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INTRODUCTION
Type 2 diabetes mellitus (T2DM) currently affects the 

majority of the diabetic population worldwide, accounting for 
approximately 90% of all cases.1 Alarmingly, a large-scale global 
epidemiological study has projected that the global mortality 
rate associated with diabetes will exceed 7.7% by 2030.2 The 
situation is particularly severe in China, where epidemiological 
data reveals a mortality rate of 11.6% due to hyperglycemia 
among individuals over 18 years old, corresponding to an 
estimated 114 million people affected by diabetes.3

Moreover, the coexistence of diabetes and thyroid 
dysfunction (TD) is prevalent among young individuals, 
with both conditions being common endocrine disorders. 
Metabolic disturbances involving insulin and thyroid 
hormone (TH) can potentially interfere with the proper 
functioning of each other.4

The key pathological characteristics of Type 2 diabetes 
mellitus (T2DM) include impaired insulin secretion and/or 
insulin resistance (IR). Diabetic nephropathy (DN) is a 
common microvascular complication of diabetes and is a 
significant factor in the development of end-stage renal disease 
(ESRD).5 Although conventional treatments such as strict 
blood glucose control, protein intake reduction, hyperglycemia 
inhibition, and renin-angiotensin-aldosterone system 
antagonism can partially reduce the progression of DN in 
diabetic patients, they do not completely halt its progression. 
DN is typically characterized by damage to the glomeruli, 
interstitium, and capillaries; however, the specific causes and 
molecular mechanisms underlying these changes are not yet 
fully understood. Nonetheless, hyperglycemia, diabetes, and 

ABSTRACT
Background • Diabetic nephropathy (DN) is one of the 
most common and severe complications in patients with 
type 2 diabetes mellitus (T2DM). Thyroid dysfunction has 
been associated with diabetes and its complications but 
the relationship between thyroid autoantibodies and 
T2DM-DN remains unclear. 
Objective • The study aims to investigate the association 
between thyroid autoantibodies and diabetic nephropathy 
in patients with T2DM and analyze the expression of 
serum thyroid hormone levels in T2DM-DN patients and 
its prognostic value.
Methods • 117 patients with T2DM who visited our 
hospital from December 2020 to December 2022 were 
recruited and assigned to group A (65 patients with 
T2DM-DN) and group B (52 patients with T2DM without 
DN). Serum TH levels of patients with DN and normal 
diabetic patients were analyzed, and the prognosis of 
patients was evaluated.

Results • The results demonstrated that compared to group 
B, group A had higher serum cystatin C (cysC), serum 
creatinine (SCr), thyroglobulin antibody (TgAb), and 
urinary microalbumin/creatinine (UACR) levels, while the 
levels of free triiodothyronine (FT3), albumin (ALB), and 
estimated glomerular filtration rate (eGFR) were lower (P < 
.05). FT3 in group A2 was inferior to that in group A0 and 
group A1 (P < .05). After correction, the results demonstrated 
that the level of thyroid peroxidase antibody (TPOAb) in 
group A1 was superior to that in group A0 (P < .05). The 
positive rates of TPOAb (20%) and TgAb (23.08%) in 
patients with T2DM-DN were drastically superior to those 
in patients with T2DM without DN. Among the independent 
risk factors for DN, the OR of positive TPOAb was 8.125. 
Conclusion • The level and positive rate of thyroid 
autoantibodies in patients with T2DM-DN were high and 
TPOAb positivity might be a risk factor for the occurrence of 
T2DM-DN. (Altern Ther Health Med. 2024;30(12):374-380).
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decrease in eGFR, and other chronic renal diseases were 
excluded.

(1) Urine trace albumin was determined using a random 
urine test. Albuminuria could be diagnosed by random urine 
UACR ≥30 mg/g in two of the three random urine tests 
within 3–6 months, excluding infection and other interfering 
factors. Microalbuminuria: 30 mg/g≤ UACR ≤300 mg/g, and 
major albuminuria: UACR >300 mg/g.

(2) eGFR was tested. Age, sex, serum creatinine (SCr), 
cystatin C (cysC) concentration, and other parameters were 
used for calculation. The Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) equation was 
adopted; when the eGFR of the patient was <60 mL min-

1.1.73 m-2, a decrease in eGFR was diagnosed. The following 
conditions were excluded from being diagnosed as non-DN: 
(i) eGFR decreases rapidly; (ii) urine protein increases 
rapidly or nephrotic syndrome occurs; (iii) intractable 
diabetes; (iv) there is active urinary sediment (such as 
hematuria, proteinuria, white blood cells, and casts); (v) the 
disease is accompanied by symptoms or signs of other 
systemic diseases; (vi) over 30% reduction of eGFR after 
therapy with an angiotensin converting enzyme inhibitor or 
an angiotensin receptor antagonist within two to three 
months; and, (vii) ultrasound abnormality of the kidney.

Observation indexes
General data collected are as follows. Basic information 

and related medical history of the patient were included, such 
as sex, age, disease course, family history, smoking history, 
and cardiovascular and cerebrovascular disease history. 
Blood pressure was measured in the supine position using a 
standard mercury sphygmomanometer.

