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Purpose: To examine the prevalence of different microvascular complications and investigate the association between thyroid
hormones (THs) and these complications in euthyroid patients with type 2 diabetes mellitus (T2DM).

Methods: A total of 248 T2DM patients were analyzed retrospectively for the study. All patients received a detailed and standard
assessment to identify diabetic peripheral neuropathy (DPN), diabetic nephropathy (DN), and diabetic retinopathy (DR). Multivariate
logistic regression was carried out to analyze the association between THs and diabetic microvascular complications.

Results: The study found the prevalence of any microangiopathy to be 72.18% (n = 179). At the same time, the prevalence of DPN
was 54.84% (n=136), while that of DN was 31.85% (n=79). Likewise, the prevalence of DR was 35.48% (n=88). The odds ratios
(ORs) for free triiodothyronine (FT3) developing any microangiopathy, DPN, DN and DR were 0.200, 0.361, 0.310, and 0.588
(P<0.05), respectively. Also, the ORs for free thyroxine (FT4) developing any microangiopathy, DPN, DN and DR were 0.643, 0.800,
0.702 and 0.726 (P<0.05), respectively. Lastly, the ORs for thyroid-stimulating hormone (TSH) developing DPN was 1.57 (95% CI:
1.148-2.137, P=0.005).

Conclusion: The study concludes that serum FT3 and FT4 levels are negatively associated with any microangiopathy, DPN, DN and
DR in euthyroid patients with T2DM, independent of traditional risk factors. However, the TSH levels are positively associated with
DPN. Future larger sample-size studies are needed to confirm the relationship between thyroid hormone levels and microvascular
complications in euthyroid patients with T2DM.

Keywords: microvascular complications, thyroid hormone, type 2 diabetes mellitus, diabetic peripheral neuropathy, diabetic
nephropathy, diabetic retinopathy

Introduction

Diabetes is one of the most common and fastest-growing diseases in the world. It is a chronic metabolic disease caused
by absolute or relative insulin deficiency in the context of B-cell dysfunction, insulin resistance (IR), or both. Research
from International Diabetes Federation (IDF) showed that in 2021, diabetes affect more than 536 million adults
worldwide.! In general, improper treatment or poor alimentary control for diabetic patients can lead to life-
threatening chronic complications including macrovascular complications, such as cardiovascular disease (CVD), and
the microvascular complications, such as diabetic nephropathy (DN), diabetic retinopathy (DR) and diabetic peripheral
neuropathy (DPN). One of the causes of death in diabetic patients is damage to the macrovascular system induced by
hyperglycemia, including coronary and cerebrovascular arteries.”> However, hyperglycemia-induced damage to the

microvascular network in the kidney, eyes and nerves is more common.’ Besides, it also has a serious impact on

mortality.
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The specific pathophysiology of hyperglycemia-induced microvascular damage is complex and partially explicated.
Many clinical studies have established some risks of diabetes microvascular complications. For instance, a cross-
sectional study comprising a high-risk Middle East population® found that the family history, severity, and duration of
diabetes and hypertension were the same risk factors for multiplicity and individual complications. However, some risk
factors were specific to individual microvascular complications. A recent study conducted by Raman et al’ reported the
risks of microvascular complications in subjects with new-onset T2DM, including increasing age, increasing systolic
blood pressure, and increasing hemoglobin. Meanwhile, a study by Zoungas et al® established that the effect of diabetes
duration was more significant in the youngest patients. Other risks included the presence of DR, the range of (HbAlc),
dyslipidemia, lifestyle,” smoking, vitamin D deficiency, and cystatin C,* among others.

Since thyroid hormone receptors exist in both myocardium and vascular endothelial tissues, the role of thyroid
hormone in the deterioration of vascular diseases is confirmed. Therefore, changes in the concentration of circulating
thyroid hormone can regulate organ activity.” Recently, more researchers have focused on the effects of thyroid hormones
(THs) on the microvascular complications of diabetes. In addition, many clinical studies have confirmed that abnormal
thyroid function is related to diabetic microvascular complications.''? Although some studies have expanded the
relationship to the euthyroid states, the results are not consistent. For example, Wu et al'® reported that the serum-free
trilodothyronine (FT3) level, but not free thyroxine (FT4) or thyroid-stimulating hormone (TSH), is negatively associated
with the DN in euthyroid patients with T2DM. Nonetheless, other studies have demonstrated a significant association
between low to normal FT3 and FT4 levels and high TSH levels with increased incidence of DN, especially in cases of
macroalbuminuria.'* By comparing the prevalence of DR, some studies have found significant differences in the lower
FT3 level, while the differences between the FT4, TSH, and TPO-Ab groups were not statistically significant.'” These
findings are inconsistent with Kong et al inference that normal low FT4 and high TSH levels after adjusting for other risk
factors are related to the prevalence of DR.'®

