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Study

Qiang Weia, Tian Tian Caib, Xiao Ya Zhengb, c

Abstract

Background: The established detrimental effects of subclinical hy-
pothyroidism (SCH) on the cardiovascular system have been well-
documented; however, the association between SCH and cardio-ankle 
vascular index (CAVI) remains inconclusive.

Methods: A retrospective, cross-sectional study was conducted to as-
sess the association between SCH and CAVI. CAVI measurements 
were obtained using the VaSera VS-1000 vascular screening system. 
Multivariate logistic regression analysis was conducted to identify in-
dependent predictors of elevated CAVI.

Results: The study included 247 subjects diagnosed with SCH and 
1,749 age- and gender-matched control group. Individuals with SCH 
demonstrated lower basal metabolic rates, higher body weight and fat 
levels, as well as increased blood lipids and high-sensitivity C-reactive 
protein (hsCRP) levels. Additionally, individuals with SCH showed el-
evated CAVI values. CAVI showed a positive correlation with higher 
levels of thyroid-stimulating hormone (TSH) levels and a negative cor-
relation with free triiodothyronine (FT3) levels, with no statistically 
significant correlation to free thyroxine (FT4) levels. Logistic regres-
sion analysis identified advanced age and hypertension as major in-
dependent risk factors associated with elevated CAVI. SCH and over-
weight were identified as independent risk factors for elevated CAVI. 
Furthermore, hyperlipidemia characterized by high total cholesterol 
(TC), triglycerides (TG), low-density lipoprotein (LDL), and apolipo-
protein B (apoB) is also correlated with an elevated risk of CAVI.

Conclusions: This study offers epidemiological evidence supporting 

a correlation between elevated TSH and an increased risk of high CAVI 
in individuals with SCH. Individuals with SCH and elevated TSH lev-
els appear to be at increased risk of arterial stiffness, suggesting a po-
tential link between thyroid function and early vascular alterations.
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Introduction

Subclinical hypothyroidism (SCH) is defined by elevated se-
rum thyroid-stimulating hormone (TSH) concentrations in the 
presence of normal free thyroxine (FT4) levels [1]. With a re-
ported prevalence ranging from 3% to 15% in studied popu-
lations [2–4], this condition is particularly prevalent among 
women and older adults [2]. The primary etiology is autoim-
mune thyroiditis. As SCH is typically asymptomatic, its identi-
fication depends entirely on biochemical laboratory testing [5].

The cardiovascular implications of SCH have become a 
topic of interest due to the known influence of thyroid hormones 
on cardiac function and vasculature [6–8]. Substantial evidence 
suggests a correlation between SCH and elevated cardiac risks, 
such as alterations in blood pressure and cholesterol levels [9–
12]. However, the precise relationship between SCH and the 
incidence of cardiovascular diseases remains uncertain [13, 14].

Arterial stiffness is linked to cardiovascular disease pro-
gression [15, 16]. A novel arterial stiffness parameter known as 
the cardio-ankle vascular index (CAVI), which is independent of 
blood pressure, has been developed and implemented globally 
[17–19]. CAVI can be calculated with application of Bramwell-
Hill’s equation [20]. The current instrumentation employed for 
the evaluation of CAVI, ankle-brachial index (ABI), and brachi-
al-ankle pulse wave velocity (baPWV) is capable of obtaining 
all three measurements using a single device [18, 21]. CAVI has 
been extensively utilized in numerous clinical studies, specifi-
cally those focused on evaluating arterial stiffness in patients di-
agnosed with cardiovascular diseases and individuals at elevat-
ed risk for developing such conditions [22]. CAVI is considered 
better than baPWV and ABI because it correlates strongly with 
left ventricular function and serum lipid profile [23].

