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Purpose: Our objective is to investigate the potential involvement of free triiodothyronine (FT3), a key bioactive compound found in
thyroid hormones (THs) in the pathogenesis of diabetic peripheral neuropathy (DPN) in patients diagnosed with type 2 diabetes
mellitus (T2DM).

Patients and Methods: A total of 121 T2DM patients were recruited. And then, they were divided into the control group and the
DPN group. Clinical parameters were collected for each patient. Additionally, nerve conduction velocity was tested using neurophy-
siological methods. Correlation and regression analyses were employed to examine the relationship between the concentrations of FT3
and DPN.

Results: Compared to 57 patients without DPN, 64 patients with DPN showed increased HbAlc and low-density lipoprotein
cholesterol (LDL-C) levels (P=0.001 and 0.042), as well as decreased concentrations of FT3 (P=0.042). Additionally, FT3 levels
are positively associated with the motor and sensory fibers conduction velocity of the Ulnar nerve, as well as the motor conduction
velocity of the Tibial nerve, with (R=0.205, P=0.025; R=0.191, P=0.038; R=0.220, p=0.016) or without (R=0.257, P=0.004; R=0.227,
P=0.012; R=0.227, p=0.012) adjustment for HbAlc and LDL-C. Furthermore, multiple linear regression analysis suggests that
decreased FT3 levels may influence the motor and sensory fibers conduction velocity of the Ulnar nerve ($=0.795, P=0.025 and
$=0.909, P=0.038), as well as the motor conduction velocity of the Tibial nerve ($=0.727, P=0.016). Moreover, our study demon-
strated that decreased FT3 levels are one of the risk factors for DPN in T2DM patients, as determined by binary logistic regression
analysis (OR=0.542, P=0.022).

Conclusion: Lower concentrations of FT3 are one of the risk factors for DPN in patients with T2DM. Additionally, decreased FT3
levels may influence peripheral neuropathy, particularly affecting the motor and sensory fibers conduction velocity of the ulnar nerve,
as well as the motor fiber conduction velocity of the tibial nerve.

Keywords: free triiodothyronine, diabetic peripheral neuropathy, type 2 diabetes mellitus, thyroid hormone, conduction velocity of

nerve

Introduction

DPN is the most common cause of neuropathy worldwide, affecting approximately half of patients with diabetes.'
Numerous studies have indicated that abnormal thyroid function could affect glucose metabolism and diabetic complica-
tions in T2DM patients.” THs are essential for fetal development, particularly for the development of the nervous
system,” due to the widespread expression of thyroid hormone receptors in most neurons.* Triiodothyronine (T3), one of
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the main active ingredients of THs, is a factor that maintains the survival of neurons.” Additionally, T3 in circulation is
main derived from thyroxine (T4), another component of THs, which could be transformed into T3 in peripheral tissues.®
Although THs, including T3, T4, and thyroid-stimulating hormone (TSH), are essential for the nervous system, further
investigation is needed to determine the effect of THs on DPN.

In a recent clinical study, Zhang et al demonstrated that the nomogram of several factors, including FT3, exhibited
a good predictive ability for DPN in patients with T2DM.” Another study investigated the association between
subclinical hypothyroidism and DPN, indicating that an elevated TSH concentration is related to DPN in patients with
T2DM.® He et al demonstrated that low T3 syndrome is also related to a higher risk and increase the severity of DPN in
T2DM patients.” Apart from patients with thyroid disease, it is suggested that lower FT3 concentration (in the normal
range) is independently related to DPN in T2DM patients with euthyroid in China.'® A study evaluating the relationship
between vascular complications and thyroid-related hormones claimed that not only FT4 but also the FT3/FT4 ratio is
negatively correlated with DPN in T2DM patients with euthyroidism."' However, a cross-sectional study did not find any
significant statistical difference in T3 levels between T2DM patients with mild peripheral neuropathy and those without
DPN."

In general, the role of T3 in the development of DPN, especially its relationship with specific nerve fiber injury,
remains undiscovered in patients with T2DM. The present work aims to investigate the effect of FT3 on DPN,
particularly on the conduction velocity of nerve fibers in T2DM patients without thyroid disease (except for thyroid
nodules).

