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Purpose: This study explored the relationship between thyroid hormone sensitivity and peripheral arterial disease (PAD) in type 2
diabetes mellitus (T2DM) patients with euthyroid, in order to identify potential factors for preventing PAD.

Patients and Methods: A retrospective examination was conducted on 491 type 2 diabetes mellitus patients with euthyroid between
October 2021 and June 2024. Based on an ankle-brachial index (ABI) < 1.0, subjects were categorized into two distinct cohorts: PAD
group (n = 147) and no peripheral arterial disease (NPAD) group (n = 344). In order to evaluate their responsiveness to thyroid
hormone, we calculated several indexes: thyroid feedback quantile-based index (TFQI), thyroid-stimulating hormone index (TSHI),
thyrotroph T4 resistance index (TT4RI), and free triilodothyronine/free thyroxine (FT3/FT4). Then we conducted multivariate logistic
regression analysis and the analysis of the operating characteristic curve of the subjects to determine the accuracy of these indicators in
predicting PAD.

Results: Significant differences were observed in thyroid hormone sensitivity indices across the PAD and NPAD groups. Logistic
regression, adjusted for various covariates, identified higher thyroid hormone sensitivity indices (TFQI, TSHI, and TT4RI) and lower
FT3/FT4 as predictive of PAD. Moreover, Spearman correlation analysis confirmed these findings, demonstrating positive associations
between TFQI, TSHI, TT4RI and PAD, while the FT3/FT4 ratio showed an inverse relationship with the condition. The integrated
thyroid sensitivity indices model (covariate-adjusted) achieved a PAD prediction AUC of 0.628 (95% CI 0.575-0.691), featuring
55.5% specificity and 63.9% sensitivity.

Conclusion: Reduced central and peripheral thyroid hormone sensitivity independently predicts PAD risk in T2DM patients with
cuthyroid.
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Introduction

Diabetes constitutes a critical worldwide health challenge, with incidence rates rising continuously. A comprehensive
review of the latest report by the International Diabetes Federation (IDF) reveals an alarming statistic: in 2024,
approximately 589 million individuals aged 20-79 globally had diabetes. This staggering figure points to an even
more dire future scenario, with estimates projecting an increase to 852.5 million by 2050." Type 2 diabetes mellitus
(T2DM) constitutes approximately 90% of these cases. Peripheral arterial disease (PAD) represents a major vascular
complication in diabetic patients, and its primary causes are atherosclerosis and thrombosis.> In clinical practice, the
ankle—brachial index (ABI), a simple, non-invasive, and reproducible test, has become the cornerstone technique for
diagnosing and assessing PAD.> According to established guidelines, an ABI value < 0.90 is considered diagnostic for
hemodynamically significant PAD, with high specificity.* However, in high-risk populations, such as patients with
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diabetes, a stricter cutoff may be warranted for screening and early risk stratification. A pivotal diagnostic performance
study by Clairotte et al demonstrated that, using ultrasonography as the gold standard, an ABI cutoff of 1.00 provided an
optimal balance in diabetic patients, with a sensitivity of 66.2%, a specificity of 96.8%, and a high positive likelihood
ratio (PLR) of 20.7.° This suggests that the < 1.00 threshold is particularly effective in identifying hemodynamically
significant stenosis in this population. Furthermore, from a prognostic perspective, an ABI below 1.00 has been
independently associated with an increased risk of future cardiovascular events and diabetic foot ulcers in Asian patients
with T2DM.® Therefore, to better capture the spectrum of early yet prognostically relevant arterial compromise
associated with novel risk factors, the present study defined PAD using an ABI threshold of < 1.00.

The pathophysiology of PAD is complex and multifactorial, involving vascular inflammatory responses, endothelial
dysfunction, abnormal smooth muscle cell proliferation, platelet activation, and dysregulation of coagulation cascades.
These mechanisms are further aggravated by metabolic disturbances, ultimately leading to progressive arterial stenosis
and impaired blood flow to the lower extremities.” Thyroid hormones occupy a central position in the regulation of
energy metabolism and growth processes. Their metabolic control is closely associated with the onset and progression of
conditions such as diabetes, obesity, and hyperuricemia. In a hyperthyroid state, increased gastrointestinal glucose
absorption and hepatic glucose output can lead to insulin resistance and hyperglycemia.® In contrast, hypothyroidism
may induce chronic low-grade inflammatory responses by activating pro-inflammatory factors and inhibiting anti-in-
flammatory mediators, thereby increasing the risk of diabetes.” Regarding lipid metabolism, thyroid hormones promote
the clearance of low-density lipoprotein cholesterol (LDL-C) and the synthesis of high-density lipoprotein cholesterol
(HDL-C) by stimulating LDL receptors. Consequently, marked dyslipidemia can be observed in states of thyroid
dysfunction: hypothyroidism is associated with elevated total cholesterol (TC), LDL-C, and triglycerides (TG), whereas
hyperthyroidism tends to reduce these lipid parameters.'’

