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Abstract

Objective: To investigate the relation among thyroid hormone
and Diabetic Microvascular Complications (DMVC) in euthyroid pa-
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Methods: We retrospectively analysis was performed for 785 eu-
thyroid patients with T2DM from June 2019 to August 2020 which
were hospitalized in the Department of Endocrinology of the First
Hospital of Qinhuangdao, and 289 patients had at least one DMVC.
The prevalence of Diabetic Retinopathy (DR) was 15.16%, Diabetic
Nephropathy (DN) was 31.08% and Diabetic Peripheral Neuropathy
(DPN) was 29.30%. The effect of thyroid hormone on DMVC were
compared.
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Results: Logistic regression analysis showed that, low FT3 was an
independent risk factor for DR and DN (OR=0.542, 95% Cl: 0.357-
0.825, P=0.004; OR=0.715, 95% Cl: 0.523-0.977, P=0.035). No sig-
nificant relation showed between FT4 TSH and DR DN.

Conclusion: Euthyroid patients with T2DM with retinopathy
and/or nephropathy had lower FT3 concentrations, while no asso-
ciation between FT4 and TSH and diabetic microvascular complica-
tions was found. There may be a certain association between poor
glycemic control, low FT3 concentration, and microvascular compli-
cations in patients with T2DM, and future studies need to confirm
the causal relationship and exact mechanism.
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microvascular complications

Abbreviations: TH: Thyroid Hormone; DMVC: Diabetic Microvas-
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Introduction

Worldwide, about 540 million persons have diabetes [1].
Various complications occur during disease progression, such
as Diabetic Retinopathy (DR), Diabetic Nephropathy (DN), Dia-
betic Peripheral Neuropathy (DPN), and macrovascular com-
plications. As the disease progresses, various forms occur that
lead to blindness, kidney failure, and even life-threatening con-
ditions. Many studies on the pathogenesis of DMVC were con-
ducted, but the exact mechanism and effective treatment need
to be further explored.

Thyroid hormone receptors are present in vascular endothe-
lial tissues throughout the body, so thyroid hormone concen-
tration affects vascular lesions. Numerous clinical studies have
confirmed effect abnormal thyroid function is associated with

DMVC. However, the exact mechanism on the relationship be-
tween patients with normal thyroid function and DMVC studies
and new strategies for treatment require further study.

Methods
Study Participants

785 T2DM patients with normal thyroid function were col-
lected who were hospitalized in the Department of Endocri-
nology of the First Hospital of Qinhuangdao from June 2019 to
August 2020, (436 men, 349 women, median age 57.02+13.82).
Patients were excluded if they had type 1 or other types of dia-
betes, acute complications of uncorrected diabetes mellitus, a
history of hypothalamic or pituitary disorder, thyroid malignant
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disease, dythyroidism, oral thyroid-related drug therapy, he-
patic insufficiency (2.5 times the normal value of AST and ALT),
malignancy, pregnancy or lactation, anemia and hypoproteinic
dystrophy, acute infectious states, and ocular history affecting
fundus photography, such as trauma, eye injections, and sur-
gery. The Ethics Committee of Qinhuangdao First Hospital ap-
proved this study, and all enrolled patients signed informed
consent.

Research Methods

Type 2 diabetes mellitus diagnostic criteria: Accord with the
criteria of the American Diabetes Association [2]. Diabetic Reti-
nopathy (DR) diagnostic criteria: All subjects underwent oph-
thalmograms and fundus photography [3]. Experienced oph-
thalmologists used the Obaur ultra-wide-angle laser scanning
camera [4] to acquire digital retinal photographs, and diagnoses
met the international diabetic retinopathy criteria [3]. Diabetic
Nephropathy (DN) diagnostic criteria: After exclusion of renal
organopathy and urinary tract infection, results were consistent
with eGFR <60 ml/min/1.73 m? and/or ACR>30 mg/g [5]. Dia-
betic Peripheral Neuropathy (DPN) diagnostic criteria: Patients
had at least two positive results in sensory symptomes, signs, or
abnormal reflexes. Abnormal nerve conduction tests were de-
fined as the presence of at least one abnormality (amplitude,
incubation period, F-wave, or nerve conduction velocity) in two
or more nerves between the median, peroneal, and sural nerves
[6]. Diagnostic criteria for normal thyroid function: FT3(1.58-
3.91pg/ml), FT4(0.70-1.48ng/dl) and TSH (0.35-4.94ulU/ml).

