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Objective: This study explored the changes in the levels of IL-6, IL-17, TNF-a, and TNF-f,
whether such changes were associated with anxiety and depression in diabetic peripheral
neuropathy (DPN), and what factors associated with the occurrence of DPN.

Methods: Forty-four patients diagnosed with DPN comprised the DPN group, including
DPN1 (mild diabetic peripheral neuropathy, 29 cases) and DPN2 groups (moderate-severe
diabetic peripheral neuropathy, 15 cases). Thirty-seven individuals with type 2 diabetes
the diabetes mellitus
Electromyography was applied to confirm DPN, and the Toronto clinical scoring system

mellitus  constituted with no neuropathy (NDPN) group.
(TCSS) score was used to assess the severity of DPN. All subjects’ emotions were evaluated
using the self-rating anxiety scale (SAS) and self-rating depression scale (SDS).
Triiodothyronine (T5), tetraiodothyronine (T,4), and thyroid-stimulating hormone (TSH) levels
were measured using chemiluminescent immunoassay. The relevant biochemical indicators
were detected using an automatic biochemical analyzer. The plasma levels of cytokines were
detected using quantitative sandwich enzyme-linked immunosorbent assay.

Results: Patients with DPN had elevated levels of anxiety, IL-6, IL-17, and TNF-a. There
were some positive associations between negative emotions and cytokines. The TCSS score
positively correlated with IL-17, SAS score, and T3. DPN independently correlated with age,
disease duration, fasting plasma glucose (FPG), and IL-17. The combination of IL-17 and
TNF-o had higher diagnostic value for DPN than any single cytokine.

Conclusion: Patients with DPN had elevated levels of inflammatory cytokines, which were
associated with negative emotion, and IL-17 had independent correlation with DPN.
Keywords: diabetic peripheral neuropathy, emotions, cytokines

Introduction

The high incidence of type 2 diabetes mellitus (T2DM) is a major global health
problem,' and its high mortality and commonly associated chronic complications are
a major burden on human health,” as well as an adverse socioeconomic factor. Diabetic
peripheral neuropathy (DPN) is the most common chronic neurological complication
of T2DM,? with manifestations of sensory and motor nerve injury. It tends to occur
after 50 years of age and is mostly found in patients with long-standing diabetes.”
Patients with DPN typically present with pain, numbness, tingling, weakness, and

difficulties with balance, and less commonly with insomnia, anxiety, depression, and
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even suicidal thoughts.” Moreover, DPN is a major risk
factor for foot ulceration and amputation.® Limited medi-
cines and methods for treating DPN can eventually lead to
complex medical care issues and have a serious influence on
daily life.”

A recent study illustrated that the severity of chronic
complications is related to the long-term accumulation of
inflammation.®? Several studies have also shown that
patients with type 2 diabetic nephropathy (DN) exhibit
high levels of diverse acute phase markers of inflamma-
tion, including C-reactive protein (CRP), serum amyloid
A, fibrinogen, and IL-6.'""" It is worthwhile to explore
how inflammatory factor levels in patients with DPN
change and whether they are related to the severity of
DPN. The overexpression of pro-inflammatory cytokines
represents a state of inflammation and stress in the body.
Recent research has indicated that TNF-o and IL-6 play
critical roles in the pathogenesis of DPN.'? In a study, the
level of IL-17 was higher in patients with diabetes mellitus
than in controls. However, differences in IL-17 levels
between diabetic patients with and without DPN were
not observed.'* Regarding the above points, in this study,
we will explore the changes in IL-6, IL-17, TNF-0, and
TNF- in patients with DPN.

Prior studies have estimated that 28% of DN patients
have depression and 35% have moderate-severe anxiety,
and a more recent multi-center study reported that 59% of
DN patients had either condition.'"* Consequently, the
degree of anxiety and depression in patients with diabetic
peripheral neuropathy also deserves our attention. Recent
studies have demonstrated that elevated levels of inflam-
matory markers were observed in patients with depression
or anxiety.'>'® It is worthwhile to further study the corre-
lation between the changes in cytokine levels and the
degree of negative emotions in DPN patients.

