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Diabetic neuropathy (DN) is considered the most common complication of type 2 diabetes mellitus
(T2DM). There is an unmet need for potential biomarkers that can be used to diagnose diabetic neuropathy
and to halt its progression. Chronic low-grade inflammation plays a key role in the development of DN. It was
shown that secretory lectin-binding pancreatic stone protein/ regenerating protein (PSP/reg) is raised in the
blood during inflammatory and infectious conditions. The aim of this study was to investigate the relationship
between the serum level of PSP/reg and DN in patients with type 2 diabetes mellitus. A total of 250 partici-
pants with T2DM aged 40-70 years were divided into two groups: patients without DN and DN patients. The
presence of T2DM and DN was confirmed clinically. The serum PSP/reg protein level was determined using
ELISA. It was shown that serum PSP/reg level was significantly higher in DN patients compared with diabetic
patients without DN and was positively correlated with glycated hemoglobin and blood glucose level. ROC
analysis revealed that the optimal cut-off point of PSP/reg was 10.15 ng/ml to indicate DN with a sensitivity of
92%. These results indicate the potential role of serum PSP/reg level as a supplementary diabetic neuropathy
marker which may be useful in identifying T2DM patients who are at a high risk of nerve damage.
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iabetes mellitus (DM) is among the most
D prevalent metabolic diseases worldwide.

According to the International Diabetes
Federation, the global number of people with diabe-
tes will increase to 783 million by 2045 [1]. Diabetes
mellitus is a major contributor to disability since it
causes a number of chronic macrovascular and mi-
crovascular complications. Among these compli-
cations, diabetic neuropathy is ranked as the third
most common neurological condition throughout
the world. It is known as one of the most mysterious
and painful complications of diabetes, which lowers
the quality of life and, as a result, places a finan-
cial strain on society and healthcare systems [2].
The pathophysiology of diabetic neuropathy is com-
plicated and involves both somatic and autonomic
components of the nervous system. Nearly half of
the population with type 2 diabetes mellitus (T2DM)
suffer from diabetic neuropathy [3]. There is a lack
of clarity about the mechanisms behind diabetic

neuropathy development, which are often complex
and multifactorial. A growing body of evidence sug-
gests that chronic low-grade inflammation contrib-
utes to T2DM and neurodegenerative complications
[4]. Researchers have shown that inflammatory cy-
tokines are involved in the pathogenesis of diabetic
neuropathy (DN), and increased cytokine concen-
trations have been reported in T2DM patients with
large nerve damage [5]. Pancreatic stone protein/
regenerating protein (PSP/reg) is a lectin-binding
protein that is secreted by pancreatic acinar cells
into pancreatic juice as well as by subsets of intes-
tinal and gastric cells. It has been studied mainly
in the pancreas and is prominently up-regulated
in acute or chronic pancreatitis [6, 7]. PSP/reg has
been proposed to act as an acute-phase protein and
it is considered to be regulated by IL-6, tumor ne-
crosis factor-a, and other cytokines released during
inflammation and infection. It was also found to be
elevated in sepsis [8, 9], ventilator-associated pneu-
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monia (VAP) [10], chronic obstructive pulmonary
disease (COPD) exacerbation [11], and diabetes mel-
litus [12-15]. These observations indicated that PSP/
reg might respond to infectious conditions and organ
failure. Given that inflammation is linked to diabetic
microangiopathy and plays a significant role in the
development of diabetic neuropathy. In this study,
we investigated the possibility that serum PSP/reg
levels are associated with the disease and may pre-
dict future risk. The purpose of this study was to
examine the relationship between PSP/reg and dia-
betic neuropathy in individuals with type 2 diabetes
mellitus.