Detection indicators are shown as follows. All patients 
fasted for eight hours, and peripheral venous blood and clean 
middle section urine were drawn at 6:00 a.m. on the next day 
under a calm state. An automatic analyzer was employed to 
detect fasting blood glucose (FPG), glycated hemoglobin 
(HbA1C), albumin (ALB), SCr, uric acid (UA), cysC, eGFR, 
total cholesterol (TC), triglycerides (TG), high-density 
lipoprotein (HDL-C), low-density lipoprotein (LDL-C), 
urinary albumin-creatinine ratio (UACR), FT3, free thyroxine 
(FT4), TSH, thyroid peroxidase antibody (TPOAb), and 
thyroglobulin antibody (TgAb).

proteinuria are recognized as major risk factors for the 
progression of DN.6-8 Various factors contribute to the 
pathogenesis of DN, and thyroid dysfunction (TD) has recently 
emerged as a potential contributing factor. Previous studies 
have established a link between TD and diabetes, providing 
evidence that TD occurs more frequently in diabetic patients, 
particularly those with reduced thyroid function.9

Thyroid hormones (TH), including triiodothyronine (T3) 
and thyroxine (T4), play a crucial role in regulating metabolism 
and cellular functions throughout the body. Changes in TH 
levels can impact various physiological processes, including 
glucose metabolism, insulin secretion, and pancreatic function. 
Conversely, alterations in blood glucose levels can also affect 
thyroid function.10 Therefore, the interaction between TH and 
DM has garnered significant attention.

In the context of DN, studies have explored the association 
between TH and the progression of renal damage in patients 
with T2DM. Subclinical hypothyroidism (SCH), characterized 
by normal thyroid function but elevated thyroid-stimulating 
hormone (TSH) levels, has been found to be more prevalent in 
T2DM patients with DN compared to those without DN. SCH 
has been directly linked to a decline in estimated glomerular 
filtration rate (eGFR) in T2DM patients. 

Furthermore, research has indicated that increased TSH 
levels within the normal range are associated with a higher 
incidence of DN in T2DM patients.11,12 However, studies 
specifically examining the relationship between TH and DN 
in individuals with normal thyroid function within the 
diabetic population are scarce. Most investigations have 
focused on DN progression in patients with hypothyroidism 
or SCH. However, some scholars believe that free 
triiodothyronine (FT3) levels in T2DM populations with 
thyroid function within the normal range have a negative 
correlation with the progression of DN.13–15 

Research on the relationship between thyroid function 
and TH and DN in the normal diabetic population is of great 
significance for medical research on diabetes mellitus. For this 
reason, in this study, serum TH levels and prognosis were 
evaluated in patients with DN and normal diabetic subjects.

RESEARCH OBJECT AND METHOD
Research objects

A total of 117 patients with T2DM who visited Yiwu 
Central Hospital from December 2020 to December 2022 were 
recruited (the inclusion and exclusion criteria are shown in 
Table 1). Patients were enrolled into two groups based on the 
presence of DN (diagnostic criteria are shown in Table 1), and 
the basic clinical data of the patients were complete. Of these, 
there were 65 cases of T2DM-DN (group A) and 52 cases of 
T2DM without DN (group B). This study was approved by the 
Yiwu Central Hospital Ethics Committee, and all patients or 
family members signed an informed consent form.

DN was diagnosed according to the China Clinical 
Guideline for Prevention and Treatment of Diabetic 
Nephropathy (2019 Version): an increase in urinary 
microalbumin/creatinine (UACR) and/or an estimated 

Table 1. Inclusion and Exclusion Criteria of Research 
Subjects

No. Inclusion criteria

1 Typical symptoms of diabetes (including polydipsia, polyuria, polyphagia, and unexplained 
weight loss)

2 Random blood glucose ≥11.1 mmol/L
3 Fasting blood glucose (FPG) ≥7.0 mmol/L after at least 8 hours of fasting
4 Blood glucose ≥11.1 mmol/L 2 hours after oral glucose tolerance test

Exclusion criteria
1 Subjects with history of primary or secondary renal disease other than DN
2 Subjects progressing to ESRD or requiring dialysis
3 Subjects with urinary system and other infected persons
4 Subjects with chronic consumptive disease such as malignant tumor and severe malnutrition
5 Subjects with severe acute and chronic diseases such as those affecting heart, lung, and liver
6 Subjects with history of other endocrine disorders (other than thyroid disease or diabetes)
7 Those currently taking drugs that affect thyroid function
8 Thyroidectomized patients
9 Pregnant or lactating patients
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Relationship between eGFR and thyroid function
EGFR values were classified into the G0 group (eGFR ≥ 

90 mL min-1.1.73 m-2), G1 group (60 mL min-1.1.73 m-2 ≤ 
eGFR < 90 mL min-1.1.73 m-2), and G2 group (eGFR < 60 mL 
min-1.1.73 m-2). In Figures 3 and 4, the FT3 level in the G2 
group was markedly inferior to that in the G0 group (P 
<0.05). FT3 levels differed slightly between the G0 and G1 
groups and between the G1 and G2 groups (P > .05). The 

Statistical methodologies
All the data were statistically analyzed by SPSS 21.0. The 

normal or nearly normal distribution was denoted as the 
mean plus or minus standard deviation, while the skewed 
measurement data were indicated as medians (interquartile 
range). Count data were denoted as categories or percentages. 
For the comparison between different groups, if the 
measurement data conformed to the normal distribution and 
the homogeneity of variance, the independent sample t test 
or analysis of variance was adopted for processing; otherwise, 
the nonparametric test was used. If there was any difference 
between multiple groups, further pairwise comparisons were 
performed. Enumeration data were compared for differences 
using the chi-square test. A binary logistic regression analysis 
was utilized to explore the effects of different indicators on 
eGFR. All the results were considered to have considerable 
differences with P < .05.

