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Purpose: To investigate the thyroid parameters (thyroid stimulating hormone (TSH), free triiodothyronine (FT3), and free thyroxine
(FT4)) and their relationship with inflammatory indicators (neutrophil/lymphocyte ratio (NLR) and platelet/lymphocyte ratio (PLR)) in
euthyroid individuals with type 2 diabetes mellitus (T2DM).

Patients and Methods: Our study included 672 participants diagnosed with T2DM, and 336 healthy individuals matched in terms of
age and gender. The laboratory inspection data of both type 2 diabetic patients and healthy individuals as controls were analyzed
separately.

Results: Compared with a control group, the individuals with T2DM presented elevated levels of inflammatory indicators, including
white blood cells (WBC), neutrophils (NEUT), neutrophil/lymphocyte ratio (NLR), and platelet/lymphocyte ratio (PLR). The levels of
TSH are elevated in the T2DM group, whereas the levels of FT3 or FT4 are reduced. TSH levels were significantly positively
correlated with NLR or PLR, while the levels of FT3 and FT4 were significantly negatively correlated with NLR or PLR. Furthermore,
thyroid parameters were correlated with gender, age, and blood lipid metabolism. Multiple stepwise regression analysis identified
gender, NLR, PLR, and low-density lipoprotein (LDL) as significant contributing factors for TSH. Additionally, gender, age, NLR,
PLR, glycated hemoglobin Alc (HbAlc), and LDL were identified as contributing factors for FT3, while PLR and total cholesterol
(TC) were identified as contributing factors for FT4.

Conclusion: Abnormal metabolism of thyroid parameters is associated with increased inflammatory activity and impaired glycolipid
metabolism in euthyroid type 2 diabetic patients.
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Introduction
Diabetes mellitus (DM) is a common chronic disease of the endocrine system, which has become an important public
health issue that badly influences people’s physical and mental health.! According to the latest data from the International
Diabetes Federation (IDF), the worldwide incidence of DM among people aged 20-79 in 2021 stands at 536.6 million
(10.5%). China alone accounts for approximately 140.9 million cases, making it the highest in the world.? Apart from the
acute and chronic complications, DM can be complexed by the co-morbidity of other endocrine disorders, with thyroid
disease (TD) being the most commonly observed. The association between DM and TD is marked by a complex
interdependence.*

Thyroid hormones (THs) regulate various metabolic processes, including glucose homeostasis and insulin secretion.’
Thyroid dysfunction can affect the metabolism of carbohydrates, proteins, and lipids, worsen diabetes, and promote the
development of diabetic complications.® Numerous epidemiological studies have demonstrated a higher incidence of

thyroid dysfunction in individuals with DM in comparison to those with normal glucose tolerance (NGT).” '’
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Conversely, individuals with TD have a comparatively high risk of developing DM,"''* and even variations within the
normal range of thyroid function have been reported as additional risk factors for DM.'*!'> These changes are also closely
linked to an increased risk of diabetic complications.'®!”

Earlier studies have suggested that the variations of thyroid markers are most likely influenced by circulating
inflammatory markers.'®?° Low-grade inflammation is a common feature of DM. Studies have shown that increased
inflammatory activity plays a crucial role in thyroid function abnormalities in both type-1 and type-2 DM.?' ** Based on
these findings, we hypothesized that there is a mutual relationship between the variation of thyroid parameters and
circulating inflammatory indicators in Chinese individuals with type-2 DM (T2DM). To test the hypothesis, we first
calculated the disparity in thyroid markers between euthyroid individuals with T2DM and NGT. Then, we evaluated the
correlation between thyroid parameters and markers of inflammation, specifically the neutrophil/lymphocyte ratio (NLR)
and the platelet/lymphocyte ratio (PLR), as well as impaired glycolipid metabolism in individuals with T2DM.

