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Abstract

Original Article

intrOductiOn

Calprotectin (CLP) is a heterodimer protein consisting 
of two monomers (S100A8 and S100A9) in which each 
monomer consists of two Ca+2 binding sites in both N‑ and 
C‑terminal EF hands that are connected by hinge region 
and it belongs to the S100 protein family and exists in 
the cytosol of neutrophils in addition to the membranes 
of monocytes and other inflammatory cells and releasing 
from them on activation or adhesion to the endothelium.[1‑3] 
It has been found that CLP blood levels are elevated in 
several chronic low‑grade inflammatory conditions including 
obesity, and insulin resistance due to its over‑expression 
and this makes it an inflammatory marker.[4‑6] Increased 
CLP levels in plasma and urine have been linked to type 2 
diabetes mellitus (T2DM) and its consequences, including 
hypertension and renal failure.[7] CLP has different 
biological roles, intracellularly it can act as an indicator of 
differentiation for phagocytes while extracellularly it acts 

as a damage‑associated molecular pattern molecule that 
interacts with different receptors.[8,9]

CLP is involved in the pathogenesis of micro‑ and macrovascular 
complications of diabetes mellitus (DM) through the activation 
of key signaling pathways through the activation of Toll‑like 
receptor‑4 (TLR4) and the receptors of advanced glycation end 
products (AGEs).[3,4] Thus, according to those mechanisms, 
it may be involved in the pathogenesis of diabetic peripheral 
neuropathy (DPN) that is associated with irreversible nerve 
injury.[10,11] It was suggested that AGEs played a significant 
part in the development of DPN through inflammatory cascade 
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activation, the elevation of pro‑inflammatory cytokines, 
and neuroimmune communication pathways which result in 
structural and functional nerve damage.[12,13] AGEs bind to 
advanced glycation end products receptors (RAGE) and activate 
the nuclear factor‑kappa enhancer of B‑cell (NF‑κB) signaling 
pathway, which has been linked to the occurrence of diabetic 
neuropathy in mouse models through controlling immune 
and inflammatory responses, TLR4 binding cans also leads 
to activation of NF‑κB leading to an increase in the variety of 
inflammatory mediators expression.[10] Following inflammatory 
stimulation, CLP secretion from granulocytes occurs, and 
after that, CLP acts as a cytokine‑like protein by attaching to 
surface receptors (RAGE, TLR4, and CD33) and activating 
pathways involved in the escalating immune response.[3,14] 
Michigan Neuropathy Screening Instrument (MNSI) is a 
method used for screening the presence of DPN and it involves 
two sections: a self‑assessment questionnaire of 15 (yes/no) 
equations in addition to a physical examination of the lower 
limbs using instruments like (10 g monofilament, tuning fork 
128 [Hertz] Hz, and neurological hummer that aid in filling the 
form of physical examination).[15] The total score of the MNSI 
is obtained from the combination of the questionnaire and the 
physical examination scores, and only when the total score 
is above or equal to 9½, it is considered as possible diabetic 
peripheral neuropathy.[16] A nerve conduction study (NCS) is 
usually done as a gold standard to confirm the diagnosis of 
DPN since it is regarded as one of the gold standards that fits 
its diagnosis.[17] It involves the stimulation of motor nerves, 
sensory nerves, or both across the skin using an electrical 
current (a small pulse) and recording the generated electrical 
responses.[18] It is important to note that DPN cannot be initially 
diagnosed using a simple and accurate diagnostic procedure so 
this study aimed to estimate the serum levels of CLP in type 2 
diabetic patients with DPN and compare it to those without 
DPN to determine whether serum CLP level as an inflammatory 
biomarker is affected by the occurrence of DPN, and thus, it 
could be used to indicates the occurrence of DPN.