Material and Methods

Experiment Design

This cross-sectional study was conducted at Department of Endocrinology, The First Affiliated Hospital of USTC. A total
of 121 patients with T2DM were recruited for this present cross-sectional study. All of them met the standard for T2DM.
Of these volunteers, 64 were diagnosed with DPN while 57 were not diagnosed with DPN despite having T2DM. All
patients were diagnosed with T2DM according to the World Health Organization’s 1999 criteria and were recruited for
this research. The exclusion criteria were previously described in our study, briefly defined as any clinically evident
causes of neuropathy apart from diabetes. DPN patients were diagnosed according to the Toronto consensus on diabetic
neuropathy,'® while those without DPN were defined as controls.

Inclusion and Exclusion Criteria

Patients with T2DM were included in this study. The exclusion criteria were similar with a previous study'* and defined
specially described as follows: (a) other types of diabetes (including type 1 diabetes mellitus, gestational diabetes, and
specific types of diabetes); (b) diabetes with acute complications; (c) neuropathy caused by other diseases or drugs; (d)
severe vascular disease (eg venous embolism, lymphangitis); (e) neurotoxicity caused by drugs; (f) other undefined
disease or drugs may influence neuropathy; (f) any amputation; (g) diagnosed thyroid disease (except for thyroid
nodules); (g) any other undefined condition influence the performance of neurophysiological examinations or measure-
ment of THs.

Ethics

This study complied with the Declaration of Helsinki. All patients signed statements upon admission informing them that
their medical records may be used for research purposes. Additionally, this present work was approved by the Research
Ethics Committee of The First Affiliated Hospital of USTC (Approval No.: 2023-RE-013).

Clinical Data Collection and Calculation

The information of age, gender and the diabetes mellitus (DM) duration were collected from the medical histories of
patients with T2DM. All their medical histories were self-reported. Additionally, levels of fasting C peptide (FCP)
(Roche Group, Basel, Switzerland); triglyceride (TG) (Roche Group, Basel, Switzerland), total cholesterol (TC) (Roche
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Group, Basel, Switzerland), LDL-C (Ningbo Ruiyuan Biotechnology Co., Ltd., Ningbo, China), high-density lipoprotein
cholesterol (HDL-C) (Roche Group, Basel, Switzerland), FT3 (Roche Group, Basel, Switzerland), FT4 (Roche Group,
Basel, Switzerland) and TSH (Roche Group, Basel, Switzerland;) were determined from their fasting blood samples for
medical use. All these measurements were performed by Laboratory Center of The First Affiliated Hospital of USTC.
Additionally, information of thyroid nodule was also collected from the medical history. Weight (kg)/height (m)* was
used for the calculation of Body mass index (BMI). HOMA-IR was also calculated by FCP: fasting plasma glucose
(FBG) (mmol/L) x FCP (nmol/L)/22.5.

Neurophysiological Examinations

Neurophysiological examinations were performed on patients with T2DM in our hospital by trained staff in the
Electrophysiology room, using an electromyographic evoked potential meter according to the protocol of the manufac-
turer (Natus Neurology, USA).'>"'” The examination room should be maintained at a temperature between 20°C and
25°C. The room should provide comfortable lighting and remain quiet throughout the examination to ensure there are no
disturbing noises. The motor fiber conduction velocity of the Ulnar nerve, Radial nerve, Median nerve, Tibial nerve, and
Common peroneal nerve, as well as the sensory fiber conduction velocity of the Ulnar nerve, Radial nerve, Median nerve,
and Sural nerve, were collected from the medical histories of the recruited T2DM patients. The average values of the
bilateral nerve conduction velocity were calculated for further analysis.

Statistical Methods

All data were analyzed using SPSS 22.0 (IBM, USA). Z-Scores were used to exclude outliers. Kolmogorov—Smirnov
tests were used to detect the normality of data. 7-tests were performed to compare the differences in normally distributed
variables (LDL-C, motor conduction fiber velocity of the Tibial nerve, as well as sensory fiber conduction velocity of the
Ulnar nerve, Radial nerve, Median nerve, and Sural nerve) between patients with and without DPN. Mann—Whitney
U-Tests were carried out to compare the differences in asymmetrically distributed variables (Age, BMI, Duration of DM,
HbA lc, C-peptide, HOMA-IR, TG, TC, HDL-C, LDL-C, FT3, FT4, and TSH, as well as motor conduction fiber velocity
of the Ulnar nerve, Radial nerve, Median nerve, Tibial nerve, and Common peroneal nerve) between the DPN group and
the control group. Chi-squared tests were applied to compare the differences in the binary variables (gender and thyroid
nodule) between the two groups. Partial correlation and Pearson correlation analyses were employed to observe the
association between FT3 levels and nerve conduction fiber velocity, with or without adjustment for HbAlc and LDL-C
levels. Binary logistic regression analysis was carried out to investigate the risk factors for DPN in T2DM patients.
Multiple linear regression analyses were performed to further explore factors influencing nerve conduction fiber velocity.
A significance level of P<0.05 was defined.

