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Background: This review aims to investigate the relationship between impaired
sensitivity to thyroid hormones and ASCVD risk factors in the euthyroid population.

Methods: A cross-sectional study including 7,895 euthyroid subjects aged >18
years old was conducted. Height, body weight, blood pressure (BP) were
measured, and serum concentrations of lipids, fasting blood glucose, uric acid,
free thyroxine (FT4), free triiodothyronine (FT3), and thyrotropin (TSH) were
assayed. Thyroid hormone resistance was calculated by Thyroid-stimulating
hormone (TSHI), Thyroid Feedback Quantile-based Index (TFQI), and Free
Triiodothyronine/Free thyroxine (FT3/FT4), which were calculated based on
FT3, FT4, and TSH.

Results: We are divided into four groups according to the TFQI quartile. Age, BMI,
BP, HDL-C, TC, TG, FBG, UA were statistically significant between the four
groups. F3/F4 showed statistical significance in populations with high UA, high
FBG, and high TG; TFQI was positively correlated with BP, TG, FBG, UA and TyG,
SBP, FBG, UA and TyG, FT3/FT4 was negatively correlated with DBP, SBP, TC, TG
and UA.

Conclusion: Impaired sensitivity to thyroid hormone in euthyroid population is
associated with ASCVD risk factors. These findings are potentially useful for
understanding the interaction between thyroid hormone sensitivity and ASCVD
risk factors in euthyroid population.
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thyroid hormones resistance, atherosclerotic cardiovascular disease, dyslipidemia, uric
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1 Introduction

Thyroid hormones are key regulators of energy metabolism, and
a close association with metabolic disorders has been demonstrated,
even when thyroid hormones are within the normal range (1).
Patients with overt and subclinical hypothyroidism (SCH) have a
higher risk of cardiovascular disease (2). SCH may exacerbate several
metabolic abnormalities, such as hypertension, atherosclerosis,
dyslipidemia, and abnormal endothelial function (3).

Euthyroidism was defined as having no thyroid dysfunction,
including clinical and subclinical hypo- and hyperthyroidism. Most
subjects at risk for cardiovascular disease are euthyroid. Impaired
thyroid hormone sensitivity has been associated with metabolic
disorders such as diabetes and metabolic syndrome, which are
known risk factors for cardiovascular diseases (CVD) (4, 5).
Laclaustra et al. first proposed the thyroid feedback quantile-
based index (TFQI) to assess the central sensitivity to thyroid
hormones in 2019 and found that thyroid hormones resistance
was associated with increased risks of obesity, diabetes, and
metabolic syndrome. They proposed a hypothesis that thyroid
hormone resistance occurs in the body under certain
circumstances, and thyroid hormone sensitivity decreases (5).
Central thyroid hormone sensitivity indexes also include
thyrotropin thyroxine resistance index (TT4RI) and TSH index
(TSHI), which are also associated with many metabolic diseases
(6).TT4RI, TSHI, and TFQI are introduced as quantitative markers
for pituitary thyrotropic function (8, 9).

The ratio of free T3 to free T4 (FT3/FT4) is used to evaluate the
rate of conversion of T4 to the more active T3 form, which reflects
the sensitivity of peripheral tissues to thyroid hormones (7).
Increasing attention has been paid to the relationship between
thyroid hormone sensitivity and metabolic disorders in recent
years, and sensitivity to thyroid hormone indices have been
proved to be reliable predictors of insulin resistance, type 2
diabetes (T2D), and disorders of glucose and lipid metabolism (5,
8,9). A study from the United States suggested that increased risk
for all-cause mortality was associated with decreased central
sensitivity to thyroid hormones. Furthermore, the FT3/FT4 ratio
showed a U-shaped association with mortality (10).