patients and methOds

One hundred and twenty‑six patients diagnosed with T2DM 
who visited the National Diabetic Center of Mustansiriyah 
University between December 2022 and July 2023 who 
fitted the inclusion criteria and signed a written consent were 
enrolled in this cross‑sectional study design. The patients were 
subjected to the MNSI and NCS at the NCS unit at Al‑Yarmouk 
Teaching Hospital. DPN was either confirmed or eliminated 
in each patient based on (nerve conduction velocity and 
amplitude) of the sural, ulnar, median, and common peroneal 
nerves. The results were compared to the normal values 
utilized in the Al‑Yarmouk Teaching Hospital’s EMG/NCS 
unit. Based on the findings of both MNSI and NCS they were 
grouped into different groups based on MNSI score and NCS 
each one alone, the same patients were subgrouped using both 
scores and NCS at the same time, as shown in Figure 1. Waist 
circumferences and body mass index (BMI) were obtained. 

Three ml from the obtained fasting blood specimens were 
collected using a gel tube to obtain serum after clotting and 
centrifugation at 3000 rpm for 10 min for the analysis of 
glycemic profile using Glucose HK by Roche Diagnostics and 
lipid profile using TRIGL for triglyceride (TG), CHOL2 for 
cholesterol, and HDLC4 for high‑density lipoprotein (HDL‑c) 
kits made by Roche Diagnostics while serum CLP was 
estimated using a human CLP enzyme‑linked immunosorbent 
assay kit (Catalog No: YLA2079HU) by Shanghai YL 
Biont, China. The remaining 2 ml were collected in EDTA 
tubes for assessing hemoglobin A1C (HbA1c) using the 
A1C‑3 kit by Roche Diagnostics. The homeostasis model 
assessment of insulin resistance (HOMA‑IR), very low‑density 
lipoprotein (VLDL‑c), low‑density lipoprotein (LDL‑c), and 
BMI were determined mathematically.

The exclusion criteria included the patients how had other types 
of diabetics  (type 1 and gestation), other caused of neuropathy 
(renal and liver disease). malignancies and smoking. It is worth 
mentioning that the included patients were on treatment using 
oral medication and or insulin therapy

Ethical approval
The scientific committees of the local Health Care Department 
at Al‑Karkh in Baghdad province approved this research 
according to the document with the number of 432 on 
December 21, 2022. The research’s goals were explained for 
each patient to obtain their approval to involve in it. They 
were made aware of their freedom to leave the study whenever 
they wanted.

Statistical analysis
The Statistical Package for the Social Sciences (SPSS) 
version 26 (IBM Corp. Released 2019. IBM SPSS Statistics 
for Windows, Version 26.0. Armonk, NY: IBM Corp) was used 
in the analysis of the data of this study. Independent Student’s 
t‑test and analysis of variance analysis were employed. The 
corrections were determined using Pearson’s linear correlation 
coefficient. GraphPad Preferred Reporting Items for Systematic 
Reviews and Meta‑Analyses (PRISMA) was used for the 
visualization of data beside the SPSS 26 version.

results

As shown in Table 1, there were no significant differences 
(P > 0.05) in the mean level of serum CLP (mean ± standard 
deviation) between type 2 diabetic patients according to 
their MNSI total score: below 9.5 (37.94 ± 1.69) and above 
and equal to 9.5 (35.30 ± 2.17) and according to presence 
of DPN based on the finding of NCS: absence of DPN 
(36.91 ± 1.87) and presence of DPN (36.75 ± 1.87). According 
to Table 2 and Figure 2, the mean level of CLP also showed 
no significant differences among the four subcategories 
(P > 0.05). Among type 2 diabetic patients and within each 
subcategory, CLP exhibited no association with age, disease 
duration, BMI, glycemic profile, and lipid profile (triglyceride, 
cholesterol, HDL‑c, LDL‑c, and VLDL‑c), as shown in 
Figure 3 and Table 3, respectively.
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discussiOn

The finding of this study shows no significant statistical 
differences in the mean of serum CLP between the diabetic 
patients with and without DPN (P > 0.05), as shown in 
Table 1. This finding was consistent with the finding of Ghaib 
et al.[19] which showed nonsignificant statistical differences 
in serum CLP levels between the patients with and without 
DPN (P > 0.05), while the differences were statistically 
significant when comparing the DPN patients to healthy 
individuals.