Results

Clinical Data Difference Between T2DM Patients with and without DPN

To determine the characteristics of patients with DPN and T2DM, we compared the baseline data of the control group with that
of the DPN group. Firstly, there were no differences in age and gender between patients with and without DPN in the patients
recruited for this study. Additionally, patients in the DPN group showed significant increases in HbAlc (P=0.001) and LDL-C
(P=0.042) levels, while FT3 (P=0.042) levels decreased. However, there were no significant differences in BMI, DM duration,
C-peptide, HOMA-IR, TG, TC, HDL-C, FT4, and TSH between T2DM patients in the DPN group and the control group (All
P>0.05). Moreover, patients in both groups showed similar incidences of thyroid nodules (P>0.05) (Table 1).

Conduction Velocity of Nerve Fibers Between T2DM Patients with and without DPN
To confirm nerve damage in patients with T2DM, the conduction velocity of nerve fibers was measured. We found that not
only the conduction velocity of motor fibers in the Ulnar nerve, Radial nerve, Median nerve, Tibial nerve, and Common
peroneal nerve, but also the conduction velocity of sensory fibers in the Ulnar nerve, Radial nerve, Median nerve, and Sural
nerve were significantly decreased in patients with T2DM and DPN, compared to those without DPN (All P<0.05) (Table 1).
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Table | Comparison of Clinical Parameters and Neurophysiological Test Results Between

Control and DPN Group in T2DM Patients

Control Group (n=57) | DPN Group (n=64) | p
Age (years) 50.5 (58-64) 57 (51.25-67) 0.585°
Female (n, %) 20, 35.08 23, 35.94 0.922¢
BMI (kg/m?) 24.61 (22.49-26.54) 24.86 (21.84-27.91) 0.678°
Duration of DM (years) 8 (2.5-11.5) 9 (1-17.5) 0.354°
HbAlc (%) 9.0 (7.3-11.1) 10.3 (8.98-12.2) 0.001°*
C-peptide 0.40 (0.21-0.55) 0.27 (0.17-0.47) 0.076°
HOMA-IR 0.14 (0.06-0.25) 0.1'1 (0.07-0.23) 0.754°
TG (mmol/l) 1.77 (1.24-2.49) 1.67 (1.08-2.54) 0.503°
TC (mmol/l) 4.51 (3.80-5.02) 4.62 (3.99-5.37) 0.147°
HDL-C (mmol/l) 0.85 (0.68-1.07) 0.86 (0.68-1.13) 0.545°
LDL-C (mmol/l) 2.32 £ 0.88 2.67 £ 0.99 0.042%*
FT3 (pmolll) 4.89 (4.37-5.25) 4.62 (4.10-5.08) 0.042°
FT4 (pmolll) 15.83 (14.32-17.27) 16.16 (14.01-17.59) 0.897°
TSH (mlIU/1) 2.12 (1.45-3.02) 241 (1.2-3.22) 0.932°
Thyroid nodule 23, 40.35 24, 37.50 0.748°
Motor conduction
Ulnar nerve (m/s) 61.25 (59.08-63.08) 54.45 (51.18-59.83) < 0.01%
Radial nerve (m/s) 64.60 (62.60-66.18) 62.75 (60.85-64.69) 0.001°*
Median nerve (m/s) 60.00 (55.80-62.05) 53.50 (49.75-56.03) < 0.01%
Tibial nerve (m/s) 47.24+3.12 40.98+3.66 < 0.01%*
Common peroneal nerve (m/s) | 46.70 (44.80—48.48) 42.08 (38.69—44.58) < 0.01%
Sensory conduction
Ulnar nerve (m/s) 55.94+4.88 48.71+5.95 < 0.01%*
Radial nerve (m/s) 57.24+8.17 50.56+6.61 < 0.01%*
Median nerve (m/s) 56.92+5.60 45.62+7.57 < 0.01%*
Sural nerve (m/s) 52.02+4.89 44.69+5.43 < 0.01%*

Notes: The data are presented as n (%), or the median (inter-quartile range) unless otherwise specified. *Student’s
t test was employed for normally distributed variables. "The Mann—Whitney U-test was employed for asymmetrically
distributed variables. “The Chi-square test was employed for categorical variables. *P<0.05.

