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Chronic pruritus is an unpleasant sensory perception
that negatively affects quality of life and is common
among patients with type 2 diabetes mellitus. Current
antipruritic therapies are insufficiently effective. Thus,
the mediation of diabetic pruritus by histamine-inde-
pendent pathways is likely. The aim of this study was
to identify possible mediators responsible for diabetic
pruritus. A total of 87 patients with type 2 diabetes
mellitus were analysed, of whom 59 had pruritus and
28 did not. The 2 groups were assessed for baseline
demographics, serum biochemistry parameters, cyto-
kines, and chemokines. This study also investigated
the associations of these factors with the severity of
itching. Neither haemoglobin Alc nor serum crea-
tinine levels were correlated with severity of itching.
Significantly higher levels of interleukin-4 (p=0.004),
interleukin-13 (p=0.006), granulocyte-macrophage
colony-stimulating factor (p<0.001) and C-X-C motif
chemokine ligand 10 (p=0.028) were observed in the
patients with pruritus than in those without pruritus.
Moreover, the levels of these mediators were positi-
vely correlated with the severity of itching. Thus, no-
vel antipruritic drugs can be developed to target these
molecules. This is the first study to compare inflamma-
tory mediators comprehensively in patients with dia-
betes mellitus with pruritus vs those without pruritus.
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he prevalence of diabetes mellitus (DM) and its as-

sociated complications is increasing worldwide (1).
One-third of patients with DM have skin disorders (2).
Among these skin manifestations, chronic pruritus is
common and considerably impairs individuals’ quality of
life. Patients may have generalized or localized pruritus
(3). Chronic generalized pruritus prompts a DM scre-

SIGNIFICANCE

Chronic pruritus is common in patients with type 2 dia-
betes, severely affects quality of life, and is notoriously
difficult to treat. This study identified possible mediators
involved in the pathophysiology of diabetic pruritus. It was
observed that, among patients with type 2 diabetes, those
with pruritus had significantly elevated levels of specific
molecules. Further exploration of the roles of these mole-
cules may help treat diabetic pruritus.

ening, whereas localized pruritus necessitates a survey
for a dermatological disease (4). Studies have revealed
that DM is a statistically significant predictor of chronic
pruritus in older adults (5). The reported prevalence of
pruritus in patients with DM varies from 18.4% to 27.5%,
and may be underestimated (4). Current therapies for
chronic pruritus include emollients, topical antipruritic
agents, systemic antipruritic agents (H1 antihistamine,
doxepin, or gabapentinoids), and phototherapy (6).
However, the effects of these antipruritic therapies are
often insufficient, because the pathophysiology of chron-
ic pruritus in patients with DM is poorly understood.
Studies have reported that postprandial blood glucose
(7), fasting plasma glucose (3, 8), age, duration of DM,
diabetic neuropathy, diabetic retinopathy, and diabetic
kidney disease (8) are associated with diabetic pruritus.
Nevertheless, results from different studies are inconsis-
tent and occasionally contradictory.

A proinflammatory state has been observed in patients
with DM, but few studies have investigated the profile
of cytokines and chemokines in diabetic pruritus (9,
10). This study therefore investigated whether clinical
characteristics, biochemistry parameters, cytokines, and
chemokines are associated with diabetic pruritus.

MATERIALS AND METHODS
Study design and setting

This cross-sectional study was conducted in a single university-
affiliated hospital. All participants provided written informed
consent. The study was approved by the Institutional Review
Board of National Taiwan University Hospital (IRB number:
201810098RINA).

Published by Medical Journals Sweden, on behalf of the Society for Publication of Acta Dermato-Venereologica. This is an Open Access article distributed
under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/)


https://creativecommons.org/licenses/by-nc/4.0/
mailto:lifangwa@ntu.edu.tw

ActaDV

ActaDV

2/6 G.-Y. He et al. "Cytokines, chemokines, and diabetic pruritus”

Patient selection

Patients with type 2 DM undergoing treatment at National
Taiwan University Hospital Yunlin Branch between 2019 and
2020 were evaluated for enrollment. Exclusion criteria were:
patients with known pruritic skin diseases, such as psoriasis, atopic
dermatitis (AD), chronic urticaria, autoimmune bullous disease,
contact dermatitis, and scabies, on the basis of skin examinations
performed by a dermatologist. Patients with invasive cancers or
end-stage renal disease were also excluded. A total of 90 patients
were enrolled. Among the included patients, 60 (31 men and 29
women) had concurrent pruritus and 30 (15 men and 15 women)
did not. Baseline characteristics, including age, sex, duration of
diabetes, concurrent antipruritic medication, comorbidities, and
DM complications (diabetic neuropathy, diabetic nephropathy, and
proteinuria) were recorded. A diagnosis of diabetic neuropathy was
made if a patient’s medical charts contained the disease codes or
records of diabetic neuropathy.