Materials and Methods

Participants

This study is a cross-sectional study conducted in hospitals. We recruited all patients diagnosed with T2DM with normal
thyroid function and aged >18 years who attended the Department of Endocrinology and Department of Geriatrics at
Taizhou People’s Hospital between January 2021 and December 2022 as study participants. The participants listed below
were excluded: 1) acute complications of T2DM; 2) history of thyroid disorders, such as hyperthyroidism, hypothyroid-
ism, or subacute thyroiditis; 3) thyroid tumor or previous treatment with radioactive iodine or surgery; 4) other metabolic
disorders, such as pituitary adenoma, hypopituitarism, and hypothalamic disease; 5) use of thyroid drugs or any other
medication that may affect thyroid function; 6) history of diseases associated with a proinflammatory condition, such as
inflammatory, autoimmune, hematological, and connective tissue diseases; 7) history of illnesses related to euthyroid sick
syndrome, including severe liver or kidney disease, cardiopulmonary failure, and malignant tumor; 8) recent acute
illness, such as trauma, surgery, and acute cerebrovascular disease within the past six months. A total of 672 individuals
with a diagnosis of T2DM, aged >18 years, and with normal thyroid function were included in this study. The control
group consisted of 336 individuals with NGT and normal thyroid function. These individuals were recruited from healthy
individuals who underwent physical examinations during the same period and were paired by age and gender. Ethics
approval was obtained from the Ethics Committee of Taizhou People’s Hospital Affiliated to Nanjing Medical University
(KY 2022-115-01), and the research followed the principles set out in the Declaration of Helsinki. All participants
provided written informed consent.

Data Collection

General clinical parameters, such as age, gender, height, weight, duration of diabetes mellitus (DM duration), history of
hypertension and hyperlipidemia, medication history, and the existence of chronic complications (retinopathy, nephro-
pathy, neuropathy, and lower extremity arterial disease), were obtained from the case histories. The calculation of the
body mass index (BMI) entails the division of an individual’s weight in kilograms by the square of their height in meters.
Blood pressure, encompassing both systolic (SBP) and diastolic (DBP) measurements, was assessed following a period
of sitting and resting for more than 10 minutes. We also obtained the following biochemical parameters: fasting blood
glucose (FBG) and lipid parameters (triglyceride [TG], total cholesterol [TC], low-density lipoprotein cholesterol [LDL],
and high-density lipoprotein [HDL]). These parameters were measured by a fully automated biochemical analyzer.
Additionally, glycated hemoglobin (HbAlc) was determined using high-performance liquid chromatography. Blood
routine parameters, including white blood cells (WBC), neutrophils (NEUT), lymphocytes (LY), and platelets (PLT),
were analyzed using an automated blood cell analyzer. The calculation of the NLR involved determining the ratio
between the absolute number of neutrophils (NEUT) and lymphocytes (LY). Similarly, the PLR was calculated by
dividing the count of platelets (PLT) by the count of lymphocytes (LY). THs, namely free triiodothyronine (FT3) and free
thyroxine (FT4), and thyroid stimulating hormone (TSH) were quantified using chemiluminescence immunoassays.
Reference ranges for thyroid function were established for FT3 (3.28-6.547pmol/L), FT4 (7.64—16.03pmol/L), and TSH
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(0.49-4.91mU/L). The normal range of thyroid function is defined as a state in which the levels of FT3, FT4, and TSH
are within their respective normal limits.

Statistical Analysis

To conduct data analysis, we have obtained the SPSS 26.0 statistical software. Continuous variables were represented as
either mean =+ standard deviation (SD) or median (interquartile range). Discontinuous variables were quantified in terms
of frequency (percentage). The Student’s #-test was conducted to compare the means of continuous variables. Spearman
correlation analysis was used to evaluate the relationship between TSH, FT3, and FT4 levels and other variables,
including inflammatory indicators. Multiple stepwise regression analysis was performed in order to identify the
independent contributing factors for TSH, FT3, and FT4. P value below 0.05 was considered to indicate statistical

significance.