Abbreviations: DPN, diabetic peripheral neuropathy; T2DM, type 2 diabetes mellitus; BMI, body mass index; DM,
diabetes mellitus; HOMA-IR, Homeostasis model assessment for insulin resistance; TG, triglycerides; TC, Total
cholesterol; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; FT3, Free
triiodothyronine; FT4, free thyroxine; TSH, thyroid stimulating hormone.

Pearson Correlation Between FT3 Levels and Nerve Conduction Velocity

To investigate the association between FT3 levels and DPN in diabetic patients, Pearson correlation analysis was
conducted. Herein, we demonstrate that FT3 levels are not only positively related to the motor fiber conduction velocity
of the Ulnar nerve (R=0.257, P=0.004), Tibial nerve (R=0.276, P=0.002), and Common peroneal nerve (R=0.214,
P=0.008), but also positively associated with the sensory fiber conduction velocity of the Ulnar nerve (R=0.227,
P=0.012) and Sural nerve (R=0.226, P=0.013) (Table 2).

Partial Correlation Between FT3 and Nerve Conduction Velocity Adjusted for HbAlc
and LDL-C

To further investigate the correlation between FT3 and DPN in T2DM patients, partial correlation analysis was
performed. In this present work, it is suggested that FT3 levels are positively related to the motor fiber conduction
velocity of the Ulnar (R=0.205, P=0.025) and Tibial (R=0.220, P=0.016) nerves, adjusted for HbAlc and LDL-C.
Additionally, there is a positive correlation between FT3 and the Ulnar nerve sensory fiber conduction velocity (R=0.191,
P=0.038), adjusted for HbAlc and LDL-C (Table 3).
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Table 2 Pearson Correlation Between
FT3 and Nerve Conduction Velocity in
T2DM Patients

R P
Motor conduction
Ulnar nerve 0.257 | 0.004*
Radial nerve 0.153 | 0.095
Median nerve 0.163 | 0.075
Tibial nerve 0.276 | 0.002*

Common peroneal nerve | 0.214 | 0.018*
Sensory conduction

Ulnar nerve 0.227 | 0.012*
Radial nerve 0.141 | 0.123
Median nerve 0.162 | 0.075
Sural nerve 0.226 | 0.013*

Note: *P<0.05.
Abbreviations: FT3, Free triiodothyronine; T2DM,
type 2 diabetes mellitus.

Table 3 Partial Correlation Between FT3
and Nerve Conduction Velocity Adjusted
for HbAlc and LDL-C in T2DM Patients

R P
Motor conduction
Ulnar nerve 0.205 | 0.025*
Radial nerve 0.135 | 0.142
Median nerve 0.124 | 0.177
Tibial nerve 0.220 | 0.016*

Common peroneal nerve | 0.132 | 0.153

Sensory conduction

Ulnar nerve 0.191 | 0.038*
Radial nerve 0.088 | 0.339
Median nerve 0.101 | 0.276
Sural nerve 0.171 | 0.064

Note: *P<0.05.
Abbreviations: FT3, Free triiodothyronine; T2DM,
type 2 diabetes mellitus; LDL-C, low density lipopro-
tein cholesterol.

Analysis of Risk Factors of DPN in T2DM Patients

To clarify risk factors for DPN in patients with T2DM, binary logistic regression analysis was carried out. In this section,
we found that FT3 is a risk factor for DPN in T2DM patients (OR=0.542, P=0.022) (Supplementary Table 1). However,
FT3 was not found to be a risk factor for DPN in T2DM patients when HbA1lc and LDL-C were included in the analysis
(OR=0.637, P=0.101) (Table 4).

