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Background: It is unclear if impaired thyroid hormone sensitivity interacts with
homocysteine (Hcy), a known risk factor for cardiovascular diseases (CVD), despite the
fact that it has been identified as a prevalent metabolic condition.We aimed to analyze
the association between thyroid hormone sensitivity indices and homocysteine levels in a
Chinese health check-up population.

Methods: Thyroid hormone sensitivity was assessed by the Thyroid Feedback
Quantization Index (TFQI), the parameter TFQI (PTFQI), the TSH index (TSHI) and
the thyrotropin thyroxine resistance index (TT4RI) and FT3/FT4 ratio. Linear
regression analyses, logistic regression analyses and restricted cubic spline
were used to investigate the relationship between thyroid hormone sensitivity
and Hcy levels.

Results: This study included 11144 medical examiners. Subjects with impaired
thyroid hormone sensitivity had higher Hcy levels, according to the results (P <
0.001). Quartiles of TFQI, PTFQI, TSHI, and TT4RI were linked to Hcy levels,
according to logistic regression analysis, and these associations persisted even
after controlling for a number of risk factors. The odds ratio (95% ClI) for
Hyperhomocysteinemia (HHcy) in the highest quartile of TFQI was 1.294
(1.114,1.504), for PTFQI was 1.293 (1.113, 1.503), and for TSHI was 1.222 (1.050,
1.422) (P < 0.001) after controlling for age, sex, body mass index, dyslipidemia,
diabetes, and hypertension.

Conclusions: A significant association between impaired thyroid hormone
sensitivity and elevated Hcy levels exists in a Chinese population with normal
thyroid function.
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1 Introduction

Homocysteine (Hcy) is a sulfur-containing amino acid
structurally similar to cysteine and is an intermediate in methionine
metabolism. Hyperhomocysteinemia (HHcy) is characterized by
pathologically elevated levels of Hcy in the blood, which result from
disruptions in metabolic reactions involving essential vitamins (B6,
B12, and folate) and enzymes, particularly methylenetetrahydrofolate
reductase (MTHFR) (1). The prevalence of HHcy varies by region.
The highest prevalence is found in Iran (73.1%) (2), followed closely
by parts of Africa (62.3%) (3). In China, the prevalence of HHcy has
increased from 27.5% to 37.2% over the past two decades (4), which is
higher than that in the United States (6.9%) (5) and Canada (19.1%)
(6). Nutritional deficiencies, alcohol consumption, untreated celiac
disease, and prolonged use of proton pump inhibitors can all lead to
elevated Hcy levels because proton pump inhibitors play a key role in
Hcy metabolism (7-9). Elevated Hcy is also associated with
atherosclerosis (10), chronic kidney disease (11), Parkinson’s disease
(12), metabolic-associated steatohepatopathy (MASLD) (13), and
thyroid disease (14, 15), among other diseases.

Thyroid hormones are biologically active substances synthesized
and secreted by the thyroid gland, mainly including thyroxine (T4) and
triiodothyronine (T3). These hormones influence cellular functions
and metabolism primarily by binding to nuclear thyroid hormone
receptors, which in turn regulate gene transcription (16). Previous
studies have shown a negative correlation between thyroid hormone
levels and Hcy levels. Patients with hyperthyroidism usually have lower
Hcy levels compared to euthyroid individuals, whereas patients with
hypothyroidism exhibit elevated Hcy levels (15, 17). However, some
studies show that Hcy levels are significantly elevated in patients with
hyperthyroidism (18), Therefore, more studies are needed to explore
the relationship between thyroid hormone levels and Hcy levels.
Further studies have revealed that mild acquired resistance to thyroid
hormone may occur within the general population. the Thyroid
Feedback Quartile Index (TFQI) has been identified as a new
indicator of central sensitivity to thyroid hormone, and other
composite indices include the Thyrotropin Resistance Index (TT4RI),
the TSH Index (TSHI), and the Parametric TFQI (PTFQI).
Additionally, peripheral variability of thyroid hormones can be
assessed by the Free Thyroxine (FT3)/FT4 ratio (19). Thyroid
hormone sensitivity has been linked to several disorders, such as
hyperuricemia (20), elevated residual cholesterol levels (21), and
vitamin D deficiency (22). However, there have been limited studies
on the correlation between thyroid hormone sensitivity and Hcy levels
in subjects with normal thyroid function. Therefore, in this study, we
aimed to gain insight into the interactions and relationships between
thyroid hormone sensitivity and Hcy levels in a Chinese population
with normal thyroid function.

2 Materials and methods
2.1 Study population

This study enrolled participants (aged > 18 years) who
underwent a routine physical examination at the Health
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Management Center of Wuhan Union Hospital from January
2020 to December 2023. Participants with abnormal thyroid
function, a history of thyroid disease, hormone replacement
therapy, use of medications known to affect serum Hcy levels
(determined by reviewing their past medical and medication
history), with severe organ failure, or pregnancy were excluded.
Ultimately, 11,144 subjects were recruited for the final analysis. The
research was approved by the Ethics Committee of Union Hospital,
Tongji Medical College, Huazhong University of Science and
Technology. The study procedures adhered to the requirements of
the Declaration of Helsinki. The requirement for written informed
consent was waived due to the retrospective nature of the study.

2.2 Data collection

Physiologic parameters were collected: systolic blood pressure
(SBP), diastolic blood pressure (DBP), weight and height.
Laboratory parameters: total bilirubin (TBIL), direct bilirubin
(DBIL), alanine aminotransferase (ALT), aspartate aminotransferase
(AST), gamma-glutamyl transferase (GGT), triglycerides (TG), high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein
(LDL), total cholesterol (TC), blood urea nitrogen (BUN), creatinine
(CR), urea nitrogen, uric acid (UA), fasting blood glucose (FBG),
glycosylated hemoglobin (HbAlc), Hcy, FT4, FT4 and thyroid
stimulating hormone (TSH). Dyslipidemia was defined as TG > 1.7
mmol/L, HDL-C < 1.0 mmol/L, LDL-C > 3.4 mmol/L, and C > 5.2
mmol/L. Diabetes was defined as a fasting FBG>7.0 mmol/L, use of
diabetic medications, or a history of self-reported diabetes.
Hypertension was defined as use of antihypertensive medications,
sSBP >140 mmHg, or DBP 290 mmHg.