RESULTS
Basic clinical data

In Table 2, 117 subjects were analyzed in total, including 
64 males (54.7%) and 53 females (45.3%). The average age of 
the patients in the two groups was 57.26 ± 12.13 years old, 
and 65 patients (55.56%) had T2DM-DN. The analysis of 
general clinical data suggested that compared with group B, 
group A had substantial differences in terms of older adults, 
longer duration of diabetes, higher incidence of cardiovascular 
and cerebrovascular diseases, and higher systolic blood 
pressure (SBP) (P < .05). No great differences were found in 
the prevalence of diastolic blood pressure (DBP), diabetes, 
neuropathy, age, or smoking history (P > .05).

Biochemical index comparison
In Table 3, FPG, HbA1c, UA, TC, TG, HDL-C, LDL-C, 

FT4, TSH, and TPOAb differed slightly between groups (P > 
.05). Relative to group B, group A had higher cysC, SCr, 
TgAb, and UACR, while FT3, ALB, and eGFR levels were 
lower (P < .05). After thyroid function was corrected by age, 
course of disease, history of cardiovascular and 
cerebrovascular diseases, smoking history, diabetes, ALB and 
cysC, the results demonstrated that TPOAb and TgAb in 
group A were superior to those in group B (P < .05) (Table 4).

Relationship between UACR and thyroid function
The patients were classified into A0 (UACR < 30 mg/g), 

A1 (30 mg/g≤ UACR ≤300 mg/g), and A2 (UACR > 300 
mg/g) based on the UACR values. In Figures 1 and 2, the FT3 
level in group A2 was inferior to that in groups A0 and A1 (P 
< .05). FT3 levels differed slightly between group A0 and 
group A1 (P > .05). No significant difference in the other four 
thyroid function indexes was revealed among the three 
groups of UACR (P > .05). After the index adjustment of age, 
course of disease, history of cardiovascular and 
cerebrovascular diseases, diabetes, smoking history, ALB, 
and cysC, the results demonstrated that TPOAb in group A1 
was superior to group A0 (P < .05).

Table 2. Basic Clinical Data

Item
Group A 
(n = 65)

Group B 
(n = 52) P value

Sex Male (%) 34 (52.31%) 30 (57.69%) .411
Female (%) 31 (47.69%) 22 (42.31%) .525

Age (years old) 59.94 ± 12.77 53.17 ± 11.05 <.050a

Course of disease (years) 11 (8-17) 9 (4-14) <.050a

Disease 
history

History of cardiovascular and 
cerebrovascular diseases (%) 15 (23.08%) 4 (7.69%) <.050a

History of diabetes (%) 38 (58.46%) 28 (53.85%) .433
Blood 
pressure

Systolic pressure (mmHg) 141 (122, 152) 127 (121, 142) <.050a

Diastolic blood pressure (mmHg) 81 (72, 86) 82 (71, 88) .761
Smoking history (%) 26 (40.00%) 15 (28.85%) .094
Neuropathy (%) 42 (64.62%) 34 (65.38%) .758

aindicates that the difference between groups was remarkable (P < .05)

Table 3. Contrast of Biochemical Indicators

Index Group A (n = 65) Group B (n = 65) P value
FPG (mmol/L) 9.27 (6.54, 11.71) 7.94 (6.51, 9.45) .351
HbA1c (%) 8.08 (6.15, 10.08) 6.34 (6.58, 8.52) .115
ALB (g/L) 40.38 (37.74, 42.26) 41.55 (39.21, 44.22) <.050a

UA (umol/L) 327.81 (264.58, 415.40) 301.28 (250.58, 347.84) .169
cysC (mg/L) 0.95 (0.72, 1.15) 0.74 (0.68, 0.81) <.050a

SCr (umol/L) 65.49 (53.20, 79.96) 60.67 (53.87, 68.71) <.050a

TC (mmol/L) 4.42 (3.74, 5.63) 4.13 (3.86, 4.95) .178
TG (mmol/L) 1.74 (1.16, 2.97) 1.39 (0.75, 3.12) .265
HDL-c (mmol/L) 1.04 (0.76, 1.18) 0.87 (0.78, 1.11) .877
LDL-c (mmol/L) 2.71 ± 1.02 2.54 ± 0.63 .264
UACR (mg/g) 81.45 (44.65, 143.77) 15.68 (10.05, 22.62) <.050a

eGFR (mL/min/1.73m2) 84.59 (61.69, 104.52) 101.82 (97.35, 109.66) <.050a

aindicates that the difference between groups was great (P < .05)