The findings of the current study were inconsistent with the 
findings of a previous study by Taur et al[10] which studied 
patients patients who showed the symptoms of DPN without  

being confirm and  it  was also inconsistent with study of 
El‑Hafez et al[20] which studied patients  who newly diagnosed 
with DPN, the both Taur et al[10] and El‑Hafez[20] studies 
demonstrated that elevation of serum CLP could be implicated 

Figure 1: A diagram showing the study’s conception and development

Figure 2: The mean and standard deviation of serum calprotectin by 
the subgroups

Table 2: Comparison of serum calprotectin among the 
studied subgroups

DPN 
(+/−)

MNSI total 
score

n Mean±SE P

CLP (ng/mL) Positive <9.5 25 37.73±2.24 0.658
≥9.5 38 37.72±3.06

Negative <9.5 48 39.15±2.49
≥9.5 15 33.27±3.26

CLP: Calprotectin, MNSI: Michigan Neuropathy Screening Instrument, 
DPN: Diabetic peripheral neuropathy, SE: Standard error

Table 1: Comparison of serum calprotectin among the 
studied group

Groups n Mean±SE P
MNSI total score

<9.5 73 37.94±1.69 0.327
≥9.5 53 35.30±2.17

DPN
No 63 36.91±1.87 0.952
Yes 63 36.75±1.87

MNSI: Michigan Neuropathy Screening Instrument, DPN: Diabetic 
peripheral neuropathy, SE: Standard error
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in the neuroinflammation pathogenic changes of DPN. The 
probable reason for the inconsistency of the findings of those 
studies with the current study could be due to the differences 
in sample size and the criteria for studied patients. In addition, 
the current study finding was inconsistent with the finding 
of Velayutham et al.[2] who demonstrated that serum CLP in 
patients with DPN was significantly elevated compared to 
patients without DPN; however, no significant differences were 
found among DPN subcategories in their study that include 
those of possible, probable, and confirmed and finally those 
with subclinical DPN (P > 0.05). One probable reason behind 
this inconsistency is that Velayutham et al. relayed the presence 
of the signs and symptoms of DPN or the finding of NCS in 
classifying the patients into patients with DPN and patients 
without DPN, while in this current study, the presence and 
absence of DPN in the patients were based on the finding of 
NCS alone. Moreover, in the study of Velayutham et al., the 
disease duration was significantly higher in those with DPN 
compared to those without DPN while in this current study, 
the disease duration was similar in both patients with and 
without DPN which could be an additional possible cause of 
inconsistency, additionally, the study of Velayutham et al. did 
not mention the gender of the studied patients. Moreover, the 
finding of the current study was inconsistent with the finding of 
Afify et al.[9] who found that the level of CLP was significantly 
higher in patients with DPN compared to those without DPN, 
it is also suggested that CLP could be a potential marker for 
the occurrence, severity, and development of DPN. However, 
it did not rely on NCS to diagnose the presence of DPN in 
newly diagnosed patients instead the diagnosis was made based 

on the symptoms of DPN. This could probably be the reason 
behind the inconsistency with the findings of this current study.

According to this current study finding, the mean serum level 
of CLP was not significantly changed in diabetic patients 
according to their MNSI total score, as indicated in Table 1. 
By comparing the mean of serum CLP levels among diabetic 
patients’ subgroups to determine the value of serum CLP as 
an early indicator of DPN. This study indicated the absence of 
significant differences in the mean serum levels and CLP levels 
among them (P > 0.05), as shown in Table 2 and Figure 2.

