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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 of Type 2 Diabetes

Mellitus(T2DM)continuestoincreaseworldwide,representin8oneofthemajorglobalpublichealth
chalIenges. Chronic hyperglycemia contributes to the development of microvascular and

macrovascular complications that substantially increase morbidity and mortality,

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

affecüng approximately 3o-5O% of individuals during the course of the disease, lt is characterized by

progressive degeneration of peripheral nerves leading to 5ensory loss, pain, impaired proprioception,

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

These complications negatively affect functionat capacity, independence, and quality of life,

Although chronic hyperglycemia is considered the principal pathogenic factor, multiple mechanisms

contribute to the a"uuıop."n, ot ailu"i. n"rropu,t y, including oxidative stress, mitochondrial

dysfunction, endothelial l"i"v, İnroni, lo*-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,
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EXperimental eVidence suggests that ırisin promotes glucose uptake, enhances insulin sensitivity,

reduces oxidaüve 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 circulating irisin concentrations in obesitv

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 with diabetic neuropathy, whereas others have observed no si8nificant 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 severity 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

metabolic characteristics.

3. sTUDY oBJEcTlVEs

Primary objective

TocompareserumirisinconcentrationsamongpatientswithType2DiabetesMellitusanddiabetic
peripheral neuropathy, patients with Type 2 Diabetes MeIlitus without neuropathy, and healthy

control participants.

Secondary Obiectives

. To evaluate the relationship between serum irisin concentrations and HbA],c levels,

.Toinvestigatetheassociationbetweenserumirisinconcentrationsandfasüngplasma
glucose.

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

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

. To investigate correlations between serum irisin concentration and duration of diabetes,

. To determine whether serum irisin concentration may serve as a potential biomarker for

diabetic peripheral neuropathy,

4. PRoTocor sYNoPsls

|tem Description

Evaluation of serum lrisin Levels as a potential Biomarker in patients with Diabeüc

Official Title Polvneuropatİİ: l;';j"-;;;;";;,"spective cross-secüonal observationaı studv

Protocol lD KAEK/2026.05.190

observationalStudY Type



ıtem

study Design

study center

Study Duration

Estimated

Enrollment

5tudy Groups

P rima ry

o bjective

Primary
outcome

Description

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

Kanuni Sultan süleyman Training and Research Hospital, lstanbul, Türkiye

July 2025 - september 2026

81 participants

27 DPN+, 27 DPN-, 27 Healthy controls

To evaluate serum irisin concentrations in patients with diabetic peripheral

neuropathy.

Serum irisin concentration (ng/mL)

HbAlc, fasting plasma glucose, BM!, lipid profile, correlation analyses
Seco nda ry

oUtco mes

Biospecimen Ve nous blood

Laboratory

Method
Commercially available validated ELlSA kit

statistical
Software

lBM SPSS statistics Version 29.0

Ethics Approval University of Health Sciences Türkiye Ethics Committee

5. 5TuDY DEslGN

This investigation is designed a5 a single_centeı, prospective, analYtical, observaüonal, cross-

sectional case_control study condr.t"d at the lnternal Medicine outpatient clinic of Kanuni Sultan

Süleyman Training and Research Hospital,

Eligible participants will be recruited consecutively during the study period and allocated into one of

three predefined study groups based on clinical history and electrophysiological evaluation,

Group 1 - Diabetic Peripheral Neuropathy (DPN+)

Patients with Type 2 Diabetes Mellitus diagnosed with diabetic peripheral neuropathy based on

.ıiniauı 
"*..inution 

and nerve conducüon 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 diabete5 mellitus or peripheral neuropathY,



All laboratory measurements and clinicalevaluations will be performed at baseline

5. 5TuDY PoPuLATloN

The study population will consist of adult individuals attending the lnternal Medicine outpatient

clin ic

Eligible participants will be recruited consecutiveIy until the required sample size has been achieved

A total of 81 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. ELIGlBlLıTY cRlTERlA

lnclusion criteria

Participants must fulfill all of the following criteria:

. Age between 30 and 75 years.

Diagnosis of Type 2 Diabetes Mellitus for at least one year (diabetic groups only)

. Ability to understand the study procedures,

. Ability to provide written informed consent,

ı Willingness to participate voluntarily,

Healthy contİols

Healthy Volunteers must additionally fulfill the following:

ı No history of diabetes mellitus,

. 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 abuse,

. chemotherapy-inducedneuropathy,



Peripheral neuropathy of non-diabetic origin.

Chronic kidney disease (eGFR <60 mL/min/1.73 m').

Acute or chronic infection.

Active infl ammatory disease.

Autoimmune disease.

Malignancy.