Table 4. Contrast of Thyroid Function

Index Group A (n = 65) Group B (n = 65) P value
FT3 (pmol/L) 3.65 (3.16, 4.08) 4.23 (4.01, 4.55) .089
FT4 (pmol/L) 13.65 (11.96, 14.43) 12.99 (12.14, 13.85) .154
TSH (uIU/mL) 1.54 (1.02, 2.26) 1.41 (1.01, 2.24) .223
TPOAb (IU/mL) 0.31 (0.15, 0.76) 0.23 (0.14, 0.41) <.050a

TgAb (IU/mL) 1.57 (0.99, 3.58) 1.14 (0.73, 1.72) <.050a

aindicates that the difference between groups was considerable (P < .05)

Figure 1. Comparison of FT3 and FT4 Levels Among the 
Three Groups of UACR.

aIndicates drastic difference vs. the other two groups (P <.05)

a
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Contrast of positive rates of TPOAb and TgAb
In Figure 5, there were 13 TPOAb-positive patients in 

group A, and the incidence rate was 20%. Whereas, there 
were two TPOAb-positive patients in group B, and the 
incidence rate was 3.85%. Group A had 15 TgAb-positive 
patients, with an incidence rate of 23.08%, while group B had 
5 TgAb-positive patients which corresponded to an incidence 
rate of 9.62%. The chi-square test suggested that the positive 
rates of TPOAb and TgAb in group A were superior to group 
B (P < .05).

Risk forecast analysis
Binary logistic regression analysis suggested that TPOAb 

positivity was a risk factor for DN with an OR (95% CI) of 
8.125 (0.77–54.33), thereby indicating that the incidence of 
DN in T2DM patients with TPOAb positivity was 
approximately 8 times superior to that in patients with 
TPOAb negativity. Additionally, there was no correlation 
between the thyroid function index and DN.

DISCUSSION
This study was a cross-sectional investigation that 

included 117 cases of Type 2 diabetes mellitus (T2DM) 
patients undergoing inpatient treatment. Specific inclusion 
and exclusion criteria were applied to select the participants. 
The findings of this research demonstrated that T2DM 
patients with diabetic nephropathy (T2DM-DN) exhibited a 
significant reduction in FT3 levels compared to T2DM 
patients without DN. Conversely, the TH levels were found to 
be higher in the T2DM-DN group. After adjusting for 
various factors such as age, disease history, cardiovascular 
and cerebrovascular disease history, smoking history, 
hypertension, albumin (ALB) levels, and cystatin C (cysC) 
levels, which may impact thyroid function, a reanalysis of 
thyroid function in T2DM patients revealed significantly 
elevated levels of thyroid peroxidase antibody (TPOAb) and 
TH in group A (T2DM-DN). Furthermore, when age, disease 
history, cardiovascular and cerebrovascular disease history, 
smoking history, hypertension history, ALB levels, and cysC 
levels were excluded as influencing factors, the research 

other four thyroid function indicators showed no great 
differences among the three eGFR groups (P > .05). After the 
indexes such as age, course of disease, history of cardiovascular 
and cerebrovascular diseases, smoking history, diabetes, 
ALB, and cysC were adjusted, the results showed no marked 
difference in thyroid function among the various eGFR 
groups (P > .05).

Figure 2. Comparison of Changes in TSH, TPOAb, and 
TgAb Levels Among the Three Groups of UACR.

aIndicates marked difference vs. group A0 (P < .05)

a

Figure 3. Comparison of Changes in FT3 and FT4 Levels 
Among the Three eGFR Groups.

aIndicates marked difference vs. the other two groups (P < .05).

Figure 4. Contrast of TSH, TPOAb, and TgAb Levels Among 
the Three EGFR Groups.

Figure 5. Comparison of the Incidence of TPOAb and TgAb 
Between the Two Groups.

aIndicates remarkable difference vs. group B (P < .05)

a

a

a
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populations. The study also highlighted that in the non-
chronic dialysis nephrotic population, where all patients 
exhibited healthy serum free thyroxine (FT4) levels, the 
positive rate of thyroid autoantibodies in the serum increased 
as the estimated glomerular filtration rate (eGFR) value 
decreased.20–22

The findings of the study suggest that the positive rates 
of TPOAb (20%) and thyroglobulin antibody (23.08%) in 
patients with T2DM-DN were greatly superior to those in 
patients with T2DM without DN. However, in contrast, the 
results from a horizontal analysis study indicated that mean 
in vivo serum FT3 and FT4 levels in ESRD patients were 
greatly inferior to those in normal healthy subjects, while the 
TPOAb levels were not different from the mean thyroglobulin 
antibody levels. Therefore, DN developing into ESRD should 
be excluded when topics related to thyroid nodules and 
autoantibodies and DN are explored because ESRD may 
strongly interfere with the host’s immunity.23 Some research 
results have also pointed out that the level of TPOAb is 
greatly related to impaired glucose tolerance in patients with 
β-thalassemia.24 Other researchers have shown that positive 
expression of TPOAb increases the risk of gestational diabetes 
mellitus in early pregnancy.25,26 It is also believed that high-
level TPOAb may be the main risk factor for the progression 
of diabetic small vessel diseases as a whole (including DN, 
diabetic retinopathy, and diabetic peripheral neuropathy) in 
type 2 diabetic patients with SCH and normal functional 
people. Nevertheless, relevant research results on the adverse 
impact of TPOAb positivity to T2DM-DN in the type 2 
diabetic group without defining normal functional people 
are still unclear. In our study, logistic regression analysis was 
adopted to determine the result. Among all the independent 
risk factors for DN, the OR value of TPOAb positivity was 
8.125, indicating that the risk of nephropathy in TPOAb-
positive T2DM patients was approximately eight times 
superior to TPOAb-negative patients.27–29