Results
Clinical and Laboratory Characteristics of the Type 2 Diabetes Group and the Control
Group

The average duration of diabetes was 8.52+6.03 years. The patients with T2DM experienced various complications,
including hyperlipidemia (55.4%), hypertension (45.2%), retinopathy (29.6%), nephropathy (37.2%), neuropathy
(47.0%), and lower extremity arterial disease (30.4%). Except for a minority of recently diagnosed patients who
controlled their diabetes through dietary measures (10.5%), the majority of patients were prescribed oral hypoglycemic
drugs (46.4%), insulin (28.6%), or a combination of oral medications and insulin (14.4%).

The clinical and laboratory characteristics of the T2DM group and the control group were summarized in Table 1. These
two groups were paired by gender and age. Compared with a control group, individuals with T2DM exhibited significant
increases in BMI, FBG, HbAlc, TG, TC, LDL, WBC, NEUT, NLR, and PLR, while HDL levels decreased (P<0.05).

Table | Clinical and Laboratory Characteristics of the Type 2 Diabetes Group and the Control Group

Variable NGT (n=336) T2DM (n=672) t P

BMI (kg/m2) 23314257 25.02+3.23 8.457 <0.00!
SBP (mmHg) 130.10£15.19 131.29+16.51 1.100 0.272

DBP (mmHg) 80.88+8.47 81.43+10.18 0.855 0.393

HbAlc (%) 5.56+0.38 8.61+1.91 29.005 <0.001
FBG (mmol/L) 4.89+0.56 821271 22.138 <0.001
TG (mmol/L) 1.28(0.92—1.81) 1.59(1.11-2.26) 6.693 <0.001
TC (mmoliL) 420(3.62-4.81) 4.27(3.60—4.94) 2.488 0.013

LDL (mmol/L) 2.52(2.15-3.06) 2.62(2.18-3.08) 4.486 <0.001
HDL (mmol/L) 1.21(1.04-1.43) 1.04(0.90-1.20) 10.644 <0.001
WBC (x109/L) 5.70+1.27 5.97+1.15 3.308 0.001

NEUT (x109/L) 3.39+0.94 3.61+0.90 3.664 <0.001
LY (x109/L) 1.80+0.48 1.77+0.41 —1.136 0.256

PLT (x109/L) 184.07+45.55 189.29+39.62 1.875 0.061

(Continued)
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Additionally, the levels of TSH were found to be elevated in individuals with T2DM compared with the control group.

Table 1 (Continued).

Variable NGT (n=336) T2DM (n=672) t P
NLR 1.89(1.53-2.36) 2.00(1.62-2.50) 3.851 <0.001
PLR 106.47£27.98 110.84+27.59 2.359 0.019
FT3 (pmol/L) 4.98+0.50 4.90£0.57 ~2.095 0.036
FT4 (pmol/L) 10.89+1.48 10.67+1.77 -2.004 0.045
TSH (ulU/mL) 2.03+0.87 2.16+1.01 1.994 0.046

Abbreviations: T2DM, type 2 diabetes mellitus; NGT, normal glucose tolerance; BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; HbAlc, glycated hemoglobin Alc; FBG, fasting blood glucose; TG, triglyceride; TC, total cholesterol; LDL, low-
density lipoprotein cholesterol; HDL, high-density lipoprotein; WBC, white blood cells; NEUT, neutrophils; LY, lymphocytes; PLT, platelets;
NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid stimulating

hormone.

Conversely, a notable reduction in the levels of FT3 and FT4 was observed among individuals with T2DM (P<0.05).