Currently, the potential contribution of thyroid dysfunction to diabetic peripheral vascular disease is still
inconclusive.'''? This may be partly due to differences in thyroid function assessment methods or individual differences
in vascular sensitivity to thyroid hormone. Recently, some researchers have coined the term “thyroid hormone sensitiv-
ity” to describe the individual variation in how effectively target tissues respond to thyroid hormones. In the euthyroid
zone, a heightened sensitivity to thyroid hormones is strongly linked to an increased risk of negative metabolic
consequences, such as obesity, metabolic syndrome, and diabetes.'*'® Nevertheless, Thyroid hormone sensitivity’s
relationship with diabetic macrovascular complications, particularly PAD, requires further examination. This research
aims to leverage the ABI as a metric for identifying PAD in T2DM. This study aimed to elucidate the association of
thyroid hormone sensitivity with the risk of PAD. The assessment of sensitivity was based on specific indices, including
the thyroid feedback quantile index (TFQI), thyroid hormone sensitivity index (TSHI), thyrotroph T4 resistance index
(TT4RI), and the free triiodothyronine/free thyroxine (FT3/FT4). The findings are expected to facilitate earlier detection
and more targeted interventions, ultimately mitigating the burden of vascular complications among individuals with
diabetes.

Materials and Methods

Research Subjects
This retrospective cohort included 491 T2DM inpatients from the Department of Endocrinology at the Second Affiliated
Hospital of Wannan Medical College, enrolled between October 2021 and June 2024.

Inclusion criteria: (1) Qualified subjects were 18 years of age and above, diagnosed with T2DM according to the 1999
World Health Organization (WHO) diagnostic guidelines; (2) Euthyroid status; (3) Availability of ABI measurement
data. Conversely, individuals were excluded from participation if they fell into any of these categories: (1) Individuals
suffering from gestational diabetes, type 1 diabetes, or other nuanced diabetes forms; (2) Missing or irregular thyroid
hormone (TH) test outcomes; (3) Ongoing use of drugs that could alter serum TH concentrations; (4) Presence of acute
conditions, including diabetic complications, acute heart failure, severe infection, malignancy, severe hepatic or renal
insufficiency, or other systemic illnesses that could interfere with thyroid function. A flow chart of patient selection and
exclusion is shown in Figure 1.
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Figure | Patient Screening Flowchart.
Abbreviation: TH, thyroid hormone.

Data Collection

Electronic medical records provided demographic and clinical information. All participants underwent blood collec-
tion via venipuncture following a standardized fasting period of 8 hours. We then quantified glycated hemoglobin
(HbAlc), fasting blood glucose (FBG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cho-
lesterol (HDL-C), total cholesterol (TC), triglycerides (TG), serum creatinine (Scr), and uric acid (UA) levels using
the Beckman Coulter AU5800 automated biochemical analyzer from the United States. The CKD-EPI formula was
used to calculate the estimated glomerular filtration rate (eGFR). After morning urine collection, albumin and
creatinine were measured via automated biochemical analysis (Beckman Coulter AU5800, USA) to calculate the
urine albumin/creatinine ratio (UACR). Serum levels of thyrotropin (TSH), free thyroxine (FT4) and free triiodothyr-
onine (FT3) were concurrently assessed using electrochemiluminescence analysis from Abbott Laboratories in the
United States.