Previous studies focused on patients with thyroid dysfunction,
especially overt and/or subclinical hypothyroidism. The association
between reduced sensitivity to thyroid hormones and ASCVD risk
factors have not been well known. The association between
impaired thyroid hormone sensitivity and ASCVD risk factors
may help to understand the role of thyroid hormone in metabolic
regulation, and provide theoretical basis for early intervention of
lipid metabolism disorders and reduction of cardiovascular disease
risk. In euthyroid individuals, subtle alterations in thyroid hormone
sensitivity could impact cardiovascular health. In our study, we

Abbreviations: BMI, body mass index; BP, blood pressure; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total
cholesterol;TG, triglycerides; FBG, fasting blood glucose; TFQI, Thyroid
Feedback Quantile-based Index; TyG, Triglyceride glucose index; TSH,
Thyroid-stimulating hormone; T4, free thyroxine; fI3, total triiodothyronine.
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focused on these indices to explore their relationship with impaired
sensitivity to thyroid hormones and ASCVD risk factors in a
euthyroid population aiming to uncover potential associations
that could inform clinical practice and future research.

2 Materials and methods
2.1 Study population

This cross-sectional study enrolled participants (aged >
18years) who underwent a routine physical examination from
January 2023 to December 2023 in Strategic Support Force
Medical Center. A total of 7,895 participants were included in
this study, including 4,126 males and 3,769 females. The inclusion
criteria were (1) with normal thyroid function; (2) aged > 18years.
The exclusion criteria were as follows: (1) incomplete data; (2) age
younger than 18 years; (3) with known history of thyroid disease or
thyroid surgery; (4) had been treated with drugs potentially altering
thyroid hormone concentrations such as amiodarone and
corticosteroids; (5) with history of pituitary disease; (6) with
history of malignancy; (7) and pregnancy. Finally, 7,895 subjects
were enrolled in this analysis (Figure 1).

All participants provided informed consent and the
institutional ethics board approved the study of Ninth Medical
Center of Chinese PLA General Hospital. This study adhered to the
principles of the Declaration of Helsinki.

It is important to note that this study employs a cross-sectional
design, which precludes the establishment of causality between the
variables examined.

2.2 Laboratory measurements

Blood samples were drawn from all participants between 7:00 and
9:00 am after 8 to 10 hours of overnight fasting. Blood samples were
centrifuged within 30 to 45 minutes of collection. Weight, height, and
blood pressure were measured according to standard protocols by the
same trained staff. TSH, FT4, and FT3 were evaluated by
electrochemiluminescence immunoassay using an Abbott Architect
i2000 ((Roche 801, Germany). Serum triglyceride (TG), total
cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), were measured using the
enzymatic colorimetric method with cholesterol esterase, cholesterol
oxidase, and glycerol phosphate oxidase, respectively. All biochemical
tests were performed on the day of sampling using commercial kits by
the auto-analyzer ((Roche 801, Germany), and samples were analyzed
only when quality control met the acceptable criteria.

2.3 Definition

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 >
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8,624 participants who
completed a routine physical
examination from Jan 2023 to

Dec 2023

601 participants who had
thyroid dyfunction or thioid
surgery
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The exclusin criteria:
Missing lipids values(n=11)
Missing BP values (n=37)

7,895 participants were
included in the final analysis

FIGURE 1
The flowchart of the selection of participants for the study.

5.2 mmol/L or LDL-C = 3.4 mmol/L or HDL-C < 1.0mmol/L or TG
> 1.7 mmol/L.

2.4 Calculation

The equations used for calculation are as follows:

TFQI = cdf FT4 — (1 — cdf TSH) (5); cdf: cumulative distribution

function;

TSHI =In TSH (mIU/L) + 0.1345 x FT4 (pmol/L) (11);

BMI=Weight (kg)/height(m)?

TyG = Ln[TG (mg/dL) x FPG (mg/dL)/2]

A higher value of TSHI or TT4RI indicates a lower central
sensitivity to THs. As for TFQI, a negative value indicates greater
pituitary sensitivity to THs, a positive value indicates less sensitivity and
a value of 0 indicates normal sensitivity. TFQI was calculated with FT4
and TSH values according to the empirical cumulative distribution
function. The advantage of TFQI is that it will not produce extreme
values in the case of thyroid dysfunction and is more stable than TT4RI
and TSHI. The TFQI value ranges from — 1 to 1. FI3 to FT4 ratio
(FT3/FT4) was used to assess peripheral thyroid sensitivity. The higher
the FT3/FT4 ratio, the better peripheral sensitivity to thyroid hormones
(9). The triglyceride-glucose (TyG) index, determined from fasting
plasma glucose (FPG) and triglycerides (TG), has been proposed as a
convenient and reliable method to evaluate peripheral IR (12), as well
as a potential risk marker of various disease (13, 14).