2.3 Indices of thyroid hormone sensitivity

Four different indices were calculated to assess central
sensitivity to thyroid hormones as follows:

TEQI = (cdf)FT4 - (1 - cdf TSH);

TSHI = InTSH (uIU/ml) + 0.1345 x FT4 (pmol/L);

TT4RI = FT4 (pmol/L) x TSH (WIU/ml);

PTHQI = & ((FT4 - UFT4)/6FT4) - (1 - ® ((In TSH - pln
TSH)/cln TSH)).

Among them, TFQI was calculated using the cumulative
distribution function and PTHQI was calculated using the
standard normal cumulative distribution function, these indices
measure how appropriately the TSH response aligns with
circulating FT4. Higher values indicate lower central sensitivity to
thyroid hormone. The peripheral index of thyroid hormone
sensitivity is calculated as follows: FT3/FT4 ratio = FT3 (pmol/L)/
FT4 (pmol/L).The higher the FT3/FT4 ratio, the better the
peripheral sensitivity to thyroid hormone.
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2.4 Statistic analysis

All analyses were performed using SPSS 26.0 (Chicago, IL, USA).
Normality was examined by the Kolmogorov-Smirnov test. Skewed-
distribution variables were described as median and interquartile range.
Data of categorical variables were expressed as numbers (%) and the
Chi-square test was used to compare groups. The difference between
two groups was compared by the Mann-Whitney U test. Furthermore,
multiple comparisons between groups were conducted using a general
linear model with one-way analysis of covariance (ANCOVA) followed
by Bonferroni post hoc tests, considering age and sex as covariates. P for
trend was calculated by linear regression analyses. Multivariable linear
regression analyses, adjusted for age, sex, BMI, diabetes, dyslipidemia,
and hypertension, were used to examine the correlation between Hcy
and thyroid parameters. Lastly, using three models that adjusted for
potential confounding variables, stepwise multivariable logistic
regression analysis was used to assess the relationships between
HHcy and markers of thyroid hormone sensitivity. In Modell, we
incorporated the basic demographic indicators of age and gender into
the regression analysis as control variables; In Model 2, we further took
into account the BMI (the most common indicator for weight) as
control variables and continued to incorporate the regression analysis
based on Modell; Finally, we added the three common metabolic-
related chronic disease, diabetes, hyperlipidemia and hypertension as
control variables in the Model 3.The adjusted dose-response
relationships between thyroid hormone sensitivity indices and Hcy
was presented using a restricted cubic spline function using 3 knots at
the 10th, 50th and 90th percentiles (https://www.medsta.cn/). P < 0.05
(two-tailed) was considered statistically significant.

3 Results

3.1 Basic characteristics of the study
population

The baseline characteristics of the study population are shown
in Table 1. The HHcy population comprised 15.6% of the total.
Male participants outnumbered female participants (P < 0.001). In
the HHcy group, age, BMI, and the levels of BUN, CR, and UA were
significantly higher compared to those in the non-HHcy group. The
HHcy group also had a greater proportion of hypertension and
dyslipidemia (P < 0.001). Notably, TFQI and PTFQI levels were
significantly higher in the Hhcy group than in the non-HHcy group
(P < 0.05). However, there were no significant differences in TSH,
TSHI, TT4RI, FT3/FT4 ratio, FBG, HbAlc levels, or the proportion
of diabetic patients.

3.2 Correlation of thyroid hormone
sensitivity with Hcy levels

Figure 1 showed the Hcy levels by quartile of indices of thyroid

hormones sensitivity. Hcy levels increased linearly across TFQI,
PTFQIL TSHI, and TT4RI (P < 0.05). After further adjustment for
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age and sex, Hcy concentrations progressively increased with higher
quartiles of TFQI, PTFQI, TSHI, and TT4RI (Table 2). Multivariate
linear regression analysis revealed that Hcy levels were positively
associated with TFQI (§ = 0.075, P < 0.001) and TT4RI (§ = 0.074,
P =0.005), but not with FT3/FT4 ratio, TSHI, and PTFQI (Table 3).

3.3 Association of sensitivity to thyroid
hormones and elevated Hcy levels

We performed a logistic regression analysis on all patients to
explore the potential relationship between sensitivity to thyroid
hormones and elevated Hcy levels (Table 4). After adjusting for age,
sex, BMI, diabetes, dyslipidemia, and hypertension, the odds ratio
(95% CI) for having HHcy was as follows: TFQI in the highest
quartile was 1.294 (1.114, 1.504), PTFQI was 1.293 (1.113, 1.503),
and TSHI was 1.229 (1.056, 1.432) (P < 0.05). The full-size table is
shown in the Supplementary Material (Supplementary Table S1).
To further investigate, a restricted cubic spline analysis was
conducted to assess the potential nonlinear association between
thyroid hormone sensitivity and Hcy levels. After adjusting for sex,
age, BMI, hypertension, dyslipidemia, and diabetes mellitus, a
statistically significant nonlinear association was observed
between TSHI and Hcy levels (Figure 2). Additionally, we
conducted a subgroup analysis by sex, which also demonstrated a
significant correlation between thyroid hormone sensitivity and
HHcy (Table 5).