Materials and Methods

Study population and design. This cross-sec-
tional study was carried out at AL-Faiha Teaching
Hospital, Basrah, Irag, from May 2024 to Septem-
ber 2024. The study was approved by the Ethics
Committee of Basrah Medical College. All sub-
jects provided informed consent to participate in
the study. A total of 250 patients with T2DM (89
males, 161 females; age range 40-70 years) were en-
rolled in this study. The subjects were divided into
two groups according to the presence of diabetic
neuropathy; diabetic patients with DN (DN group)
and diabetic subjects without DN (non-DN group).
Al Faiha Teaching Hospital consultants confirmed
the diagnosis of neuropathy, which was recorded in
the electronic medical records. For diagnosis of neu-
ropathy, the following guidelines were followed: (i)
all patients with T2DM were assessed for distal sym-
metric polyneuropathy, (ii) the evaluation included a
detailed history, temperature or pinprick sensation
(small-fiber function), and vibration sensation using
a 128-Hz tuning fork (large-fiber function) and (iii)
A 10-g monofilament test was conducted annually
on patients at risk for ulceration and amputation.
Furthermore, electrophysiological testing or referral
to a neurologist were rarely required for screening,
except in cases with atypical clinical features, an un-
clear diagnosis, or an alternative etiology is suspect-
ed. Atypical features included motor neuropathy that
was greater than sensory neuropathy, rapid onset,
and asymmetrical presentation. Exclusion criteria
were: (1) type 1 DM; (2) acute complications of DM
including hyperosmolar coma, ketoacidosis, lactic
acidosis, hypoglycemic coma; (3) active or chronic
infection or inflammatory disorders; (4) neoplastic
disorders; (5) severe liver dysfunction; (6) on medi-
cation that affects blood or urine glucose levels.
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Data collection. A standardized questionnaire
was used to gather a comprehensive clinical assess-
ment. Anthropometric measurements, including
height, weight, were obtained. BMI was calculated
as weight (kg) divided by the square of the height
(m). Age, gender, smoking, drinking, family history
of diabetes, and duration of diabetes were also re-
corded. In addition, vital signs were also measured
and recorded, including systolic blood pressure
(SBP) and diastolic blood pressure (DBP).

Sampling. Peripheral blood (PB) samples were
collected on ethylene diamine tetra-acetic acid
(EDTA) (1.2 mg/mL) for analysis of HbAlc. Serum
obtained from clotted samples by centrifugation for
15 min at 1000g was used for chemical analysis and
stored at - 20°C till subsequent use in ELISA.

Laboratory assays. Hemoglobin Alc (HbAlc,
%), fasting blood glucose (mmol/I), total cholesterol
(TC), triglyceride (TG), high-density lipoprotein
(HDL), low-density lipoprotein (LDL), were measu-
red based on standard methods. The serum PSP/reg
protein level was determined using enzyme-linked
immunosorbent assay (ELISA) kit (Elabscience Bio-
technology Co., Ltd) in accordance with manufac-
turer’s instructions.

Statistical analysis. Data analysis was per-
formed using the IBM SPSS 26 (Released 2019;
IBM Corp., Armonk, New York, USA). Data were
presented as a mean + standard deviation or as
percentages for normal distribution. The means
between groups were compared using independent
Student’s t-test. Correlations of PSP/reg and clinical
parameters were performed using spearman’s rank
correlations.

Ethics approval. The study was approved by
the Institutional Review Board of Basrah Medical
College, under approval number 68 on 11/5/2024.

Results

Participants and clinical analysis at base-
line. A total of 250 subjects (89 males, 161 females;
age range 40-70 years) were enrolled in the study,
and were divided into two groups: T2DM patients
without DN, and DN patients. The main clinical
and biochemical characteristics of these two study
populations are summarized in Table 1 and Table 2.
Diabetic neuropathy patients had significantly longer
duration of diabetes, higher systolic and diastolic
blood pressure, HbAlc and random blood glucose
levels than non-neuropathy patients.
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Table 1. Clinical characteristics of subjects

Parameters T2DM without DN T2DM with DN \ P-value
N (M/F) 100 (59/41) 150 (102/48) -
Age, years 56.75 + 8.30 60.69 + 7.70 0.23
BMI, kg/m? 32.21 £6.10 31.32+£5.10 0.18
SBP, mmHg 133.30 + 18.09 142.67 + 22.20 0.001
DBP, mmHg 79.7 £10.7 84.13 + 13.20 0.001
Duration, years 48+32 8.67 +£5.90 <0.001

Note. Data are expressed as mean + SD or as n. BMI — body mass index; SBP — systolic blood pressure; DBP — diastolic

blood pressure.

