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Objective: Previous research on the correlation between thyroid function and carotid plaque has revealed conflicting results, possibly
attributable to the sensitivity of thyroid hormone indices. In this study, we aimed to analyze the association between thyroid hormone
sensitivity indices and the risk of carotid plaque development in a Chinese health check-up population.

Methods: A total of 19,388 health check-up subjects were included in this study (mean age: 50.78+10.17 years). Central sensitivity to
thyroid hormone was evaluated using the thyroid feedback quantile-based index (TFQI), the Chinese-referenced parametric TFQI
(PTFQI), the TSH index (TSHI), and the thyrotropin thyroxine resistance index (TT4RI), while peripheral sensitivity to thyroid
hormone was assessed by free triiodothyronine/free thyroxine (FT3/FT4) ratio. Multivariable logistic regression analyses were
performed to detect the association between thyroid hormone sensitivity indices and carotid plaque risk, and subgroup analysis was
also conducted to explore this association stratified by sex, age, obesity, and the status of smoking, drinking, diabetes, hypertension
and dyslipidemia.

Results: Among the 19,388 participants, 3753 (19.4%) had carotid plaque. In multivariable adjustment models, the risk of carotid
plaque was positively associated with TSHI (odds ratio [OR]: 1.23; 95% confidence interval [CI]: 1.18~1.28), TT4RI (OR: 1.28; 95%
CI: 1.23~1.33), TFQI (OR: 1.06; 95% CI: 1.02~1.10), and PTFQI (OR: 1.11; 95% CI: 1.07~1.16), respectively. Conversely, the risk of
carotid plaque was negatively correlated with FT3/FT4 (OR: 0.94; 95% CI: 0.90~0.98). In stratified analyses, all thyroid hormone
sensitivity indices significantly increased the risk of carotid plaque especially in females, subjects<65 years, non-obese individuals,
and those without current smoking, drinking, diabetes, hypertension and dyslipidemia.

Conclusion: In Chinese health check-up populations, a considerable connection between reduced sensitivity to thyroid hormones and
carotid plaque has been observed, especially in females, those younger than 65 years, non-obese individuals, and those without any
current smoking, drinking, diabetes, hypertension, or dyslipidemia.
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Introduction

Cardiovascular disease is a major global health concern, significantly impacting a person’s quality of life and life
expectancy.' It has been demonstrated that carotid plaque burden is a reliable indicator of cardiovascular or cerebrovas-
cular disease, and is particularly relevant in patients with overt thyroid diseases compared to the general population.”~
Research has shown that thyroid hormones have a significant effect on the cardiovascular system, with studies indicating
that abnormalities in thyroid function can influence carotid intima-media thickness (CIMT) in those with overt thyroid
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dysfunctions. According to international standards, particular treatments should be prescribed for overt thyroid disorders, as
chronic exposure to clinically relevant abnormal concentrations of thyroid hormone could aggravate some cardiovascular
risk factors.®’

Individuals with subclinical hypothyroidism, characterized by normal thyroid hormones and increased thyroid-
stimulating hormone (TSH), are usually free of symptoms.® Nevertheless, hypothyroidism has been linked to cardiovas-
cular disease,” and overt hypothyroidism can cause dyslipidemia and atherosclerosis.'®'" Mildly impaired thyroid
activity has been associated with dyslipidemia, enhanced low-grade inflammation, and impaired endothelial
function.'>'* In a double-blind, controlled trial, it was found that individuals with overt hypothyroidism had larger
carotid intima-media thickness (CIMT) compared to those with normal thyroid function, which decreased after levothyr-
oxine treatment.'” Dullaart et al conducted a cross-sectional study of euthyroid subjects, discovering that CIMT was
linked to free thyroxine (fT4) levels, but not to thyroid-stimulating hormone (TSH) or thyroid antibodies. This suggests
that even within the normal ranges, low thyroid function may be detrimental to cardiovascular health.'® However,
Delitala et al conducted a population-based survey and did not find any association between thyroid hormones and the
presence of carotid artery plaque.'’