In addition to the above two aspects, the current study
will also explore whether the levels of inflammatory mar-
kers have value in the diagnosis of DPN and what factors
independently associate with the occurrence of DPN, in
order to achieve the early prevention, diagnosis, and treat-
ment of DPN.

Materials and Methods

Subjects

This was a cross-sectional study of differences in emotion
and inflammatory cytokine levels between DPN and
NDPN patients. A total of 81 patients (47 male and 34

female) with T2DM were included in the study, with an
average age of 58.13 + 12.63 years. All participants were
patients in the Department of Endocrinology, the First
Affiliated Hospital of Anhui Medical
Patients’ general information, such as sex, age, diabetes

University.

duration, weight, height, systolic blood pressure (SBP) and
diastolic blood pressure (DBP), and body mass index
(BMI), was collected after obtaining a detailed medical
history and performing relevant examinations. According
to the results of electromyography investigations, patients
with T2DM were further divided into three groups: 37
patients with no peripheral neuropathy (NDPN group),
29 patients with mild peripheral neuropathy (DPNI1
group), and 15 patients with moderate-severe peripheral
neuropathy (DPN2 group). The DPN1 and DPN2 groups
constituted the DPN group. The study was performed with
the approval of ethics committee of the First Affiliated
Hospital of Anhui Medical University (No.Quick-PJ2020
-08-13). The study was conducted in accordance with the
Declaration of Helsinki, and all subjects provided consent
before enrollment.

Inclusion criteria: The diagnosis of T2DM complies
with the 1999 World Health Organization’s diagnostic
criteria for diabetes. Specific content: 1) symptoms of
diabetes mellitus such as polydipsia, polyuria, polyphagia,
weight loss, and random blood glucose level > 11.1 mmol/
L; 2) fasting plasma glucose (FPG) > 7.0 mmol/L; 3)
2-h blood glucose > 11.1 mmol/L on oral glucose toler-
ance test; BMI, 18-33 kg/m%; and glycated haemoglobin
(HbA ), 5-12%.

Exclusion criteria: Patients with type 1 diabetes, severe
peripheral vascular disease, or diabetic foot were
excluded. Patients with central or peripheral neuropathy
(such as stroke, Guillain-Barre syndrome, spinal disor-
ders), haematologic disorders, benign or malignant tumors,
infections, autoimmune diseases, liver or kidney failure, or
cardiac insufficiency were also excluded. In addition, indi-
viduals with mental illness, significant cognitive impair-
ment leading to a lack of ability to complete the
assessment, or who received psychotropic medications,
vitamin D, or nutritional medications were not included
as subjects.

Blood Sample Collection and Storage

Blood samples were obtained from the median cubital vein
in all subjects between 7 a.m. and 8 a.m. while quietly
sitting after 12 hours of fasting and 30 minutes of rest. The
blood samples were placed in blood collection tubes
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containing ethylene diamine tetra-acetic acid and sent to
the biochemistry laboratory of the First Affiliated Hospital
of Anhui Medical University. The serum was centrifuged
at 4000 r/min, 25°C for 15 min and then placed in a —80°C
refrigerator prior to relevant measurements.

Biochemical Analysis

A chemiluminescence immunoassay system (Cobas 601
analyzer) was used to determine triiodothyronine (T3), tet-
raiodothyronine (T,4), and thyroid-stimulating hormone
(TSH) levels. A fully automatic biochemical analyzer
(MODULE P800, Roche, Switzerland) was adopted to mea-
sure FPG, HbA,, triglyceride (TG), total cholesterol (TC),
high-density lipoprotein (HDL), low-density lipoprotein
(LDL), total protein (TP), and albumin (ALB) levels. FPG
was determined using the glucose oxidase method, TG and
TC were determined using the enzyme method, and LDL
and HDL were detected using the direct method.

Enzyme-Linked Immunosorbent Assay
(ELISA)

ELISA was performed according to the instructions of the
ELISA kits (Shanghai Yuanye Biological Technology
Company). The concentrations of IL-6, IL-17, TNF-a, and
TNF-B were calculated according to the standard curve.