2.5 Statistic methods

In this analysis, continuous baseline variables were summarized
using the mean + standard deviation (SD) and compared using t-
tests. The two-sided P value <0.05 was considered statistically
significant. The enumeration data were expressed as frequencies
and percentages (n [%]), and group comparisons were compared
using one-way ANOVA test. The association between ASCVD risk
factors and thyroid sensitivity was investigated using multivariable
linear analyses. Multivariate logistic regression analysis was used to
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Missing weight values (n=36)
Others (n=44)

evaluate the relationship between thyroid hormone sensitivity and
ASCVD risk factors. All data was analyzed using the statistical
software SPSS 23.0, with a two-tailed p-value < 0.05 considered
statistically significant.

3 Result

3.1 Baseline characteristic of the study
population

The 7,895 euthyroid participants in the study cohort werel8
years of age and older with a mean age of 43.93 years (range: 18-89
years). The proportion of females is highest in Q1 and decreases
progressively from Q1 to Q4.With higher TFQI quartiles, the BMI of
the population was lower (from 24.64kg/m? in the 1% quartile to
24.20 kg/m? in the 4th quartile, p < 0.05; Table 1). However, the sUA
levels were higher with progressively higher TFQI quartiles (from
333.80 + 87.58 pmol/L in thelst quartile to 358.07 + 92.97 umol/L in
the 4th quartile, p < 0.05; Table 1). With higher TFQI quartiles, the
TC and TG of the population were progressively lower (TC: from
5.13mmol/L in 1 quartile to 5.05 4™ quartile; TG: from1.75mmol/L
in 1% quartile to 1.60mmol/L in 40 quartile, 1.60; P< 0.05; Table 1).
With higher TFQI quartile, the DBP of the population was
progressively higher (from 75.17mmHg in 1°' quartile to
77.25mmHg in 4™ quartile, p < 0.05; Table 1). Table 1 presents
the trends of age, blood lipids, blood pressure, uric acid, BMI, blood
glucose, and thyroid hormones with increasing Thyroid Feedback
Quantile Index (TFQI) quartiles among euthyroid participants.

3.2 The prevalence of metabolic
abnormalities at different TSQI quantiles

The research delves deeper, comparing the prevalence of ASCVD
risk factors across the TFQI quartiles (Table 2). When specifically
examining hyperuricemia, a crucial component of ASCDV, a
statistical significance emerges when juxtaposing the four groups (p
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TABLE 1 Baseline characteristic of the study population based on TFQI quartile (x + SD).

10.3389/fendo.2025.1602202

Total TFQI P values
population st . nd : rd : th :
. (n=7,895) 1 Quartile (Q1) 2" Quartile (Q2) 3™ Quartile (Q3) 4™ Quartile (Q4)
Variables
-1,-0.264 -.0264,0.007 -0.007,0.235 0.235,1
(n=1995) (n=2004) (n=1927) (n=1969)