4 Discussion

Research indicates that Hcy plays a crucial role in cell signaling.
It also affects cell proliferation, apoptosis, and inflammatory
responses. Additionally, hydrogen sulfide, a metabolite derived
from Hcy, is believed to have a protective effect on the health and
function of blood vessels (23). HHcy is a metabolic disorder
characterized by elevated levels of Hcy in the blood. Its
association with cardiovascular disease (CVD) has attracted much
attention. Numerous studies have confirmed that elevated plasma
Hcy is an independent risk factor for CVD (24). Studies have shown
that Hcy can accelerate atherogenesis through several mechanisms.
These include oxidative stress, impaired endothelial function,
inflammation, epigenetic changes, and disrupted lipoprotein
metabolism (25, 26). In addition, HHcy is linked to several
conditions, including erectile dysfunction (27), chronic kidney
disease (28), and MASLD (13). Nonetheless, controversies
regarding its assessment and management persist, primarily
because of insufficient understanding of its clinical manifestations
and distinct biochemical characteristics, which contribute to
diagnostic delays in disorders related to homocysteine
metabolism. Based on this, we conducted this study.

In this study, we observed that higher FT3 and FT4 levels were
associated with HHcy. Thyroid hormones may affect Hcy metabolism
through several potential mechanisms. First, thyroid hormones play a
role in the regulation of enzymes related to Hcy metabolism. For
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TABLE 1 Comparison of basic characteristics between participants with and without HHcy.

10.3389/fendo.2025.1634589

Variables Total n=11144 Non-HHcy n=9409 HHcy n=1735 P value
Male, n (%) 6946 (62.3) 5370 (57.1) 1576 (90.8) < 0.001
Age, years 51 (44, 59) 51 (44, 58) 53 (45, 62) < 0.001
SBP, mmHg 120 (110, 133) 120 (108, 132) 126 (114, 140) <0.001
DBP, mmHg 76 (68,84) 75 (68,83) 78 (70,86) <0.001
Dyslipidemia, n (%) 2265 (20.3) 1736 (18.5) 529 (30.5) 0.001
Hypertension, n (%) 600 (5.4) 491 (5.2) 109 (6.30) < 0.001
Diabetes, n (%) 4536 (40.7) 3896 (41.4) 640 (36.90) 0.071
BMI, kg/m? 24.1 (22, 26.396) 24.08 (21.9, 26.3) 24.4 (224, 26.7) <0.001
FT3, pmol/L 13 (122, 13.9) 129 (12.2, 13.8) 132 (12.4, 14.1) <0.001
FT4, pmol/L 45 (4.2,4.9) 45 (4.2, 4.9) 4.6 (4.3, 4.9) <0.001
TSH 1.726 (1.252, 2.399) 1.732 (1.261, 2.404) 1.695 (1.221,2.367) 0.1
TSHI 2308 (1.974, 2.642) 231 (1.973, 2.642) 2296 (1.978, 2.647) 0.763
TT4RI 2247 (1631, 31.23) 22.51 (16.33, 31.27) 22.20 (16.25, 30.92) 0.577
TFQI 0.002 (-0.27, 0.27) -0.003 (-0.28, 0.26) 0.029 (-0.25, 0.30) 0.003
PTFQI 0.00 (-0.28, 0.263) -0.003 (-0.286, 0.257) 0.026 (-0.262, 0.294) 0.003
FT3/FT4 ratio 0.349 (0.318, 0.38) 0.349 (0.319, 0.38) 0.349 (0.318, 0.383) 0.768
TG, mmol/L 1.32 (0.92, 2.00) 1.3 (0.9, 1.96) 1.46 (1.03, 2.23) < 0.001
TC, mmol/L 4.93 (4.32, 5.6) 4.94 (4.35, 5.61) 481 (4.18, 5.53) <0.001
HDL_C, mmol/L 1.3 (1.09, 1.58) 1.33 (1.11, 1.6) 1.21 (1.02, 1.44) <0.001
LDL_C, mmol/L 2.895 (2.39, 3.44) 2.9 (2.4, 3.45) 2.85 (2.33, 3.42) 0.012
TBIL, pmmol/L 13.6 (11, 17.3) 135 (10.9, 17.1) 142 (11.2, 18.3) <0.001
DBIL, pmmol/L 4.3 (3.3, 5.6) 42 (33,55) 4.6 (3.5, 6.0) < 0.001
ALT, U/L 22 (16, 33) 22 (16, 33) 24 (17, 36) <0.001
AST, U/L 23 (19, 28) 23 (19, 28) 24 (20, 29) < 0.001
GGT, U/L 22 (15, 35) 21 (14, 33) 26 (18, 42) < 0.001
BUN, mg/dL 4.84 (4.07, 5.73) 4.8 (4.04, 5.68) 5.05 (4.23, 5.97) <0.001
CR, pmol/L 70.1 (59.2, 80.4) 67.8 (57.8, 78.3) 79.9 (72, 88.8) <0.001
UA, pmol/L 343.4 (278.3, 413.4) 334.1 (271.5, 402.8) 391.1 (329.4, 457.1) 0.003
FBG, mmol/L 4.92 (4.59, 5.38) 4.92 (4.6, 5.36) 4.9 (4.53, 5.41) 021
HbAILc, % 55 (5.2, 5.8) 55 (5.2,5.7) 55 (5.2, 5.8) 0.861

Data are expressed mean + SD or median (interquartile range) or number (%). Bold indicates P value < 0.05.HHcy, hyperhomocy steinemia; SBP, systolic blood pressure; DBP, diastolic blood
pressure; BMI, body mass index; FT3, free triiodothyronine; FT4, free thyroxine;TSH, thyroid stimulating hormone; TSHI, TSH index; TT4RI, thyrotropin thyroxine resistance index, TFQI,
thyroid feedback quantile-based index; PTFQI, Parametric thyroid feedback quantile-based index; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; TBIL, total bilirubin; DBIL, direct bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; BUN, blood
urea nitrogen; CR, creatinine; UA, uric acid; FBG, fasting blood glucose; HbAlc, glycated hemoglobin.