ABI Measurement and PAD Grouping

The patient should lie supine for 5 to 10 minutes before the examination. Systolic blood pressure of the bilateral brachial
arteries and lower limbs is measured using a Doppler diagnostic system from Summit Doppler Systems (USA).
Clinically, the ABI for the left and right lower limbs is typically calculated separately. The ABI for each leg is determined
by taking the highest systolic reading from either the dorsalis pedis or posterior tibial artery at the ankle and dividing it
by the greater of the systolic pressures recorded from both arms’ brachial arteries. The lower of the two lower limb ABI
values is then used as the patient’s ABI result. According to major guidelines, a normal ABI is generally defined as
1.0-1.4, with values < 0.90 indicating PAD. Values between 0.91 and 1.00 are often considered borderline or in a “gray
zone”. However, for the present study, PAD was defined as ABI < 1.0. Therefore, in our study, we used ABI < 1.0 as the
cutoff point and divided the enrolled patients into PAD group (n = 147) and no peripheral arterial disease (NPAD) group
(n = 344).

Indices of Thyroid Hormone Sensitivity
TFQI = cdfFT4 — (1 — cdfTSH). This index, which ranges from —1 to 1, serves as a metric for HPT axis sensitivity:
values below zero suggest enhanced sensitivity, those above zero imply diminished sensitivity. TSHI = InTSH (mIU/
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L) + 0.1345 x FT4 (pmol/L); TT4RI = FT4 (pmol/L) x TSH (mIU/L). The higher values of TSHI and TT4RI
impaired sensitivity to thyroid hormone action. The three indices above represent central thyroid hormone
sensitivity.

Peripheral thyroid hormone sensitivity was quantified by the FT3/FT4, with an increased level suggesting
a heightened peripheral response to thyroid hormone.

Statistical Analyses

Counts (percentages) represented categorical variables, while mean + standard deviation or median (interquartile range)
characterized continuous ones. The Shapiro—Wilk test assessed data normality. Intergroup comparisons employed the chi-
square, Mann—Whitney U, or independent f-tests as appropriate. Variable associations were assessed via Spearman
correlation. To identify risk factors and outcomes, we utilized both single and multiple logistic regression analyses.
Clinically relevant covariates were selected a priori based on established evidence, including age, sex, hypertension,
smoking, alcohol drinking, duration of diabetes, HbAlc, LDL-C, and eGFR-the latter was included given the well-
established link between chronic kidney disease(CKD), reduced renal function, and PAD in T2DM. Results are reported
as odds ratios (ORs) with 95% confidence intervals (ClIs) and visualized using forest plots. Receiver operating
characteristic (ROC) curves were constructed to evaluate the discriminatory performance of the models by calculating
the area under the curve (AUC). To integrate the predictive information from the four significant thyroid hormone
sensitivity indices (TFQI, TSHI, TT4RI, and FT3/FT4), a composite thyroid hormone sensitivity score was calculated for
each participant by summing their standardized z-scores, weighted by the respective beta coefficients derived from the
final multivariate logistic regression model. Internal validation of the final multivariable model was conducted using
bootstrap resampling with 1000 iterations to evaluate model stability and potential overfitting. Sensitivity analyses were
performed to test the robustness of the primary findings by sequentially replacing LDL-C with other lipid parameters
(HDL-C, TG or TC) in the multivariable logistic regression models. All statistical tests used a two-tailed significance
threshold of p < 0.05. We conducted the data analysis with SPSS 24.0 and R 4.5.1.

Results

Demographics and Laboratory Metrics of Research Subjects

Compared with the NPAD cohort, the PAD group had a demographic and biochemical profile characterized by more
advanced age, elevated TSH, TFQI, TSHI, and TT4RI levels, along with markedly reduced FT3 and FT3/FT4—
achieving statistical significance (P < 0.05). A complete rundown of these baseline characteristics across both groups
can be found in Table 1. These differences in thyroid hormone sensitivity indices suggest reduced central and peripheral
thyroid hormone responsiveness in PAD patients compared with NPAD patients.

Association of Thyroid Hormone Sensitivity with the Risk of PAD
Unadjusted variable model revealed the risk of PAD increased significantly with each standard deviation (SD) increase in
TFQI (OR=1.286, 95% CI: 1.055-1.566, p=0.013), TSHI (OR=1.305, 95% CI: 1.068-1.594, p=0.009), and TT4RI
(OR=1.288, 95% CI: 1.066-1.557, p=0.009), while FT3/FT4 showed a negative association (OR=0.738, 95% CI:
0.602—0.904, p=0.003). Following multivariate adjustment for sex, age, hypertension, smoking, alcohol drinking,
duration, HbAlc, LDL-C, and eGFR, the thyroid hormone sensitivity indices TFQI, TSHI, TT4RI, and FT3/FT4
remained significantly associated with PAD, with adjusted odds ratios of 1.296 (95% CI: 1.058-1.587), 1.297 (95%
CI: 1.058-1.590), 1.275 (95% CI: 1.049—1.550), and 0.766 (95% CI: 0.622—-0.944), respectively (all P < 0.05). The forest
plot visually demonstrated the correlation, and the 95% confidence intervals of all indicators did not overlap, further
verifying the statistical significance of the above association (Figure 2).