Previous analyses have mainly focused on TSH, FT3, and FT4 levels to assess the risk of carotid plaque. Indices of
thyroid hormone sensitivity, which take into account FT3, FT4, and TSH, can also be used to evaluate the complex
interactions between these hormones and serve as a new reference marker for thyroid function. Thyroid hormones
sensitivity is a recently proposed functional entity that comprises both FT4 and TSH levels. Both high FT4 and high TSH
are present in the resistance to thyroid hormones syndrome, indicating energy balance problems.'’

The main feature of this condition is an increase in FT4 and FT3, along with a normal or slightly elevated thyrotropin
level.'® Subsequent research has proposed indices to measure reduced sensitivity to central thyroid hormones, such as the
thyroid feedback quantile-based index [TFQI], parametric thyroid feedback quantile-based index (PTFQI), thyrotrophic
thyroxine resistance index (TT4RI) and thyroid-stimulating hormone index (TSHI)."® 2% Several studies confirm that
decreased thyroid hormone sensitivity is associated with hyperglycemia, cardiovascular disease and metabolic
syndrome.”' > However, no studies have yet explored the relationship between thyroid hormone sensitivity indices
and carotid plaque in Chinese health check-up participants, regardless of their thyroid function status.

In the present study, we aimed to investigate the relationship between central and peripheral thyroid hormones
sensitivity and carotid plaque risk in a relatively large general population.

Materials and Methods
Study Population and Design

This cross-sectional study retrospectively recruited 67,801 participants who underwent the annual health check-up in
health examination center of Huadong sanatorium from March to December 2021. A total of 20,112 participants who had
undergone carotid ultrasonography and thyroid function measurements were originally included in this study, participants
were excluded if they meet the following criteria: 1) age less than 18 years; 2) oncology, severe infection, Severe liver
and kidney dysfunction, or a history of thyroid surgery; 3) treated with drugs directly or potentially altering thyroid
hormone concentrations; Therefore, a total of 19,388 participants aged 1891 years (mean age: 50.78+10.17 years) were
finally enrolled in current analyses. A flowchart of the participants recruitment process is shown in Figure 1.

This research was conducted with the principles of the Declaration of Helsinki in mind and was approved by the
Ethics and Research Committee of the Huadong Sanatorium Health Examination Center. Private details were anon-
ymized to secure confidentiality; analyses were conducted with strict security and the data was only used for scientific
purposes. As such, the need for informed consent was waived.

Data Collection

Our personnel used a standard questionnaire to acquire demographic characteristics such as age and sex, in addition to lifestyle
elements like current smoking and drinking. Furthermore, they collected health-related information, including whether the
person had a previous diagnosis of hypertension, diabetes or thyroid dysfunction, and if they were taking any medications.
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Figure | Flowchart of the study population.

Diabetes was defined as FBG levels>7.0 mmol/L, currently treated with insulin or oral hypoglycemic agents, or a self-reported
history.** Hypertension was defined as systolic blood pressure (SBP)>140 mmHg or diastolic blood pressure (DBP)>90mmHg,
currently taking antihypertensive agents.>> Dyslipidemia was defined as TC>5.2 mmol/L or LDL-C>3.4 mmol/L or HDL-C<1.0
mmol/L or TG>1.7 mmol/L as previously described.” Physical examination included measurements of height, weight and blood
pressure. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Obesity was
defined as a BMI>28.0 kg/m? for the Chinese population.?” Systolic blood pressure and diastolic blood pressure were measured
on the right arm using a sphygmomanometer after at least 5 min of rest and were calculated as the average of two measurements.
For the Chinese population, obesity was characterized as a BMI of 28.0 kg/m?” or higher. After resting for at least 5 minutes,
systolic and diastolic blood pressure were taken on the right arm with a sphygmomanometer, and the average of the two
measurements was calculated.

Fasting venous blood samples were obtained from all participants vein after 12 hours of overnight fasting. Fasting
blood glucose (FBG), triglyceride (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), neutrophil (NE), and lymphocyte (LY) counts levels were measured using an
automatic hematology analyzer. Standard laboratory procedure for quality control were strictly followed.

An automated immunochemiluminescent assay kit from Abbott Diagnostics (Abbott Park, IL, USA) was used to
measure the concentrations of TSH, FT3, and FT4 with an Abbott Architect i2000. The reference ranges of FT3, FT4,
and TSH were 3.10~6.80 pmol/L, 12.00~22.00 pmol/L and 0.27~4.20mIU/L, respectively.