instance, thyroid hormones regulate MTHEFR expression and enhance  hypothyroidism develop elevated Cr levels, which may reflect a reduced
its activity, which aids in remethylation of Hcy to methionine, thereby  glomerular filtration rate. This suggests that thyroid hormone levels can
lowering plasma Hcy levels (29). Animal studies have shown that  affect Hcy levels by influencing the renal clearance of Hcy (33).
thyroidectomized rats have reduced MTHEFR levels and activity,  Previous studies explored the relationship between thyroid function
which suggests that hypothyroidism affects Hcy metabolism (30).  and Hcy levels, but no consistent conclusions have been reached. In
Studies show that the kidney contains numerous enzymes involved  fact, Zhou et al. reported in a meta-analysis that plasma Hcy
in Hey metabolism, such as betaine-homocysteine S-methyltransferase ~ concentrations were significantly higher in hypothyroid patients than
and MTHER (31, 32). Other studies have confirmed that patients with ~ in healthy controls and patients with subclinical hypothyroidism
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FIGURE 1

Hcy levels according to the quartiles of TFQI (A), PTFQI (B), TSHI (C), TT4RI (D) and FT3/FT4 ratio (E). Hcy, homocysteine; TFQI, thyroid feedback

quantile-based index; PTFQI, parametric TFQI; TSHI, TSH index; TT4RI, thyrotropin thyroxine resistance index, FT3, free triiodothyronine; FT4, free
thyroxine.

TABLE 2 Hcy levels across the quartiles of TFQI, PTFQI, TSHI, TT4RI and FT3/FT4 ratio.

Variables Q1 Q2 Q3 Q4 P value
TFQI 2.364(2.351,2.377) 2.390(2.377,2.403) ** 2.402(2.389,2.415) ¥ | 2.430(2.417,2.443) X [###]++ <0.001
PTFQI 2.364(2.351,2.377) 2.389(2.376,2.403) **/+++ | 2.403(2.390,20416) *** | 2.429(2.416,2.443) ***/###/++ <0.001
TSHI 2.374(2.360,2.387) 2.400(2.387,2.413) ** 2.397(2.383,2.410) * 2.416(2.403,2.429) ***/++ <0.001
TT4RI 2.381(2.367,2.394) 2.396(2.383,2.410) 2.398(2.384,2.411) 2.412 (2.398,2.425) ** 0.016

Data are expressed as adjusted mean and 95% CI. P values were performed by analysis of covariance (ANCOVA) adjusted for age and gender. Hcy levels were transformed as LnHcy for analysis.
Hcy, homocysteine; PTFQI, parametric TFQI; TFQI, thyroid feedback quantile-based index; TSHI, TSH index; TT4RI, thyrotropin thyroxine resistance index. Bold indicates */#/+ P < 0.05,
*[##[++P < 0.01, **/##4#/+++P < 0.001; *Compared with Quartile 1; # Compared with Quartile 2; + Compared with Quartile 3.The quartiles of Hcy Levels were excluded from the table as not
pass the test for Homogeneity of variance test. The results of the non-parameter test showed that there was not significant different among the quartiles of Hey Levels(P = 0.215). TFQI, thyroid
feedback quantile-based index; PTFQI, parametric TFQI; TSHI, TSH index; TT4RI, thyrotropin thyroxine resistance index.
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TABLE 3 Linear regression analysis for the correlation of thyroid
parameters and Hcy in all participants.

Variables B (95% Cl) P value
TFQI 0.075 (0.052, 0.107) <0.001
TT4RI 0.074(0.001, 0.005) ‘ 0.005

Adjusted R2 = 0.253. Durbin-Waston test=1.961. Dependent variable: Hcy.Independent variables
selected method: Stepwise. Data are expressed as standardized coefficients () and 95% CI for B. P
values were adjusted for age, gender, dyslipidemia, and hypertension. Independents FT3/FT4 ratio,
PTFQI, TSHI were removed as P>0.05. Continuous variables with skewed distributions were Log(e)
A transformed for analysis, such as, Hey, TT4RI and TSHI. TFQJ, t thyroid feedback quantile-based
index; TT4RI, thyrotropin thyroxine resistance index.

(SCH). Furthermore, hypothyroid patients showed a significant
decrease in Hcy levels after levothyroxine treatment (34). Another
study focused on the relationship between SCH patients and Hcy levels
and demonstrated that Hcy levels were significantly higher in SCH
patients than in healthy controls (35). However, another study showed
that patients with hyperthyroidism had elevated Hcy levels. They also
exhibited increased levels of methylmalonic acid, a marker of vitamin
B12 deficiency. Based on these findings, the researchers hypothesized
that elevated Hcy caused by hyperthyroidism may contribute to a
functional vitamin B12 deficiency (18). These conflicting results were
difficult to explain based on the metabolic mechanisms involved in
clinical thyroid disorders. Therefore, Laclaustra et al. introduced new
indices to assess thyroid hormone sensitivity more accurately (19), but

10.3389/fendo.2025.1634589

the relationship within the euthyroid range, as assessed by sensitivity
indices, remains unexplored.