Age (year) 43.93 + 12.82 46.16 + 12.42 44.54 +12.30 4334 + 12.87 41.64 + 13.20 0.000
Sex (M/F) 7895 (4126/3769) | 1995 (994/1001) 2004 (1036/968) 1927 (1012/915) 1969 (1084/885) 0.00
BMI (kg/m2) 2440 + 3.64 24.64 + 17.47 2450 + 3.51 2423 + 3.62 2420 £ 3.71 0.000
SBP (mmHg) 123.44 + 17.39 122.99 + 17.47 122.72 + 16.79 12351 + 18.10 12446 + 17.29 0.007
DBP (mmHg) 76.03 + 10.62 75.17 + 11.04 75.64 + 10.58 76.02 + 10.70 77.25 + 10.08 0.000
LDL-C (mmol/L) 275 +0.76 2.76 + 0.76 2.76 + 0.76 275 +0.76 2724077 0.182
HDL-C (mmol/L) 1.63 = 0.38 159 = 0.37 162 £ 0.38 1.64 % 0.38 1.64 = 0.37 0.000
TC (mmol/L) 5.10 + 0.95 513 +0.94 5.13 £ 097 5.08 +0.92 5.05 + 0.95 0.014
TG (mmol/L) 168 + 1.32 175 £ 1.50 1.73 + 146 164 + 115 160 + 1.15 0.014
FBG (mmol/L) 5.59 + 1.05 5.54 + 1,01 5.55 + 0.93 563 + 1.10 562 + 111 0.000
UA (umol/L) 344.44 + 89.62 333.80 + 87.58 341.48 + 87.44 344.30 + 89.48 358,07 + 92.97 0.000
G 1.02 +0.32 1.03 +0.33 1.03 + 0.31 1.02 + 031 101 + 0.30

TSH (mlu/l) 2.54 +2.14 156 & 0.45 211073 2.87 + 1.83 3.50 + 153 0.000
FT3 (pmol/L) 5.11 + 084 493 £ 0.65 507 +0.62 5.10 + 0.64 5.28 + 0.66 0.000
FT4 (pmol/L) 17.26 + 2.81 1551 + 1.48 16.80 + 1.89 17.56 + 2.73 19.13 + 2.67 0.000
TT3 1.82 £ 0.36 1.78 + 031 1.80 + 0.32 1.83 +0.35 1.87 + 0.40 0.000
TT4 98.23 + 18.05 9LI1 + 14.27 98.92 + 18.47 99.48 + 17.36 105.98 = 1991 0.000

BMI, body mass index; BP, blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides; FBG, fasting blood
glucose; TFQI, Thyroid Feedback Quantile-based Index; TyG, Triglyceride glucose index; TSH, Thyroid-stimulating hormone; fT4, free thyroxine; FT3, free triiodothyronine.

< 0.001, Table 2). However, in the case of lipid metabolism disorders,
hyperglycemia, and hypertension, the data do not reveal any
statistically significant differences across the four quartiles.

3.3 The number of metabolic abnormalities
at different TSQI quantiles

Another dimension of the research involves an in-depth
exploration of the co-occurrence of various metabolic
abnormalities across the four quartiles. Intriguingly, the data do
not exhibit any statistically significant differences in the number of
metabolic abnormalities across the quartiles, Figure 2.

3.4 Differences of thyroxine sensitivity
indicators in different metabolic
populations

We compared diverse thyroid hormone sensitivity indicators
within populations grappling with different metabolic diseases
(Table 3). Specifically, the F3/FT4 was found to exhibit statistical
significance when juxtaposed across populations with high uric acid

Frontiers in Endocrinology

levels, high fasting blood sugar, and high triglycerides. Furthermore,
the TSHI in populations with high TC levels was found to be higher
than that in populations with normal TC levels (3.11 £ 0.55 vs. 3.14
+ 0.56, p < 0.05; Table 3).

TABLE 2 Prevalence of metabolic abnormalities at different TSQI
quantiles (%).

Variables P values
High BP 16.8 15.3 18.8 18.8 0.068
High BMI 54.8 57.0 55.5 542 0.541
High UA 16.9 184 19.7 227 0.000
High BG 16.1 15.1 17.4 15.3 0.337
High LDL 26.0 26.7 248 248 0.370
High HO 447 449 422 448 0.117
High TG 347 359 337 332 0.238
Low HDL 7.8 6.0% 6.9 7.0 0.008
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FIGURE 2
The number of metabolic abnormalities at different TSQI quantiles (%).
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Four or above

3.5 Correlation between different thyroxine
sensitivity indexes and risk factors for
ASCVD

Another dimension of the research involves a systematic
examination of the relationship between ASCVD risk factors and
thyroid sensitivity (Table 4). The results revealed that TFQI
positively correlates with DBP, SBP, TG, FBG, and UA, and the
TyG index. On the other hand, TSHI positively correlates with SBP,
DBP, FBG, UA, and the TyG index. Additionally, FT3/FT4

TABLE 3 Differences of thyroxine sensitivity indicators in different
metabolic populations.