Methods and measurements

Itching assessment. The intensity of pruritus was assessed using
a numerical rating scale (NRS; 0="no pruritus,” 1-2="mild
pruritus,” 3—6 ="moderate pruritus,” 7-8="severe pruritus”,
9-10="very severe pruritus”) (11) and the 12-item Pruritus
Severity Score (12—PSS, 3—6 points ="mild pruritus,” 7-11
points="moderate pruritus,” and 12—22 points="severe pruritus’)
(12). The NRS score reflects mean pruritus within the past 24
h. The treatment modalities for itching, including systemic and
topical drugs, were also documented.

Multiplex immunoassay. The mediator levels in 87 sera samples
were analysed by the Inflammation Core Facility, Institute of
Biomedical Sciences, Academia Sinica, Taiwan. The core facility
is funded by the Academia Sinica Core Facility and Innovative
Instrument Project (AS-CFII-108-118; support number: 206f-
1083818). Blood samples were collected using an antiblocked
reagent and then diluted 4- and 7-fold for the quantification of
mediator levels. The levels of 21 mediators were measured in
duplicate, and these mediators are outlined as follows: interleukin
(IL)-1a, IL-1B, IL-2, IL-4, IL-6, IL-8, IL-9, IL-12, IL-13, IL-15,
IL-17A, IL-23, tumour necrosis factor (TNF)-a, interferon-y
(IFN-y), IL-31, granulocyte colony-stimulating
factor (G-CSF), granulocyte—macrophage colo-
ny-stimulating factor (GM-CSF), C-X-C motif

Statistical analysis

All statistical analyses were performed using SAS software (ver-
sion 9.4; SAS Institute, Cary, NC, USA). A 2-sided p-value <0.05
was considered statistically significant. Descriptive statistics were
used to compare the distribution of factors, including baseline de-
mographics and laboratory test results, in the 2 groups. Categorical
variables are presented as proportions, and non-normally distribu-
ted continuous variables are presented as medians (interquartile
range; IQR). Univariate analysis was performed using the y? or
Fisher’s exact test for categorical variables and the Mann—Whitney
U test for continuous variables to identify predictors of pruritus.
Spearman’s rank correlation coefficient was applied to assess the
relationship between 2 variables. Moreover, multivariable linear
regression was conducted to determine the significance between
variables and the severity of itching (NRS score and 12-PSS). The
levels of cytokines and chemokines were logarithmically trans-
formed before the application of the Spearman’s rank correlation
coefficient and multivariable regression analysis.

RESULTS

Three patients were excluded from the study due to
incorrect inclusion: 1 had type 1 DM, 1 had cervical
cancer and underwent radiotherapy, and 1 had hepatitis
C virus infection and underwent antiviral therapy. Thus,
a total of 87 patients were included in the final ana-
lysis, of whom 59 (31 men and 28 women) were in the
pruritus group and 28 (15 men and 13 women) were in
the non-pruritus group. In the pruritus group, 7 patients
who were undergoing treatments for itching (3 patients
received levocetirizine, 3 received levocetirizine plus
topical steroids, and 1 received levocetirizine, oral
doxepin, and topical steroids). All enrolled patients
had chronic pruritus after the diagnosis of DM. None
of the patients in the non-pruritus group underwent
anti-itching therapy. The distributions of NRS and

Table I. Patient demographics

chemokine ligand 10 (CXCL10), monocyte che-
moattractant protein-1 (MCP-1), high-sensitivity

C-reactive protein, and transforming growth
factor beta (TGF-p). In brief, antibody-coupled
magnetic beads were incubated with standard
or sera samples for 2 h. After being washed, the
beads were incubated with detection antibody
for 1 h, washed, and subsequently incubated with
1 pg/mL streptavidin—phycoerythrin (SA-PE)
for 30 min. The beads were rewashed, suspended
in 100 pL assay buffer, and analysed through a
Bio-Plex 200 system (Bio-Rad, Hercules, CA,
USA). All assays were protected from light and
performed at room temperature. The detection
limits of the 21 mediators are listed in Table SI.