Analysis of the Factors Influencing the Nerve Conduction Velocity of T2DM Patients
Since HbAlc, LDL-C, and FT3 were included in the analysis of multiple linear regression, the results indicate that FT3 is
a factor that influences the conduction velocity of motor fibers in the Tibial nerve (f=0.727, P=0.016) and Ulnar nerve
(B=0.795, P=0.025), as well as the conduction velocity of sensory fibers in the Ulnar nerve (f=0.909, P=0.038) (Table 5).
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Table 4 Binary Logistic Regression
Analysis for Influencing Factors for DPN
in T2DM Patients

p OR 95% CL of OR

HbAlc | 0.031* | 1.210 | 1.0I8 1.440
LDL-C | 0.223 1.300 | 0.853 1.981
FT3 0.101 0.637 | 0371 1.093

Note: *P<0.05.

Abbreviations: DPN, diabetic peripheral neuropathy;
T2DM, type 2 diabetes mellitus; FT3, Free triiodothyr-
onine; LDL-C, low density lipoprotein cholesterol.

Table 5 Multiple Linear Regression Analysis for Factors Influencing
the Nerve Conduction Velocity of T2DM Patients

P B 95% CL of p
Tibial nerve motor
HbAIlc 0.034* —0.366 —0.703 —0.029
LDL-C 0.644 —0.200 —1.057 0.657
FT3 0.016* 0.727 0.138 1.316
Ulnar nerve motor
HbAlc 0.166 —-0.297 —0.676 0.118
LDL-C 0.106 —-0.829 —-1.838 0.180
FT3 0.025* 0.795 0.102 1.489
Ulnar nerve sensory
HbAIlc 0.212 -0.311 —-0.801 0.179
LDL-C 0.873 —0.101 —1.347 1.146
FT3 0.038* 0.909 0.052 1.766

Note: *P<0.05.
Abbreviations: DPN, diabetic peripheral neuropathy; T2DM, type 2 diabetes mellitus;
FT3, Free triiodothyronine; LDL-C, low density lipoprotein cholesterol.

Discussion

To the best of our knowledge, there were 451 million adults with diabetes worldwide in 2017, and this figure was
expected to be 693 million in 2045.'® There are approximately 1.09 billion adults in mainland China. Additionally, the
overall prevalence of diabetes of adults in China was 10.9%.'° Additionally, DPN affects approximately half of patients
with diabetes,' and its frequency rises with age until it is seen in more than half of T2DM patients with the age over 60.>
Uncontrolled hyperglycemia is a risk factor for DPN, and HbA 1c could be a predictor for complications following DPN,
as our study has confirmed.”’ We found elevated HbAlc levels in diabetic patients with DPN in this present work.
Moreover, increased HbAlc variability is closely associated with DPN**%** and could be considered as an indicator for
DPN in T2DM patients.”* Therefore, it is estimated that anti-diabetic treatment may exhibit a protective effect in DPN,
given the molecular mechanism of DPN described above. However, the result may not always be consistent with this
assumption. Although metformin has been shown to have neuroprotective effect, its treatment did not affect DPN and
even showed an adverse effect on diabetic autonomic neuropathy.”® There is an association between inflammation and
BMI among patients with DPN.?® Another study demonstrated that obesity is related to DPN,?” and lipids disorder is
involved in progressive diabetic neuropathy.”® In our study, we found increased LDL-C levels, but did not observe
increased BMI in patients with DPN, compared with those diabetic patients without DPN. However, statin utilization was
positively associated with peripheral neuropathy. In other words, the prevalence of peripheral neuropathy was lower

among the statin-free group than among statin users.”’
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Except for the elevated levels of HbAlc and LDL-C, FT3 levels are decreased in patients with DPN, compared to
those patients without DPN. This result is similar to that of a recent cross-sectional study.'® The authors demonstrated
that FT3 levels are lower in DPN patients than in those without DPN. Additionally, the prevalence of DPN is higher in
patients with decreased FT3, for both males and females. Another study did not observe any significant difference in T3
levels between patients without DPN and those with mild peripheral neuropathy. However, further studies measured
decreased T3 levels in patients with moderate-severe peripheral neuropathy.'?