However, the specific mechanism of DN due to thyroid 
autoantibody dysfunction is currently unclear. The latest 
basic research results show that, according to the chip data 
analysis provided by the Gene Expression Technology (GEO) 
system, three long-chain noncoding RNAs (lncRNAs), 
including Growth and Apoptosis Coherent Genome 15 
(PEA15), Multigene Nonprotein Decoded RNA472 
(LINC00472), and microRNA22 (MIR22 22), are potential 
detection markers of DN,30–32 and the functional analysis is 
carried out based on the coding genome for its co-expression. 
The results demonstrated that most of these genomes were 
related to autoimmune thyroid diseases such as type 1 
diabetes. Investigations have shown that 22.3% of patients 
with T2DM have many pancreatic autoantibodies, including 
glutamic acid decarboxylase antibody (GADA) and zinc 
transporter-8 antibody (anti-ZnT8), associated with 
autoimmune thyroid nodule lesions, and their anti-ZnT8 has 
become the main risk factor for immune cells to tolerate 
renal replacement therapy.33,34 Furthermore, data suggested 
that the presence of the endothelin-1 (EDN1) rs1800541 

results indicated that the microalbuminuria group had 
higher TPOAb levels. Additionally, due to reasons such as 
unadjusted age, disease history, cardiovascular and 
cerebrovascular disease history, smoking history, 
hypertension history, ALB levels, and cysC levels, the FT3 
levels in group A were observed to decrease along with the 
decrease in estimated glomerular filtration rate (eGFR) 
levels. Among the subgroups in group A, the FT3 levels were 
the lowest in group A2). However, after adjusting for related 
influencing factors, none of these associations remained 
statistically significant.

Moreover, thyroglobulin antibody (TgAb) was found to 
be more prevalent in the population of T2DM-DN patients. 
Therefore, upon exploring the risk factors for T2DM-DN, the 
positive incidence rate of TPOAb was identified as an 
independent risk factor for the development of T2DM-DN, 
providing a valuable basis for the prevention of further 
progression of T2DM-DN.

Furthermore, our study revealed that patients in group 
A, compared to those with non-T2DM-DN, were 
characterized by older age, longer duration of onset, higher 
levels of thermistor, TPOAb, thyroglobulin antibody, and 
UACR, but lower levels of FT3 and eGFR. These findings are 
closely linked to the conclusion of our study. Previous 
research has demonstrated that when T2DM patients are 
categorized into subgroups based on UACR and eGFR levels, 
those in the large-scale albuminuria and low filtration group 
exhibit lower levels of FT3 and FT4, but higher levels of 
TSH.16–18 In our study, we classified patients into three 
subgroups based on their UACR and eGFR levels. After 
adjusting for various factors related to thyroid nodule 
function, the results indicated that TPOAb levels were higher 
in certain microalbuminuria groups compared to the general 
proteinuria group. However, the TPOAb levels in most 
proteinuria groups were not significantly different, which 
may be attributed to the relatively small number of patients 
in the massive proteinuria group (the classification criteria 
for massive proteinuria include a urinary protein excretion of 
greater than or equal to 3.5 grams per day or a urine protein-
to-creatinine ratio (UPCR) greater than or equal to 3000 
mg/g (3.0 g/g) or 300 mg/mmol (0.3 g/mmol). 

Studies have found that the FT3 level of patients with 
T2DM-DN has a positive correlation with the eGFR value. 
However, thyroid function was not found to be associated 
with eGFR after the interfering factors were corrected by the 
partial correlation method.19 Therefore, our study yielded 
results that were inconsistent with previous research, likely 
due to the presence of numerous confounding factors that 
could have influenced thyroid function, leading to potential 
mixed analysis bias. Nevertheless, after adjusting for 
confounding components such as disease, age, hypertension, 
and albumin (ALB) levels, the impact of mixed analysis bias 
on the accuracy of the conclusions was mitigated. However, 
it is important to note that in recent years, there have been 
varying experimental findings regarding the positive rates of 
extra thyroid autoantibodies in different nephrotic 
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angiotensin-aldosterone system and endothelial function, 
thereby influencing renal function. Additionally, the 
autoimmune component suggested by the presence of thyroid 
autoantibodies may contribute to the development of renal 
inflammation and damage in DN.