Correlation Between Thyroid Parameters and Glycolipid Metabolic Parameters and
Inflammatory Markers in Individuals with Type 2 Diabetes

Table 2 presented the findings of the Spearman correlation analysis conducted to examine the relationship between
thyroid parameters, glycolipid metabolic parameters, and inflammatory indicators in individuals with T2DM. TSH
showed a significant positive correlation with TG, TC, LDL, NEUT, NLR, and PLR (P<0.05). Conversely, TSH

Table 2 Correlation Between Thyroid Parameters and Glycolipid Metabolic Parameters and Inflammatory Markers in
Individuals with Type 2 Diabetes

Variable TSH FT3 FT4
r P r P r P
Age 0.005 0.892 —0.115 0.003 —0.007 0.861
Gender 0.165 <0.001 —0.204 <0.001 —0.052 0.179
BMI 0.060 0.119 0.061 0.116 —0.065 0.092
DM duration 0.027 0.481 —-0.102 0.008 —0.007 0.854
SBP 0.024 0.539 -0.011 0.786 0.001 0.979
DBP 0.041 0.294 0.055 0.152 0.023 0.552
HbAlc 0.041 0.291 —0.134 0.001 —0.003 0.939
FBG 0.074 0.057 —0.062 0.110 —0.031 0.428
TG 0.137 <0.001 —0.086 0.025 —0.091 0.018
TC 0.145 <0.001 —0.137 <0.001 —0.160 <0.001
LDL 0.147 <0.001 —0.148 <0.001 —0.148 <0.001
HDL 0.049 0.201 —-0.077 0.047 —0.105 0.006
WBC 0.033 0.399 -0.012 0.764 0.023 0.551
(Continued)
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Table 2 (Continued).

Variable TSH FT3 FT4

r P r P r P
NEUT 0.172 <0.001 —0.122 0.002 —0.019 0.629
Ly —0.256 <0.001 0.183 <0.001 0.090 0.019
PLT 0.048 0.216 —0.054 0.161 —0.047 0.228
NLR 0.325 <0.001 -0.222 <0.001 —0.094 0.014
PLR 0.290 <0.001 -0.213 <0.001 —0.137 <0.001

Abbreviations: BMI, body mass index; DM duration, duration of diabetes mellitus; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbAlc,
glycated hemoglobin Alc; FBG, fasting blood glucose; TG, triglyceride; TC, total cholesterol; LDL, low-density lipoprotein cholesterol; HDL, high-density
lipoprotein; WBC, white blood cells; NEUT, neutrophils; LY, lymphocytes; PLT, platelets; NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio;
TSH, thyroid stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine.

exhibited a negative correlation with LY (P<0.05). The FT3 levels exhibited significantly negatively correlated with
age, DM duration, HbAlc, TG, TC, LDL, HDL, NEUT, NLR, and PLR (P<0.05). A positive association was found
between FT3 levels and LY (P<0.05). Additionally, the levels of FT4 exhibited a significant negative association
with TG, TC, LDL, HDL, NLR, and PLR (P<0.05). A positive association was found between levels of FT4 and LY
(P<0.05).

Multiple Stepwise Regression Analysis for Thyroid Parameters in Individuals with Type
2 Diabetes

Multiple stepwise regression analyses were conducted with TSH, FT3, and FT4 as dependent variables, respec-
tively, and gender (coded as O for male and 1 for female), age, BMI, DM duration, glycolipid metabolic
parameters, and inflammatory indicators as independent variables in patients with T2DM. We calculated the
regression coefficient, accompanied by 95% confidence intervals. Multiple stepwise regression analysis demon-
strated that gender, NLR, PLR, and LDL were found to be independent contributing factors for TSH in patients
with T2DM (Table 3). Additionally, gender, age, NLR, PLR, HbAlc, and LDL were identified as independent
contributing factors for FT3 (Table 4). On the other hand, PLR and TC were found to be independent contributing
factors for FT4 (Table 5).