Participants were divided into DR (n=119), DN (n=244), and
DPN (n=230) groups according to the presence or absence of
diabetic microvascular complications. Clinical data such as sex,
age, history of hypertension, and course of diabetes were col-
lected. Height and weight were measured, Body Mass Index
(BMI) was calculated, and systolic and diastolic blood pressure
were measured.

After fasting for 8-12 hours, 5 ml of venous blood was drawn,
and concentrations of the following entities were measured:
glycosylated hemoglobin (HbAlc), fasting blood glucose, ho-
mocysteine, uric acid, cystatin C, cholesterol, triglycerides,
low, high-density lipoprotein cholesterol, serum creatinine and
calculated eGFR (CKD-EPI method). Urine microalbumin/urine
creatinine; Fasting C-peptide; Antithyroid peroxidase antibody,
thyroglobulin antibody, serum Free Triiodothyronine (FT3), se-
rum Free Thyroxine (FT4) and Thyroid-Stimulating Hormone
(TSH) were also measured (Chemiluminescence).

FT3 and FT4 were divided into AFT3, BFT3 and AFT4, BFT4
groups with the median as the cut-off point respectively. (The
truncation values were 2.69 pg/ml and 0.98 ng/dl, respective-
ly). TSH were used to divide the patients into ATSH and BTSH
groups with 2.5ulU/ml as the cut-off point. The cut-off value for
substandard HbAlc is set at 6.5% [2].

Statistical Processing

SPSS 23.0 software was used for statistical analysis. Normal
distribution measurements are expressed as mean * standard
deviations, and independent sample t-tests are used for inter-
group comparisons. Nonnormal distribution measurements are
expressed as medians and two-percentile spacing [M (Q, Q,)],
Nonparametric tests are used. Counting data are expressed as
n (%), using a chi-square test. Logistic regression was used to
analyze the relationship between thyroid hormones and micro-
vascular complications of diabetes.

Results

1.The comparison of general clinical data of each group of
patients

2.The prevalence of microvascular complications at different
thyroid hormone concentrations (Figure 1-3).
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The prevalence of DR was 19.6% and 10.8% (p<0.01), DN
was 35.8% and 26.4% (p<0.01), and DPN was 32.7% and 25.7%
(p<0.05), respectively, in the AFT3 and BFT3 groups. There was
no significant difference between TSH and FT4 and the preva-
lence of each complication.

3. The incidence of low FT3 was 89.6% and 10.4%, respec-
tively, in HbA1c>6.5% and HbAlc 6.5% groups (p<0.05) (Table
2).

4. Logistic regression analysis of the influencing factors of mi-
crovascular complications in patients with T2DM

In Model 1, we found that FT3 was negatively correlated
with all three microvascular complications, and in Model 2, we
adjusted for traditional risk factors such as age, T2DM disease
course, BMI, HbAlc and FPG and found that FT3 was negatively
correlated with DR and DN, that is, lower levels of FT3 in the
normal range were independent risk factors for DR and DN (Ta-
ble 3-5).
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Table 1: Compared with the group without microvascular complications, FT3 level were negatively correlated with the prevalence of DR, DN,
and DPN, and FT4 level were negatively correlated with DN prevalence; the differences were statistically significant (p<0.05). TSH level was not
associated with any microvascular complications. The prevalence of DN was positively correlated with homocysteine concentration (p<0.05).

