXperimentaleVidence sug8ests that irisin promotes glucose uptake, enhances insulin sensitivity,
reduces oxidative stress, suppresses inflammatory cytokine production, and improves mitochondrial
function. These biological effeCts suggest that irisin may exert protective effects against metabolic
disorders and dia betic complications.

several clinical studies have demonstrated altered circulaüng irisin concentrations in obesity,
metabolic syndrome, and Type 2 Diabetes Mellitus. However, evidence regarding the relationship
between serum irisin concentrations and diabetic peripheral neuropathy remains limited and
inconsistent. Some investigators have reported significantly decreased serum irisin levels among
patients wath diabetic neuropathy, whereas others have observed no significant differences.

Because diabetic peripheral neuropathy is closely associated with chronic inflammation, oxidative
stress, endothelial dysfunction, and impaired glucose metabolism, serum irisin may represent a

promising biomarker reflecting disease severaty and metabolic impairment.

The present study has therefore been designed to evaluate serum irisin concentrations in patients
with diabetic peripheral neuropathy and to investigate possible associations between irisin levels and
meta bolic characteristics.

3. sTUDY oBJEcTlVEs

Primary objeğtive

To compare serum irisin concentrations among patients with Type 2 Diabetes Mellitus and diabetic
peripheral neuropathy, patients with Type 2 Diabetes Mellitus without neuropathy, and healthy
control participants.

Secondary Obiectives

ı To evaluate the relationship between serum irisin concentrations and HbAlc levels.

. To investigate the association between serum İrisin concentrations and fasting plasma
glucose.

. To determine the relationship between serum irisin concentration and body mass index.

, To evaluate the as.ociaüon between serum irisin concentration and serum lipid profile.

' To invesü8ate correlations between serum irisin concentration and duraüon ofdiabetes.
ı To determine whether serum irisin concentration may serve as a potential biomarker for

diabeüc periphera l neuropathy.

4. PRoTocoL sYNoPsls

ltem Description

official Title Evaluation of serum lrisin Levels as a potential Biomarker in patients with Diabetic
Polyneuropathy: A single-center ProspecüVe Cross-Sectional observational Study
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ltem

study Design

study center

study Duration

Estimated

Enrollment

study Groups

Prima ry

o bjectiVe

Description

Prospective, analytical, cross-sectional, case-control study

Kanuni Sultan Süleyman Training and Research Hospital, lstanbul, Türkiye

J une 2026 - september 2026

81 participants

27 DPN+, 27 DPN-, 27 Healthy controls

To evaluate serum irisin concentrations in patients with diabetic peripheral
ne u ropathy.

Primary
outcome

serum irisin concentration (ng/mL)

Secondary
outcomes

HbAlc, fasting plasma glucose, BMl, lipid profile, correlation analyses

Biospecimen Venousblood

Laboratory
Method

Commercially available Validated ELlsA kit

statistical
Software

lBM sPss statistics Version 29.0

Ethacs Approval University of Health Sciences Türkiye Ethics committee

5. sTUDY DEslGN

This investigation is designed as a single-center, prospective, analytical, observational, cross-
sectional case-control study conducted at the lnternal Medicine outpatient Clinic of Kanuni Sultan
süleyman Training and Research Hospital.

Elıgible participants will be recruited consecutively during the study period and allocated into one of
three predefined study groups based on clinical history and e|ectrophysiological evaluation.

Group 1 - Diabetic Peripheral Neuropathy (DPN+)

patient5 with Type 2 Diabetes Mellitus diagnosed with diabetic peripheral neuropathy based on
clinical examination and nerve conduction studies.

Group 2 - Diabetes without Neuropathy (DPN-}

patients with Type 2 Diabetes Mellitus without evidence of diabetic peripheral neuropathy.

Group 3- Healthy controls

Age- and sex-matched healthy volunteers without diabetes mellitus or peripheral neuropathy.



All laboratory measurements and clinical evaluations will be performed at baseline

6. sTuDY PoPuLATıoN

The study population will consist of adult individuals attendin8 the lnternal Medicine outpaüent
Clin ic.