Indices of Thyroid Hormone Sensitivity

Thyroid Feedback Quartile-Based index (TFQI), parametric thyroid feedback quantile-based index (PTFQI), TSH index
(TSHI), and Thyrotroph T4 Resistance Index (TT4RI) were allocated to evaluate the participants’ central sensitivity to
thyroid hormones. FT3 to FT4 ratio (FT3/FT4) was used to assess peripheral thyroid sensitivity. For TFQI, PTFQI,
TSHI, and TT4RI, the higher the values, the lower the central sensitivity to thyroid hormones. For FT3/FT4, higher
values indicate higher peripheral sensitivity to thyroid hormones. The equations used for calculation are as follows:
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1. TFQI = cdf FT4—(1 — cdf TSH); cdf: cumulative distribution function.?®

2. PTFQI = ¢((FT4 — 4 FT4) /o FT4)—(1 — ¢((In TSH — u In TSH) /o InTSH)), where pfT4=15.60, ofT4=2.17,
pln TSH=0.69, and cln TSH=0.62 for the Chinese population.”®

3. TSHI = In TSH(mIU/L)+0.1345 x FT4(pmol/L).*

4. TT4RI = FT4(pmol/L)x TSH(mIU/L)."

5. FT3/FT4 = FT3(pmol/L)/FT4(pmol/L).

Carotid Artery Ultrasonography

Using a LOGIQ E9 ultrasound diagnostic system (GE, USA) with a 10-MHz linear transducer, certified physicians
performed carotid artery ultrasounds in the supine position. The carotid arteries were scanned in multiple directions with
B-mode imaging, and the CIMT was evaluated at three points on the far wall of the middle and distal carotid arteries and 1—
1.5 cm proximal to the dilatation of the carotid bulb. The mean CIMT value of six measurements from both the right and
left carotid arteries were used for analysis. Quality control procedures were implemented for image acquisition and analysis,
and inter-laboratory quality evaluations were conducted by certified personnel. Carotid plaque was defined as a focal wall
thickness of a common carotid artery of >1.5 mm or a focal thickening structure of the surrounding wall of >50%.%

Statistical Analyses

All analyses were performed using SPSS 26.0 (Chicago, IL, USA) and GraphPad Prism 9.0 (Inc, CA, USA). Normality
of the variables was assessed using the Kolmogorov—Smirnov test. Normally distributed variables are expressed as the
mean (standard deviation), skewed variables are expressed as the median [interquartile range], and categorical variables
are expressed as frequencies (proportions). Continuous variables were compared using Student’s z-test or the Mann—
Whitney U-test. Categorical variables were compared using the chi-square test. P for trend was calculated to present the
linear trend of the carotid plaque incidence with the increasing quartiles of thyroid hormones sensitivity indices.
Multivariable logistic regression analysis was performed to evaluate the associations of carotid plaque risk with per
SD increase or quartiles of thyroid hormones sensitivity indices using three models adjusting for possible confounding
factors. Model 1 was adjusted for sex, age and BMI.; Model 2 was adjusted for variables in model 1 plus smoking and
drinking; Model 3 was adjusted for variables in model 2 plus dyslipidemia, diabetes, hypertension and NLR. Subgroup
analysis, adjusted for sex, age, WC, BMI, smoking, drinking, dyslipidemia, diabetes and NLR, was used to examine the
correlation between thyroid hormones sensitivity indices and risk of carotid plaque among sex (males/females), age (=65
years/<65 years), obesity/non-obesity, smokers/non-smokers, drinkers/non-drinkers, diabetes/non-diabetes, hypertension/
non-hypertension, dyslipidemia/non-dyslipidemia. P < 0.05 (2-tailed) was considered statistically significant.