Quartile-based trend analysis demonstrated a significant increasing trend in PAD prevalence with ascending quartiles
of TFQI, TSHI, and TT4RI, and a decreasing trend across FT3/FT4 quartiles. The significant dose-response trend
persisted following comprehensive adjustment for potential confounding factors (P < 0.05) (Table 2).
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Table | General Characteristics and Biochemical Indices Between the Two

Groups

NPAD (n=344) PAD (n=147) P value
Sex (male%) 193 (56.105) 73 (49.660) 0.225
Age (years) 60 (53, 68) 65 (56, 73) 0.005*
Hypertension (%) 180 (52.326) 74 (50.340) 0.761
Smoking (%) 107 (31.105) 49 (33.333) 0.704
Alcohol drinking (%) 52 (15.116) 20 (13.605) 0.769
Duration (years) 7 (2, 10) 10 (2.5, 14.5) 0.118
UACR (mg/g) 33.16 (13.40, 91.872) 26.82 (13.70, 96.03) 0.744
HbAlc (%) 9.6 (7.6, 11.4) 9.6 (7.7, 11.3) 0.977
FBG (mmol/L) 7.420 (5.508, 10.543) 7.890 (5.755, 10.795) 0.383
LDL-C (mmol/L) 2.750 (2.062, 3.380) 2.730 (2.005, 3.250) 0.971
HDL-C (mmol/L) 1.050 (0.870, 1.280) 1.050 (0.840, 1.330) 0.688
TG (mmol/L) 1.425 (0.998, 2.072) 1.230 (0.975, 1.955) 0.261
TC (mmol/L) 4.440 (3.610, 5.162) 4.300 (3.550, 5.075) 0.545
Scr (umol/L) 65 (54, 78.25) 66 (52, 84.5) 0.795
UA (umol/L) 315.5 (261.75, 372.25) 303 (247.5, 368) 0.252
eGFR (mL/min/1.73m2) 102.05 (81.3, 125.35) 97.1 (69.25, 119.9) 0.092
TSH (ulU/mL) 1.590 (1.108, 2.358) 1.752 (1.267, 2.430) 0.028*
FT4 (pmol/L) 13.528 +1.535 13.766 +1.629 0.123
FT3 (pmol/L) 3.875 (3.520, 4.272) 3.810 (3.230, 4.160) 0.010%
TFQI —0.023 (—0.344, 0.211) 0.043 (—0.258, 0.301) 0.022%*
TSHI 2.302 (1.903, 2.659) 2.439 (2.054, 2.784) 0.010%
TT4RI 21.248 (14.856, 30.995) | 24.460 (17.614,33.510) | 0.014*
FT3/FT4 0.286 (0.253, 0.319) 0.275 (0.239, 0.320) 0.018*

Notes: Data are expressed as the mean * standard deviations or medians (interquartile ranges) or

numbers (%); *P<0.05 was considered statistically significant.

Abbreviations: NPAD, no peripheral arterial disease; PAD, peripheral arterial disease; UACR, urine
albumin/creatinine ratio; HbAlc, glycated hemoglobin; FBG, fasting blood glucose; LDL-C, low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein. Cholesterol; TG, triglycerides; TC, total choles-
terol; Scr; serum creatinine; UA, uric acid; eGFR, estimated glomerular filtration rate; TSH, thyroid
stimulating hormone; FT4, free thyroxine; FT3, free triiodothyronine; TFQI, thyroid feedback quantile-
based index; TSHI, thyroid stimulating hormone index; TT4RI, thyrotropin thyroxine resistance index; FT3/
FT4, free triiodothyronine/free thyroxine.