Variables Y or N Ln TFQI TSHI FT3/FT4

Y 0.82 + 0.54 3.15 + 0.56 0.30 + 0.04
HP

N 0.80 + 0.48 3.12 + 0.56 0.30 + 0.05

Y 0.81 + 0.49 3.18 + 0.55 0.29 + 0.04
High UA

N 0.80 + 0.49 3.11 +0.55 0.31 + 0.04**

Y 0.79 + 0.49 3.10 + 0.58 0.30 + 0.04
Obesity

N 0.81 + 0.55 3.13 +0.55 0.32 + 0.05*

Y 0.81 + 0.50 3.13 +0.53 0.30 + 0.05
High FBG

N 0.81 + 0.49 3.13 + 0.56 0.31 + 0.05*

Y 0.81 + 0.47 3.12 +0.55 0.30 + 0.04
High LDL

N 0.80 + 0.51 3.13 +0.55 0.30 + 0.05

Y 0.81 + 0.50 3.10 + 0.53 0.29 + 0.04
High TG

N 0.81 + 0.49 3.14 + 0.57 0.31 + 0.05**

Y 0.81 + 0.54 3.13 + 0.56 0.30 + 0.04
Low HDL

N 0.81 + 0.49 3.02 + 0.54 0.30 + 0.04

Y 081 + 0.50 3.11 +0.55 0.29 + 0.05
High TC

N 0.81 + 0.48 3.14 +0.56* | 030 + 0.04

**P<0.01, *P<0.05.

Frontiers in Endocrinology

negatively correlates with DBP, SBP, TC, TG, and UA, while
positively correlating with HDL-C and the TyG index.

3.6 Associations between TFQI and risk
factors for ASCVD

The Table 5 presents the odds ratios (OR) and 95% confidence
intervals (CI) for ASCVD risk factors across four quartiles (Q1, Q2, Q3,
Q4), with Q1 serving as the reference group. The odds of high UA
increase significantly in Q4 (OR = 1.21, P = 0.03), indicating a potential
positive association with higher quartiles. The odds of obesity are
significantly lower in Q3 and Q4 (OR = 0.81, P=0.023 and P=0.024,
respectively), suggesting a negative association with higher quartiles. HP
is a strong positive association with increasing quartiles, especially in Q3
(OR = 1.40, P < 0.001) and Q4 (OR = 1.50, P < 0.001). The odds of high
FBG are significantly higher in Q3 (OR = 1.28, P = 0.007), but not in
Q4.High LDL, High TG, and High TC: No significant associations were
observed across the quartiles for these indicators, indicating relatively
stable odds, but the results for Low HDL (Low High-Density
Lipoprotein) show a significant association across the quartiles.

4 Discussion

Previous studies have only analyzed the correlation between
thyroid hormone sensitivity and individual metabolic indicators in
euthyroid populations. This study is the first to comprehensively
analyze the relationship between thyroid hormone sensitivity and
various risk factors for atherosclerotic cardiovascular disease
(ASCVD), as well as the association between the number of
metabolic abnormalities and thyroid hormone sensitivity. The
present study provides novel insights into the relationship between
thyroid hormone sensitivity and the risk factors for ASCVD in a
euthyroid population in Beijing. The findings suggest that even
within the normal range of thyroid function, subtle changes in
hormone sensitivity could impact cardiovascular health, potentially
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TABLE 4 Correlation between different thyroxine sensitivity indexes and risk factors for ASCVD.