Pregnancy.

Myopathİes.

Neuromuscular disorders.

parkinson disease.

stroke.

Mulüple sclerosis.

severe orthopedic disorders affecting mobility,

lnability to provide informed consent.

8. REcRulTMENT PRoCEDUREs

Potential participants will be identified during routine outpatient Visits.

Patients meetinB the preliminary eligibility criteria will receive verbal and written information
regarding the study.

After obtainin8 written informed consent, eligibility will be confirmed through review of medical
history laboratory fi ndings, and neurological examination.

HealthY volunteers Will be recruited from hospital staff and accompanying relatives after screening for
eligibility.

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

9. sAMPtE slzE cAlcuLAT|oN

sample 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 66 particİpants.

To compensate for possible exclusions and incomplete laboratory data, the finalplanned 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

. Medication use

. smoking status

ı Blood pressure

. Height

. Weight

. Body Mass lndex

o waist circumference

Neurological Evaluation

Participants will undergo neurological examination by an experienced physician.

The diagnosis of diabetic peripheral neuropathy will be confirmed using:

. Clinical neurological exa mination

. Nerve conduction studies (Electromyography)

Blood Sampling

Following an overnight fast of at lea,t eight hours, approximately 10 mL of venous blood will be
collected.

Blood samples will be processed within one hour after col|ection.

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

Aliquots will be stored at -8o.c until analysis.

11. tABoRAToRY ANAtYsl5



serum irisin concentrations wİll be measured using a commercially available, Validated enzyme-linked
immunosorbent assay (ELlsA) kit according to the manufacturer's instructions.

Routine biochemical analyses will include:

. HbAlc

. Fasting plasma glucose

ı Total cholesterol

. HDL cholesterol

. LDL cholesterol

. Trig|ycerides

. creatinine

. Vitamİn B12 (when clinically indicated)

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

12. oUTcoME MEASUREs

Primary outcome

serum lrisin concentration

Serum irisin concentration (ng/mL) measured by ELlsA at baseline

secondary outcomes

. 6lycated hemoglobin (HbAlc)

. Fasting plasma glucose

. Body Mass lndex

. serum lipid profile

. correlation between serum irısin concentration and:

o HbAlc

o Fasting plasma glucose

o BMl

o Duration of diabetes

o Lipid profile

o Presence ofdiabetic peripheral neuropathy



13. sTATlsTtcAL ANAtYsls PLAN (sAP)

statistical software

All analyses will be performed using ıBM sPss statistics Veİsion 29.o.

Significance Level

Two-sided p values less than 0.05 will be considered statistically significant

DesGriptive statistİcs

continuous Variables will be expressed as:

. Mean t Standard Deviation (SD), or

ı Median (lnterquartile Range)

Categorical variables will be presented as:

. Frequency (n)

. Percentage (%)

Normality Assessment

Distribution of continuous Variables will be evaluated using:

. Shapiro-Wilk test

. Histo8ram

. Q-Q plot

Group comparisons

Normaıly distributed variables:

. lndependent Samples t-test

. One-Way ANOVA

Non-normally distributed Varİables:

. Mann-Whitney U test

. Kruskal-waIlis test

categorical Var'ables:

. chi-square test

. Fisher's Exact test (when appropriate)

Correlation AnaIysis

. pearson correlation

. spearman rank correlation

Mulüvariable Analysis



Multiple linear regression anaıysis will be performed to determine independent predictors of serum
irisin concentration after adjustment for potential confounding variables.

potentiaı covariates include:

. Age

. Sex

ı 8Ml

. HbAlc

. Duraüon of diabetes

Missint Data

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

14. lNFoRMED coN5ENT FoRM (lcF)

Purpose of lhe study

You aİe invited to participate in a research study investigaüng whether serum irisin levels may serve
as a biomarker for diabeüc peripheral neuropathy.

study Procedures

lf you agree to participate, you will undergo:

ı clinical assessment

. Neurologicalexamination

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

. Rouüne laboratory measurements

. Serum irisin analysis

Participation is expected to require approximately 3(H5 minutes.
possible Risks

-TjllJJil"J:':,}l;1.'''n, 
Blood collection may cause temporary discomfort, bruising, or rareıy

possible Benefits

participants may not receive direct medical benefit. However, the results may contribute to improvedunderstandin8 of diabetic peripheral neuropathy and fu;;;;;;* *.,
Confidentialiğ

your personal informaton will remain confidential. .tudy data will be coded and stored securely. onlyauthorized research personnel will have access 
'o 

iO"r,iİ.llJinro...oon.