Our study focused on the relationship between peripheral thyroid
hormone sensitivity and Hcy levels in individuals with euthyroid status.
There were significantly more men than women with HHcy. Age, BMI,
the prevalence of hypertension and dyslipidemia, and levels of BUN, CR,
and UA were significantly higher in the HHcy group compared to the
non-HHcy group. TFQI and PTFQI levels were significantly higher in
the HHcy group than in the non-HHcy group. After adjusting for age,
sex, BMI, diabetes, dyslipidemia, and hypertension, we found that
thyroid hormone sensitivity remains significantly associated with
HHcy, but to a lesser extent. This result was consistent with previous
findings (36), however, there is a certain difference between our linear
analysis results and regression analysis, which may be due to the
difference between linear (continuous) modeling and logical
(classification) modeling. Additionally, subgroup analysis showed that
thyroid hormone sensitivity was more strongly correlated with HHCY
in women than in men. This difference may be attributed to hormonal
variations, including the effect of estrogen on thyroid function and
immune response (37, 38). However, not all thyroid sensitivity
indicators were significantly correlated with Hcy levels in our study
results. Similar findings have also been reported in other studies (39, 40),
and differing results may be attributed to the formulas used to calculate
each index. Both TFQI and PTFQI calculations include TSH and FT4
levels to assess thyroid hormone resistance. These indicators present a

TABLE 4 Logistic regression analysis for the association of thyroid hormones sensitivity and elevated Hcy levels.

OR (95%C.1.)

Variables

TFQI -1.00~-0.273 -0.273~0.002 0.002~0.270 0.270~1

Model 1 1.00(Ref) 1.065(0.914,1.240) 1.133(0.972,1.320) 1.288(1.109,1.496) 0.007
Model 2 1.00(Ref) 1.065(0.914,1.241) 1.134(0.973,1.321) 1.289(1.110,1.497) 0.007
Model 3 1.00(Ref) 1.066(0.914,1.243) 1.142(0.980,1.331) 1.294(1.114,1.504) 0.006
PTFQI -1.00~-0.280 -0.280~0 0~0.263 0.263~1

Model 1 1.00(Ref) 1.083(0.930,1.262) 1.145(0.983,1.334) 1.286 (1.107,1.493) 0.009
Model 2 1.00(Ref) 1.084(0.930,1.263) 1.146(0.984,1.335) 1.287 (1.108,1.495) 0.009
Model 3 1.00(Ref) 1.089(0.983,1.269) 1.155(0.991,1.346) 1.293 (1.113,1.503) 0.008
TSHI ~1.974 1.974~2.308 2.308~2.642 2.642~

Model 1 1.00(Ref) 1.150(0.991,1.333) 1.050(0.902,1.223) 1.223(1.051,1.423) 0.042
Model 2 1.00(Ref) 1.148(0.990,1.332) 1.049(0.901,1.222) 1.222(1.050,1.422) 0.043
Model 3 1.00(Ref) 1.158(0.997,1.344) 1.064(0.913,1.240) 1.229(1.056,1.432) 0.040
TT4RI ~16.313 16.313~22.470 22.470~31.236 31.236~

Model 1 1.00(Ref) 1.056(0.911,1.225) 1.059(0.911,1.231) 1.158(0.995,1.348) 0.297
Model 2 1.00(Ref) 1.056(0.911,1.225) 1.058(0.910,1.230) 1.158(0.995,1.347) 0.301
Model 3 1.00(Ref) 1.064(0.917,1.235) 1.074(0.923,1.249) 1.163(0.999,1.355) 0.284

Independent variables used Enter method. Data are expressed as odds ratio (OR) and 95% CI.

Model 1: adjusted for age and gender.

Model 2: adjusted for age, gender, and BMIL.
Model 3: adjusted for age, gender, BMI, diabetes, dyslipidemia, and hypertension.
TFQI, thyroid feedback quantile-based index; PTFQI, parametric TFQI; TSHI, TSH index; TT4RI, thyrotropin thyroxine resistance index.
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FIGURE 2

P for overall <0.001
P for nonlinear = 0.239

Odds ratio (95% C1)

PTFQI2

P for overall = 0,003
P for nonlinear = 0.080

Adjusted dose-response relationship between thyroid hormones sensitivity indices and level of Hcy using the restricted cubic spline method. TFQ,
thyroid feedback quantile-based index; PTFQI, parametric thyroid feedback quantile-based index; TT4RI, thyrotrophic thyroxine resistance index;

TSHI, thyroid-stimulating hormone index.

joint distribution of FT'4 and TSH values. The advantage is that these
indicators do not yield extreme thyroid hormone values. However,
TT4RI and TSHI represent the extreme values of FT4 and TSH,
respectively (41) and are relatively unstable, so the analysis results of
each indicator are different. Overall, this retrospective analysis found that
the risk of impaired thyroid hormone sensitivity and elevated Hcy levels
is increased. Based on the above findings, thyroid dysfunction may
influence Hcy levels by impacting B vitamin status. However, no studies
have yet explored the mechanisms through which alterations in thyroid

TABLE 5 Subgroup analyses stratified by gender.

hormone sensitivity affect Hcy levels. This area warrants further in-
depth investigation in the future.

However, our research also has some limitations. First, our study
was a single-center retrospective study and did not examine the
dynamic changes in thyroid hormone sensitivity indicators, which
limited our ability to determine the causal relationship between thyroid
hormone sensitivity and HHcy. Second, we lacked data on B vitamins,
which may affect Hey levels. Finally, we did not account for the
confounding effects of lifestyle factors such as smoking, physical

Gender TFQI,OR (95% CI) PTFQI,OR (95% CI) TSHI,OR (95% Cl) TyG,OR (95% CI) TT4RI,OR (95% Cl)
Male 1.25 (1.09 ~ 1.45) ** 1.25 (1.08 ~ 1.44) ** 1.16 (1.03 ~ 1.30) * 0.56 (0.46 ~ 0.68) *** 1.01 (1.00 ~ 1.01) **
Female 2.12 (1.39 ~ 3.23) *** 2.14 (140 ~ 3.27) *** 1.68 (1.20 ~ 2.36) ** 1.36 (0.75 ~ 2.44) 1.02 (1.01 ~ 1.03) **

*P < 0.05, **P< 0.01, **P < 0.001; TFQI, thyroid feedback quantile-based index; PTFQI, parametric TEFQI;TSHI, TSH index; TT4RI, thyrotropin thyroxine resistance index.
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activity, and eating patterns. These limitations should be considered
when interpreting our findings.