Despite the clinically significant findings, it is important 
to acknowledge the limitations of our study. Firstly, the sample 
size was relatively small, which may affect the generalizability 
of the findings. A larger-scale study involving a more diverse 
patient population would enhance the robustness of the 
results. Secondly, the cross-sectional design of our study limits 
our ability to establish causality. Longitudinal studies are 
needed to determine the temporal relationship between TH 
alterations and the development of DN. Furthermore, our 
study focused on patients with T2DM, and the findings may 
not be directly applicable to other types of diabetes.

Future research can build upon our findings to further 
elucidate the relationship between thyroid function and DN. 
Mechanistic studies are warranted to investigate the precise 
pathways through which thyroid hormones and 
autoantibodies influence renal function and the progression 
of DN. Additionally, prospective studies with larger sample 
sizes are needed to validate our results and explore the 
predictive value of thyroid function markers in identifying 
individuals at risk for DN. Interventional studies evaluating 
the impact of thyroid hormone modulation on DN outcomes 
could provide valuable insights into potential therapeutic 
strategies.

In summary, thyroid nodule function is associated with 
T2DM-DN. Therefore, the content and positive rate of 
TPOAb and thyroglobulin antibodies in the population 
with T2DM-DN are high, and TPOAb positivity is also a 
major risk factor for T2DM-DN. Hence, it is necessary to 
use further large-scale randomized clinical comparative 
experiments and prospective studies to further explore the 
relationship between TH level and the development of DN, 
in particular to study the effect of the positive rate of 
TPOAb on the generation and transmission of DN, thus 
indicating an effective method for the early treatment and 
diagnosis of DN.

CONCLUSION
In this study, the latest diagnostic criteria for DN were 

applied. By exploring the relationship between thyroid 
autoantibodies and DN in hospitalized patients with T2DM, 
we found that the positive expression of TPOAb had a certain 
significance for the occurrence of T2DM-DN. In patients 
with T2DM-DN, the level and positive rate of thyroid 
autoantibodies were high. Moreover, regression analysis 
suggested that the positive expression of TPOAb might be a 
risk factor for the occurrence of T2DM-DN.
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(T-1370G) G allele and rs57072783T allele in white patients 
with Type 2 diabetes mellitus (T2DM) was closely associated 
with a decreased risk of diabetic nephropathy (DN). However, 
other data indicate that the levels of thyroid peroxidase 
antibody (TPOAb) and thyroglobulin antibody were higher 
in patients with the EDN1G5665T GG genotype compared to 
those carrying the T allele, and the TPOAb levels in 
individuals carrying the EDN1T-1370GG allele were also 
lower than those with the TT genotype. These findings 
suggest a potential cross-relationship between the occurrence 
of T2DM-DN and the development of thyroid autoantibodies 
with the EDN1 gene.35–37

The findings of our study provide important insights 
into the relationship between thyroid function and diabetic 
nephropathy (DN) in patients with normal thyroid function. 
We observed significant differences in serum thyroid 
hormone (TH) levels between patients with T2DM-DN and 
those with T2DM without DN, indicating a potential 
association between TH and the development and progression 
of DN. Here, we will discuss the implications of these 
findings, explore potential underlying mechanisms, address 
study limitations, and suggest directions for future research.

Firstly, our study demonstrated that patients with 
T2DM-DN had higher levels of thyroglobulin antibody 
(TgAb) and thyroid peroxidase antibody (TPOAb) compared 
to patients with T2DM without DN. These findings suggest 
that the presence of thyroid autoantibodies may play a role in 
the development of DN in patients with normal thyroid 
function. TPOAb positivity, in particular, was identified as an 
independent risk factor for DN. This indicates that 
autoimmune processes targeting the thyroid gland may 
contribute to the pathogenesis of DN.

Secondly, we observed lower levels of FT3 in patients with 
T2DM-DN compared to those without DN. This finding 
suggests a possible association between decreased FT3 levels 
and the development of DN. Thyroid hormones, including 
FT3, play crucial roles in regulating metabolism and cellular 
functions. Altered thyroid hormone levels may impact insulin 
sensitivity, glucose metabolism, and renal function, all of 
which are relevant to the development and progression of DN.

The observed differences in serum cystatin C (cysC), 
serum creatinine (SCr), urinary microalbumin/creatinine 
ratio (UACR), estimated glomerular filtration rate (eGFR), 
and albumin (ALB) levels further support the association 
between TH and DN. Higher cysC, SCr, and UACR levels, 
along with lower eGFR and ALB levels, were found in 
patients with T2DM-DN compared to those without DN. 
These markers reflect renal function and the extent of renal 
damage, indicating that TH may influence the progression of 
DN through its effects on the kidneys.