Among diabetic patients, as shown in Figure 3, this current 
study showed no association between CLP and BMI among 
diabetic patients (P > 0.05); this finding was consistent 
with the findings of Mortensen et al.,[21] Tabur et al.,[10] and 
Velayutham et al.[2] Besides that, CLP shows no association 
with (age, disease duration, fasting blood glucose, insulin, 
HOMA‑IR, and lipid profile) (P > 0.05). Moreover, no 
association has been found in this study between CLP and 
HbA1c (P > 0.05) which conflicts with the finding of Tabur 
et al.[10] who found a positive link between CLP and HbA1c 
among diabetic patients attributing that to the effect of glucose 
in the regulation of CLP during diabetic complication since 
HbA1c represented a marker of chronic hyperglycemia 
among early diagnosed patients this inconsistency is probably 
due to differences in sample size, patients’ inclusion criteria 
and statistically using spearman correlation to assess the 
correlation.

In this study, serum CLP also showed no association with the 
other studied parameters according to patients’ subgroups, 

Figure 3: The correlation of serum calprotectin with the studied parameters among all type 2 diabetic patients
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as shown in Table 3. It is worth mentioning that no previous 
studies subgrouped the patients according to their MNSI and 
NCS findings at the same time. The onset of T2DM appears 
to be significantly affected by low‑grade chronic systemic 
inflammation and the elevation in the level of inflammatory 
biomarkers is a predictor of the occurrence of T2DM.[22] In 
addition, low‑grade chronic systemic inflammation has also 

been implicated in the development of peripheral neuropathy in 
T2DM.[23] However, obesity, control of glucose blood level, and 
medical therapy were also linked to low‑grade chronic systemic 
inflammation.[24] Furthermore, in DPN it had been found that 
genetic variation could be crucial in its development.[25] Thus, 
the inflammatory process could not be the only responsible for 
the development of peripheral neuropathy in diabetic patients, 

Table 3: The correlations of serum calprotectin with studied parameters according to patient’s subgroups

Subgroup A Subgroup B Subgroup C Subgroup D
Age (year)

R 0.040 −0.181 0.166 0.259
P 0.851 0.277 0.259 0.351

Disease duration (year)
R 0.254 −0.004 −0.133 0.211
P 0.221 0.979 0.366 0.451

BMI (kg/m2)
R 0.040 0.225 −0.009 0.033
P 0.851 0.174 0.949 0.908

Waist circumference (cm)
R 0.020 0.173 0.214 −0.021
P 0.926 0.300 0.144 0.942

FBG (mg/dL)
R −0.156 0.170 −0.066 −0.210
P 0.457 0.308 0.657 0.453

HbA1c%
R −0.209 0.239 −0.025 −0.111
P 0.316 0.149 0.867 0.693

Triglycerides (mg/dL)
R −0.327 −0.011 −0.108 −0.444
P 0.110 0.946 0.464 0.098

Cholesterol (mg/dL)
R −0.072 0.069 0.094 −0.314

P 0.733 0.680 0.527 0.254
HDL‑c (mg/dL)