Psychological Status

The self-rating depression scale (SDS)'” and self-rating
anxiety scale (SAS)'® were designed to quantify the level
of anxiety and depression in patients with anxiety or
depression-related symptoms. The self-administered test
has 20 questions, and each question is scored on a scale
of 1 to 4 (1 = “alittle of the time”, 2 = “some of the time”,
3 = “a good part of the time”, 4 = “most of the time”). The
doctor evaluated the scores after the 20 questions were
answered by the patients.

Electromyography

American Nicolet Viking IV electromyography was
applied to detect motor nerve conduction velocity (MCV)
and subsensory nerve conduction velocity (SCV), includ-
ing the median nerve, ulnar nerve, tibial nerve, and per-
oneal nerve, in patients with T2DM.'? The inspection was
conducted by a professional technician and the tempera-
ture of the inspection room was controlled at 26-28°C.
DPN was diagnosed if there were two or more nerves with
slower conduction velocity or longer conduction latency.

Toronto Clinical Scoring System (TCSS)
The TCSS score®® has been used to assess the severity of DPN
and comprises three parts: peripheral symptom score (max-
imum of six points), deep tendon reflex score (maximum of
eight points), and sensory test score (maximum of five points).
The maximum score is 19, and patients with more than 5
points were regarded as having clinical peripheral neuropathy.
A total score of 05 represents no neuropathy, 6-8 represents
mild neuropathy, 9-11 represents moderate neuropathy, and
12-19 represents severe neuropathy.

Statistical Analyses

Normally distributed variables are presented as mean +
standard deviation (SD). For non-parametric data, the vari-
ables are expressed as the 25th, 50th, and 75th percentiles
[P50 (P25, P75)]. The chi-square test was used to analyze
the differences between groups of categorical variables.
One-way analysis of variance (ANOVA) and the least sig-
nificant difference test were used for the overall and pairwise
comparison between the three groups of normally distribu-
ted data, while the Kruskal-Wallis test and Kruskal-Wallis
one-way ANOVA test (all pairwise) were used for non-
normally distributed variables. Non-parametric correlation
analysis was adopted to test for correlations between the
related blood indicators. Predicting the influence of various
indicators on neuropathy was analyzed by multiple logistic
regression. For the relationships existing among measures in
the DPN group, a multivariate data reduction technique of
principal component analysis was used. Receiver operating
characteristics (ROC) analysis was performed to compare
the diagnostic information provided by IL-6, IL-17, TNF-a,
and TNF-B, according to the area under the ROC curve
(AUCRroc), optimal cut-off points, sensitivity, and specifi-
city. The level of statistical significance was set at a two-
tailed P-value of 0.05. The data obtained were all processed
using SPSS 16.0 statistical software.

Result
Comparison of general information, and
anxiety and depression assessment scores

between the three groups

There was no statistical difference in sex, BMI, DBP, or
SDS score among the three groups (see Table 1). There
were statistically significant differences in age, disease
duration, SBP, SAS scores, and HAMA scores. The age
of the DPN1 (P = 0.001) and DPN2 (P = 0.007) groups
was higher than that of the NDPN group. The patients in
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the DPN1 (P = 0.001) and DPN2 (P = 0.013) groups had
a longer disease duration than the NDPN group. The SBP
(P = 0.008) and SAS scores (P = 0.008) in the DPN2
group were higher than those in the NDPN group.

Comparison of Various Indexes Between
the Three Groups

There was no statistically significant difference in HbA,,
T4, TSH, TP, ALB, TC, TG, or LDL among the three
groups (see Table 1). Compared with that in the NDPN
(P =0.004) and NPN1 (P = 0.003) groups, the level of Tj
was significantly higher in the DPN2 group. The patients
in the DPN2 group also had a higher HDL than those in
the NDPN group (P = 0.012).

Serum Cytokine Levels Between the
Three Groups

There were statistically significant differences in the levels
of IL-6, IL-17, and TNF-a (see Table 1). In the pairwise
comparison, a higher level of IL-6 was observed in the

DPN1 (P = 0.039) and DPN2 (P = 0.023) groups than in
the NDPN group. Compared with that in the NDPN group,
the level of IL-17 was significantly higher in the DPN2
group (P = 0.002). The patients in the DPN1 (P = 0.021)
and DPN2 (P = 0.026) groups had a higher level of TNF-a
than those in the NDPN group.