Table 2.Biochemical parameters of subjects

Parameters T2DM without DN T2DM with DN P-value
RBG, mg/dl 195.29 + 84.52 248.38 + 126.41 <0.001
HbAlc, % 8.72+£ 150 9.95+199 0.02
Total cholesterol, mg/dI 17419 £ 44.76 170.15 £ 44.64 0.7
HDL-cholesterol, mg/dl 40.70 £ 11.2 41,94 + 13.46 0.1
LDL-cholesterol, mg/dl 122.74 + 45.80 116.92 + 40.87 0.3
Triglycerides, mg/dl 176.08 + 113.47 184.85 + 89.03 0.9
PSP, ng/ml 473 + 317 23.85+11.85 <0.001

Note. Data are expressed as mean + SD. RBG — random blood glucose; HbAlc — hemoglobin Alc; HDL - high-density
lipoprotein; LDL — low-density lipoprotein; PSP — pancreatic stone protein.

Elevated PSP/reg levels were detected in DN
patients. PSP/reg levels were significantly higher in
T2DM patients with DN (23.85 + 11.85 ng/ml) as
compared to T2DM patients without DN (4.73 + 3.17
ng/ml, P <0.001).

Correlation of serum PSP/reg levels with dia-
betes-related parameters. A significant positive
correlation between PSP/reg level and glycated he-
moglobin (HbAlc Spearman’s rank correlation coef-
ficient 0.372, P < 0.001, Fig. 1, in all the participants
was noted.

Meanwhile, blood glucose also correlated posi-
tively with PSP/reg levels (blood glucose Spearman’s
rank correlation coefficient 0.217, P = 0.001). A cor-
relation between PSP/reg and systolic blood pres-
sure (Spearman’s rank correlation coefficient 0.222,
P < 0.001) and diastolic blood pressure (Spearman’s
rank correlation coefficient 0.163, P < 0.01) was also
found. However, there was no association between
PSP/reg and gender, BMI and duration of type 2 DM.

Relationship between PSP/reg and DN. A re-
ceiver operating characteristic (ROC) analysis was
used to assess the predictive value of PSP/ reg in

T2DM. The area under the curve (AUC) of PSP/reg
for the presence of DN was 0.971 (95% CI: 0.949-
0.992) (Fig. 2). Furthermore, ROC analysis re-
vealed that the optimal cut-off point of PSP/reg was
10.15 ng/ml to indicate DN (sensitivity, 92%; speci-
ficity, 93 %).

Discussion

The present study analyzed PSP/reg levels in
diabetic neuropathy. A number of interesting find-
ings have been revealed. First, T2DM patients with
DN presented significantly higher PSP/reg levels
than those without diabetic neuropathy. Second,
there is a positive correlation between PSP/reg and
major parameters of T2DM. Complex biochemical
mechanisms and processes, including increased oxi-
dative stress, activation of the polyol and protein ki-
nase C pathways, decreased nerve blood supply and
neuronal apoptosis, contribute to the development of
diabetic neuropathy. These processes typically occur
in conjunction with chronic low-grade inflammation,
which has also been found to be a major pathogenic
factor causing chronic diabetes complications, in-
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Fig. 1. Correlation of PSP/reg with HbAlc (Spearman’s rank correlation coefficient 0.372, P < 0.001)
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Fig. 2. ROC curve analysis. PSP/reg predicts the
incidence of DN. The 10.15 ng/ml cut-off reveals a
sensitivity of 92% and a specificity of 93% to predict
the incidence of DN