Eligible participants wİll be recruited consecutively until the required sample size has been achieved.

A total of 8ı participants will be enrolled.

. 27 participants with diabetic peripheral neuropathy

. 27 diabetic participants without neuropathy

. 27 healthy controls

Participants of both sexes will be included.

7. ELlGlBltlw cRlTERlA

lnclusion criteria

Participants must fulfill all of the following criteria:

. Age between 30 and 75 years.

. Diagnosis ofType 2 Diabetes Mellitus for at least one year (diabetic groups only)

. Ability to understand the study procedures.

ı Ability to provide written informed consent.

. Willingness to participate Vo|untarily.

Healthy controls

Healthy volunteers must additionally fulfill the following:

. No history of diabetes mellitus.

o Normal fasting plasma glucose.

. No history of peripheral neuropathy.

Exclusion criteria

Participants meeting any of the following criteria will be excluded:

. Vitamin B12 deficiency.

. chronic alcohol a buse.

. Chemotherapy-inducedneuropathy.



Peripheral neuropathy of non-diabetic origin.

Chronic kidney disease (eGFR <60 mL/min/I.73 m'].

Acute or chronic infection.

Active infl ammatory disease.

Autoimmune disease.

Malignancy.

Pregnancy.

Myopathies.

Neuromuscula r disorders.

parkinson disease.

stroke.

Multiple sclerosis.

severe orthopedic disorders affecting mobility.

lnability to provide informed consent.

8. REcRulTMENT PRocEDuREs

Potential participants will be identified during routine outpatient Visits.

Patients meeting the preliminary eligibility criteria will receive verbal and written anformation
re8ard ing the study.

After obtaining written informed consent, eligibility will be confirmed through review of medical
history, laboratory fi ndings, and neurological examinaüon.

HealthY Volunteers will be recruited from hospltal staff and accompanying reiaüves after screening for
eligibility.

Recruitment will continue until the planned sample size has been achieved.

9. sAMPtE slzE cALcUtATloN

5ample size estimation Was performed using G*Power Version 3.1.

The following assumptions were used:

. Effect size (f):0.40

. Alpha error:0.05

. statisticalpower:80%

. Number of study groups: 3



The minimum required sample size was calculated as 65 participants.

To Compensate for possib|e exclusions and incomplete laboratory data, the final planned enrollment
was increased to 81 participants, corresponding to 27 Participants Per study group.

10. sTuDY PRocEDuREs

Each participant will attend a single study Visit.

The following assessments will be performed.

clinical Assessment

. Medical history

. Duration of diabetes

. Medicaüon use

. smoking status

. Blood pressure

. Height

. Weight

. Body Mass lndex

. waist circumference

Neurological Evaluation

Participants wall undergo neurological examinaüon by an experienced physician.

The diagnosis of diabetic peripheral neuropathy will be confirmed using:

. clinicalneurologicalexamination

. Nerve conduction studies (Electromyography)

Blood Sampling

Following an overni8ht fast of at least eight hours, approximately ıo mL of venous blood will be
collected.

Blood samples will be processed within one hour after collection.

Serum will be separated by centrifugation at 3ooo rpm for 10 minutes.

Aliquots will be stored at -80"C until analysİs.

11. tABoRAToRY ANAtYsl5



5erum irisin concentrations will be measured using a commercially available, Validated enzyme-linked
immunosorbent assay (ELlsA) kit according to the manufacturer's instrucüons.

Rouüne biochemical analyses will include:

. HbAlc

. Fasting plasma glucose

. Tota| cholesterol

. HDL cholesterol

. LDL cholesterol

. Trig|ycerides

. creatinine

. Vitamin B12 (when cıinically indicated)

Laboratory personnel performing ELlsA measurements will be blinded to participants'clİnİcal group
assignments.