Variables TFQl TSHI FT3/FT4
P values P values P values
DBP 0.087 0.000 0.071 0.071 -0.031 0.021
SBP 0.084 0.000 0.000 0.000 -0.034 0.012
LDL-C 0.002 0.856 0.007 0.628 -0.010 0.444
HDL-C 0.003 0.765 0.008 0.549 0.085 0.000
TC 0.007 0.628 0.005 0.739 -0.041 0.001
TG 0.026 0.049 -0.12 0371 0.036 0.008
FBG 0.092 0.000 0.088 0.000 -0.23 0.088
UA 0.064 0.000 0.062 0.000 -0.028 0.041
TyG 0.029 0.041 0.035 0.011 0.070 0.000

contributing to ASCVD development. We provide evidence of the
association between sensitivity to thyroid hormones and metabolic
disorders, including obesity, dyslipidemia, blood pressure, TyG,
HUA and high FBG. Using central and peripheral thyroid
hormone sensitivity, we evaluated thyroid hormone sensitivity and
associations with ASCVD risk factors in the euthyroid population.
Impaired thyroid hormone sensitivity has been reported in
various euthyroid populations, with several studies highlighting its
association with adverse health outcomes. A study by Mehran et al.
(15)found that reduced sensitivity to thyroid hormone was associated
with diabetes and hypertension in euthyroid individuals. Similarly,

TABLE 5 Associations between TFQI and risk factors for ASCVD.

Sun et al. (16) reported that impaired thyroid hormone sensitivity
was linked to hyperuricemia, obesity, and cardiovascular disease risk
in subjects with subclinical hypothyroidism. These findings suggest
that thyroid hormone sensitivity indices may serve as early indicators
of metabolic and cardiovascular risks in euthyroid populations.
Impaired thyroid hormone sensitivity in euthyroid individuals
has significant clinical implications, particularly in terms of metabolic
and cardiovascular health. A study by Ye et al. (17) found that
euthyroid participants with impaired thyroid hormone sensitivity, as
indicated by higher TSHI, TT4RI, TFQI, and PTFQI values, had a
lower heart rate (<60 beats/min). This suggests that impaired thyroid

Variables

OR (95%Cl)

High UA OR (95%CI) 1 (Reference) 1.02 (0.85, 1.22) 1.18 (0,98, 1.40) 1.21 (1.02, 1.44)
P value 0.85 0.08 0.03
Obesity OR (95%CI) 1 (Reference) 0.87 (0.73, 1.04) 0.81 (0.68, 0.97) 0.81 (0.67, 0.97)
P value 0.12 0.023 0.024
HP OR (95%CI) 1 (Reference) 0.97 (0.81,1.17) 1.40 (1.17,1.68) 1.50 (1.25,1.79)
P value 0.778 0.00 0.00
High FBG OR (95%CI) 1 (Reference) 1.00 (0.83,1.20) 1.28 (1.07,1.53) 1.13 (0.94,1.36)
P value 0.97 0.007 0.194
High LDL OR (95%CI) 1 (Reference) 1.07 (0.92,1.23) 0.99 (0.86,1.15) 1.01 (0.87,1.17)
P value 0.39 0.92 0.94
High TG OR (95%CI) 1 (Reference) 1.06 (0.93,1.21) 1.01 (0.88,1.16) 0.82 (0.72,0.95)
P value 0.38 0.88 0.08
Low HDL OR (95%CI) 1 (Reference) 0,78 (0.61,1.00) 0.61 (0.47,0.80) 0.62 (0.47,0.81)
P value 0.00 0.00 0.00
High TC OR (95%CI) 1 (Reference) 1.06 (0.93,1.20) 0.98 (0.86,1.11) 0.96 (0.84,1.10)

P value

0.40

0.73

0.58

ALL analysis adjust for age and sex.
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hormone sensitivity may be associated with bradycardia, which could
potentially impact cardiovascular function.

We observed that a higher proportion of males are found in the
upper quartiles of TFQI suggests that males may have greater
thyroid hormone sensitivity compared to females. This may be
attributed to the fact that males typically exhibit higher testosterone
levels, which have the capacity to augment thyroid hormone
sensitivity and metabolism, thereby potentially elevating TFQI
values. Additionally, the higher basal metabolic rates observed in
males may further enhance thyroid hormone sensitivity,
consequently resulting in higher TFQI values.