Correlation Analysis Results in DPN
Group

As shown in Table 2, the SDS score was positively corre-
lated with TNF-B (r = 0.362, P = 0.016) in the DPN group,
and the SAS score correlated with IL-6 (r = 0.334, P =
0.027), IL-17 (r = 0.392, P = 0.009), and TNF-B (r = 0.3,
P = 0.048) levels. After Bonferroni correction, no signifi-
cant was found in the correlation between negative emo-
tion and biochemical indicators.

Spearman correlation analysis showed negative asso-
ciations between the level of TSH and IL-6 (r = —0.320,
P =0.034) and TNF-a (r = —0.338, P = 0.025). The level
of T3 was positively correlated with IL-17 (r = 0.419, P =

Table | The Comparison of General Data, Emotional Assessment, Biochemical Indicators and Cytokines Among Three Groups

Variables NDPN (n = 37) DPN-I(n = 29) DPN-2 (n = 15) Statistic p-values
Male/Female 23/14 17712 7/8 1.059 0.589
Age (yr) 49.3x142 60.5£10.8* 60.0£10.6* —7.843 0.001
Disease duration (yr) 9.0(6.0, 12.0) 12.0(5.5, 16.5)* 10.0(6.0, 17.0)* 15918 < 0.001
BMI (kg/m2) 24.3+3.7 25.9(24.6, 27.3) 25.1+3.9 3.490 0.175
SBP (mmHg) 129.8£19.1 136.7£13.0 146.0(137.0, 160.0)* 9.909 0.007
DBP (mmHg) 81.4+14.4 81.0(69.5.0, 87.0) 83.9+11.9 0.833 0.659
SDS (score) 55.3£9.4 60.5+9.8 59.948.1 2.885 0.062
SAS (score) 47.7£7.9 51.0(46.0,56.0) 56.2+9.7+ 9.611 0.008
FPG (mmol/l) 7.8(6.2, 10.3) 9.8+2.9 9.6x2.1 5.448 0.066
HbA|. (%) 9.0(7.9, 10.5) 9.0(7.6,10.7) 9.8+2.1 0.910 0.634
T3 (pmol/l) 1.7(1.5, 1.9) 1.7(1.5, 1.9) 2.00.3+* 10.124 0.006
T4 (pmol/l) 96.7(89.3, 119.2) 95.9(90.4, 107.8) 106.9+£20.8 0.778 0.678
TSH (nlU/mL) 2.3(1.6, 3.3) 24%1.2 2.5+1.4 0.041 0.980
Total protein (g/l) 68.9+5.3 70.1+6.4 66.016.9 2.302 0.107
Albumin (g/l) 42.6(40.8, 46.5) 42.4+54 40.5+4.6 3514 0.173
Total cholesterol (mmol/l) 4.9%1.3 4.6x1.2 5.1%0.7 0.978 0.381
Triglyceride (mmol/l) 1.7(1.2, 3.1) 1.6(1.0, 2.2) 1.2(0.9, 2.6) 2.537 0.281
LDL (mmol/l) 29+1.0 2.3%1.2 3.0 (28, 3.3) 4.070 0.131
HDL (mmol/l) 1.1(0.9, 1.5) 1.3+0.4 1.5+0.4* 8.356 0.015
Interleukin-6 (pg/mL) 11.1(7.0, 40.3) 41.5(8.3, 60.3)* 48.1(10.6, 59.8)* 6.993 0.030
Interleukin-17 (pg/mL) 8.3(6.5, 46.0) 26.9(6.8, 64.9) 60.4(17.7.6, 64.9)* 11.541 0.003
TNF-a (pg/mL) 35.7(5.0, 83.5) 85.6(29.2 98.9)* 76.0(23.0,103.2)* 7.602 0.022
TNF-B (pg/mL) 34.0(4.4, 50.8) 53.9(15.3, 62.7) 44.9(26.9, 60.9) 4,845 0.089