12. ouTcoME MEAsuREs

Primary outcome

serum lrisin concentration

5erum irisin concentration (ng/mL) measured by ELlsA at baseline.

secondary outcomes

. Glycated hemoglobin (HbAtc)

. Fasting plasma glucose

. Body Mass lndex

o serum lipid profile

ı correlation between serum irisin concentration and:

o HbAlc

o Fasting plasma glucose

o BMl

o Duration of diabetes

o Lipid profile

o Presence of diabetic peripheral neuropathy



13. sTATlsTlcAL ANALYSls PLAN (sAP)

statistical software

All analyses will be performed using lBM sPss statistics Version 29.0.

Significance Level

Two-sided p Values less than 0.05 will be considered statistically 5ignificant.

Descriptive statistics

continuous Variables will be expressed as:

. Mean t standard Deviation (SD), or

. Median (lnterquartile Range)

categorical Variables will be presented as:

. Frequency (n)

. Percentage (%)

Normalıty Assessment

Distribution of conünuous variables will be evaluated using:

. Shapiro-Wilk test

. Histogram

. Q-Q plot

Group Comparisons

Normally distributed variables:

. lndependent samples t-test

. one-way ANoVA

Non-normally distributed variables:

. Mann-whitney U test

. Kruskal-Wallis test

categorical Variables:

. chi-square test

. Fisher's Exact test (when appropriate)

Correlaüon Analysis

. pearson correlation

. spearman rank correlation

Multivariable Analysİs



Voluntary Participation

Participaüon is entirely Voluntary. You may withdraw from the study at any time without affecting
your medical care or |egal rights.

contact lnformation

lf you have questions regarding the study, you may contact the Principal lnvestigator using the
contact details provided by the study center.

consent statement

l have read and understood the information provided above. l have had the opportunity to ask
quesüons and have received satisfactory answers. lVoluntarily agree to participate in this study.

Signat u re:

Date:

signature:

Date

Participant Name: _

Researcher Name:

15. DATA MANAGEMENT

15.1 Data collection

All study data will be collected prospectively using standardized case Report Forms (CRFs) specifically
developed for this study. Data will be obtained from participant interviews, medical records, physical
examinations, neurologİcal assessments, and laboratory analyses.

Each participant will be assigned a unique study identification number to ensure confidentiality.
Personal identifiers will not be entered into the study database.

collected data wilI include:

. Demographiccharacteİistics

. Medical hastory

. Duration of diabetes

. current medicaüons

. Anthropometricmeasurements

. Neurologicalexaminationfindİngs

. Electrophysİological examination results

. Laboratorymeasurements

. serum irisin concentration

. HbAlc



Fasting plasma glucose

Lipid profile

Body Mass lndex

15.z Data Entry

Data will be entered ınto a secure electronic database by trained research personnel.

Double-data entry procedures will be implemented for criücal variables to minimize transcription
error5.

Data accuracy will be verified by periodic comparison with the original source documents.

15.3 Data storage

Electronic data will be stored on password-protected institutionalcomputers with restricted acces5.

Paper documents will be stored in locked filing cabinets within the Department of lnternal Medicine.

Biologicalsamples will be labeled using only the participant study identification number.

Serum samples will be stored at -80'C until laboratory analyses have been completed.

15.4 Confidentiali§

All participant informaüon will remain strictly confidential.

only authorized investigators will have access to identifiable study data.

Results will be reported only in aggregate form, ensuring that individual participants cannot be
id e ntified.

All study procedures will comply with institutional policies regarding data protection and
confidentiality.

15.5 Data Retention

study documents will be retained for the period required by institutional regulations and applicable
national legislation.

Following completıon of the required retention period, paper records will be securely destroyed andelectronic data permanently deleted accordin8 to institutional policies.

16. QuAtlTY AssURANcE

To ensure data quality and protocol compliance, sevenl quality assurance procedures will beimplemented throughout the study.



These procedures include:

. lnvestigator training before study initiation.

. standardized operating procedures for participant recruitment.

. standardized neurological exa minations.

. standardized blood collection procedures.

. standard ized laboratory analyses.

. calibration of laboratory equipment.

. Routine monitoring of data completeness.

o verification of informed consent documentation.

. Periodic review of case Report Forms.