Results

Baseline Characteristics

Baseline characteristics of all participants are presented in Table 1. A total of 19,388 participants were analyzed, with
11,438 males (59.0%) and 7950 females (41.0%). 3753 of those had carotid plaque (19.4%). Compared to those without
carotid plaque, those with it were more likely to be male, older, smokers, drinkers, and had higher rates of hypertension,
diabetes, and dyslipidemia (P-value < 0.001). Additionally, these participants had higher levels of TFQI, PTFQI, TSHI,
TT4RI, and NLR, while FT3/FT4 levels were lower (P-value < 0.001). Furthermore, comparisons of carotid plaque
incidence among different quartiles of thyroid hormones sensitivity indices stratified by sex and age were also described
in Figure 2. In males, subjects less than 65 years tended to have a higher carotid plaque incidence with the increasing
quartiles of TFQI, TSHI and TT4RI, and decreasing quartile of FT3/FT4 (all P 4, 1nq<0.05); In females, subjects less
than 65 years tended to have a higher carotid plaque incidence with the increasing quartiles of TFQI, PTFQI, TSHI and
TT4RI, and decreasing quartile of FT3/FT4 (all P 4, 1.,4<0.001). Besides, increasing trends of carotid plaque incidence
were not statistically significant among quartiles of almost all thyroid hormones sensitivity indices in participants over 65
years old (P for trend>0.05).
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Table | Comparison of Baseline Characteristics Between Participants with and without Carotid

Plaque
Characteristic Total Carotid Plaque No Carotid Plaque | P-value
(n=19,388) (n=3753) (n=15,635)
Sex, n (%) <0.001
Males 11,438 (59.0) 2866 (76.4) 8572 (54.8)
Females 7950 (41.0) 887 (23.6) 7063 (45.2)
Age, years 50.78+10.17 57.53%9.51 49.15%9.64 <0.001
BMI, kg/m? 24.51+3.23 25.13+3.06 24.36+3.26 <0.001
Smoking, n (%) 5281 (27.2) 1597 (42.6) 3684 (23.6) <0.001
Drinking, n (%) 3310 (17.1) 955 (25.5) 2,355 (I5.1) <0.001
SBP, mmHg 121.70+16.36 128.02+17.11 120.19+15.80 <0.001
DBP, mmHg 73.75£10.68 75.29£10.71 73.38+10.64 <0.001
Hypertension, n (%) 2491 (12.8) 839 (224) 1652 (10.6) <0.001
FBG, mmol/L 5.24(4.93~5.66) 5.45 (5.08~6.09) 5.19 (4.90~5.58) <0.001
Diabetes, n (%) 1353 (7.0) 509 (13.6) 844 (5.4) <0.001
TG, mmol/L 1.28(0.90~1.87) 1.420 (1.00~2.05) 1.240 (0.87~1.83) <0.001
TC, mmol/L 4.86(4.29~5.46) 4.860 (4.17~5.51) 4.860 (4.31~5.45) 0.032
HDL-C, mmol/L 1.28(1.07~1.55) 1.200 (1.02~1.43) 1.290 (1.080~1.57) <0.001
LDL-C, mmol/L) 3.14 (2.60~3.68) 3.160 (2.49~3.74) 3.130 (2.620~3.67) 0.487
Dyslipidemia, n (%) 8488 (43.8) 1755 (46.8) 6733 (43.1) <0.001
TSH, mIU/L 2.01(1.43~2.83) 2.060 (1.430~3.070) 2.000 (1.430~2.790) <0.001
FT3, pmol/L 4.69(4.31~5.06) 4.730 (4.36~5.11) 4.680 (4.30~5.05) <0.001
FT4, pmol/L 15.40(14.30~16.70) | 15.800 (14.47~17.30) | 15.400 (14.30~16.50) | <0.001
TFQI —0.04(—0.26~0.18) 0.05 (—0.20~0.24) —0.06 (-0.27~0.16) <0.001
PTFQI 0.00(—0.24~0.22) 0.026 (—0.20~0.27) —0.006 (—0.24~0.21) <0.001
TSHI 2.80(2.44~3.16) 2.860 (2.50~3.28) 2.790 (2.43~3.13) <0.001
TT4RI 31.16(22.28~43.84) | 32.42 (22.81~48.34) | 30.870 (22.15~43.00) | <0.00I
FT3/FT4 0.30(0.28~0.33) 0.30 (0.27~0.33) 0.30 (0.28~0.33) <0.001
NLR 1.52(1.21~1.92) 1.560 (1.23~1.98) 1.510 (1.20~1.91) <0.001