Notes: Compared with NDPN group, *P < 0.05; Compared with DPNI group, “P < 0.05

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; DPN-1, mild diabetic peripheral neuropathy; DPN-2, moderate-severe diabetic peripheral neuropathy;
FPG, fasting plasma glucose; HbA ., glycosylated hemoglobin Alc; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; NDPN, no diabetic
peripheral neuropathy; SAS, self-rating anxiety scale; SBP, systolic blood pressure; SDS, self-rating depression scale; Ts, triiodothyronine; Ty, tetraiodothyronine; TNF-q,
tumor necrosis factor-a; TNF-B, tumor necrosis factor-f; TSH, thyroid stimulating hormone.
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Table 2 The Correlations Between Negative Emotion and Biochemical Indicators
Variables IL-6 IL-17 TNF-o TNF-p Ts Ty TSH
SDS 0.197 —0.058 0.182 0.362% —0.075 —0.074 —0.139
SAS 0.334% 0.392% 0.119 0.300%* —0.139 —0.095 —0.054

Note: *Correlation is significant at the 0.05 level (2-tailed).

Abbreviations: IL-6, interleukin-6; IL-17, interleukin-17; SAS, self-rating anxiety scale; SDS, self-rating depression scale; T3, triiodothyronine; Ty, tetraiodothyronine; TNF-
a, tumor necrosis factor-a; TNF-B, tumor necrosis factor-B; TSH, thyroid stimulating hormone.

Table 3 Logistic Regression Analysis on Risk Factors of DPN

Variables B SE Wald X? P value OR 95% CI
Age (yr) 0.075 0.03 6.34 0.012 1.078 1.017-1.142
Disease duration (yr) 0.120 0.048 6.245 0.012 1.127 1.026—1.238
FPG (mmol/l) 0.384 0.132 8.485 0.004 1.469 1.134-1.902
IL-17 (pg/mL) 0.037 0.013 7514 0.006 1.037 1.010-1.065
Constant —9.647 2.606 13.707 0.000 0.000

Abbreviations: 95% Cl, 95% confidence interval; FPG, fasting plasma glucose; IL-17, interleukin-17; OR, odds ratio; SE, standard error; f, coefficients.

0.005). The TCSS score positively correlated with IL-17 (r
=0.309, P =0.041), SAS score (r = 0.321, P = 0.034), and
T; (r = 0.364, P = 0.0115). After Bonferroni correction,
significant was only found in the correlation between T3
and IL-17 (r = 0.419, P = 0.005).

Logistic Regression Analysis

Logistic regression analysis was conducted with the pre-
sence/absence of DPN as the dependent variable and age,
disease duration, BMI, FPG, IL-6, IL-17, TNF-a, TNF-f,
and HDL as independent variables in the patient group.
The results showed that DPN was independently corre-
lated with age, disease duration, FPG, and IL-17 (Table 3).

Principal Component Analysis for DPN

Principal components analysis was employed in this study
to avoid the interference of confounding factors for corre-
lations between different variables. The results can reflect
the correlation of variables after the elimination of mutual
interference factors. The Kaiser—Meyer—Olkin (KMO) was
0.550 (>0.500) and P < 0.001 in Bartlett’s test of sphericity
in the DPN group, suggesting that the sample size is
suitable and the indexes selected are appropriate for prin-
ciple components analysis. TCSS score, disease duration,
BMI, FPG, HbA,,, IL-6, IL-17, TNF-o, TNF-B, Ts, T,
TSH, SDS score, and SAS score were included. Five
significant factors were identified, and the component
loading of variables on the rotated factors are shown in
Table 4. The four cytokines loaded highly on factor 1
(absolute value of coefficient >0.5). Disease duration,

BMI, T3, and T4 loaded highly on factor 2. FPG, HbA,,,
and SDS score loaded highly on factor 3. TCSS and SAS
scores loaded highly on factor 4. BMI and TSH loaded
highly on factor 5.