cluding diabetic neuropathy [5, 16]. Although these
pathways were not directly assessed in our study,
our results in particular, the higher PSP/reg levels in
neuropathy patients may be indicative of these un-
derlying mechanisms. These events have been well
established in the literature and constitute a valid
biological context for interpretation.
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According to available data, one of the main
factors influencing the etiology and development of
diabetic complications is inflammation. PSP/reg is
one of the biomarkers that has recently brought more
attention in this context. Patients with T2DM, espe-
cially those with chronic complications, have been
found to have significantly greater circulating PSP/
reg concentrations than control participants. These
results raise the prospect that PSP/reg may play a
part in the inflammatory processes underlying dia-
betic complications as well as serving as a marker of
disease activity [15, 17]. The present study investi-
gated PSP/reg levels in diabetic neuropathy patients
and found a close association between PSP/reg and
DN. The serum PSP/reg was significantly higher in
the DN group than in patients without DN. This fur-
ther suggests that inflammation may play an impor-
tant role in the development and progression of DN.

In this study, the observed differences between
groups in biochemical markers confirm the potential
involvement of poor glycemic control and inflamma-
tion in diabetic neuropathy pathogenesis. Although
these findings do not establish causality, they sug-
gest that PSP/reg and glycemic markers could serve
as early indicators of neuropathic risk, which war-
rants further investigation.

We also found positive correlations between
PSP/reg levels and HbAlc and blood glucose levels,
suggesting that elevated PSP/reg levels may be
closely linked to beta cell dysfunction. This finding
is consistent with recent evidence that suggests
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elevated extracellular glucose concentrations pro-
mote PSP/reg gene expression, indicating an im-
portant feedback loop for the regulation of beta-cell
mass [18]. Moreover, a correlation was observed be-
tween PSP/reg and both systolic and diastolic blood
pressure. A major factor in the pathophysiology of
hypertension is endothelial dysfunction, which is
influenced by persistent low-grade inflammation,
and PSP/reg has been linked to pro-inflammatory
processes [19]. Therefore, elevated PSP/reg levels
could be indicative of a persistent inflammatory state
that encourages vascular abnormalities and elevated
blood pressure. Also, autonomic modulation of car-
diovascular function is known to be impaired by au-
tonomic neuropathy, a typical feature of DN. Blood
pressure can increase in a labile or persistent manner
when the sympathetic and parasympathetic nervous
systems are out of balance. Thus, autonomic dysreg-
ulation may be the mediating factor in this relation-
ship between PSP/reg and blood pressure [20, 21].

While some of the correlations seen were rated
as “weak” by traditional standards (Spearman’s
p < 0.3), they were statistically significant and po-
tentially still have biological or clinical significance
in the multifactorial context of diabetic neuropathy,
where there are many overlapping mechanisms.

Interestingly, we did not find a significant cor-
relation between the duration of diabetes and circu-
lating PSP/reg levels in our study. Contrary to the
findings of Yang et al. [16], who reported a positive
correlation between PSP/reg levels and diabetes du-
ration, which suggests that chronic inflammation
and long-term metabolic dysregulation have a com-
bined effect on PSP/reg expression. There may be
differences in study populations, sample sizes, or dif-
ferent levels of diabetic complications in our cohort,
resulting in a lack of correlation.

For future risk assessment, the AUC of PSP/reg
for the presence of DN was calculated to be 0.971. In
the process of this analysis, we identified a cut-off
value for PSP/reg at 10.15 ng/ml in T2DM patients.
This was the most significant parameter associated
with the occurrence of DN. The present study pro-
vides clinical evidence that serum levels of PSP/reg
are significantly higher in individuals with DN and
are positively correlated with HbA1c levels and blood

glucose levels. As a result of these data, it appears
that PSP/reg may be associated with nerve injury in
T2DM patients. This study has certain limitations,
to begin with, this study’s sample size is relatively
small for a preliminary analysis, and because of the
cross-sectional design, larger study populations will
be needed in future prospective studies to ascertain
whether PSP/reg can be utilized as a potential bio-
marker for DN diagnosis and development.