Notes: Data are presented as median (interquartile) or number (proportion, %) IQR interquartile range, P values are
calculated by t-test or Mann—Whitney U-tests for continuous variables, Chi-square test for categorical variables.
Abbreviations: BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, FBG fasting blood
glucose, TC total cholesterol, TG triglycerides, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein
cholesterol, TSH thyroid-stimulating hormone, FT3 free triiodothyronine, FT4 free thyroxine, TFQI thyroid feedback
quantile-based index, PTFQI parametric thyroid feedback quantile-based index, TSHI TSH index, TT4RI thyrotropin
thyroxine resistance index, NLR neutrophil-to-lymphocyte ratio.

Association Between Thyroid Hormone Sensitivity Indices and Carotid Plaque Risk
After adjusting for potential confounding factors, with regard to continuous variables in multivariate logistic regression
analysis, TSHI, TT4RI, TFQI, and PTFQI levels were positively associated with carotid plaque risk, and FT3/FT4 level
was negatively associated with carotid plaque risk. With per SD increase of TSHI, TT4RI, TFQI, and PTFQI, the ORs of
carotid plaque were 1.23 (95% CI:1.18~1.28), 1.28 (95% CI: 1.23~1.33), 1.06 (95% CI:1.02~1.10), and 1.11 (95%
CI:1.07~1.16), respectively. FT3/FT4 (per SD increase) was also correlated with the risk of carotid plaque (OR=0.94,
95% CI:0.90~0.98). All associations were significant (all P < 0.01) (Table 2). Multivariate logistic regression analysis
also showed that when Q1 was used as a reference, the fourth quartile (Q4) of TFQI, PTFQI, TSHI, TT4RI, and FT3/FT4
had the highest OR for carotid plaque compared with Q2 and Q3 (all P < 0.01).

Subgroup Analysis for Association Between Thyroid Hormone Sensitivity Indices and
Carotid Plaque Risk

As shown in Figure 3, after multivariable adjustment for confounders, for every 1 SD increase of TSHI, TT4RI, FT3/
FT4, TFQI and PTFQI, the ORs (95% CI) for carotid plaque risk were 1.42(1.31~1.53), 1.44(1.35~1.53) 0.85
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(0.78~0.93),1.07(1.00~1.15) and 1.22(1.14~1.32) in females, 1.25(1.20~1.31), 1.31(1.25~1.36), 0.94(0.90~0.99), 1.06
(1.02~1.11) and 1.12(1.08~1.17) among participants aged less than 65 years, 1.25(1.20~1.31), 1.33(1.28~1.39), 0.93
(0.89~0.98), 1.06(1.02~1.11) and 1.12(1.07~1.17) among participants without obesity, 1.31(1.24~1.38), 1.35(1.29~1.41),
0.95(0.90~0.99), 1.10(1.04~1.16) and 1.15(1.10~1.21) among non-smokers, 1.23(1.18~1.30), 1.28(1.22~1.22), 0.94

Table 2 Association Between Thyroid Hormone Sensitivity Indices and the Risk of Carotid Plaque

Variables Carotid Plaque
OR (95% CI)® | P-value | OR (95% CI)® | P-value | OR (95% CI)° | P-value
TSHI (per SD increase) 1.23 (1.18~1.28) | <0.001 1.24 (1.20~1.29) | <0.001 1.23 (1.18~1.28) | <0.001
Ql Reference Reference Reference
Q2 1.11(0.99~1.24) 0.075 1.11(0.99~1.24) 0.079 1.10(0.98~1.23) 0.099
Q3 1.08(0.96~1.21) 0.196 1.08(0.97~1.21) 0.173 1.07(0.95~1.20) 0.251
Q4 1.54(1.38~1.71) <0.001 1.56(1.40~1.73) <0.001 1.53(1.37~1.71) <0.001
P for trend <0.001 <0.001 <0.001
TT4RI (per SD increase) 1.27 (1.22~1.31) | <0.001 1.29 (1.23~1.35) | <0.001 1.28 (1.23~1.33) | <0.001
Ql Reference Reference Reference
Q2 0.99(0.89~1.11) 0.888 1.00(0.89~1.12) 0.980 0.99(0.89~1.11) 0.902
Q3 0.96(0.86~1.07) 0.464 0.98(0.87~1.09) 0.661 0.97(0.86~1.08) 0.562
Q4 1.40(1.26~1.56) <0.001 1.45(1.30~1.61) <0.001 1.44(1.29~1.61) <0.001
P for trend <0.001 <0.001 <0.001
(Continued)
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Table 2 (Continued).