The mechanisms underlying the relationship between 
thyroid function and DN are likely multifactorial. One 
potential mechanism involves the interaction between 
thyroid hormones and renal hemodynamics, including 
alterations in glomerular filtration rate, renal blood flow, and 
tubular function. Thyroid hormones can affect the renin-
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35.	 Zoja C, Xinaris C, Macconi D. Diabetic Nephropathy: Novel Molecular Mechanisms and 
Therapeutic Targets. Front Pharmacol. 2020;11:586892. doi:10.3389/fphar.2020.586892

36.	 Zou J, Tian F, Zhang Y, et al. Association between Thyroid Hormone Levels and Diabetic Kidney 
Disease in Euthyroid Patients with Type 2 Diabetes. Sci Rep. 2018;8(1):4728. doi:10.1038/s41598-
018-22904-7

37.	 Aziz KM. Association of Hypothyroidism with Body Mass Index, Systolic Blood Pressure and 
Proteinuria in Diabetic Patients: Does treated Hypothyroidism with Thyroxine Replacement 
Therapy Prevent Nephropathy/Chronic Renal Disease?  Curr Diabetes Rev. 2016;12(3):297-
306. doi:10.2174/1573399812666151029101622

REFERENCES
1.	 Al Hayek AA, Robert AA, Alotaibi ZK, Al Dawish M. Clinical characteristics of hospitalized and 

home isolated COVID-19 patients with type 1 diabetes. Diabetes Metab Syndr. 2020;14(6):1841-
1845. doi:10.1016/j.dsx.2020.09.013

2.	 Benedetti V, Lavecchia AM, Locatelli M, et al. Alteration of thyroid hormone signaling triggers 
the diabetes-induced pathological growth, remodeling, and dedifferentiation of podocytes. JCI 
Insight. 2019;4(18):e130249. doi:10.1172/jci.insight.130249

3.	 Boonpheng B, Cheungpasitporn W, Wijarnpreecha K. Renal disease in patients with celiac 
disease. Minerva Med. 2018;109(2):126-140. doi:10.23736/S0026-4806.17.05403-9

4.	 Boruah P, Baruah A, Barman B, Nath C, Hajong R, Naku N. A Study to Evaluate the Association 
Between Thyroid Function and Serum Potassium Level in Diagnosed Cases of Diabetic 
Nephropathy. Cureus. 2021;13(10):e18569. doi:10.7759/cureus.18569

5.	 Lv Z, Qiao L, Wang Q, Piccialli F. Advanced Machine-Learning Methods for Brain-Computer 
Interfacing.  IEEE/ACM Trans Comput Biol Bioinform. 2021;18(5):1688-1698.  doi:10.1109/
TCBB.2020.3010014

6.	 Cañadas-Garre M, Anderson K, McGoldrick J, Maxwell AP, McKnight AJ. Genomic approaches 
in the search for molecular biomarkers in chronic kidney disease.  J Transl Med. 
2018;16(1):292. doi:10.1186/s12967-018-1664-7

7.	 Chen Y, Zhang W, Wang N, et al. Thyroid Parameters and Kidney Disorder in Type 2 Diabetes: 
results from the METAL Study. J Diabetes Res. 2020;2020:4798947. doi:10.1155/2020/4798947

8.	 Hu M, Zhong Y, Xie S, Lv H, Lv Z. Fuzzy System Based Medical Image Processing for Brain 
Disease Prediction. Front Neurosci. 2021;15:714318. doi:10.3389/fnins.2021.714318

9.	 Falkowski B, Rogowicz-Frontczak A, Grzelka A, et al. Higher free triiodothyronine concentration 
is associated with lower prevalence of microangiopathic complications and better metabolic 
control in adult euthyroid people with type 1 diabetes.  Endocrine. 2018;60(3):458-
465. doi:10.1007/s12020-018-1582-8

10.	 Feng X, Huang J, Peng Y, Xu Y. Association between decreased thyroid stimulating hormone and 
hyperuricemia in type 2 diabetic patients with early-stage diabetic kidney disease. BMC Endocr 
Disord. 2021;21(1):1. doi:10.1186/s12902-020-00672-8

11.	 Gunaid AA. Microvascular Outcomes of Pediatric-Onset Type 1 Diabetes Mellitus: A Single-
Center Observational Case Reviews in Sana’a, Yemen.  Clin Med Insights Endocrinol Diabetes. 
2018;11:1179551417749217. doi:10.1177/1179551417749217

12.	 Inaba M, Mori K, Tsujimoto Y, et al. Association of Reduced Free T3 to Free T4 Ratio with Lower 
Serum Creatinine in Japanese Hemodialysis Patients. Nutrients. 2021;13(12):4537. doi:10.3390/
nu13124537

13.	 Jin J, Wen S, Li Y, Zhou M, Duan Q, Zhou L. Factors associated with higher falling risk in elderly 
diabetic patients with lacunar stroke. BMC Endocr Disord. 2022;22(1):198. doi:10.1186/s12902-
022-01122-3

14.	 Lamotte G, Sandroni P. Updates on the Diagnosis and Treatment of Peripheral Autonomic 
Neuropathies. Curr Neurol Neurosci Rep. 2022;22(12):823-837. doi:10.1007/s11910-022-01240-4

15.	 Lin Y, Shao Z, Zhao M, Li J, Xu X. PTPN14 deficiency alleviates podocyte injury through 
suppressing inflammation and fibrosis by targeting TRIP6 in diabetic nephropathy.  Biochem 
Biophys Res Commun. 2021;550:62-69. doi:10.1016/j.bbrc.2020.12.030

16.	 Liu W, Du J, Ge X, et al. The analysis of risk factors for diabetic kidney disease progression: a 
single-centre and cross-sectional experiment in Shanghai.  BMJ Open. 
2022;12(6):e060238. doi:10.1136/bmjopen-2021-060238