ROC Curve for Serum Cytokines Levels
ROC curve analysis was performed on the cytokines levels
in 81 subjects (including DPN and NDPN) to determine
whether those levels had diagnostic value for DPN. The
AUCRgqc for each cytokine was detected at the level less
than  70.0%
a combined diagnostic method (only for two cytokines),

sensitivity and specificity. Regarding
a combination of IL-17 and TNF-a exhibited a diagnostic
value more than 70.0% (AUCroc=70.8%) for DPN; the
sensitivity and specificity were 62.2% and 72.7%, respec-
tively (see Table 5 and Figure 1).

Discussion

The current results show that the expression levels of 1L-6,
IL-17, and TNF-a in the DPN1, DPN2, and NDPN groups
were different. In brief, subjects with varying degrees of
DPN had higher levels of the three cytokines, demonstrat-
ing that DPN extended the chronic low-grade inflamma-
tory state seen in T2DM. In further support of this view,
the results of the principal component analysis (avoiding
the interference of confounding factors) demonstrated that
these four cytokines loaded highly on factor 1 and were
positively linked. A similar study reported elevated CRP,
IL-6, and IL-18 in patients with DN.>"*? A study of 32
patients with T2DM showed that increased serum IL-6
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Table 4 Principal Component Analysis for DPN Group

Terms Measures Factorl Factor 2 Factor 3 Factor 4 Factor 5
Severity of disease TCSS 0.171 0.410 —0.061 0.769* 0.076
Duration of disease Duration 0.063 —0.554* —-0.037 0.296 -0.113
General data Body mass index —-0.193 —0.582%* 0.110 0.213 0.520*
Blood glucose Fasting plasma glucose —-0.033 0.040 0.890* 0.127 0.041
Glycosylated hemoglobin Alc 0.052 0.375 0.809* 0.222 -0.042
Cytokines Interleukin-6 0.887* —-0.086 -0.142 -0.080 0.021
Interleukin-17 0.812* 0.138 —0.267 0.211 0.023
Tumor necrosis factor-a 0.810* —0.181 0.140 -0.253 0.222
Tumor necrosis factor-§ 0.841* —0.243 0.109 -0.219 0.198
Thyroid hormones Triiodothyronine 0.443 0.628* —0.114 0.026 0.164
Tetraiodothyronine 0.065 0.729* 0.089 -0.279 0.303
Thyroid stimulating hormone —0.464 -0.018 —0.188 0.160 0.743*
Emotional assessment Self-rating depression scale 0.306 —-0.407 0.501* —-0.075 0.038
Self-rating anxiety scale 0.422 -0.140 —0.089 0.656* -0.108
Eigenvalues 3.569 2.185 1.903 1.492 1.066
Variance accounted for (%) 25.496 15.609 13.591 10.658 7614
Note: *Loadings higher than 0.5.
Table 5 AUCROC Curve for Serum TNF-o, TNF-B, IL-6 and IL-17 Level
Variables IL-6 IL-17 TNF-a TNF-p IL-17+TNF-a
Area 0.677 0.679 0.677 0.643 0.706
95% Cl 0.549-0.785 0.563-0.795 0.559-0.795 0.520-0.765 0.592-0.820
Threshold value 37.4753 59.2184 85.0563 54.251 -
Sensitivity 0.568 0.386 0.5 0.477 0.622
Specificity 0.757 0.946 0.8l1 0.8l1 0.727
Yoden index 0.325 0.332 0.311 0.288 0.349

Abbreviations: 95% Cl, 95% confidence interval; IL-6, interleukin-6; IL-17, interleukin-17; TNF-a, tumor necrosis factor-a; TNF-B, tumor necrosis factor-f.

levels were associated with markers of sensory and motor
axonal damage to large nerve fibres, suggesting that IL-6
may play a role in the pathogenesis of nerve fibre injury.**
Therefore, the negative stimulatory effect of high inflam-
mation on peripheral nerves or inhibition of neuroprotec-
tive mechanisms by diabetes may be related to the
pathogenesis of peripheral neuropathy.