The relationship between FT3 levels and DPN was analyzed by Pearson correlation to investigate the increased FT3 level
in DPN patients. It is suggested that FT3 levels are positively associated with the motor fibers conduction velocity of the
Ulnar nerve, Tibial nerve, and Common peroneal nerve, as well as the sensory fibers conduction velocity of the Ulnar nerve
and Sural nerve. As described earlier, HbAlc and LDL-C levels are higher in diabetic patients with DPN than in those
without DPN. We performed further partial correlation analysis to investigate the relationship between FT3 and nerve fibers
conduction velocity. Interestingly, FT3 levels are not only positively associated with the motor fibers conduction velocity of
the Ulnar nerve and Tibial nerve but also positively correlated with the sensory fiber conduction velocity of the Ulnar nerve,
adjusted for HbAlc and LDL-C. This is the first study to demonstrate the association between FT3 levels and conduction
velocity of nerve fibers in patients with T2DM. Several studies have observed the association between FT3 and DPN in

T2DM, but none of them explored the relationship between FT3 and specific nerve fibers injury,”'!'%3°

except for a study
that demonstrated associations between specific nerve fibers conduction velocity and thyroid hormones in type 1 diabetes.”'
As the diagnosis of DPN is subjective and based on the skills of the implementer, this objective measurement of nerve fibers
conduction velocity is more suitable for the analysis of the relationship between FT3 levels and DPN. In our study, we not
only explored the relationship between FT3 levels and DPN in patients with T2DM but also analyzed the correlation between
FT3 levels and nerve conduction velocity. This has two main implications. On the one hand, it is a quantitative study, and the
extent of decline in nerve conduction velocity could potentially reflect the severity of the disease. On the other hand, the
correlational analysis may help identify which specific nerve is more likely to be affected when FT3 levels decline, providing
insights into the potential impact of FT3 reduction on nerve susceptibility. Although the effect of thyroid nodules on DPN is
unclear, we compared the difference in the prevalence of thyroid nodules between patients with or without DPN, but no
significant difference was found.

It was suggested that decreased FT3 is a risk factor for DPN, analyzed by binary logistic regression. However, this
conclusion was overturned when HbAlc and LDL-C were entered as correction factors. Although a lower level of FT3 is
not a risk factor for DPN after adjusting for HbAlc and LDL-C, decreased FT3 could still influence the motor fiber
conduction velocity of the Tibial nerve and Ulnar nerve, as well as the sensory fiber conduction velocity of the Ulnar
nerve. All these results demonstrate that FT3 is associated DPN. However, the mechanism remains need further
exploration. One possibility is that lower T3 is associated with a decrease in peripheral insulin sensitivity, with it not
only associated with diabetes but also related to its complications.** Indeed, our previous study found that lower T3 is
associated with mild cognitive impairments, related to insulin resistance in patients with T2DM.** Additionally, thyroid
is important for maintaining the survival of neurons.’

Although we have made some new findings in this study, there are still several limitations that need to be discussed. Some
of our data come from self-reported medical histories, which may introduce potential biases. Since thyroid function was a key
aspect of this study, we recorded the prevalence of thyroid nodules. However, the severity of these nodules was not considered
in our subgroup analysis in order to avoid compromising the statistical outcomes due to the limited sample size. Although
reduced FT3 levels have been identified as a risk factor for DPN in patients with T2DM, the underlying mechanisms remain
unclear and warrant further research. Additionally, this cross-sectional study involved unmatched participants, and while we
adjusted for various variables, these adjustments may have contributed to small correlation coefficients. Furthermore, our
study population did not include healthy volunteers, nor did it compare nerve conduction velocities between T2DM patients
(with or without DPN) and healthy controls. Finally, while we observed associations between different FT3 levels and DPN,

well-designed cohort studies and basic research are needed to establish a causal relationship.
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Conclusion

In general, this study is the first to report a link between FT3 and DPN, particularly in terms of the specific nerve
fibers injury in T2DM patients. A lower FT3 concentration is a risk factor for DPN in T2DM patients without
diagnosed thyroid diseases (except for thyroid nodule). Furthermore, reduced FT3 levels may affect peripheral
neuropathy, particularly the motor and sensory fibers conduction velocity of the Ulnar nerve, as well as the motor
conduction velocity of the Tibial nerve in T2DM with euthyroidism. Additionally, we highlighted the possibility of
interactive effects of FT3 and DPN in T2DM patients with euthyroidism. We strongly call for more probes to
suitable reference ranges of thyroid hormones (including FT3 levels) in the perspective of DPN.
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