There may be many reasons for this ambiguity due to the heterogeneity of the study population and design,
unexplained residual confounding factors, or varying degrees of microvascular results. In addition, our previous study
found that the low-normal FT3 and FT4 levels are associated with macrovascular complications in euthyroid type 2
diabetes mellitus patients.'” However, the relationship between thyroid hormone and diabetic microvascular complica-
tions remains unclear. Therefore, to provide more comprehensive information for future research, we performed the
present study to analyze the association of thyroid hormone with individual and any form of diabetic microvascular
complications in euthyroid T2DM patients in the same population.

Methods
Study Subjects

The information in this study comes from patients at Tianjin Medical University Chu Hsien-I Memorial Hospital. In this
cross-sectional study, the electronic hospitalization record system was used to collect data from February 2019 to
December 2019, covering demographic and anthropometric parameters, including age, sex, duration of T2DM, medical
treatments, family history of T2DM, hypertension history, and body mass index (BMI). After fasting overnight, the
following venous blood laboratory parameters were collected: total cholesterol (TC), triglycerides (TG), high-density
lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL), very low-density lipoprotein cholesterol
(VLDL), HbAlc, FT3, FT4 and TSH levels. This study was approved by the Ethics Committee of Tianjin Medical
University Chu Hsien-I Memorial Hospital and was conducted following the Declaration of Helsinki. All patients
provided written informed consent.

The inclusion criteria were aged > 18 years old with normal thyroid function, and previously diagnosed with T2DM
according to the criteria of the American Diabetes Association.'® The exclusion criteria were patients who had any acute
complications of diabetes, serious infection, a history of thyroid disease, serious connective tissue disease or myositis,
hypothalamus or pituitary diseases, levothyroxine replacement treatment, and malignant tumors, liver or renal dysfunc-
tion, and lack of necessary relevant information.
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Definition of Normal Thyroid Function
Patients with THs in this range were considered normal thyroid function: TSH (0.56-5.91 pIlU/mL), FT3 (3.28-6.47
pmol/L) and FT4 (7.64—16.03 pmol/L).

Definition of Any Microangiopathy

Patients with any kind of the following microvascular complications were classified into any microangiopathy group.

Definition of Diabetic Peripheral Neuropathy

Symptoms of peripheral neuropathy and abnormal results on nerve conduction examinations were utilized to diagnose
DPN. The diagnostic criteria were as follows:'® (1) the presence of at least two positive findings among sensory
symptoms, signs, and reflex abnormalities consistent with a distal symmetrical polyneuropathy; (2) at least one abnormal
nerve characteristic of amplitude, latency, F-wave, or nerve conduction velocity in two or more nerves among the
median, peroneal, and sural nerves.

Definition of Diabetic Nephropathy

A 24-hour urine sample was used to assess the urine albumin-to-creatinine ratio (UACR). In the absence of urinary tract
infection or other renal abnormalities, patients with a UACR increase of >30 mg/g and/or estimated glomerular filtration
rate (eGFR) <90 mL/min/1.73m? were diagnosed with DN.

Definition of Diabetic Retinopathy
All patients underwent ophthalmoscope and fundus photography using 45° four-field stereo digital photography. DR was
defined by the classification of the American Academy of Ophthalmology.*’

Statistical Analysis

SPSS, version 26.0, Chicago IL, USA, was conducted for statistical analysis. All P values were on both sides. P values <
0.05 were defined as statistically significant. Use the Student’s #-test or Mann—Whitney U-test to compare the differences
of continuous variables. And use the chi-square test for categorical variables. After adjusting for potential confounders,
multivariate logistic regression was performed to evaluate the independent association between THs and diabetic
microvascular complications. A receiver operating characteristic curve (ROC) has been made to find the cutoff point
of THs to indicate different microvascular complications in euthyroid patients with T2DM.