Variables Carotid Plaque
OR (95% CI)* | P-value | OR (95% Cl)b P-value | OR (95% CI)° | P-value

FT3/FT4 (per SD increase) | 0.93 (0.89~0.97) | <0.001 0.93 (0.89~0.97) 0.001 0.94 (0.90~0.98) 0.004
Ql Reference Reference Reference
Q2 0.81(0.73~0.91) <0.001 0.82(0.74~0.91) <0.001 0.84(0.75~0.93) 0.001
Q3 0.77(0.69~0.86) <0.001 0.78(0.70~0.87) <0.001 0.79(0.71~0.88) <0.001
Q4 0.82(0.73~0.91) <0.001 0.82(0.74~0.92) <0.001 0.85(0.76~0.95) 0.003
P for trend <0.001 <0.001 <0.001

TFQI (per SD increase) 1.05 (1.01~1.09) 0.016 1.06 (1.02~1.10) 0.003 1.06 (1.02~1.10) 0.004
Ql Reference Reference Reference
Q2 1.08(0.96~1.22) 0.188 1.08(0.96~1.22) 0.186 1.09(0.96~1.22) 0.177
Q3 1.34(1.19~1.50) <0.001 1.32(1.18~1.48) <0.001 1.31(1.16~1.46) <0.001
Q4 1.62(1.45~1.81) <0.001 1.59(1.43~1.78) <0.001 1.55(1.39~1.74) <0.001
P for trend <0.001 <0.001 <0.001

PTFQI (per SD increase) 1.10 (1.06~1.15) | <0.001 1.12 (1.07~1.16) | <0.001 1.11(1.07~1.16) <0.001
Ql Reference Reference Reference
Q2 1.07(0.96~1.20) 0.240 1.08(0.97~1.21) 0.179 1.07(0.96~1.20) 0.227
Q3 1.06(0.95~1.18) 0315 1.07(0.96~1.20) 0.229 1.07(0.96~1.20) 0.242
Q4 1.24(1.11~1.38) <0.001 1.28(1.14~1.42) <0.001 1.28(1.14~1.42) <0.001
P for trend <0.001 <0.001 <0.001

Notes: “adjusted for sex, age and BMI. bad]us':ed for sex, age, BMI, smoking and drinking. “adjusted for sex, age, WC, BMI, smoking, drinking,
dyslipidemia, diabetes, hypertension and NLR.

Abbreviations: TSHI TSH index, TT4RI thyrotropin thyroxine resistance index, FT3 free triiodothyronine, FT4 free thyroxine, TFQI thyroid
feedback quantile-based index, PTFQI parametric thyroid feedback quantile-based index.

(0.90~0.99), 1.06(1.01~1.11) and 1.11(1.06~1.16) among non-drinkers, 1.25(1.20~1.31), 1.30(1.25~1.35), 0.94
(0.90~0.98), 1.07(1.02~1.11) and 1.13(1.08~1.18) among non-diabetic subjects, 1.28(1.22~1.34), 1.32(1.27~1.38), 0.92
(0.88~0.97), 1.08(1.03~1.13) and 1.15(1.11~1.21) among non-hypertensive subjects, and 1.24(1.18~1.32), 1.34
(1.27~1.42), 0.92(0.87~0.98), 1.05(1.01~1.11) and 1.12(1.06~1.18) among subjects without dyslipidemia (all
P-value<0.001), respectively. Moreover, almost central sensitivity to thyroid hormone indices had a positive association
with carotid plaque risk in all subgroups except those with diabetes or hypertension, however, no significant associations
were observed between FT3/FT4 and carotid plaque risk especially in males, subjects>65 years, obese individuals, and
those with current drinking, diabetes, hypertension and dyslipidemia.