In conclusion, we found that impaired thyroid hormone sensitivity
indices were associated with elevated Hcy levels in individuals with
normal thyroid function. This study provides new insights into the
interrelationship between thyroid hormones and Hcy metabolism and
establishes a solid theoretical framework for future clinical
interventions. Future research should further investigate the
mechanisms by which thyroid hormones influence Hcy levels.
Additionally, studies should explore the therapeutic potential of
modulating thyroid hormone activity to prevent or treat HHcy.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics
Committee of Union Hospital, Tongji medical college of
Huazhong university of science and technology. The studies were
conducted in accordance with the local legislation and institutional
requirements. Written informed consent for participation was not
required from the participants or the participants’ legal guardians/
next of kin because The requirement for written informed consent
was waived due to the retrospective nature of the study.

Author contributions

RG: Formal Analysis, Writing — original draft, Writing - review &
editing, Data curation, Software, Investigation, Conceptualization,
Methodology, Project administration, Validation. JX: Formal
Analysis, Data curation, Software, Writing — original draft, Project
administration, Methodology, Investigation, Writing — review &
editing, Validation. LY: Data curation, Resources, Writing — review
& editing. YL: Writing — review & editing, Methodology, Investigation,
Conceptualization. SW: Visualization, Conceptualization, Project
administration, Supervision, Writing — review & editing, Resources.
RM: Project administration, Visualization, Supervision,
Conceptualization, Resources, Writing - review & editing. SX:
Resources, Visualization, Project administration, Writing - original
draft, Formal Analysis, Conceptualization, Writing — review & editing,
Supervision, Investigation, Methodology, Software, Data curation.

References

1. Finkelstein JD, Martin JJ. Homocysteine. Int ] Biochem Cell Biol. (2000) 32:385-9.
doi: 10.1016/S1357-2725(99)00138-7

2. Fakhrzadeh H, Ghotbi S, Pourebrahim R, Nouri M, Heshmat R, Bandarian F, et al.
Total plasma homocysteine, folate, and vitamin B12 status in healthy Iranian adults: the

Frontiers in Endocrinology

10.3389/fendo.2025.1634589

Funding

The author(s) declare that no financial support was received for
the research, and/or publication of this article.

Acknowledgments

We would like to extend the participants for their cooperation,
participation and contribution to this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fend0.2025.1634589/
full#supplementary-material

Tehran homocysteine survey (2003-2004)/a cross-sectional population based study.
BMC Public Health. (2006) 6:29. doi: 10.1186/1471-2458-6-29

3. Amouzou EK, Chabi NW, Adjalla CE, Rodriguez-Gueant RM, Feillet F, Villaume
C, et al. High prevalence of hyperhomocysteinemia related to folate deficiency and the

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2025.1634589/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2025.1634589/full#supplementary-material
https://doi.org/10.1016/S1357-2725(99)00138-7
https://doi.org/10.1186/1471-2458-6-29
https://doi.org/10.3389/fendo.2025.1634589
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Gong et al.

677C->T mutation of the gene encoding methylenetetrahydrofolate reductase in
coastal West Africa. Am J Clin Nutr. (2004) 79:619-24. doi: 10.1093/ajcn/79.4.619

4. Zeng Y, Li FF, Yuan SQ, Tang HK, Zhou JH, He QY, et al. Prevalence of
hyperhomocysteinemia in China: an updated meta-analysis. Biol (Basel). (2021) 10:959.
doi: 10.3390/biology10100959

5. LiM, Hu L, Zhou W, Wang T, Zhu L, Zhai Z, et al. Nonlinear association between
blood lead and hyperhomocysteinemia among adults in the United States. Sci Rep.
(2020) 10:17166. doi: 10.1038/s41598-020-74268-6

6. Ahmed S, Bogiatzi C, Hackam DG, Rutledge AC, Sposato LA, Khaw A, et al.
((12)) deficiency and hyperhomocysteinaemia in outpatients with stroke or transient
ischaemic attack: a cohort study at an academic medical centre. BMJ Open. (2019) 9:
€026564. doi: 10.1136/bmjopen-2018-026564

7. Yao Y, Gao LJ, Zhou Y, Zhao JH, Lv Q, Dong JZ, et al. Effect of advanced age on
plasma homocysteine levels and its association with ischemic stroke in non-valvular
atrial fibrillation. J Geriatr Cardiol. (2017) 14:743-9. doi: 10.11909/j.issn.1671-
5411.2017.12.004

8. Cylwik B, Chrostek L. Disturbances of folic acid and homocysteine metabolism in
alcohol abuse. Pol Merkur Lekarski. (2011) 30:295-9.

9. Hirschowitz BI, Worthington J, Mohnen J. Vitamin B12 deficiency in
hypersecretors during long-term acid suppression with proton pump inhibitors.
Aliment Pharmacol Ther. (2008) 27:1110-21. doi: 10.1111/j.1365-2036.2008.03658.x

10. Ma S, Ma F, Ding N, Xie L, Yang A, Shen J, et al. Homocysteine promotes the
pathogenesis of atherosclerosis through the circ-PIAS1-5/miR-219a-2-3p/TEADI axis.
Adv Sci (Weinh). (2025) 12(18):¢2415563. doi: 10.1002/advs.202415563

11. Du X, Ma X, Tan Y, Shao F, Li C, Zhao Y, et al. B cell-derived anti-beta 2
glycoprotein I antibody mediates hyperhomocysteinemia-aggravated hypertensive
glomerular lesions by triggering ferroptosis. Signal Transduct Target Ther. (2023)
8:103. doi: 10.1038/s41392-023-01313-x