Results
Comparison of Clinical Characteristics Among Microvascular Complications and

Non-Microvascular Complications Groups

From February 2019 to December 2019, a total of 345 patients were diagnosed with T2DM according to the
standards of the American Diabetes Association. Among them, 97 cases were excluded due to 22 cases of type
I diabetes and gestational diabetes, 58 cases without basic relevant information, and 17 cases taking drugs that
affect thyroid function. Finally, 248 patients were included in this study. Figures 1 and 2 provide information on
the frequency of microvascular complications: DPN 136 (54.84%), DN 79 (31.85%), and DR 88 (35.48%). At the
time of the investigation, 72.18% (n = 179) of the patients had microvascular disease; 34.27% (n = 85) had only
one complication; 25.81% (n = 64) had two types of microvascular complications and 12.10% (n = 30) had three
types of microvascular complications.

Table 1 shows the thyroid hormone levels for different complications. Compared with the group without
microvascular complications, the FT3 and FT4 of the microvascular complications group were significantly
reduced (P<0.01). There was no significant difference in TSH levels between the group without microvascular
complications and with microvascular complications (P>0.05). Besides, there was no significant difference in the
incidence of any microangiopathy, DPN, DN and DR between males and females (P > 0.05). Table 1 also lists
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DPN 136 (54.84%)

DR 88 (35.48%)

Figure | Prevalence of diabetic microvascular complications.
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Figure 2 Frequency of diabetic microvascular complications.

some of the drugs commonly used in T2DM patients which are known to influence TSH levels and other diabetic
complications. Patients with microvascular complications were more likely to be prescribed insulin, and less
likely to use sulphonylureas. The information on other clinical and laboratory characteristics is given in Table 1 as
well.
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Table | Baseline Characteristics of Study Participants in This Retrospective Study

Characteristics Any Microangiopathy DPN DN DR

No Yes No Yes No Yes No Yes
Patients no. (n) 69 179 112 136 169 79 160 88
Age (years) 51.3t11.6 60.1£12.9%* 52.0£12.3 62.3+11.8%F 54.7+12.1 63.9+13.0%* 55.4+11.7 61.6x£14.6%
Sex, male (%) 68.1 58.7 67.9 55.9 60.9 62.0 62.5 59.1
Duration of T2DM (years) 4.0(9.3) 10.0(11.0) ** 7.2(9.8) 12.0(13.0) ** 8.0(11.0) 11.0(10.0) * 6.0(9.0) 14.0(9.0) **
Family history of T2DM (nolyes) 13/56 37/142 22/90 28/108 33/136 17162 35/125 15/73
HBP (nolyes) 48/21 91/88* 68/44 71/65 104/65 35/44* 101/59 38/50*
BMI (Kg/m?) 25.2843.95 27.01+4.01* 26.07+4.05 26.91+4.04 26.08+4.16 27.4943.67* 26.24+4.24 27.0443.69
HbAIC (%) 9.29+2.65 9.09+2.34 9.041+2.40 9.2412.46 9.06+2.46 9.331£2.36 8.93+£2.50 9.54+2.25
TG (mmol/L) 1.36(1.42) 2.50(1.81) * 1.49(1.71) 2.00(1.73) 1.59(1.63) 2.42(2.14)** 1.63(1.64) 2.13(1.90)
TC (mmol/L) 4.66%1.02 5.09+1.22% 4.75%1.13 5.15+1.20% 4.92+1.14 5.06+1.28 491%1.14 5.08+1.25
HDL (mmol/L) 1.16£0.27 1.15+0.30 1.14£0.29 1.16£0.30 1.17+0.31 1.12+0.27 1.15+0.30 1.16+0.28
LDL (mmol/L) 3.05+0.81 3.38+1.00* 3.07+0.90 3.47+0.97* 3.174£0.84 3.561.14* 3.16£0.86 3.52+1.09*
VLDL (mmol/L) 0.50(0.40) 0.61(0.39) * 0.56(0.45) 0.59(0.35) 0.56(0.39) 0.64(0.56) 0.57(0.40) 0.61(0.43)
TSH (mlIU/L) 1.72(0.96) 1.70(1.04) 1.69(0.81) 1.71(1.26) 1.72(1.01) 1.66(0.85) 1.72(0.97) 1.70(1.44)
FT3 (pmol/L) 5.16+0.97 4.27+0.58 ** 4.8940.92 4.22+0.56 ** 4.71+0.85 4.12+0.54 ** 4.69+0.87 4.2140.60 **
FT4(pmol/L) 13.89+2.24 11.36+2.38 ** 12.96+2.54 11.33+2.62** 12.78+2.43 10.54+2.63 ** 12.72+2.59 10.88+2.52 **
eGFR(mL/(min*1.73m?)) 128.15+4.37 111.53+£22.64 ** 118.65+18.63 114.09+22.19+* 127.82+4.35 86.90+18.06** 120.90£15.97 107.52+25.27%*
Insulin (nol/yes) 42/27 84/95* 70/42 56/80%** 103/66 23/56** 97/63 29/59%*
Sulphonylureas (nol/yes) 28/41 110/69+* 59/53 79/57 72/97 62/17%* 72/88 66/22+*
Thiazolidinediones (no/yes) 45/24 121/58 76/36 90/46 123/46 43/36** 117/43 49/39%*
Metformin (nol/yes) 24/45 85/94 53/59 56/80 58/111 51/28%* 52/108 57/31%*
Others (nolyes) 51/18 145/34 89/23 107/29 131/38 65/14 138/28 64/24