Discussion

To the best of our knowledge, this is the first study to assess and confirm the association between impaired sensitivity to
thyroid hormones indices and carotid plaque risk in a large sample of Chinese health check-up populations. In this cross-
sectional study, we found that decreased central thyroid hormone sensitivity (increased TFQI, PTFQI, TSHI and TT4RI)
were associated with a high risk of carotid plaque, Moreover, reduced peripheral sensitivity, indicated by a decreased
FT3/FT4 ratio, was associated with an increased risk of carotid plaque. With gradual increase in TFQI, PTFQI, TSHI and
TT4RI, and decrease in FT3/FT4 ratio, the OR value of carotid plaque also gradually increased. Besides, subgroup
analysis also proved that all thyroid hormone sensitivity indices significantly increased the risk of carotid plaque
especially in females, subjects<65 years, non-obese individuals, and those without current smoking, drinking, diabetes,
hypertension and dyslipidemia. This study provides a new insight into the analysis of thyroid hormone sensitivity indices
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Figure 3 Subgroup analysis of logistic regression analysis for the association between thyroid hormone sensitivity indices and the risk of carotid plaque (forest maps). The
two ends of the segments represent 95% confidence intervals, the short vertical black line in the middle represents the adjusted OR value, and when the long dashed line
representing OR equal to | does not intersect the segments, it represents the P-value less than 0.05.

and their connection to carotid plaque risk, surpassing the absolute circulating values of TSH, FT3 and FT4. It establishes
a relationship between thyroid hormone resistance and carotid artery abnormalities, thus contributing to the existing
knowledge.

Previous research has suggested a link between thyroid hormone levels and the formation of carotid plaque.*!
A cross-sectional study found that TSH was independently associated with carotid plaque, particularly in individuals with
increased TSH levels.>® A prospective cohort study in a Chinese population revealed that higher mean levels and higher
changes in FT3 and FT4 were associated with a greater risk of carotid atherosclerosis in middle-aged and older euthyroid
participants.” More recently, even small alterations in thyroid function within the normal range were associated with

atherosclerosis in both the general population and patients with angina pectoris.*> However, the inconsistent findings
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from previous studies suggest that TSH or thyroid hormone levels may not be enough to explain the relationship between
the thyroid system and carotid plaque. In 2019, Laclaustra et al proposed two new resistance indices of central thyroid
hormones,”® TFQI and PTFQI, to address the inconsistencies in previously proposed central thyroid hormone sensitivity
indices (TSHI, TT4RI) and peripheral thyroid hormone sensitivity indices FT3/FT4. TFQI is based on the empirical joint
distribution of FT4 and TSH and has the advantage of not producing extreme values in cases of thyroid dysfunction.
PTFQI can be adapted to apply to new values or different populations, with the same range and interpretation as an
approximation. This enables the index to have smaller discrepancies, and consequently, give a more detailed explanation
of the association between changes in thyroid hormones and carotid plaque than a single index.

This study calculated the association between central and peripheral thyroid hormone sensitivity indices and carotid
plaque risk, which was not done in previous researches. Our results showed that higher TFQI, PTFQI, TSHI, and TT4RI
were correlated with increased carotid plaque risk, whereas FT3/FT4 had a significantly negative association with carotid
plaque risk. Similarly, A recent cross-sectional study examined the relationship between thyroid hormone sensitivity and
the risk of carotid plaque in patients with coronary heart disease (CHD). The study found a significant association
between thyroid hormone sensitivity and carotid plaque in CHD patients, particularly among smokers and drinkers.**
This finding differed from the results of our study, which did not show the same level of significance in these subgroups.
The presence of dyslipidemia in most CHD patients, combined with smoking or drinking, may have contributed to the
stronger association observed in the study. These factors were not as prevalent in the health check-up population included
in our study. Additionally, other studies have revealed conflicting opinions. Dorr et al conducted a cross-sectional
analysis that revealed a correlation between subclinical hyperthyroidism and carotid plaque (OR= 1.67,95% CI:1.11-
2.51), this suggests that individuals with lower TSH levels should be monitored for atherosclerotic risk factors and
treated promptly.>> Additionally, a recent study on euthyroid type 2 diabetes participants demonstrated that low-normal
FT3 levels significantly increased the risk of atherosclerosis.® Besides, Delitala et al determined that TSH and free
thyroxine (FT4) were not significantly linked to carotid plaque.'” The discrepancies in the methodologies used in various
investigations might explain the contrasting findings.