R 0.170 0.293 −0.075 0.124
P 0.416 0.074 0.612 0.659

LDL‑c (mg/dL)
R 0.078 0.027 0.217 −0.070
P 0.712 0.871 0.139 0.804

VLDL‑c (mg/dL)
R −0.339 −0.027 −0.129 −0.424
P 0.097 0.872 0.382 0.116

Insulin (µIU/mL)
R 0.149 −0.032 0.030 0.118
P 0.478 0.849 0.837 0.676

HOMA‑IR
R 0.077 0.031 0.052 −0.029
P 0.716 0.855 0.723 0.918

CLP (ng/mL)
R 1 1 1 1
P

Subgroup A: Patients with DPN and MNSI total score of <9.5, Subgroup B: Patients with DPN and MNSI total score of ≥9.5, Subgroup C: patients with no 
DPN and MNSI total score of <9.5, Subgroup D: Patients with no DPN and MNSI total score of ≥9.5. MNSI: Michigan Neuropathy Screening Instrument, 
DPN: Diabetic peripheral neuropathy, HOMA‑IR: Homeostasis model assessment of insulin resistance, HDL‑c: High‑density lipoprotein‑cholesterol, 
LDL‑c: Low‑density lipoprotein‑cholesterol, VLDL‑c: Very LDL‑c, FBG: Fasting blood glucose, BMI: Body mass index, HbA1c: Glycated hemoglobin, 
CLP: Calprotectin
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this could explain why serum CLP levels did not change in 
diabetic patients whether they suffered from DPN or not.

cOnclusiOn

serum CLP in type 2 diabetic patients was not affected by the 
presence of DPN. Thus, based on the results of this study it 
cannot be used as an indicator for early detection of DPN. 

Recommendations
Further studies are required on newly diagnosed patients and 
a larger sample size.

Limitations
Since its cross‑sectional study design, it could not find the 
causal association between the studied variables. Other 
limitations involved the sample size and the majority of studied 
patients in this study had long disease duration.

The strength of this study
Two different methods have been used to confirm the 
occurrence of DPN in the patients whose serum CLP levels 
were estimated in this study.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

references
1. Shabani F, Mahdavi M, Imani M, Hosseinpour‑Feizi MA, Gheibi N. 

Calprotectin (S100A8/S100A9)‑induced cytotoxicity and apoptosis in 
human gastric cancer AGS cells: Alteration in expression levels of Bax, 
Bcl‑2, and ERK2. Hum Exp Toxicol 2020;39:1031‑45.

2. Velayutham R, Nair PP, Adole PS, Mehalingam V. Association of serum 
calprotectin with peripheral neuropathy in patients with type 2 diabetes 
mellitus. J Family Med Prim Care 2021;10:1602‑6.

3. Garcia V, Perera YR, Chazin WJ. A structural perspective on calprotectin 
as a ligand of receptors mediating inflammation and potential drug 
target. Biomolecules 2022;12:519.

4. Sekimoto R, Kishida K, Nakatsuji H, Nakagawa T, Funahashi T, 
Shimomura I. High circulating levels of S100A8/A9 
complex (calprotectin) in male Japanese with abdominal adiposity and 
dysregulated expression of S100A8 and S100A9 in adipose tissues of 
obese mice. Biochem Biophys Res Commun 2012;419:782‑9.

5. Calcaterra V, De Amici M, Leonard MM, De Silvestri A, Pelizzo G, 
Buttari N, et al. Serum calprotectin level in children: Marker of obesity 
and its metabolic complications. Ann Nutr Metab 2018;73:177‑83.

6. Oosterwijk MM, Bakker SJ, Nilsen T, Navis G, Laverman GD. 
Determinants of increased serum calprotectin in patients with type 2 
diabetes mellitus. Int J Mol Sci 2020;21:8075.

7. Ortega FJ, Sabater M, Moreno‑Navarrete JM, Pueyo N, Botas P, 
Delgado E, et al. Serum and urinary concentrations of calprotectin as 

markers of insulin resistance and type 2 diabetes. Eur J Endocrinol 
2012;167:569‑78.

8. Jukic A, Bakiri L, Wagner EF, Tilg H, Adolph TE. Calprotectin: From 
biomarker to biological function. Gut 2021;70:1978‑88.

9. Afify M, El Khawaga S, Adly N, Awadein M, Bahaa El Din A. The 
relationship between serum calprotectin and peripheral neuropathy 
in a sample of Egyptian type 2 diabetic patients. Ain Shams Med J 
2022;73:153‑69.

10. Tabur S, Korkmaz H, Ozkaya M, Aksoy SN, Akarsu E. Is calprotectin a 
novel biomarker of neuroinflammation in diabetic periferal neuropathy? 
Diabetol Metab Syndr 2015;7:36.