Voluntary Participation

participation i5 entirely voluntary. you may withdraw from the study at any time without affecting
your medical care or legal 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
questions and have received satisfactory answers. l voluntarily agree to participate in this study.

signature:

Researcher Name:

signature: _
Date

15. DATA MANAGEMENT

15.1 Data collection

A|l study data will be collected prospectively using standirdızed case Report Forms (cRFs) specifically
developed for this study. Data wiIl be obtained from participant interViews, medical records, physical
examinations, neurological assessments, and laboratory analyses.

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

collected data wiIl include:

. Demographic characteristics

. Medical history

. Duration of diabetes

. current medications

. Anthropometricmeasurements

. Neurologicalexaminationfindings

. Electrophysiologicalexamination 
results

. Laboratorymeasurements

. serum irisin concentration

ı HbAlc

Participant Name: 

--
Date:



Fasting plasma glucose

Lipid profile

Body Mass lndex

15.2 Data Entry

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

DoubIe-data entry procedures will be implemented for critical Variables to minimize transcription
errors.

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

15.3 Data storate

Electronic data will be stored on password-protected institutional computers with restricted access.

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

Bıological samples will be labeled using only the participant study identification number.

Serum samples will be stored at -8O.C until laboratory analyses have been completed.

15.4 confidentiality

All participant information will remain strictly confidentia l

only authorized invesügators will haVe access to identifiable study data.

l:,*.;J: 
be reported only in aggregate form, ensuring that individual participants cannot be

All study procedures will comply with
confidentiality.

instİtutional policies regarding data protectİon and

15.5 Data Retention

study documents will be retaine
nationaI legislaüon. 

'---"''o for the period required by institutional regulations and applicable

Following completion of the reor
eıectron; da;a;;;;:;.i ;:::j:ed 

retenton period, paper rec
rted according; i;;ff.#,'ff:İ:rwill be securely destroyed and

16. QUALITY AssuRANcE

To ensure data quality and protol
implemented throrril;; ;:"rl 

comPliance, several quality assurance procedures will be



These procedures include:

lnVestigator training before study initiation.

standardized operating procedures for participant recruitment

standardized neurological examinations.

Standardized blood collection procedures.

standardized Iaboratory analyses.

calibration of laboratory equipment.

Routine monitoring of data completeness.

verifi cation of informed consent documentation.

Periodic review of case Report Forms.

lnternal quality control of ELlsA measurements.

Laboratory personne| performing serum irisin analyses will be blinded to participant group allocation.
Any protocol deviations will be documented and reviewed by the principal investigator.

17. ETHlcAL coNslDERAT|oNs

The study will be conducted an accordance with:

. The Declaration of Helsinki (2013 revision)

, Good clinicaI Practice (lcH-GcP) principles applicable to observational studies
. Turkish regulations governing biomedical research involving human particıpants

Ethical approval has been obtained from the University of Health sciences Türkiye clinical ResearchEthics Committee before initiation of participant recruİ .""İ.

Y;H;:T-* 
consent will be obtained from every participant before any study_specific procedure

Participation is entirely Voluntary.

Participants may withdraw frorr
affecting their future medical cıhe 

study at any time without providing a reason and without

No eXperimental intervention will be administered durin8 the study.
only one fasting Venous blood sample will be collected.
potential risks are minimal and a
associated *ıtt ,"niprn.irr-- 're limited to temporary discomfort, bruising, or minor bleeding

Participant privacy and confident iality will be protected throughout the study.



18. sAFETY coNslDERAT|oNs

As this is a non-interve ntio na l observational study, no study-related treatment will be administered

The only study-related procedure associated with minamal risk is venous blood collection.

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

Serious adverse events are not anticipated because no investigational medicinal product or medical
device is being evaluated.

19. DlssEMlNAT|oN PoLlcY

study findings will be disseminated regard|ess of the direction or magnitude of the results.

Results may be presented at nationaI and international scientific meetings.

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

No participant-identifiable information will be disclosed in any pub|ication or presentaüon.

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

20. DATA sHARlNG STATEMENT

lndividual participant data (lPD) will not be made publicly available.

only anonymized, aggregated study results will be reported in scientific publications and conferencepresentations.

Requests for additional analyses may be considered by the principal investigator following publicationof the primary study results and in accordance with institutional policies.

21. sTuDY tlMıTAT|oNs

Potential limitations of the study include:

. single-center study design.

. Relatively sma|| sample size.

. Cross-sectional assessment precludingcausal inference
single baseIine measurement of serum irisin concentration.
Possib|e influence of unmeasured confounding variables.

Despite these limitations, the study is expected to provide valuable information re,arding theassociation between serum irisin ç9n69nl16Ş9ns ana aiaUetlc peİiphe.al neuropathy.