Notes: * P<0.05; ** P<0.01.

Abbreviations: DPN, diabetic peripheral neuropathy; DN, diabetic nephropathy; DR, diabetic retinopathy; T2DM, type 2 diabetes mellitus; HBP, hypertension; BMI, body mass index; TC, total cholesterol; TG, triglyceride; HDL,
high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; VLDL, very low-density lipoprotein cholesterol; HbAlc, glycosylated hemoglobin; TSH, thyroid stimulating hormone; FT3, free triiodothyronine;

FT4, free thyroxine; eGFR, estimated glomerular filtration rate.
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The Prevalence of Microvascular Complications in Different Thyroid Hormone
Tertiles

Figure 3 shows the prevalence of microvascular complications in different tertiles of thyroid hormone. The prevalence of
individuals and any microangiopathy showed a significant downward trend in the three tertiles of FT3 and FT4 (FT3 tertiles:
any microangiopathy: 39.1%, 38.0%, and 22.9%; DPN: 43.4%, 35.3% and 21.3%; DN: 49%, 34.2% and 16.5%; DR: 45.5%,
36.4% and 18.1% respectively; FT4 tertiles: any microangiopathy: 41.9%, 35.8% and 22.3%; DPN: 43.5%, 33.1%, and
23.5%; DN: 57.0%, 24.1%, and 19.0%; DR: 50.0%, 33.0%, and 17.0%, respectively. Pg,; reng <0.001 respectively. There was
no significant difference in the prevalence of microvascular complications between the TSH tertiles.

The Associations Between Thyroid Hormone Levels and Diabetic Microvascular
Complications

Figure 4 shows the association between thyroid hormone levels and microvascular complications based on multivariate
logistic regression. After adjusting for potential risk factors in Model 1, it was found that the levels of FT3 and FT4 were
negatively associated with any microangiopathy, DPN, DN, and DR (P<0.05, respectively). The TSH level was only
positively associated with DPN (P=0.005). After the potential risk factors of Model 2 had been adjusted, the lower grade
of FT3 was the independent risk of any microangiopathy, DPN and DN (Pgy; (reng <0.05), and the lower grade of FT4 was
the independent risk of any microangiopathy DPN, DN and DR (Pg; treng<0.05). A higher grade of TSH was an
independent risk of DPN (Pgy; reng=0.031). Compared with patients with the lowest tertiles of FT3 and FT4, patients
with higher tertiles of FT3 and FT4 were less likely to develop any microangiopathy, DPN, DN, and DR (P<0.05,
respectively). However, the higher tertile TSH was only associated with DPN compared with the lowest tertile (tertile 2:
OR=2.770, 95% CI: 1.226-6.258, P=0.014; tertile 3: OR=2.507, 95% CI: 1.130-5.560, P=0.024).