Consistent with the above group differences, Spearman analysis identified significant associations of PAD with TFQI
(rs =0.103, P =0.022), TSHI (rs = 0.116, P =0.010), TT4RI (rs = 0.111, P = 0.014), and an inverse association with FT3/
FT4 (rs = —0.107, P = 0.017) (Table 3).
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Crude OR? 95%CI P value Adjust ORP 95%CI P value

TFQI per SD 1.286 1.005-1.566 0.013 . 1.296 1.058-1.587 0.012
TSHI per SD 1.305 1.068-1.594 0.009 ~ 1.297 1.058-1.590 0.012
TT4RI per SD 1.288 1.066-1.557 0.009 . 1.275 1.049-1.550 0.015
FT3/FT4 per SD 0.738 0.602-0.904 0.003 0.766 0.622-0.944 0.012
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1.0

I T

12 14 16

Figure 2 Forest plot of the association between thyroid hormone sensitivity and PAD.

I 1
1.8

Notes: *Unadjusted; "Adjusted for sex, age, hypertension, smoking, alcohol drinking, duration, HbAlc, LDL-C, and eGFR.
Abbreviations: SD, standard deviation; TFQI, thyroid feedback quantile-based index; TSHI, thyroid stimulating hormone index; TT4RI, thyrotropin thyroxine resistance
index; FT3/FT4, free triiodothyronine/free thyroxine.

In age-stratified analyses (< 60 vs > 60 years), the associations between thyroid hormone sensitivity indices and PAD

were broadly similar across age groups, and no statistically significant interactions with age were observed for any index

(all P for interaction > 0.05; Supplementary Table S1).

ROC Curve of Thyroid Hormone Sensitivity for Predicting PAD

ROC curve assessed thyroid hormone sensitivity’s predictive ability fo PAD. In the unadjusted model, the AUC was
0.565 for the TFQI, 0.573 for the TSHI, 0.570 for the TT4RI, and 0.432 for the FT3/FT4 (Figure 3). After combining
these thyroid hormone sensitivity indicators and multivariate adjustment (sex, age, hypertension, smoking, alcohol

Table 2 Quartile Analysis of Thyroid Hormone Sensitivity and PAD

Crude OR?* 95% ClI P value | Adjust ORP 95% CI P value

TFQI

Ql I I

Q2 1.289 0.729-2.294 0.384 1.272 0.708-2.299 0.422

Q3 1.395 0.792-2.472 0.251 1.431 0.799-2.583 0.222

Q4 1.962 1.132-3.442 | 0.017* 1.959 I.116-3.484 | 0.022*
TSHI

Ql | |

Q2 1.46 0.827-2.600 0.194 1.502 0.842-2.704 0.170

Q3 1.296 0.728-2.321 0.379 1.281 0.709-2.328 0.412

Q4 2.201 1.269-3.873 | 0.005* 2.095 1.194-3.726 | 0.01I*
TT4RI

Ql I |

Q2 1.544 0.866-2.782 0.143 1.591 0.885-2.891 0.123

Q3 1.865 1.058-3.336 | 0.033* 1.922 1.077-3.479 | 0.029*

Q4 2.105 1.199-3.754 | 0.010* 1.979 1.112-3.575 | 0.022*
FT3/FT4

Ql | |

Q2 0.577 0.336-0.982 | 0.044* 0.599 0.343-1.036 0.068

Q3 0.425 0.241-0.783 | 0.003* 0.434 0.242-0.765 | 0.004*

Q4 0.657 0.386-1.113 0.120 0.744 0.427-1.290 0.293

Notes: *Unadjusted; I’Adjusted for sex, age, hypertension, smoking, alcohol drinking, duration, HbAlc, LDL-C, and

eGFR; *P < 0.05 was considered statistically significant.

Abbreviations: TFQI, thyroid feedback quantile-based index; TSHI, thyroid stimulating hormone index; TT4RI, thyro-
tropin thyroxine resistance index; FT3/FT4, free triiodothyronine/free thyroxine.
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Table 3 Spearman Analysis of
Thyroid Hormone Sensitivity
and PAD

rs P value
TFQI 0.103 0.022*
TSHI 0.116 0.010*
TT4RI 0.111 0.014*
FT3/FT4 | —0.107 | 0.017*

Notes: *P<0.05 was considered sta-
tistically significant.

Abbreviations: TFQI, thyroid feed-
back quantile-based index; TSHI, thyr-
oid stimulating hormone index; TT4RI,
thyrotropin  thyroxine  resistance
index; FT3/FT4, free triiodothyro-
nine/free thyroxine.

drinking, duration, HbAlc, LDL-C, and eGFR), ROC analysis revealed an AUC of 0.628 (95% CI: 0.575-0.691), with
specificity at 55.5% and sensitivity at 63.9% (Figure 4).