In addition, our study also conducted the subgroup analysis stratified by sex, age, obesity, and the status of smoking,
drinking, diabetes, hypertension and dyslipidemia, respectively. All thyroid hormone sensitivity indices significantly
increased the risk of carotid plaque especially in females, subjects<65 years, non-obese individuals, and those without
current smoking, drinking, diabetes, hypertension and dyslipidemia. Moreover, almost central sensitivity to thyroid
hormone indices had a positive association with carotid plaque risk in all subgroups except those with diabetes or
hypertension. Studies have demonstrated that individuals with thyroid issues are affected by glucose—lipid metabolism
disturbances to some degree.”’ Prolonged poor glucose control can lead to metabolic dysfunction, which may have an
indirect effect on the hypothalamus-pituitary-thyroid axis system.*® Insensitivity causes a reduction in TSH secretion,
which reduces the activity of 5’-deiodinase and FT3 levels.>® This disruption in FT3 also influences the antilipolytic
effect of insulin, leading to a rise in free fatty acid concentration and triglyceride synthesis.*” Moreover, high T3 levels
can cause metabolic and hemodynamic alterations, as well as a decrease in systemic vascular resistance, resulting in
augmented cardiac output and hypertension.*' It appears that impaired sensitivity to thyroid hormone may be more
closely connected to diabetes or hypertension than to carotid plaque. Additionally, the FT3/FT4 ratio, which indicates
peripheral sensitivity to thyroid hormone, does not appear to have any correlation with carotid plaque risk in males,
elderly people, obese people, or individuals with current drinking, diabetes, hypertension, or dyslipidemia. These
individuals often have lipid abnormalities, which may influence the direct effect of sensitivity to thyroid hormone on
carotid plaque formation.

Previous research has examined the pathways through which the thyroid hormone influences carotid atherosclerosis.
A study observed that type 2 iodothyronine deiodinase (D2), a thyroid hormone-activating enzyme that transforms T4 to
T3, is present in arterial smooth muscle cells (\CASMCs).** The intracellular thyroid hormone, which is triggered by D2,
has been found to repress the DNA synthesis and migration ability of hCASMCs,** indicating that thyroid hormone has
a direct inhibitory effect on atherosclerosis. An abnormally low thyroid hormone level can have a negative impact on
endothelial cells, reducing the production of reactive oxygen species and the degree of vasodilation.**** Additionally,
thyroid hormone has been found to activate the PI3K/Akt/endothelial nitric oxide synthase pathway in endothelial cells,
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which is thought to be involved in the process of vascular repair and angiogenesis. Thyroid hormone has direct anti-
atherosclerotic effects, including blood vessel dilatation, the production of vasodilatory molecules, and the inhibition of
angiotensin II receptor expression and its signal transduction. These findings indicate that thyroid hormone can inhibit the
development of atherosclerosis by directly affecting the vasculature and modifying risk factors for the condition.*®
Therefore, it is recommended that individuals undergo regular screenings for thyroid hormone levels to lower the risk of
carotid plaque.

However, this study has several limitations. First, although our sample size was large, this retrospective study could
not confirm a causal association between impaired sensitivity to thyroid hormones and carotid plaque risk, future large
prospective studies are needed to confirm these results. Second, despite adjusting for multiple confounding factors, we
cannot fully rule out the likelihood that carotid plaque might be impacted by other factors such as regular physical
activity, diet pattern, and the use of lipid-lowering medication, which we were not able to include in our statistical
analysis as covariates. Finally, as the data of this study was from a Chinese population, it is uncertain whether the
conclusions can be extended to other ethnic backgrounds.

Conclusion

This study demonstrated that impaired thyroid hormone sensitivity is significantly associated with carotid plaque risk in
Chinese health check-up populations. This association is more significant in females, subjects<65 years, non-obese
individuals, and those without current smoking, drinking, diabetes, hypertension and dyslipidemia. Evaluating resistance
to thyroid hormone is essential for the stratification of risk and the personalization of treatment for those with atherosclerosis.
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