Biochemistry. Venous blood samples were col-
lected to measure fasting plasma glucose (fasting
period of at least 8 h), postprandial (2 h after a
meal) plasma glucose, glycated haemoglobin
Alc (HbAlc), creatinine, estimated glomerular
filtration rate (¢GFR), and alanine aminotrans-
ferase (ALT) levels by using central laboratory
systems.
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Diabetic Diabetic

Total patients with patients without
Variables patients pruritus pruritus p-value
Patients, n (%) 87 (100) 59 (67.82) 28 (32.18)
Female sex, n (%) 41 (47.13) 28 (47.46) 13 (46.42) 1.000
Age in years, median (IQR) 64 (54-68) 64 (53-68) 63 (57.25-67) 0.989
Duration of diabetes, years, median (IQR) 9 (2-15) 7 (2-14.5) 9 (2-16) 0.720
Comorbidities, n (%)
Diabetic neuropathy 10 (11.49) 6 (10.17) 4 (14.29) 0.721
Proteinuria 25(28.74) 14 (23.73) 11 (39.29) 0.204
Diabetic nephropathy 38 (43.68) 28 (47.46) 10 (35.71) 0.359
Hypertension 65 (74.71) 42 (71.19) 23 (82.14) 0.306
Hyperlipidaemia 67 (77.01) 45 (76.27) 22 (78.57) 1.000
Gout 20 (22.99) 14 (23.73) 6 (21.43) 1.000
Arrhythmia 1(1.15) 1(1.69) 0 (0) 1.000
Hepatitis 6 (6.90) 6(10.17) 0 (0) 0.171
Endocrine disease 3 (3.45) 2 (3.39) 1(3.57) 1.000
Cardio-cerebral vascular disease 18 (20.69) 15 (25.43) 3(10.71) 0.094
Alcoholism 2 (2.30) 0 (0) 2 (7.14) 0.101
Liver cirrhosis 1(1.15) 1(1.69) 0 (0) 1.000
Urolithiasis 1 (1.15) 0 (0) 1(3.57) 0.322
Heart failure 1 (1.15) 0 (0) 1 (3.57) 0.322
Rheumatic disease 1(1.15) 1(1.69) 0 (0) 1.000
Haematological disease 1(1.15) 1(1.69) 0 (0) 1.000
Fatty liver 16 (18.39) 12 (20.34) 4 (14.29) 0.568

IQR: interquartile range; * p<0.05; **p<0.001.
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Table II. Patient biochemical characteristics

Total patients

Diabetic patients with

Diabetic patients without

Variables n=87 pruritus n=59 pruritus n=28 p-value
Biochemistry data, median (IQR)

Glucose, mg/dL, fasting 129 (106-152) 128 (107-157) 130.5 (105.25-151.25) 0.784
Glucose, mg/dL, postprandial 2 h 187.5 (138.25-250.25) 195 (150.5-242) 162 (113-252) 0.328
Haemoglobin Alc (%) 7.2 (6.6-8.0) 6.7 (7.4-8.0) 7.05 (6.6-7.75) 0.416
Creatinine, mg/dL 0.9 (0.7-1.1) 0.9 (0.7-1.1) 0.86 (0.73-1.18) 0.21
eGFR, mL/min/1.73 m? 79.7 (61.4-102.5) 81.7 (65.2-104.8) 74.25 (58.55-88.85) 0.195
Alanine aminotransferase, U/L 18.5 (14-25) 20 (13-24.25) 17.5 (14-19.25) 0.955
Cytokines and chemokines, pg/mL Median (IQR) Mean (SD) Median (IQR) Mean (SD) Median (IQR) Mean (SD)

Interleukin-4 0 (0-0) 0.10 (0.44) 0 (0-0.04) 0.15 (0.53) 0 (0-0) 0 (0) 0.004*
Interleukin-13 0 (0-11.89) 19.86 (89.36) 0.84 (0-14.55) 27.69 (107.69) 0 (0-0) 3.35 (10.34) 0.006*
GM-CSF 0.06 (0-0.37) 0.38 (1.32) 0.25 (0.06-0.47)  0.55 (1.57) 0 (0-0) 0.04 (0.15) <0.001%*
CXCL10 0 (0-4.83) 10.67 (35.51) 0 (0-16.21) 15.20 (39.95) 0 (0-0) 1.12 (2.87) 0.028*

IQR: interquartile range; eGFR: estimated glomerular filtration rate; SD: standard deviation; GM-CSF: granulocyte-macrophage colony-stimulating factor; CXCL10:

C-X-C motif chemokine ligand 10; *p<0.05; **p<0.001.