In addition, even though our findings demon-
strate a significant correlation of elevated PSP/reg
levels with diabetic neuropathy, one should realize
that PSP/reg is not a diabetic-specific protein. Ele-
vated levels have also been reported in other inflam-
matory conditions. Therefore, we would recommend
PSP/reg not be considered a standalone marker, but
as part of a broader panel of inflammatory and meta-
bolic biomarkers to increase diagnostic efficacy and
risk stratification in diabetic neuropathy.

Conclusion. The present study has shown that
PSP/reg levels is significantly up-regulated in T2DM
patients with DN. Moreover, a significant correlation
was found between PSP/reg and HbAlc. This pre-
liminary data suggests that PSP/reg may be useful
in identifying T2DM patients who are at a high risk
of nerve damage. Therefore, it is worth considering
the potential role of serum PSP/reg level as a sup-
plementary indicator of DN. These results may pro-
vide an important first step toward discovering DN
biomarkers in T2DM patients, which aids in the pa-
tient group’s screening and stratification for possible
treatment targets and the application of intervention
techniques.
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Hiabetnuna netipomatist (JJH) BBaxkaerbcs
HaHOIIbII MOMIMPEHUM YCKJIAaIHEHHSIM IyKPOBO-
ro miabery 2 tumny (L[/12). IcHye HemocTaTHICTBH
y TIOTEHIIHUX OioMapkepax, sKi MOKHa Oyjo O
BUKOPHCTOBYBATH ISl TIarHOCTUKHU ia0eTHYHOT
HelipomnaTii Ta 3amobiraHHs ii mporpecyBaHHIO.
XpoHiyHe 3amajieHHs HU3BKOTO pIBHS BiJirpae
KJII04YOBY ponb y po3utky JH. Byno mokaszaso,
0 CEeKPEeTOPHHMI IIeKTHH-3B’s13yBanbHUN PSP/reg
(TpOTETH NaHKPEATHIHOTO KaMEHIO/pereHepyounii
MpOTETH) IMiBUIYETHCS B KPOBI MpH 3amalibHUX
nporecax. MeTor JaHOro AOCHiAXeHHs Oyio BH-
BUYCHHS B3a€MO3B’I3KY MiXK CHPOBAaTKOBUM piBHEM
PSP/reg i miaGeTnyHOIO HEWpomarTiero y MaIli€eHTiB
3 L/12. 3aramom 250 yuacHukiB i3 L[J12 y Bimi 40-
70 pokiB Oynu po3nisieHi Ha JIBi TPYNU: MAIliEHTH
0e3 JJH i mamientn 3 JIH. Hasteaicts LI12 1 AH mia-
TBep/KyBaH KIiHigHO. PiBeHp mporeiny PSP/reg
Bu3Hauanu 3a ponomororw ELISA. Byno nokazaxo,
mo piBeHb PSP/reg y cupoBarmi kpoBi OyB 3Ha4HO
BHUIIMM y mamieHTiB i3 JIH mopiBHSAHO 3 marfieHTa-
mu 0e3 JIH 1 To3uTHBHO KOpEToBaB i3 TIIIKOBAaHIM
reMorJIo0iHOM Ta piBHEM TIIOKO3U B KpoBi. ROC-
aHaji3 ToKa3aB, IO ONTHMaJbHAa TOYKAa BifCiKaH-
Hst PSP/reg cranosma 10,15 Hr/mu, o cBiT4UTSH i3
gyTnusicTio 92% mnpo nassaicts JH. Ll pe3ynbra-
TH BKa3yIOTh Ha TIOTEHIIHHY poib piBHA PSP/reg y
CHUPOBATIII KPOBi K JOAATKOBOTO Mapkepa Jiade-
TUYHOI Helponarii, 1o Moxe OyTH BUKOPUCTaHHH
JUTSI BUSIBIICHHS TarieHTiB i3 1[J[2, AKi CXHIBHI 10
BHCOKOT'O PU3HMKY HEPBOBHUX YPa)KEHb.

Knwouosi cmosa: mporein PSP/reg, Gio-
Mapkep J1iadeTUIHOI HelipornaTii, yKpoBuil J1iadeT
2 tumy.
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