The current study initially found that the expression
of serum IL-17 in DPN2 patients was higher than that in
patients in the NDPN group, inconsistent with previous
research.'® The differences in enrolment criteria, sample
size, region, and population, as well as the differences in
the severity of DPN at the time of hospitalization, may
led to the inconsistency of research results. IL-17 has an
inflammatory effect, but it also plays some roles in

homeostasis, nerve protection, and tissue repair.24 IL-17
was over-expressed in patients with diabetes, but low
expression of IL-17 was detected in the nerves of diabetic
mice.>® There is no reasonable explanation yet, but some
aspects deserve our attention. First, in the current study,
the increase in inflammatory cytokines were in pg/mL,
but an injection of 10 ng/mL (minimum) of IL-17A
promoted nerve growth in diabetic mice.”” Based on
this, we questioned whether systemic inflammation is
related to the expression of inflammatory cytokines in
the area of neuropathy and whether the effect of IL-17
is concentration-dependent. Second, it is noteworthy that
the IL-17 level was reduced only in the sciatic nerve of
DM mice, and no other peripheral nerve studies were
conducted.
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Figure | Receiver operating characteristics (ROC) curve for serum cytokines levels.

This study found that the SAS scores in the DPN2 group
were higher than those in the NDPN group, suggesting that
patients with moderate-severe DPN were in a state of anxiety.
It is worth mentioning that although there was no statistically
significant difference, patients with mild and moderate-
severe DPN had a certain degree of depression. These results
are consistent with those of previous studies. For instance,
a recent review showed that patients with depression were
more likely to suffer from T2DM and DPN.?® Early preven-
tion and symptomatic treatment of depression can reverse
this risk factor for DPN.?” Anxiety disorders also increase the
risk of DPN, and the neurobiological mechanisms affecting
this comorbidity have been studied in rat models.*® However,
the inclusion of relevant variables in the current study did not
reveal that anxiety and depression were independent risk
factors for DPN. This may be because the sample size of
this study was small as it was not a large-sample epidemio-
logical survey. Additionally, although the levels of anxiety
and depression in the DPN group were higher than those in
the NDPN group, these negative emotions were not enough
to affect the incidence of DPN.

In addition, the SAS score positively correlated with
IL-6, IL-17, and TNF-B levels in the DPN group.
Unfortunately, these correlations were not as significant
after Bonferroni correction, which was the limitation of

0.8 1.0

this study. We believe that a larger sample size is needed to
support this correlation. Previous studies have shown ele-
vated serum IL-17 levels in patients with rheumatoid
arthritis associated with anxiety, and the IL-17 level was
independently associated with higher anxiety scores,
which is consistent with our results.”’ Similar results
have been reported that IL-6 and IFN-y levels positively
correlated with self-assessed anxiety and depressive
symptoms.*® However, these studies all have some limita-
tions. First, the inclusion criteria of the subjects were not
strict enough. Second, in these studies, there were errors
caused by the interference of physical diseases. In addi-
tion, the patients’ medication histories during the experi-
ment were inconsistent. Despite this, there is some
evidence of the positive relationship between inflammation
and negative emotion. People with allergies are more
likely to suffer from anxiety and depression than untreated
people,! supporting the hypothesis that the mediators of
allergic inflammation may directly influence the centers of
the brain involved in emotions.*

However, there is a lack of research on the correlation
between DPN severity, inflammatory factors, and emo-
tional status. The current research has carried out analyses
of this; the results show that for DPN patients, the TCSS
score positively correlated with IL-17 levels and anxiety
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scores. Although these correlations were not significant
after Bonferroni correction, the results of the principal
component analysis also demonstrated that the TCSS
score and anxiety score positively correlated with high
load in factor 4. In short, DPN patients with more severe
neuropathy showed higher levels of IL-17 and more anxi-
ety. The TCSS is an effective screening tool for DPN and
has a higher diagnostic value for DPN than the Michigan
Neuropathy Screening Scoring System, making it appro-
priate for the clinical diagnosis of DPN and analysis of the
severity of the disease.>® Our results showed that only IL-
17 was related to DPN, indicating that IL-17 is more
closely related to the occurrence of DPN than other
cytokines.