Table 3 Multiple Stepwise Regression Analysis of Contributing Factors for TSH in Individuals with Type 2

Diabetes

Variable Nonstandardized Standardized t P 95% ClI

Coefficient Coefficient

B Standard

Error

Gender 0.201 0.072 0.099 2.784 0.006 0.059~0.343
NLR 0.398 0.060 0.278 6.686 0.000 0.281~0.515
PLR 0.005 0.002 0.132 3.145 0.002 0.002~0.008
LDL 0.184 0.049 0.133 3.739 0.000 0.087~0.281

Abbreviations: NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio; LDL, low-density lipoprotein cholesterol.
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Table 4 Multiple Stepwise Regression Analysis of Contributing Factors for FT3 in Individuals with Type 2

Diabetes

Variable Nonstandardized Standardized t P 95% ClI

Coefficient Coefficient

B Standard

Error

Gender —0.150 0.043 —0.130 —3.482 0.001 —0.234~-0.065
Age —0.004 0.002 —0.075 —-1.992 0.047 —0.007~0.000
NLR —0.097 0.035 —0.120 —2.741 0.006 —0.166~-0.027
PLR —0.003 0.001 —0.126 —2.908 0.004 —0.004~-0.001
HbAlc —0.040 0.011 —0.133 —3.589 0.000 —0.061~-0.018
LDL —0.091 0.029 —-0.117 -3.124 0.002 —0.149~-0.034

Abbreviations: NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio; HbAlc, glycated hemoglobin Alc; LDL, low-density
lipoprotein cholesterol.

Table 5 Multiple Stepwise Regression Analysis of Contributing Factors for FT4 in Individuals with Type 2

Diabetes
Variable Nonstandardized Standardized t P 95% CI
Coefficient Coefficient
B Standard
Error
PLR —-0.008 0.002 —-0.125 —3.283 0.001 —-0.013~-0.003
TC -0.229 0.064 -0.137 -3.592 0.000 —0.354~-0.104

Abbreviations: PLR, platelet/lymphocyte ratio; TC, total cholesterol.

Discussion

The primary objective of this investigative study was to evaluate the correlation between thyroid markers and inflam-
matory indicators, specifically NLR and PLR, in euthyroid individuals with T2DM. This study’s findings revealed that
individuals with T2DM exhibited heightened TSH levels and decreased levels of FT3 or FT4 in comparison to healthy
individuals of similar age and gender. We have also demonstrated a significant correlation between elevated TSH levels
or reduced levels of FT3 and FT4 in individuals with T2DM and increased circulating levels of NLR or PLR.

THs are secreted by thyroid gland and regulated by pituitary TSH. THs can promote growth and development, as well
as regulate various physiological processes, including lipid, protein, and carbohydrate metabolism. Our study revealed
that individuals with T2DM exhibited elevated TSH levels and reduced levels of FT3 or FT4, which is partially
consistent with previous findings.?*2® The relationship between DM and TD is intricate and mutually dependent.***
THs can impact the progression of diabetes by enhancing carbohydrate absorption in the gastrointestinal tract, stimulat-
ing gluconeogenesis, and regulating insulin sensitivity.”’*° Conversely, DM can also affect thyroid markers through
hypothalamic regulation of TSH levels and transformation of thyroxine (T4) to triiodothyronine (T3) in peripheral organs
and tissues.”®*° THs exist in two forms: T3 and T4. Under the enzymatic activity of deiodinase, T4 undergoes conversion
into T3 and serves a crucial physiological function. This process is tightly regulated by the deiodinases D1 and D2.
Research indicates that hyperglycemia has been found to impair the activity and level of deiodinase, reducing the
conversion of T4 to T3. Consequently, this can lead to a decrease in the consistency of peripheral T3 levels.”?