Internal Validation and Sensitivity Analyses
Internal validation using 1000 bootstrap resamples showed that the bootstrap-derived regression coefficients and odds
ratios were highly consistent with the original estimates, indicating that the multivariable model is relatively stable and
that the risk of overfitting is limited. The internally validated performance suggested that the model retained a modest
discriminative ability for PAD (AUC approximately 0.63). To address concerns about selective lipid adjustment, we
further performed sensitivity analyses replacing LDL-C with HDL-C, triglycerides, or total cholesterol in the multi-
variable models; the associations between thyroid hormone sensitivity indices and PAD were largely unchanged across

these models (Supplementary Table S2).
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Figure 3 The overall predictive accuracy of Univariate predictive model for the risk of PAD.
Abbreviations: TFQI, thyroid feedback quantile-based index; TSHI, thyroid stimulating hormone index; TT4RI, thyrotropin thyroxine resistance index; FT3/FT4, free

triiodothyronine/free thyroxine.
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Figure 4 The overall predictive accuracy of a multivariate predictive model for the risk of PAD.
Notes: Adjusted for sex, age, hypertension, smoking, alcohol drinking, duration, HbAlc, LDL-C, and eGFR.

Discussion
This study investigated the association between thyroid hormone sensitivity and peripheral artery disease (PAD) through
a retrospective analysis of 491 patients with type 2 diabetes mellitus (T2DM) and normal thyroid function. Our findings
indicate that among T2DM patients with normal thyroid function, a state of reduced central thyroid hormone sensitivity,
as reflected by higher TFQI, TSHI, and TT4RI, confers a significantly greater risk for PAD. Conversely, a higher FT3/
FT4, indicating increased peripheral sensitivity, was negatively associated with PAD. Remarkably, the correlations
retained statistical significance post-multiple adjustments accounting for gender, age, hypertension, tobacco use, alcohol
consumption, duration, HbAlc, LDL-C levels, and eGFR. Furthermore, the ROC curve analysis revealed that
a composite index of these thyroid hormone sensitivity parameters, after the same multivariate adjustments, demonstrated
a moderate predictive value for PAD, with an AUC of 0.628, a specificity of 55.5%, and a sensitivity of 63.9%.
Aggregate evidence suggests that lower thyroid hormone responsiveness is a standalone risk indicator for PAD in T2DM,
showing predictive power regarding its development.

Afflicting roughly one in four individuals with diabetes, PAD stands as a frequent macrovascular complication, with
a prevalence rate 2 to 4 times that observed in the non-diabetic population. PAD is closely associated with lower limb
amputation and potential cardiovascular and cerebrovascular fatalities.'”"'® The pathological mechanisms of diabetes
combined with PAD are complex and diverse. Peripheral vascular changes associated with diabetes include vascular
inflammatory response, endothelial cell dysfunction, abnormal smooth muscle cell proliferation, and changes in platelets
and coagulation factors."”

Building on this concept, in addition to macrovascular disease, several recent studies have explored the relationship
between thyroid hormone sensitivity indices and diabetic microvascular complications. A retrospective study conducted
in euthyroid hospitalized patients with T2DM in China reported that higher TFQI, TSHI, and TT4RI were independently
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associated with an increased risk of diabetic retinopathy(DR), and that both central and peripheral thyroid hormone
sensitivity indices had predictive value for the presence of DR.?® Another study on diabetic retinopathy further
demonstrated a non-linear association between TSHI, TFQI and the risk of adverse DR; importantly, the non-linear
relationship for TFQI remained significant even after adjustment for multiple covariates.>' Moreover, in a cohort of
elderly patients with T2DM, a lower FT3/FT4 ratio, indicating reduced peripheral thyroid hormone sensitivity, was
significantly related to a higher prevalence of diabetic peripheral neuropathy(DPN) after controlling for age, sex, and
diabetes duration.”® Taken together, these findings suggest that impaired thyroid hormone sensitivity, even within the
euthyroid range, may be involved in the pathogenesis of both microvascular (DR and DPN) and macrovascular
complications in diabetes. Our results extend this evidence by demonstrating that altered central and peripheral thyroid
hormone sensitivity indices are also closely associated with PAD in euthyroid patients with T2DM.