12-PSS scores are shown in Fig. S1. The median
(IQR) of the NRS score is 5 (3—7), and of the 12-
PSS score is 6 (4-8). The 2 groups did not differ
significantly in age, sex, or comorbidities (Table I),
and they did not differ significantly in biochemistry
parameters for peripheral blood, including fasting
glucose, postprandial glucose, HbA 1c, serum creatinine,
and eGFR levels. The serum levels of IL-4, IL-13,
GM-CSF, and CXCL-10, were significantly higher in
the pruritus group (»=0.004, 0.006, <0.001, and 0.028,
respectively; Table II and Fig. 1). The other 17 medi-
ators that were not significantly different between the 2
groups are listed in Table SII.

Spearman’s rank correlation coefficients for the 21
mediators were examined, and the results revealed that

IL-2, IL-4, IL-13, IFN-y, CXCL-10, and GM-CSF were
correlated with the severity of itching. Moreover, 1L-2,
GM-CSF, and CXCL-10 levels were positively correla-
ted with both NRS and 12-PSS scores (p<0.05). IL-4,
IL-13, and IFN-y levels were positively correlated with
NRS only. IL-31 levels were not correlated with NRS
or 12-PSS (Table III).

The 7 mediators were used to perform a multivariable
linear regression analysis. The results showed that only
logarithmically transformed GM-CSF and CXCL-10
were significant predictors of pruritus severity, as de-
termined using the NRS or 12-PSS after adjustment
for other variables (GM-CSF: p=0.001 for NRS and
»=0.001 for 12-PSS; CXCL-10: p=0.003 for NRS and
»=0.002 for 12-PSS; Table IV).
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Fig. 1. Comparison between patients with type 2 diabetes mellitus with pruritus and those without pruritus. (A) Interleukin-4. (B) Interleukin-13.
(C) Granulocyte-macrophage colony-stimulating factor (GM-CSF). (D) C-X-C motif chemokine ligand 10 (CXCL10).
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Table III. Correlations between mediator levels and severity of
pruritus

Spearman coefficient rho NRS 12-PSS
Interleukin-2 p 0.211 0.238
p-value 0.049* 0.027*
Interleukin-4 p 0.315 0.153
p-value 0.003* 0.157
Interleukin-13 p 0.328 0.144
p-value 0.002* 0.184
Interleukin-31 p 0.141 0.062
p-value 0.194 0.568
Interferon-y p 0.277 0.112
p-value 0.009* 0.302
GM-CSF p 0.576 0.496
p-value <0.001** <0.001%**
CXCL10 p 0.266 0.27
p-value 0.013* 0.009*

NRS: numerical rating scale; 12-PSS: 12-Item Pruritus Severity Score; GM-
CSF: granulocyte-macrophage colony-stimulating factor; CXCL10: C-X-C motif
chemokine ligand 10. *p<0.05; **p<0.001.

DISCUSSION

Baseline demographic characteristics and biochemistry
parameters

Previous studies have noted different risk factors for
diabetic pruritus (8, 13). Stefaniak et al. (3) reported
a significantly higher fasting plasma glucose level in
patients with type 2 DM with pruritus than in those
without pruritus. Poor DM control might subsequently
cause skin dryness and diabetic neuropathy. Skin xerosis
and diabetic neuropathy are the most common assump-
tions for diabetic pruritus (3, 4). Ko et al. (7) reported
that postprandial glucose, not fasting plasma glucose or
HbAc, levels were associated with generalized pruritus
in patients with type 2 DM. The inconsistency between
these results might arise from the use of non-standardized
tests for blood glucose in different studies, including
various fasting periods and food intake. Thus, the asso-
ciation between glycaemic control and diabetic pruritus
is still poorly defined and controversial (4). In the current
study, the 2 groups did not differ significantly in terms
of fasting plasma glucose, postprandial glucose, HbAlc,
serum creatinine, or eGFR levels. Most studies have
demonstrated that HbAlc was not strongly correlated
with the presence of diabetic pruritus (7).