12. Al-Kuraishy HM, Al-Gareeb Al Elewa YHA, Zahran MH, Alexiou A, Papadakis
M, et al. Parkinson’s disease risk and hyperhomocysteinemia: the possible link. Cell Mol
Neurobiol. (2023) 43:2743-59. doi: 10.1007/s10571-023-01350-8

13. De Matteis C, Crudele L, Di Buduo E, Cantatore S, Gadaleta RM, Cariello M,
et al. Hyperhomocysteinemia is linked to MASLD. Eur ] Intern Med. (2025) 131:49-57.
doi: 10.1016/j.¢jim.2024.10.014

14. Cakal B, Cakal E, Demirbas B, Ozkaya M, Karaahmetoglu S, Serter R, et al.
Homocysteine and fibrinogen changes with L-thyroxine in subclinical hypothyroid
patients. ] Korean Med Sci. (2007) 22:431-5. doi: 10.3346/jkms.2007.22.3.431

15. Kumar Singh N, Suri A, Kumari M, Kaushik P. A study on serum homocysteine and
oxidized LDL as markers of cardiovascular risk in patients with overt hypothyroidism. Horm
Mol Biol Clin Investig. (2022) 43:329-35. doi: 10.1515/hmbci-2021-0029

16. Coscia F, Taler-Vercic A. Cryo-EM: A new dawn in thyroid biology. Mol Cell
Endocrinol. (2021) 531:111309. doi: 10.1016/j.mce.2021.111309

17. Diekman MJ, van der Put NM, Blom H]J, Tijssen JG, Wiersinga WM. Determinants of
changes in plasma homocysteine in hyperthyroidism and hypothyroidism. Clin Endocrinol
(Oxf). (2001) 54:197-204. doi: 10.1046/j.1365-2265.2001.01170.x

18. Colleran KM, Ratliff DM, Burge MR. Potential association of thyrotoxicosis with
vitamin B and folate deficiencies, resulting in risk for hyperhomocysteinemia and subsequent
thromboembolic events. Endocr Pract. (2003) 9:290-5. doi: 10.4158/EP.9.4.290

19. Laclaustra M, Moreno-Franco B, Lou-Bonafonte JM, Mateo-Gallego R,
Casasnovas JA, Guallar-Castillon P, et al. Impaired sensitivity to thyroid hormones is
associated with diabetes and metabolic syndrome. Diabetes Care. (2019) 42:303-10.
doi: 10.2337/dc18-1410

20. LuY, Wang]J, AnY, LiuJ, Wang Y, Wang G, et al. Impaired sensitivity to thyroid
hormones is associated with hyperuricemia in a Chinese euthyroid population. Front
Endocrinol (Lausanne). (2023) 14:1132543. doi: 10.3389/fend0.2023.1132543

21. Sun H, Zhu W, Liu J, An Y, Wang Y, Wang G. Reduced sensitivity to thyroid
hormones is associated with high remnant cholesterol levels in chinese euthyroid
adults. J Clin Endocrinol Metab. (2022) 108:166-74. doi: 10.1210/clinem/dgac523

22. Zhou L, Wang Y, SuJ, An Y, Liu J, Wang G. Vitamin D deficiency is associated
with impaired sensitivity to thyroid hormones in euthyroid adults. Nutrients. (2023)
15:3697. doi: 10.3390/nul5173697

Frontiers in Endocrinology

09

10.3389/fendo.2025.1634589

23. Yang Q, He GW. Imbalance of homocysteine and H(2)S: significance,
mechanisms, and therapeutic promise in vascular injury. Oxid Med Cell Longev.
(2019) 2019:7629673. doi: 10.1155/2019/7629673

24. Habib SS, Al-Khlaiwi T, Almushawah A, Alsomali A, Habib SA. Homocysteine
as a predictor and prognostic marker of atherosclerotic cardiovascular disease: a
systematic review and meta-analysis. Eur Rev Med Pharmacol Sci. (2023) 27:8598-
608. doi: 10.26355/eurrev_202309_33784

25. Zhang S, Lv Y, Luo X, Weng X, Qi J, Bai X, et al. Homocysteine promotes
atherosclerosis through macrophage pyroptosis via endoplasmic reticulum stress and
calcium disorder. Mol Med. (2023) 29:73. doi: 10.1186/s10020-023-00656-z

26. Karger AB, Nomura SO, Guan W, Garg PK, Tison GH, Szklo M, et al.
Association between elevated total homocysteine and heart failure risk in the multi-
ethnic study of atherosclerosis cohort. ] Am Heart Assoc. (2025) 14:e038168.
doi: 10.1161/JAHA.124.038168

27. Bruk G, Rostomov F, Tyulekbayeva D, Alexey I, Nasirov S, Almanova E, et al.
Hyperhomocysteinemia as a cause of erectile dysfunction. Georgian Med News. (2024)
350):54-6.

28. Chen W, Feng J, Ji P, Liu Y, Wan H, Zhang J. Association of
hyperhomocysteinemia and chronic kidney disease in the general population: a
systematic review and meta-analysis. BMC Nephrol. (2023) 24:247. doi: 10.1186/
§12882-023-03295-y

29. Hustad S, Nedrebo BG, Ueland PM, Schneede ], Vollset SE, Ulvik A, et al.
Phenotypic expression of the methylenetetrahydrofolate reductase 677C->T
polymorphism and flavin cofactor availability in thyroid dysfunction. Am J Clin
Nutr. (2004) 80:1050-7. doi: 10.1093/ajcn/80.4.1050

30. Ayav A, Alberto JM, Barbe F, Brunaud L, Gerard P, Merten M, et al. Defective
remethylation of homocysteine is related to decreased synthesis of coenzymes B2 in
thyroidectomized rats. Amino Acids. (2005) 28:37-43. doi: 10.1007/s00726-004-0151-z

31. Bao L, Vlcek C, Paces V, Kraus JP. Identification and tissue distribution of
human cystathionine beta-synthase mRNA isoforms. Arch Biochem Biophys. (1998)
350:95-103. doi: 10.1006/abbi.1997.0486

32. Selhub J. Homocysteine metabolism. Annu Rev Nutr. (1999) 19:217-46.
doi: 10.1146/annurev.nutr.19.1.217

33. Orzechowska-Pawilojc A, Lewczuk A, Sworczak K. The influence of thyroid
hormones on homocysteine and atherosclerotic vascular disease. Endokrynol Pol.
(2005) 56:194-202.