Thyroid hormone sensitivity indices may also be associated
with body composition and metabolic syndrome. A study by Ying
Li et al. (18)found that impaired thyroid hormone sensitivity was
associated with an increased body fat mass/muscle mass ratio (F/M)
in euthyroid individuals, particularly in males, individuals under 65
years of age, and those with a BMI > 25 kg/m*. This association
highlights the potential role of thyroid hormone sensitivity in
modulating body composition and metabolic health.

Our findings reveal a significant association between impaired
sensitivity to thyroid hormones and several ASCVD risk factors,
including hypertension, dyslipidemia, and high uric acid. These
relationships underscore the multifaceted nature of ASCVD
pathogenesis and suggest that thyroid hormone sensitivity could
be an underappreciated factor in cardiovascular risk stratification.

Euthyroid subjects with higher TFQI in the current study were
less prone to have a high BMI and high LDL in contrast to previous
reports (5, 19), but consistent with Mehran’s findings (15). TFQI is
mainly an indicator of central resistance to thyroid hormones. Higher
FT4 levels in patients with reduced sensitivity to thyroid hormones
results in an elevated muscle-derived resting energy expenditure and
TH-mediated mitochondrial uncoupling, which protects excess
weight gain. An individual with high central thyroid hormone
sensitivity, that is, TSH has a better response to T4. Therefore, it
seems rational to have a higher BMI in individuals with high thyroid
hormone sensitivity, which is not consistent with our results. We
speculate that this discrepancy reflects the characteristics of sensitivity
and metabolism in euthyroid individuals, and peripheral thyroid
sensitivity regulation may play a role in this.

MITCHELL et al. reported RTH has positively correlated with
SBP and DBP (20). In the current survey, SBP and DBP was
consistently associated with all indices of RTH, such as TSHI, and
TFQ], in euthyroid subjects, with higher TFQI quartile, the DBP of
the population was progressively higher, the strong positive
association between HP and increasing quartiles, particularly in Q3
(OR = 1.40, P < 0.001) and Q4 (OR = 1.50, P < 0.001). This finding
aligns with previous studies linking chronic infections to systemic
inflammation and cardiovascular risk. Given the high prevalence of
HP infection in many populations, screening and treatment for HP
could potentially reduce ASCVD risk which might justify the reduced
effect of thyroid hormones in arterial smooth muscle relaxation
leading to increased systemic vascular resistance and reduced
endothelium-dependent vasodilatation and nitricoxide availability.

TSHI and TFQI were differently associated with adverse
metabolic outcomes in the whole population, which might be
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derived by the extreme values of TSH and fT4 in the total
population. TFQI was significantly associated with most ASCVD
risk factors except for LDL-C, HDL-C and TC in the whole
population. The absence of significant associations for high LDL,
high TG, and high TC across the quartiles suggests that these lipid
parameters may not be strongly influenced by the quartile levels in
this study. The relatively stable odds across quartiles could be due to
effective lipid management or the influence of other confounding
variables. TSHI was associated with SBP, FBG, UA and TyG, FT3/
F4 was also significantly associated with most ASCVD risk factors
except for FBG and LDL-C. The different results found for various
indices may be related to the formula defined for each index. In
TFQI, both parameters of TSH and fT4 are incorporated in
calculating resistance to thyroid hormones, and these indices
present the joint distribution of both fT'4 and TSH values with
the advantage of not yielding extreme values of thyroid hormones.
TSHI represent extreme values of each FT4.

While our analysis revealed statistically significant differences in
HDL-C and BMI across quartiles (p < 0.000), the magnitude of
these differences was small. These findings highlight the importance
of considering both statistical significance and effect size when
interpreting results. In contrast, variables such as TFQI, TSH, and
FT3/FT4 showed larger effect sizes and more clinically relevant
differences, emphasizing the need for a balanced interpretation of
the data.