. lnternal quality control of ELlsA measurements.

Laboratory personnel performing serum irisin analyses will be blinded to participant group allocation

Any protocol deviations will be documented and reviewed by the principal investigator.

17. ETHlcAt coNs|DERAT|oNs

The study will be conducted in accordance with:

. The Declaration of Helsinki (2013 revasion)

. Good Clinical Practice (lCH-GCP) principles applicable to observational studies

. Turkish regulations governing biomedical research involving human participants

Ethical approval has been obtained from the University of Health Sciences Türkiye Clinical Research
Ethics committee before initiation of participant recruitment.

written informed consent will be obtained from every participant before any study-specific procedure
is performed.

Participation is entirely Voluntary.

participants may withdraw from the study at any time without providing a reason and without
affecting their future medical care.

No experimental intervention will be administered during the study.

Only one fasting venous b|ood sample will be col|ected.

potential risks are minimal and are limited to temporary discomfort, bruising, or minor bleedingassociated with Venipuncture.

Participant privacy and confidentiality will be protected throughout the study.



18. sAFEw coNslDERATloNs

As this is a non-interventional observational study, no study-related treatment will be administered.

The only study-related procedure associated with minimal risk is Venous blood collection.

Any unexpected adverse event occurring during blood sampling will be managed according to
sta ndard clinacaI practice.

serious adverse events are not anücipated because no investigaüonal medicinal product or medical
deVice i5 being evaluated.

19. DlssEMlNAT|oN PoLlcY

study findings will be disseminated regardless of the direction or magnitude of the results.

Results may be presented at national and international scientific meetings.

The findings may also be submitted for publication in peer-reviewed internationaljournals.

No pa rticipa nt-id e ntifi a ble information will be disclosed in any publication or presentation.

Authorship will follow the recommendations of the lnternational committee of Medical Journal
Editors (|cMJE).

20. DATA sHAR|NG STATEMENT

lndividual particıpant data (lPD) wi|l not be made publicly available.

OnlY anonYmized, aggregated study results will be reported in scientific publications and conference
presentations.

Requests for additional analyses may be considered by the principaI investigator following publication
of the primary study results and in accordance with institutional polİcies.

Despite these limitations, the study is expected to provide vaIuable information regardin8 theassociation between serum irisin concentrations ano oianetıc perıpneral neuropathy.

21. sTUDY LlMITAT|oNS

PotenüaI limitation5 of the study include:

. single-center study design.

ı Relatively smal| sample size.

. cross-sectional assessment precluding causal inference.

. sin8le baseline measurement of serum irisin concentration.

. Possible influence of unmeasured confounding variables.



Multiple linear regression analysis will be performed to determine independent predictors of serum
irisin concentration after adjustment for potentiaI confounding variables.
potenüal covariates inc|ude:

. Age

. sex

. BMl

ı HbAlc

ı Duration of diabetes

Missing Data

lncomplete datasets will be excluded from analyses requiring complete observations. The frequency
and reasons for missing data will be reported.

14. lNFoRMED coNsENT FoRM 0cF)

Purpose of the study

You are invited to participate in a research study investigating whether serum irisin levels may serve
as a biomarker for diabetic peripheral neuropathy.

study Procedures

lf you agree to participate, you wil| undergo:

ı clinical assessment

. Neurolo8icalexamination

. collection of one fasting blood sample (approximately 10 mL)

. Routine laboratory measurements

ı Serum arisin analysis

Participation is expected to require approximately 3(F45 minute'.
possible Risl<s

The study invo|ves minimal risk. Blood collectionminor bleeding or infection.
possible Benefits

Participants may not receive din,no",.t"noing ot;İr;;;'ffff:: T"dical 
benefit. Howeve4 th

confidentiaıity 
)eral neuropathy.; ;ff;#:;:sults may conüibute to improved

may cause temporary discomfort, bruising, or rarely

your personal informaton wi|| rıauthorized -,",;';;;;:l;,Ti'l" #::ij|:T##:T]iİT:i", and stored secureıy on,y