34. Zou J, Wang Y. Association between serum thyroid measurements and
hyperhomocysteinemia in euthyroid subjects: A retrospective cross-sectional study.
Diabetes Metab Syndr Obes. (2023) 16:3425-33. doi: 10.2147/DMS0.5436381

35. Zhang SF, Li LZ, Zhang W, Guo JR, Liu FF, Ma K, et al. Association between
plasma homocysteine levels and subclinical hypothyroidism in adult subjects: A meta-
analysis. Horm Metab Res. (2020) 52:625-38. doi: 10.1055/a-1199-2633

36. Ding X, Wang Y, Liu ], Wang G. Impaired sensitivity to thyroid hormones is
associated with elevated homocysteine levels in the euthyroid population. J Clin
Endocrinol Metab. (2022) 107:¢3731-7. doi: 10.1210/clinem/dgac371

37. Chakraborty B, Byemerwa J, Krebs T, Lim F, Chang CY, McDonnell DP.
Estrogen receptor signaling in the immune system. Endocr Rev. (2023) 44:117-41.
doi: 10.1210/endrev/bnac017

38. Khan D, Ansar Ahmed S. The immune system is a natural target for estrogen
action: opposing effects of estrogen in two prototypical autoimmune diseases. Front
Immunol. (2015) 6:635. doi: 10.1210/endrev/bnac017

39. Qi X, Fang ], Zhang J, Chen ], Zhang D, Shi R, et al. Association between
sensitivity to thyroid hormone indices and frailty in the elderly: a cross-sectional study.
Front Endocrinol (Lausanne). (2025) 16:1463283. doi: 10.3389/fend0.2025.1463283

40. Chen S, Yang W, Guo Z, Lv X, Zou Y. Association between serum vitamin D
levels and sensitivity to thyroid hormone indices: a cross-sectional observational study
in NHANES 2007-2012. Front Endocrinol (Lausanne). (2023) 14:1243999. doi: 10.3389/
fendo.2023.1243999

41. Mehran L, Delbari N, Amouzegar A, Hasheminia M, Tohidi M, Azizi F. Reduced
sensitivity to thyroid hormone is associated with diabetes and hypertension. J Clin
Endocrinol Metab. (2022) 107:167-76. doi: 10.1210/clinem/dgab646

frontiersin.org


https://doi.org/10.1093/ajcn/79.4.619
https://doi.org/10.3390/biology10100959
https://doi.org/10.1038/s41598-020-74268-6
https://doi.org/10.1136/bmjopen-2018-026564
https://doi.org/10.11909/j.issn.1671-5411.2017.12.004
https://doi.org/10.11909/j.issn.1671-5411.2017.12.004
https://doi.org/10.1111/j.1365-2036.2008.03658.x
https://doi.org/10.1002/advs.202415563
https://doi.org/10.1038/s41392-023-01313-x
https://doi.org/10.1007/s10571-023-01350-8
https://doi.org/10.1016/j.ejim.2024.10.014
https://doi.org/10.3346/jkms.2007.22.3.431
https://doi.org/10.1515/hmbci-2021-0029
https://doi.org/10.1016/j.mce.2021.111309
https://doi.org/10.1046/j.1365-2265.2001.01170.x
https://doi.org/10.4158/EP.9.4.290
https://doi.org/10.2337/dc18-1410
https://doi.org/10.3389/fendo.2023.1132543
https://doi.org/10.1210/clinem/dgac523
https://doi.org/10.3390/nu15173697
https://doi.org/10.1155/2019/7629673
https://doi.org/10.26355/eurrev_202309_33784
https://doi.org/10.1186/s10020-023-00656-z
https://doi.org/10.1161/JAHA.124.038168
https://doi.org/10.1186/s12882-023-03295-y
https://doi.org/10.1186/s12882-023-03295-y
https://doi.org/10.1093/ajcn/80.4.1050
https://doi.org/10.1007/s00726-004-0151-z
https://doi.org/10.1006/abbi.1997.0486
https://doi.org/10.1146/annurev.nutr.19.1.217
https://doi.org/10.2147/DMSO.S436381
https://doi.org/10.1055/a-1199-2633
https://doi.org/10.1210/clinem/dgac371
https://doi.org/10.1210/endrev/bnac017
https://doi.org/10.1210/endrev/bnac017
https://doi.org/10.3389/fendo.2025.1463283
https://doi.org/10.3389/fendo.2023.1243999
https://doi.org/10.3389/fendo.2023.1243999
https://doi.org/10.1210/clinem/dgab646
https://doi.org/10.3389/fendo.2025.1634589
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	The relationship between thyroid hormones sensitivity and hyperhomocysteinemia: a cross-sectional study based on Chinese health check-up population
	1 Introduction
	2 Materials and methods
	2.1 Study population
	2.2 Data collection
	2.3 Indices of thyroid hormone sensitivity
	2.4 Statistic analysis

	3 Results
	3.1 Basic characteristics of the study population
	3.2 Correlation of thyroid hormone sensitivity with Hcy levels
	3.3 Association of sensitivity to thyroid hormones and elevated Hcy levels

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