Previous studies reported a high incidence of HUA in patients
with hypothyroidism and hyperthyroidism (21, 22); in patients with
hyperthyroidism, elevated serum urate is closely correlated with T4
concentration (23). Other studies have found that the relationship
between TSH levels and serum urate is weak, or that hypothyroidism
is closely related to gout, but is weakly related to HUA (24). In our
study, we found that euthyroid individuals had an increase in uric
acid as thyroid hormone sensitivity decreases. Uric acid were
positively correlated with central thyroid hormone resistance and
negatively correlated with peripheral thyroid hormone sensitivity.
The significant increase in the odds of high UA in the highest quartile
(Q4, OR = 1.21, P = 0.024) suggests a potential positive association
with higher quartile levels. Elevated uric acid levels have been
implicated in cardiovascular risk through mechanisms such as
endothelial dysfunction and inflammation. This finding
underscores the importance of monitoring uric acid levels,
especially in individuals with other cardiovascular risk factors.

Diabetes and thyroid disease are two closely related disorders.
Some studies reported a positive correlation between FT4 and FPG
levels (25). Regarding the relationship between blood glucose and
thyroid hormone sensitivity, our study found decreased thyroid
hormone sensitivity to be associated with increased FBG. The
significant increase in the odds of high FBG in Q3 (OR = 1.28, P =
0.007) but not in Q4 highlights the complex relationship between
fasting blood glucose and cardiovascular risk. The lack of significance
in Q4 might be due to a plateau effect or differences in the distribution
of other risk factors. This finding emphasizes the need for early
detection and management of hyperglycemia. This result may explain
the discordant findings previously reported. These associations were
statistically significant results in TSHI, TFQI and FT3/FT4. Several
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cross-sectional studies among Chinese population reported that a
decreased sensitivity/increased resistance to thyroid hormones were
associated with reduced risk of pre-diabetes or BMI (26, 27). SCH is a
strong indicator of risk for atherosclerosis and myocardial infarction
in older women (3). For patients with hypothyroidism or SCH with
low T4 sensitivity and preexisting CVD, it is worth exploring whether
appropriate therapeutic intervention is necessary. Because our
analysis focused on sensitivity to thyroid hormone indices, which
are all FT4 based, FT3 was intentionally excluded from the models,
since it was considered to be downstream in the action pathway.
Actually, deiodinases balance may play a role in the modulation of
sensitivity to thyroid hormones (28), and future projects should be
devoted to specifically study their role in resistance to thyroid
hormone in obesity, metabolic syndrome, and diabetes.

The current study has several strengths, including the large
sample size and population-based design, the novelty value of the
subject, suitable exclusion criteria, adjusting for relevant confounding
factors, and assessment of 3 different indices of thyroid hormone
resistance in both the euthyroid and total population.

4.1 Limitations

Several limitations in this study should be acknowledged. First,
current data were from only one hospital. The findings should be
confirmed in other populations. Second, as with other observational
designs, the causal relationship might not be inferred, and potential
residual confounding was unavoidable, although we have adjusted for
the major confounders. Third, The cross-sectional nature of this study
is a significant limitation, as it restricts our ability to draw definitive
causal inferences from the observed associations. Future research
should consider longitudinal designs to better understand the
temporal relationships between the variables examined in this study.

5 Conclusions

This study provides evidence that impaired sensitivity to thyroid
hormones is associated with ASCVD risk factors in a euthyroid
population in Beijing. Therefore, we hypothesized that RTH could be
used as a new predictor of ASCVD providing help for early screening
and preventive of ASCVD. The findings underscore the need for
further research to understand the mechanisms underlying this
association and to explore potential therapeutic interventions.

In conclusion, this study provides evidence that impaired
sensitivity to thyroid hormones is associated with ASCVD risk
factors in a euthyroid population. These findings contribute to our
understanding of the complex interplay between thyroid function,
thyroid hormone sensitivity, and cardiovascular health. They also
highlight the need for further research to explore the potential
clinical utility of assessing thyroid hormone sensitivity in
cardiovascular risk stratification and management. Future
research should explore these associations using longitudinal or
experimental designs to establish causality and provide a more
comprehensive understanding of the underlying mechanisms.
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