11. Lian X, Qi J, Yuan M, Li X, Wang M, Li G, et al. Study on risk factors of 
diabetic peripheral neuropathy and establishment of a prediction model 
by machine learning. BMC Med Inform Decis Mak 2023;23:146.

12. Sandireddy R, Yerra VG, Areti A, Komirishetty P, Kumar A. 
Neuroinflammation and oxidative stress in diabetic neuropathy: 
Futuristic strategies based on these targets. Int J Endocrinol 
2014;2014:674987.

13. Agrawal NK, Kant S. Targeting inflammation in diabetes: Newer 
therapeutic options. World J Diabetes 2014;5:697‑710.

14. Tezcan D, Onmaz DE, Sivrikaya A, Hakbilen S, Körez MK, Gülcemal S, 
et al. Assessment of serum neopterin and calprotectin as biomarkers for 
subclinical inflammation in patients with familial Mediterranean fever. 
Ir J Med Sci 2023;192:2015‑22.

15. Mohammad MT, Muhaidat J, Momani MS, Al‑Khlaifat L, Okasheh R, 
Qutishat D, et al. Translation and psychometric properties of the Arabic 
version of Michigan neuropathy screening instrument in type 2 diabetes. 
J Diabetes Res 2019;2019:2673105.

16. Prasad P, John J, Milan KR, Narayanan KK. Association of diabetic 
neuropathy with duration of type 2 diabetes mellitus. Eur J Mol Clin 
Med 2022;9:2437‑46.

17. Sophausvaporn P, Boonhong J, Sahakitrungruang T. The prevalence 
of diabetic peripheral neuropathy in youth with diabetes mellitus. Ann 
Pediatr Endocrinol Metab 2023;28:20‑5.

18. Ginsberg MR, Morren JA, Levin K. Using and interpreting 
electrodiagnostic tests. Cleve Clin J Med 2020;87:671‑82.

19. Ghaib ZJ, Ghudhab KK, Mohsen FY. Assessment of neuron specific 
enolase level and some related biochemical factors in patients with 
diabetic peripheral nerve disorders. Indian J Forensic Med Toxicol 
2021;15:1494‑500.

20. El‑Hafez FF, Nsr‑Allah AA, Mohamed AK, Ahmed AM, Mahmoud AA. 
Novel biomarker serum calprotectin for early diagnosis of diabetic 
peripheral neuropathy in type 2 diabetes patients. Egypt J Hosp Med 
2021;82:379‑85.

21. Mortensen OH, Nielsen AR, Erikstrup C, Plomgaard P, Fischer CP, 
Krogh‑Madsen R, et al. Calprotectin – A novel marker of obesity. PLoS 
One 2009;4:e7419.

22. Lempesis IG, Georgakopoulou VE. Physiopathological mechanisms 
related to inflammation in obesity and type 2 diabetes mellitus. World J 
Exp Med 2023;13:7‑16.

23. Sai Laxmi M, Prabhakar O. Inflammatory biomarkers as a part of 
diagnosis in diabetic peripheral neuropathy. J Diabetes Metab Disord 
2021;20:869‑82.

24. Okdahl T, Wegeberg AM, Pociot F, Brock B, Størling J, Brock C. 
Low‑grade inflammation in type 2 diabetes: A cross‑sectional study 
from a Danish diabetes outpatient clinic. BMJ Open 2022;12:e062188.

25. Zhao Y, Zhu R, Wang D, Liu X. Genetics of diabetic neuropathy: 
Systematic review, meta‑analysis and trial sequential analysis. Ann Clin 
Transl Neurol 2019;6:1996‑2013.

D
ow

nloaded from
 http://journals.lw

w
.com

/m
tm

j by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

2+
Y

a6H
515kE

=
 on 12/26/2024