Regarding comorbidities, diabetic neuropathy is com-
monly considered to cause diabetic pruritus (3, 8). The

current results reveal that underlying comorbidities, such
as hypertension, hyperlipidaemia, diabetic neuropathy, or
cardio-cerebrovascular diseases, were not significantly
correlated with diabetic pruritus. However, most studies,
including the present study, have identified diabetic
neuropathy through medical records; thus, a diagnosis
bias may exist.

Cytokines and chemokines

Cytokines and chemokines are crucial messenger pro-
teins that modulate various immune cell functions (14).
Many cytokines and chemokines play a role in chronic
pruritus (15). Among these cytokines, Thl cytokines,
including IFN-y and IL-2, and Th2 cytokines, including
IL-4, IL-5, IL-13, and IL-31, are the most commonly
mentioned (9, 15, 16).

In the current study, the 2 groups did not differ signi-
ficantly in terms of serum IFN-y or IL-31 levels. IFN-y
levels were relatively high in chronic AD skin lesions
and patients with DM (10, 17). However, in a study
with 224 patients with type 2 DM, IFN-y levels were
not significantly higher among patients with pruritus vs
those without pruritus (8), similar to our results. [L-31 is
a crucial cytokine that contributes to pruritus of AD and
has been reported to be elevated in many pruritic skin
diseases (18-21). Ko et al. and Oweis et al. have reported
that IL-31 might play a major role in the pathophysiology
of uraemic pruritus (19, 21). Regarding DM as a com-
mon cause of uraemia, the current study also investigated
the role of IL-31. It was shown that the 2 groups did not
differ significantly in terms of IL-31 levels. Thus, IL-31
might not be a crucial mediator of diabetic pruritus. The
current study is the first to explore the role of IL-31 in
diabetic pruritus.

Dupilumab, an IL-4Ra antibody targeting 1L-4 and
IL-13, has been shown to have a significant effect on
itching relief in AD, prurigo nodularis, and many pruri-
tic skin disorders (22, 23). This indicates that IL-4 and
IL-13 are vital mediators in type 2 inflammation-related
pruritus, especially in AD (22, 24). Previous studies have
reported increased IL-4 and IL-13 levels in patients with
type 2 DM (10). In the current study, the pruritic group
exhibited higher IL-4 and IL-13 levels than did the other

Table IV. Multivariable linear regression analysis of the predictors for severity of itching as measured by numerical rating scale and 12-Item

Pruritus Severity Scale

Numerical rating scale

12-Item Pruritus Severity Scale

Covariate Parameter estimate Standard error p-value Parameter estimate Standard error p-value
Intercept 1.835 0.419 <0.001%* 2.818 0.586 <0.001%*
Log interleukin-2 -1.953 1.043 0.065 -1.438 1.461 0.328
Log interleukin-4 -5.842 4.096 0.158 -6.999 5.737 0.226
Log interleukin-13 0.292 0.545 0.594 -0.546 0.764 0.477
Log interleukin-31 -0.014 0.685 0.984 0.02 0.959 0.983
Log interferon-y 2 1.034 0.057 1.443 1.448 0.322
Log GM-CSF 11.616 3.238 0.001* 16.052 4.535 0.001*
Log CXCL10 1.363 0.45 0.003* 2.056 0.63 0.002*

GM-CSF: granulocyte-macrophage colony-stimulating factor; CXCL10: C-X-C motif chemokine ligand 10. *p<0.05; **p<0.001.
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group (Table II). Moreover, serum levels of IL-4 and
IL-13 were positively correlated with itching extent, as
measured using NRS scores (Table I1I).

The 2 groups in the current study did not differ signifi-
cantly in terms of the levels of other cytokines associated
with pruritus, such as IL-2, IL-12, IL-17A, and 1L-23.
Serum IL-2 levels were elevated in patients on haemodia-
lysis with pruritus vs those without pruritus (25). IL-12
and IL-17A antagonists might have antipruritic effects
in some conditions. IL-23 was positively associated with
pruritus in patients with AD (26). However, the current
data suggest that these cytokines might not be key cyto-
kines in diabetic pruritus.