DR DN DPN
Yes No Yes No Yes No

age (y) 57.42+12.98" 54.31+14.04 57.94+14.55™ 53.36%£13.40 58.75+12.86™ 53.15+£14.02
Sex [male (%)] 64 (53.8) 357 (53.7) 131 (53.7) 289 (53.5) 126 (54.8) 302 (54.5)
BMI (kg/m?) 25.43£3.26 25.97£3.90 25.98+3.91 25.84+3.77 25.31+3.39" 26.12+3.95
Duration of T2DM (y) 14.22+8.09" 6.65+6.83 10.00+8.19™ 6.80+7.01 10.4248.47" 6.72+6.84
Duration of HBP (y) 5.71+8.60 4.5147.25™ 6.64+8.59" 3.82#6.75 5.708.27" 4.28+7.09
SBP (mmHg) 142.18+24.06 139.20454.45 143.15+23.17 138.08+£59.41 140.86+21.62 139.16+59.02
DBP (mmHg) 84.13+£11.37 85.08+11.83 85.73£12.69 84.57+11.30 84.24+12.14 85.22+11.60
FPG (mmol/L) 8.14+3.48 8.83+4.03 9.17+4.18 8.53+3.83 8.89+4.13 8.67+3.88
HbA c (%) 8.89+1.92 8.61+2.07 8.97+2.05™ 8.51+2.04 8.92+2.02" 8.54+2.06
C-peptide (ng/ml) 1.26+£0.94™ 1.85+1.30 1.80+1.39 1.74+1.21 1.58+1.21" 1.84+1.29
Cys-C (mg/L) 1.32+0.79™ 1.01+0.28 1.25+0.65™ 0.97+0.21 1.1940.63" 1.000.27
Hcy (umol/L) 14.18+6.82 13.63+6.52 15.08+8.21" 13.29+5.75 14.29+6.56 13.48+6.56
FT, (pg/ml) 2.5410.41" 2.71+0.41 2.58+0.44™" 2.72+0.39 2.62+0.41 2.71+0.41
FT, (ng/dl) 0.98+0.10 0.99+0.12 1.01£0.12™ 0.98+0.11 0.99+0.11 0.99+0.12
TSH (mIU/L) 3.65+0.48 3.47+0.50 1.96x1.01 1.90+0.96 1.84+0.96 1.94+0.98
FT3/FT4 2.610.48" 2.77+0.52 2.60£0.51" 2.81+0.50 2.67+0.50° 2.77%0.52
SPAING, 28.8615.33" 30.6145.71 28.7915.66™ 31.04£5.57 29.5945.53" 30.65+5.73
SPAING, 2.67+0.92 2.85%1.29 2.85+1.30 2.80+1.21 2.88+1.19 2.79%1.25
UA (umol/L) 366.15+222.76 336.82+96.07 355.91+111.21° 334.61+129.7 347.56x174.84 338.80+96.87
TC (mmol/L) 5.31+1.57 5.27+1.29 5.37+1.54 5.23+1.23 5.34+1.54 5.25%1.24
TG (mmol/L) 2.33+1.57 2.47%2.57 2.81+2.86" 2.30+2.32 2.27%2.17 2.53+2.64
LDL-C(mmol/L) 2.79+0.94 2.93+0.87 2.91+0.94 2.91+0.85 2.93+0.99 2.90+0.84
HDL-C(mmol/L) 13+0.30 1.09+0.24 1.10+0.29 1.09£0.23 1.10+0.27 1.090.24
LPa (umol/L) 327.01+311.82° 240.18+244.51 270.43+278.80 243.80+242.45 291.50+297.51" 235.36+£232.04
eGFR (ml/min/1.73m?) 98.32+34.84™ 108.37+22.41 96.89+32.56™ 110.84+18.20 98.17+26.87 109.84+22.62
ACR (mg/mmol) 16.27421.36™ 4.19+8.79 16.40+17.84™" 1.16%0.59 10.02+16.64 4.35%9.54

HBP: High Blood Pressure; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; FPG: Fasting Plasma Glucose; Cys-C: Cystatin C; Hcy: Homocysteine; UA:
Uric Acid; TC: Cholesterol; TG: Triglyceride; LDL-C: low Density Lipoprotein Cholesterol; HDL-C: High Density Lipoprotein Cholesterol; LPa: Lipoprotein; ACR: Albu-

min Creatinine Ratio

Table 2:
HbA1c26.5% HbA1lc<6.5% @ x* p
The incidence of low FT3 (%) 89.6 10.4 9.09 | 0.003
Table 3: FT3 and DR.
Model 1 Model 2
FT3 n (%)
OR (95%Cl) p OR (95%Cl) p
AFT3 76(63.87) | 0.499(0.333-0.747) 0.001 | 0.542(0.357-0.825) 0.004
BFT3 43(39.13) 1 1
Figure 4: FT3 and DN.
Model 1 Model 2
FT3 n (%)
OR (95%Cl) p OR (95%Cl) p
AFT3 139(56.97) | 0.644(0.475-0.874) 0.005 | 0.715(0.523-0.977) 0.035
BFT3 105(43.03) 1 1
Figure 5: FT3 and DPN.
Model 1 Model 2