Owing to their unique actions, thyroid hormones modulate both glucose and lipid metabolism and maintain overall
energy balance. Several studies have pinpointed a notable link between thyroid hormone responsiveness and peripheral
vascular disorders. A large-scale cross-sectional analysis of nearly 20,000 people provided compelling evidence that
diminished thyroid hormone sensitivity constitutes a robust and independent risk factor for carotid artery plaque
development.”® In an epidemiological study of the general population, Wang et al observed that lower FT3/FT4 levels
were associated with a higher incidence of peripheral artery disease”* However, an independent association between thyroid
hormone sensitivity and PAD within the normal thyroid function range has not been established, particularly in a population
specific to diabetes. Our study hopes to provide some preliminary data in this specific area.

The biological pathways linking impaired thyroid hormone sensitivity to PAD pathogenesis are likely multifactorial and
warrant further investigation. Mehran L et al demonstrated that decreased thyroid hormone sensitivity contributes to
arteriosclerosis, as evidenced by lessened relaxation in arterial smooth muscle, higher systemic vascular resistance, and
a decrease in endothelium-mediated vasodilation and nitric oxide synthesis® Cyrielle Billon et al found the absence of
thyroid hormone receptors in ApoE (-/-) male mice can lead to abnormal cholesterol accumulation, increase the inflam-
matory response of macrophages, and thus accelerate the formation of plaques*® Studies have shown that adipocyte fatty
acid binding protein (A-FABP) is an important risk factor for subclinical atherosclerosis.”” Nie et al reported that in
euthyroid patients, increased A-FABP levels are closely related to decreased thyroid hormone sensitivity (TFQI and other
indices), which may be one of the pathways mediating atherosclerosis.*®

The robustness of our primary findings is supported by several supplementary analyses. Further subgroup analyses in
this study revealed that the associations between thyroid hormone sensitivity indices and PAD were consistent across
different age groups (< 60 years and > 60 years), with no significant age interaction observed (all interaction P > 0.05).
This strengthens the generalizability of our conclusions across age groups in T2DM patients. It is noteworthy that some
conventional risk factors for PAD, such as smoking history and lipid profiles, did not show significant intergroup
differences in our cohort. This is likely attributable to the relatively homogeneous nature of our study population, which
consisted exclusively of patients with type 2 diabetes under standardized and intensive management in a specialized
center. Under such conditions, the variance in these traditional risk factors may be attenuated, thereby limiting the
statistical power to detect their effects. Importantly, this finding does not challenge their established etiological role nor
does it diminish the robustness of our primary conclusion regarding the independent association between thyroid
hormone sensitivity and PAD. To further ensure the rigor of our analysis, we specifically adjusted for eGFR in our
models. This adjustment is critical given the strong, independent link between CKD and PAD, which share pathogenic
mechanisms like accelerated atherosclerosis and vascular calcification. This adjustment was intended to minimize
potential confounding by renal impairment. Concurrently, to address concerns regarding covariate selection, we
performed sensitivity analyses by replacing LDL-C in the model with other lipid parameters (HDL-C, TG, or TC).
The associations between thyroid hormone sensitivity indices and PAD remained materially unchanged in all analyses.
These findings collectively support the robustness of our core results.

There are several limitations in our study. First, this study permits the identification of associations but cannot establish
causality between thyroid hormone sensitivity and PAD. Second, diagnosis of PAD relied on ABI, a screening tool with
known limitations in sensitivity for non-occlusive atherosclerosis and in certain patient populations, potentially leading to
false negatives. The severity of PAD was not further validated with complementary imaging modalities. Third, our analysis
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focused on clinical correlations and did not investigate the specific molecular mechanisms, through which thyroid hormone
sensitivity may influence PAD pathogenesis. Nonetheless, the research confirms a notable independent link between
reduced thyroid hormone sensitivity and PAD in euthyroid T2DM. These findings highlight a potential novel pathway
and call for larger prospective studies to confirm the relationship and elucidate the underlying mechanisms.

Conclusion

In summary, our results reveal a distinct link between diminished thyroid hormone sensitivity and PAD in T2DM.
Furthermore, a composite index of thyroid hormone sensitivity showed predictive value for the presence of PAD. The
results offer compelling clinical data that highlight thyroid hormone responsiveness as a key player in the development of
large-vessel complications associated with diabetes, pointing to thyroid sensitivity evaluation as a promising approach for
identifying PAD risk factors among T2DM.
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