17.	 Liu YJ, Frauenhoffer EE, Walker E, Williams NC. A case report of brown tumor in a patient with 
chronic renal failure and renal cell carcinoma. Diagn Cytopathol. 2018;46(4):355-361. doi:10.1002/
dc.23854

18.	 Malenica M, Šilar M, Dujić T, et al. Importance of inflammatory markers and IL-6 for diagnosis 
and follow up of patients with type 2 diabetes mellitus.  Med Glas. 2017;14(2):169-
175. doi:10.17392/920-17

19.	 Omrani H, Golshani S, Sharifi V, Almasi A, Sadeghi M. The Relationship Between Hemodialysis 
and the Echocardiographic Findings in Patients with Chronic Kidney Disease.  Med Arh. 
2016;70(5):328-331. doi:10.5455/medarh.2016.70.328-331

20.	 Parizadeh D, Momenan AA, Amouzegar A, Azizi F, Hadaegh F. Tobacco Smoking: Findings 
from 20 Years of the Tehran Lipid and Glucose Study.  Int J Endocrinol Metab. 2018;16(4)
(suppl):e84738. doi:10.5812/ijem.84738

21.	 Qi Q, Zhang QM, Li CJ, et al. Association of Thyroid-Stimulating Hormone Levels with 
Microvascular Complications in Type 2 Diabetes Patients.  Med Sci Monit. 2017;23:2715-
2720. doi:10.12659/MSM.902006

22.	 Scherübl H. Typ-2-Diabetes-mellitus und Krebsrisiko [Type-2-diabetes and cancer risk]. Dtsch 
Med Wochenschr. 2021;146(18):1218-1225. German. doi:10.1055/a-1529-4521

23.	 Siddiqui K, Nawaz SS, Alfadda AA, Mujammami M. Low Circulating Free Triiodothyronine 
Levels are Associated with the Progression of Diabetic Nephropathy in Patients with Type 2 
Diabetes. Int J Gen Med. 2022;15:8659-8668. doi:10.2147/IJGM.S389071

24.	 Singh S, Verma A, Aryal G, Thapa S, Khakurel S, Shrestha K. Thyroid hormone profile in patients 
with chronic kidney disease: a single centre study. J Nepal Health Res Counc. 2016;14(34):197-
201.

25.	 Smits MM, Van Raalte DH. Safety of Semaglutide.  Front Endocrinol (Lausanne). 
2021;12:645563. doi:10.3389/fendo.2021.645563

26.	 Stefanowicz-Rutkowska MM, Matuszewski W, Gontarz-Nowak K, Bandurska-Stankiewicz EM. 
Is there a relationship between the prevalence of autoimmune thyroid disease and diabetic 
kidney disease? Open Life Sci. 2021;16(1):611-619. doi:10.1515/biol-2021-0064

27.	 Sun T, Liu J, Xie C, Yang J, Zhao L, Yang J. Metformin attenuates diabetic renal injury via the 
AMPK-autophagy axis. Exp Ther Med. 2021;21(6):578. doi:10.3892/etm.2021.10010

28.	 Wang YZ, Zhu DY, Xie XM, et al. EA15, MIR22, LINC00472 as diagnostic markers for diabetic 
kidney disease. J Cell Physiol. 2019;234(6):8797-8803. doi:10.1002/jcp.27539

29.	 Xu W, Liang S, Huang Y, Zhao S, Zhang Y, Li Y. Correlation between thyroid autoantibodies and 
cardiovascular disease in patients with stages 3-5 chronic kidney disease.  Ann Transl Med. 
2021;9(16):1301. doi:10.21037/atm-21-3280

30.	 Yamazaki Y, Shoji T, Miyashima M, et al. Low Free Triiodothyronine Level as a Predictor of 
Cardiovascular Events and All-Cause Mortality in Patients Undergoing Hemodialysis: the 
DREAM Cohort. J Atheroscler Thromb. 2021;28(10):1071-1082. doi:10.5551/jat.60624

31.	 Yang Z, Duan P, Li W, et al. The Correlation between Thyroid Hormone Levels and the Kidney 
Disease Progression Risk in Patients with Type 2 Diabetes.  Diabetes Metab Syndr Obes. 
2022;15:59-67. doi:10.2147/DMSO.S347862

32.	 Zhang G, Darshi M, Sharma K. The Warburg Effect in Diabetic Kidney Disease. Semin Nephrol. 
2018;38(2):111-120. doi:10.1016/j.semnephrol.2018.01.002

33.	 Zhang S, Feng G, Kang F, et al. Hypothyroidism and Adverse Endpoints in Diabetic Patients: A 
Systematic Review and Meta-Analysis. Front Endocrinol (Lausanne). 2020;10:889. doi:10.3389/
fendo.2019.00889

34.	 Zheng M, Wang D, Chen L, Chen MN, Wang W, Ye SD. The association between thyroid 
dysfunction (TD) and diabetic kidney disease (DKD) in type 2 diabetes mellitus (T2DM). Int J 
Clin Pract. 2019;e13415(12):e13415. doi:10.1111/ijcp.13415