FT3 n (%)

OR (95%Cl) p

OR (95%Cl) p

AFT3 127(55.46)
BFT3 102(44.54)

0.711(0.522-0.968) 0.030
1

0.807(0.586-1.111) 0.807
1

Note: Model 1 means Univariate logistic regression analysis
Model 2 means Multivariate logistic regression analysis

Discussion

Diabetic microvascular complications are common, and they
negatively affect the quality of life of patients with diabetes.
The mechanism by which hyperglycemia induces microvascular
complications is complex, and the course of diabetes, dyslipid-
emia, age, BMI, homocysteine, and thyroid dysfunction are all
risk factors. Controlling its progression is an important goal of
improving patient clinical outcomes. In this study, we found that
in euthyroid patients with T2DM, low FT3 was an independent
risk factor for DR and DN, but not related to DPN. FT4 and TSH
were not associated with any of the three complications, which
may be related to the metabolic process of these two hormones
in the body, that is, FT3 is the hormone that ultimately acts on
various organs, rather than FT4 and TSH.

In animal experiments, Enzsély et al. found [7] that, when
the expression of external and medium wavelength-sensitive
cones (M-cones) and short-wavelength-sensitive cones (S-
cones) was out of balance, color discrimination ability to dis-
tinguish color was directly impaired [8]. These findings were
confirmed in subsequent human trials, and studies have also
confirmed that the imbalance in the expression of bicones is di-
rectly related to thyroid homeostasis. The conversion of thyrox-
ine to trilodothyronine (T, to T,) decreases with the weakening
of peripheral deiodidase activity [9]. Triiodothyronine directly
increases pancreatic B cell activity and controls insulin secretion
and intracellular glucose availability, through which FT, can af-
fect vascular endothelial function. Our study showed that even
subtle changes in serum thyroid hormone concentration within
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the physiological range can have these consequences, which is
consistent with the findings of Zou [10] et al. that FT, concentra-
tion of euthyroid patients with type 2 diabetes mellitus are in-
versely associated with DR. In addition, photoreceptors release
inflammatory factors, such as COX2, ICAM-1, and iNOS, which
leads to endothelial cell damage that, in turn, triggers fundus
vascular lesions [11,12].

Thyroid hormones are involved in many physiological func-
tions during the growth and development of the kidneys. The
kidneys not only metabolize and eliminate thyroid hormones,
but the kidneys are also regulated by some thyroid hormones.
Thyroid dysfunction can cause changes in renal blood flow,
eGFR, tubular absorption and secretion, and even changes in
renal structure [13]. Numerous studies have confirmed that
low FT3 is strongly associated with endothelial dysfunction in
patients with kidney disease [14,15]. Decreased response of
endothelial cells to nitric oxide was found in patients who had
both diabetic nephropathy [DN] and hypothyroidism. This de-
creased response was possibly due to the accumulation of nitric
oxide inhibitors [16] and decreased nitric oxide availability [17],
impairment of endothelial function, with direct impairment of
reduced glomerular filtration rate and increased urinary albu-
min. The endogenous nitric oxide system inhibitor asymmetric
di-Methylarginine (ADMA) is a major participant in endothe-
lial dysfunction in patients with DN and is also involved in the
pathophysiological processes of oxidative stress [18]. Interest-
ingly, administration of thyroxine to mice, improved the phe-
nomenon significantly [19]. On the other hand, the expression
of 3,5-deiodidase in the kidneys affects the metabolism of thy-
roid hormones in the kidneys, which suggests that sensitivity
to thyroid hormones is also reduced due to decreased kidney
function [20]. Our findings suggest that, in people with normal
thyroid function, FT3 concentration is inversely proportional to
the prevalence of DN and not associated with TSH. These find-
ings do not agree with findings of Han et al. [21], although these
conflicting results may be due to different characteristics of par-
ticipants.