The results of the logistic regression analysis show that
age, course of disease, FPG, and IL-17 were independent
risk factors related to the development of DPN. T2DM
patients with advanced age, long course of disease, high
level of FPG, and increased expression of IL-17 were
more likely to develop symptoms of peripheral neuropa-
thy, consistent with previous research. DPN was prevalent
in overweight or obese T2DM patients in Guangdong
province in China and was significantly associated with
age, HbA ., and duration of diabetes.>* Unlike in previous
studies, the upregulation of cytokines, especially IL-17,
may be a risk factor for DPN, which further supports the
view that IL-17 is more closely related to the occurrence
of DPN than are other cytokines.

In the current study, compared with each cytokine,
a combination of IL-17 and TNF-a exhibited higher diag-
nostic value for DPN (AUCRroc=70.8%). The most pro-
minent manifestation of DPN is a decrease of nerve
conduction velocity or amplitude. Electromyography is
mainly used for the diagnosis of DPN but there are
some disadvantages. It is only possible to examine large
myelinated fibres with limited inspection scope, and the
test results of different hospitals and technicians have
certain deviations. Furthermore, for diabetic patients, per-
ipheral neuropathy is insidious in onset, mild in symp-
toms, and prone to misdiagnosis. Since the AUCgroc of
each cytokine was more than 50% but less than 70%, we
believe that their diagnostic value for DPN was not suffi-
cient. Therefore, two cytokines were selected for com-
bined detection (the fewer the indicators, the more
convenient and lower the cost for patients). It is believed
that the combination of IL-17 and TNF-a has value in the
diagnosis of DPN, at least as an auxiliary diagnostic
method. In summary, the monitoring of cytokines may

be helpful for timely detection of the risk of peripheral
neuropathy.

This study also showed a link between thyroid hor-
mones and cytokines in DPN patients. In the DPN group,
TSH was negatively correlated with IL-6 and TNF-a; T;
was positively correlated with IL-17. This suggests that
changes in thyroid hormones (normal range) may be par-
allel to changes in cytokines. First, changes in immune
function in DPN patients may affect the secretion of thyr-
oid hormones and thyrotropin. Pro-inflammatory activities,
such as increased TNF-a expression, may result from
increased Ts levels.* Second, the increased concentration
of pro-inflammatory factors was accompanied by anxiety
and depression, which are also related to thyroid dysfunc-
tion. For instance, patients with overt hyperthyroidism are
frequently reported to have anxiety, fatigue, poor concen-
tration, and disturbed sleep, all of which constitute core
symptoms of generalized anxiety disorder.’® However,
there was no direct correlation between negative emotions
and thyroid hormones in this study, which may be related
to the small sample size and inclusion criteria (patients
with thyroid dysfunction were excluded from the current
study to avoid confounding factors).

In the DPN group, the TCSS score positively corre-
lated with T3 (r = 0.364, P = 0.015). It can be considered
that the severity of DPN represented by the TCSS score
has a parallel relationship with the T; levels. There are two
interpretations. One is that the severity of DPN affects the
T; level. The other is that the increase in IL-17 caused by
DPN affects the T; level.

Conclusion

In summary, DPN patients had elevated levels of inflam-
matory cytokines, which were associated with negative
emotions, and IL-17 had independent correlation with
DPN. The results of ROC curve proved that the combined
monitoring of cytokine levels was helpful for the diagnosis
of DPN. Cytokine detection and mood assessment should
be paid more attention in the diagnosis and treatment of
DPN. Effective interventions in these two areas may con-
tribute to the remission of DPN. However, the current
study has some deficiencies and limitations. First, the
small sample size of the moderate-severe DPN group
may have influenced some of the results. We can explore
more relationships by expanding the sample size of the
moderate-severe DPN group, as well as dividing it into
separate moderate and severe groups. Second, this experi-
ment was a preliminary cross-sectional study, so a cause

submit your manuscript

2888

Dove

Neuropsychiatric Disease and Treatment 2020:16


http://www.dovepress.com
http://www.dovepress.com

Dove

Zheng et al

and effect relationship between DPN and related para-
meters cannot be established. It is necessary for us to
further explore inflammatory cytokines and negative emo-
tions in DPN patients.
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