Any microangiopathy
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Figure 3 Prevalence of microvascular complications among tertiles based on TSH, free FT3 and FT4 levels. TSH (tertile 1: 0.56—1.48 plU/mL, tertile 2: 1.48-2.03 plU/mL,

tertile 3: 2.03-5.91 mIU/L); FT3 (tertile |: 3.28—4.06 pmol/L, tertile 2: 4.06—4.73 pmol/L, tertile 3: 4.73-6.47 pmol/L); FT4 (tertile |: 7.64—10.59 pmol/L, tertile 2: 10.59-13.72
pmol/L, tertile 3: 13.72—16.03 pmol/L).
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Figure 4 Association between thyroid hormone levels and microvascular complications (4A: any microangiopathy; 4B: DPN; 4C: DN; 4D: DR) based on multivariate logistic

regression.

Notes: Model |: Evaluating the risk of diabetic microvascular complications when the thyroid hormone is considered as a continuous variable; Model 2: Evaluating the risk of
diabetic microvascular complications in different thyroid hormone tertiles. Adjusted confounders: age, sex, the duration of T2DM, family history of T2DM, the history of
hypertension, BMI, TC, TG, HDL, LDL, VLDL and HbAIc. *P values for trends across all tertiles.

Abbreviations: DPN, diabetic peripheral neuropathy; DN, diabetic nephropathy; DR, diabetic retinopathy.
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Figure 5 ROC analysis of thyroid hormones to diabetic microvascular complications (5A: any microangiopathy; 5B: DPN; 5C: DN; 5D: DR).
Abbreviations: DPN, diabetic peripheral neuropathy; DN, diabetic nephropathy; DR, diabetic retinopathy.

The Predictive Value of Thyroid Hormone for Different Microvascular Complications
Figure 5 shows the results of the ROC curve analysis, which were used to determine the accuracy of THs in predicting
different microvascular complications. The results indicated that the optimal cut-off points for FT3 for predicting any
microangiopathy, DPN, DN, and DR were 5.89, 4.55, 4.34, and 4.75 pmol/L, respectively; the optimal cut-off points for

FT4 were 13.83, 10.75, 9.69, and 12.16 pmol/L, respectively. The optimal cut-off point of TSH for DPN prediction was
1.48 mIU/L.

Discussion

This study is dedicated to exploring the relationship between THs and different diabetic microvascular complications in
Chinese euthyroid patients with T2DM. In summary, the analysis results showed that after adjusting for traditional
confounding factors including age, sex, duration of T2DM, BMI, HBP, HbAC1, TG, TC, HDL-C, LDL-C and VLDL-C,
the normal-low levels of free THs (FT3 and FT4) were associated with the increased risk of individual and any form of
microvascular complications. With the exception of DPN, there was no association of TSH level with individual and any
form of microvascular complications.

Our findings indicated that in euthyroid patients with T2DM, not only FT3 but also FT4 and TSH are associated with
DPN. Several previous studies have indicated that thyroid hormone level was a risk factor for neuropathy in patients with
subclinical hypothyroidism (SCH).>'?* A cross-sectional study reported that after adjusting for potential confounding
variables, TSH level was independently associated with DPN in T2DM patients (OR = 1.365, P <0.01), which is
consistent with our study.® Besides, Zhu et al** found that FT3 was closely related to abnormal nerve conduction study
diagnosis in euthyroid T2DM patients.

Moreover, in the present study, the risk factors for developing DN and DR were lower free THs, not TSH levels in
T2DM subjects with normal thyroid function. Several previous studies have reported the relationship between thyroid
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function and DN in patients with diabetes, but these results are not consistent entirely.>>° Two cross-sectional studies of
T2DM patients with normal thyroid function showed that only low FT3 levels were independently associated with a high
risk of DN."*?” However, in another cross-sectional study of 1071 T2DM patients with normal thyroid function,'* it was
found that after adjusting for all covariates, TSH increased (OR 1.376, [95% CI, 0.894-0.998], P = 0.007), FT3 level
decreased (OR 0.413 [95% CI, 0.270-0.630], P< 0.001) and FT4 level decreased (OR 0.856 [95% CI, 0.768-0.953], P =
0.005) were associated with increased probability of macroalbuminuria. These conflicting results might be a result of
differences in the characteristics of the study participants.