Homocysteine promotes systemic inflammation, oxidative
stress, decreased nitric oxide availability, insulin resistance, and
endothelial dysfunction, and then leads to angiopathy in T2DM.
Abnormal concentrations of homocysteine, folic acid, and vita-
min B12 are risk factors for diabetic nephropathy [22]. In a study
of the relation between thyroid function and homocysteine in
pregnant women [23], Hammouda et al. found that TSH was
positively correlated with serum homocysteine concentration.
In our study, FT3 in serum in euthyroid patients with diabetic
nephropathy was negatively correlated with homocysteine
concentration. Therefore, we speculate that euthyroid patients
with DN can be administered folic acid or vitamin B12 to allevi-
ate the progression of DN.

DPN is a large clinical disease; its prevalence among T2DM
patients is about 45% [24]. The main pathological character-
istics of DPN are axial mutation and segmental demyelination
caused by hyperglycemia. Clinicians often recognize DPN later
than retinopathy and nephropathy, which leads to serious con-
sequences. Diabetic peripheral neuropathy patients with early
paresthesias are usually progressive, including sock signs and
glove signs of the extremities, and later may appear as proximal
limb numbness, weakness and atrophy [25], There may even be
erectile dysfunction and lower urinary tract symptoms in men;
thus, it is especially important to strengthen early blood sug-
ar control. The pathogenesis of DPN is still uncertain, and the

metabolic and microvascular factors that cause mutation of the
nerve fiber axis have been the more clinically studied [6]. Nerve
conduction velocity and amplitude are negatively affected in
patients with thyroid dysfunction [26]. Impaired vascular endo-
thelial function in T2DM patients may be a factor in progression
of DPN, whereas nitric oxide regulates vasodilation, thereby al-
leviating endothelial dysfunction [27]. Vicinaza et al. suggested
that the endothelial cell nitric oxide-producing process can be
mediated by thyroid hormones [28]. Thyroid hormone is essen-
tial for development of the Central Nervous System (CNS) in the
fetal and neonatal stages and for the maintenance of the struc-
ture and function of the CNS in adults. Notably, the active form
of FT3 specifically bound to various thyroid hormone receptors
controls the complex hierarchical cascade of target genes that
regulate activities such as the expression of Kruppel-like factor
9, one of the genes associated with initiating myelination [29].

Oxidative stress, inflammation, and mitochondrial dysfunc-
tion lead to changes in the pathological processes of DPN, and
TSH regulates these processes by stimulating the thyroid gland
to release T3 in conjunction with thyroid hormone receptors.
A proper increase in T3 can reduce TSH, mobilize more mito-
chondrial production, and produce more ATP, thereby combat-
ing processes such as inflammation and oxidative stress and
slowing the progression of DPN [30]. Han et al. [31] reported
that TSH concentrations in patients with T2DM were indepen-
dently associated with DPN (OR = 1.87, P = 0.014) after adjust-
ing for confounding factors, which disagrees with our findings,
we think this may be related to the different amounts of iodine
intake in coastal and inland areas.

There are some limitations in our article. The study was a
single-center, cross-sectional study; multi-center, long-term
prospective studies are needed to reveal the mechanism of ac-
tion. We did not exclude patients in the autoimmune state, and
further studies need to improve the data of thyroid-related an-
tibodies and rT3.

Conclusion

Euthyroid patients with T2DM with retinopathy and/or ne-
phropathy had lower FT3 concentrations, while no association
between FT4 and TSH and diabetic microvascular complications
was found. There may be a certain association between poor
glycemic control, low FT3 concentration, and microvascular
complications in patients with T2DM. This study may provide
a basis for prospective cohort studies of the pathogenesis of
diabetic microvascular complications and ideas for examining
treatment options for diabetic vascular complications. Future
studies need to confirm the causal relationship and exact mech-
anism.
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