In the present study, a notable positive association was identified between TSH levels and NLR or PLR in individuals
with T2DM. Conversely, a significant inverse relationship was observed between FT3 and FT4 levels and NLR or PLR in
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the same patient group. Moreover, multiple stepwise regression analysis revealed that NLR and PLR were independent
contributing factors for TSH and FT3. PLR was identified as an independent contributing factor for FT4. This discovery
confirms the earlier hypothesis that there is a correlation between the variation of thyroid parameters and the levels of
circulating inflammatory indicators in patients with T2DM. It is believed that DM and its associated complications are
closely related to leukocytes and their diverse subtypes. Compared to WBC, NEUT, LY, and PLT, the NLR and PLR can
be calculated from a blood routine, providing a convenient and cost-effective detection method that is less influenced by
various physiological and pathological states. Recently, the use of NLR and PLR as novel inflammatory markers has
gained attention in various cardiovascular diseases, inflammatory diseases, tumors, as well as diabetes and its
complications.*' ™ Previous studies have demonstrated that abnormalities in THs in diabetic patients are associated
not only with glycemic control but also with an increased inflammatory response. This inflammatory response, in turn, is
associated with an imbalance in deiodinase activity.”>*> While these findings provide an initial explanation for the
correlation between thyroid markers and inflammatory activity in euthyroid individuals with T2DM, further study is
needed to accurately identify the fundamental mechanisms implicated.

Dyslipidemia represents a notable risk factor in the pathogenesis of arteriosclerosis among individuals diagnosed with
diabetes. Elevated LDL levels and reduced HDL levels are the primary contributors to the pathogenesis of coronary heart
disease. A vital role is played by THs in regulating lipid metabolism, such as digestion, absorption, catabolism, and
synthesis.***3 Specifically, TSH has been found to have a direct impact on cholesterol synthesis and is essential for the
clearance of LDL.® Previous studies have demonstrated a positive correlation between the levels of TSH and TG, TC,
and LDL, while the relationship between TSH and HDL remains undefined®’=* Additionally, recent research has
indicated that lipid metabolism can reciprocally influence thyroid markers. Both clinically diagnosed hypothyroidism
and subclinical hypothyroidism have been found to be correlated with the occurrence of dyslipidemia.** Studies have
shown that elevated levels of circulating TG or TC can potentially lead to thyroid dysfunction.>**°

In the current investigation, it was observed that individuals with T2DM exhibited elevated levels of serum TC, TG,
and LDL compared to non-diabetic individuals. Positively and significantly, a correlation was found between TSH and
TG, TC, and LDL. However, the levels of FT3 and FT4 exhibited a negative correlation with TG, TC, LDL, and HDL.
Multiple stepwise regression analysis demonstrated that LDL levels were independently associated with the levels of
TSH and FT3 in individuals with T2DM. Hence, a strong correlation exists between thyroid function and lipid
metabolism in individuals with T2DM. Our research findings indicate that elevated TSH levels and decreased FT3 or
FT4 levels, even within the normal range, may affect lipid metabolism in euthyroid individuals with T2DM, potentially
contributing to the development of atherosclerosis.

The present study necessitates consideration of the following limitations during the interpretation process. Firstly, it is
important to note that the study’s cross-sectional design limits the ability to establish causal relationships. Additionally,
due to the constraints of detection conditions and associated expenses, we opted not to measure CRP, procalcitonin,
interleukin, and other inflammatory indicators. Routine blood counts are not adequately represented as indicators of
inflammation. In addition, the sample size of this study is relatively small. The validation of these findings necessitates
further longitudinal clinical studies in the future.

Conclusion

In brief, we demonstrate in our research that elevated TSH and reduced FT3 or FT4 levels in euthyroid individuals with
T2DM were related to increased NLR or PLR, as well as glucose or lipid disorders. These results show a connection
between the dysregulation of thyroid hormone metabolism and abnormalities in glycolipid metabolism, as well as
inflammatory responses. These findings suggest the potential for future interventions targeting inflammatory activity to
reduce the incidence of thyroid dysfunction in Type 2 diabetic patients.

Ethics Approval and Consent for Participation

This study was carried out after obtaining approval from the Ethics Committee of Taizhou People’s Hospital Affiliated to
Nanjing Medical University (KY 2022-115-01). The study followed the guidelines stated in the Declaration of Helsinki.
Prior to participation, all individuals provided written informed consent.
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