There are several reports on the influence of thyroid hormone levels on the development and duration of DR.
A previous study showed that T2DM patients with subclinical hypothyroidism were associated with an increased risk of
sight-threatening diabetic retinopathy.>® Similarly, a meta-analysis indicated that exposure to subclinical hypothyroidism
could increase the DR risk 2.13 times in patients with diabetes.>' Besides, Zou et al'> found that FT3 levels within the
normal range were negatively correlated with the DR in euthyroid patients with T2DM. Compared with the low FT3
quartiles, the multivariate-adjusted ORs of DR in the highest FT3 quartiles was 0.368 (95% CI 0.201-0.673, P = 0.001).
In the study of Kong et al'® after adjusting the traditional DR risk factors, it was found that low-normal FT4 levels were
associated with the prevalence of DR in euthyroid patients with T2DM.

Given that thyroid hormone receptors are present in both myocardial and vascular endothelial tissues, thereby
enabling changes in circulating thyroid hormone concentrations to modulate end-organ activity.” Supplementation with
TH has been demonstrated to enhance glucose tolerance in wild-type mice® and to alleviate hyperglycemia in leptin
receptor-deficient mice.>® Several biological changes related to thyroid hormone levels have been found to confirm the
impact of THs on microvascular complications, including the effect of THs on the body’s metabolic functions (including
glucose metabolism, insulin secretion, homocysteine and lipids), chronic inflammation caused by low levels of THs, and
vascular endothelial function darnage.34’35 It has been demonstrated that decreased endothelial Nitric Oxide (NO)
availability is related to endothelial dysfunction, which can further prompt the development of DPN in T2DM
patients.*®*’ Vicinanza R et al reported that the process of endothelial NO production could be mediated by THs.*®
Hence, THs protect the endothelial cells of micro-vessels from degeneration, which may be reliable evidence for
supporting our main results. Moreover, the impairment of vascular function characterized by a reduction in NO
availability induced the alteration of renal hemodynamics and glomerular filtration, coupled with altered autoregulation,
may be responsible for the relationship of low levels of free THs with DN.?*2 A previous study showed that the
glomerular expression of the TH-inactivating enzyme deiodinase 3 (DIO3) increased in diabetic rats. Human podocytes
exposed to high glucose in vitro also exhibited obviously upregulated DIO3 expression.*” Additionally, it has been
demonstrated that subclinical hypothyroidism is often complicated with the thickening of the capillary basement
membrane.*' These changes lead to small vessel dysfunction,*? increasing the risk of developing DR. Glaschke et al
reported changes in the opsin expression pattern first at five to seven weeks after serum THs decreased to hypothyroid
levels, concluding that the process may be influenced by the duration of hypothyroidism.** Furthermore, our previous
study found that the low-normal FT3 and FT4 levels are also related to an elevated risk of macrovascular
complications.'” Therefore, it is necessary to effectively treat hypothyroidism in T2DM patients. Fortunately, treatment
of hypothyroidism in adult patients with T2DM is simple and available because hypothyroidism is successfully treated
with oral L-T4 monotherapy. This treatment is recommended when serum TSH levels are >10.0 mU/L.**

This study has several limitations. First of all, because this study is cross-sectional and only one test of the subjects’
thyroid function, there may be some statistical bias, and a high-quality prospective analysis is required. Second, we
defined normal thyroid function as TSH, FT3, and FT4 within the normal reference range, and this study did not evaluate
the levels of total thyroid hormone, reverse triiodothyronine (tT3) and thyroid autoantibodies. The relationship between
thyroid hormone and diabetic microvascular complications may have been underestimated in the present research. Third,
we did not check the level of urinary iodine concentration (UIC) in the study. Although the individuals we enrolled were
T2DM patients with normal thyroid function, the TSH levels in the participants may be affected by iodine intake, which
may affect the results of the study. Fourth, the sample size of the present study was relatively small which may lead to
a certain deviation in the results of this study. Finally, all individuals were hospitalized Chinese adults at the same center,
so the present results may not be applicable to all Chinese T2DM patients. Despite these limitations, this real-world study
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can provide a roadmap to help diabetologists assess the possible development of microvascular complications in patients
from a new perspective, and guide individual types of complications to prevent them.

Conclusions

In conclusion, although we cannot prove the inter-relationship between thyroid hormone levels and microvascular
complications in T2DM patients, our results show that low-level free thyroid hormone levels are significantly related
to microvascular complications, and may be the independent risk factor for microvascular complications in euthyroid
patients with T2DM. In addition, the level of TSH is significantly related to DPN, which may be an independent risk
factor for DPN. Further prospective and larger sample size studies are needed to provide more reliable evidence to clarify
this issue.
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