Surendar et al. (27) reported increased serum GM-CSF
levels in patients with type 2 DM compared with healthy
controls, and the increase was associated with the activa-
tion of dendritic cells. The expression of GM-CSF was
also noted to be elevated in activated eosinophils, kera-
tinocytes from patients with AD, and in chronic sponta-
neous urticaria (28, 29). These results might indicate a
relationship between GM-CSF with type 2 inflammation
and itching. The current study revealed significantly
higher serum GM-CSF levels in the pruritic group vs the
non-pruritic group (»<0.001). Moreover, multivariable
linear regression analysis showed that GM-CSF levels
were positively correlated with the severity of itching
after adjustment for other variables (»p =0.001 for NRS
and p=0.001 for 12-PSS; Table 1V).

Notably, it was observed that CXCL10 levels were
significantly higher in the pruritic group than in the non-
pruritic group. CXCL10, also known as IFN-y inducible
protein 10 (IP-10), is a Th1 proinflammatory chemokine
that belongs to the C-X-C chemokine subfamily (30).
CXCL10 is secreted by cells of various types, including
monocytes, neutrophils, keratinocytes, endothelial cells,
and fibroblasts (31). CXCL10 attracts activated T cells
through its receptor, CXCR3 (32, 33). Recent studies
have reported the expression of CXCR3 in neuronal cells,
such as the dorsal root ganglion (34, 35). Qu et al. (35)
conducted a study on a murine model and indicated that
CXCL10 directly activated a subset of cutaneous dorsal
root ganglion neurones through neuronal CXCR3, and
the upregulation of CXCL10—-CXCR3 signalling might
contribute to itching in allergic contact dermatitis; they
reported that the addition of a CXCR3 antagonist redu-
ced itch behaviour. In addition, CXCR3 was noted to
be involved in the pathophysiology of pruritus of AD
(36). IFN-y-induced CXCL10 in keratinocytes was also
observed in the lesional skin of patients with AD through
immunohistochemical staining (37). The findings of
these studies suggest that CXCL10 might contribute to
chronic pruritus in several skin disorders.

Elevated plasma CXCL10 levels were noted in patients
with type 2 DM (38). Schulthess et al. (39) provided
evidence that CXCL10 might impair pancreatic  cell
function and viability in patients with DM. Therefore,

Acta Derm Venereol 2023

CXCL10 might be a critical mediator in the pathogenesis
of DM (40). In the current study, serum CXCL10 levels
were significantly higher in patients with DM with pru-
ritus (p=0.028). Multivariable linear regression analysis
conducted after adjustment for other variables showed
that CXCL10 levels were positively correlated with
pruritus (p=0.003 for NRS and p =0.002 for 12-PSS;
Table IV), as observed for GM-CSF. Diabetic pruritus is
usually resistant to conventional antihistamines; thus, the
mediation of diabetic pruritus by histamine-independent
pathways is likely. Combining the role of CXCL10 in
chronic pruritus and in DM development, it is possible
that the CXCL10—CXCR3 signalling pathway might
play a role in the pathophysiology of diabetic pruritus.
Further research to investigate the roles of IL-4, I1L-13,
GM-CSF, and CXCL10—-CXCR3 signalling pathways in
diabetic pruritus can help the development of new drugs.

Study limitations

To our knowledge, this is the first study to demonstrate
the associations of GM-CSF and CXCL10 with diabetic
pruritus. However, this study has some limitations. First,
the study design was cross-sectional. Secondly, because
it was planned to perform a subgroup analysis of the
pruritus group, more patients were enrolled into the
pruritus group than into the non-pruritus group. Although
the decision to not enrol the same number of patients for
the 2 groups was a practical one, it was, nevertheless,
a limitation. Thirdly, cutaneous levels of cytokines and
chemokines were not assessed because a skin biopsy
would have been relatively invasive. Finally, the levels
of cytokines and chemokines were low in most patients,
and detection limitations unavoidably exist.

Conclusion

IL-4, IL-13, CXCL-10 and GM-CSF levels were sig-
nificantly higher in patients with both type 2 DM and
pruritus than in those with only type 2 DM. Moreover,
CXCL-10 and GM-CSF levels were positively correlated
with severity of itching.
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