The objective of the current research is to compare the preva-
lence of elevated CAVI in patients with and without SCH in China.
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Materials and Methods

Subjects

We enrolled adults over 18 years of age who received a health 
check-up at our hospital during the period spanning September 
2019 to September 2021. The analysis focused on participants 
with complete anthropometric, biochemical, and thyroid func-
tion data, as well as CAVI test results. Individuals with a history 
of thyroid disease (including hyperthyroidism, clinical hypothy-
roidism, or thyroid hormone therapy) were excluded. Following 
this exclusion and ethical approval from Chongqing Medical 
University, the study yielded a final cohort of 1,996 participants 
(846 men and 1,140 women) for analysis. Due to the retrospec-
tive design of the study, informed consent was waived. This 
study was reviewed and approved by the Institutional Review 
Board (IRB) of the First Affiliated Hospital of Chongqing Medi-
cal University. This study was conducted in compliance with the 
ethical standards of the First Affiliated Hospital of Chongqing 
Medical University on human subjects, as well as with the prin-
ciples of the Declaration of Helsinki.

Anthropometric and vascular sclerosis indicators

Height, weight, waist circumference, and blood pressure were 
measured as part of the anthropometric assessment, with specific 
methods and body mass index (BMI) calculation detailed in pri-
or work [24]. A BoCA X1 body composition analyzer employing 
bioelectrical impedance was used to quantify fat percentage and 
fat weight. Vascular function was evaluated using a VaSera VS-
1000 system (Fukuda Denshi, Tokyo, Japan) to record CAVI, 
ABI, and baPWV, following standardized protocols [24].

Laboratory test

Blood biochemical analyses included total cholesterol (TC), 
triglycerides (TG), low-density lipoprotein (LDL), high-densi-
ty lipoprotein (HDL), apolipoprotein A (apoA), apolipoprotein 
B (apoB), fasting plasma glucose (FPG), and high-sensitivity 
C-reactive protein (hsCRP). These indicators were measured 
by an immunochemical-automated analyzer (Type 7600, Hi-
tachi Ltd., Japan).

The serum levels of free triiodothyronine (FT3), free thy-
roxine (FT4), and ultrasensitive thyroid-stimulating hormone 
(uTSH) were detected by an immunochemical-automated ana-
lyzer (Beckman Coulter UniCelDxI 800, USA) as previously 
described [25]. The reference ranges used for diagnosing nor-
mal thyroid function were: uTSH (0.56–5.91 µIU/mL), FT3 
(2.01–4.82 pg/mL), and FT4 (0.59–1.25 ng/dL).

Definitions

The following operational definitions and clinical thresholds 
were used in this study, consistent with cited references [18, 

21–23, 26–28]: SCH: TSH > 5.91 µIU/mL with normal FT3 
and FT4. Elevated vascular indices: CAVI ≥ 9 m/s, ABI ≥ 1.3, 
baPWV ≥ 1,800 cm/s. Older age: age ≥ 65 years. Overweight: 
body mass index (BMI) ≥ 25 kg/m2. Hypertension: systolic 
blood pressure (SBP) ≥ 140 mm Hg or diastolic blood pressure 
(DBP) ≥ 90 mm Hg. Dyslipidemia parameters: high TC: ≥ 5.6 
mmol/L; high LDL: ≥ 2.6 mmol/L; high TG: ≥ 1.7 mmol/L; 
low HDL: < 0.90 mmol/L (men) or < 1.00 mmol/L (women); 
high apoB: ≥ 1.2 g/L.

Statistical analyses

Statistical analysis was conducted using GraphPad Prism 5.0. 
Normally distributed continuous variables are presented as 
mean ± standard deviation (mean ± SD) and were analyzed by 
Student’s t-test. Categorical variables are described as percent-
ages (%), and tested by Chi-square tests or Fisher’s exact tests. 
Pearson correlation analysis was employed to investigate the 
relationship between CAVI and uTSH. Logistic regression was 
used to obtain odds ratios (ORs) of categorical associated vari-
ables. In the context of this logistic regression analysis, an “as-
sociated factor” refers to any variable entered into the multi-
variate model. A “significant associated factor” is specifically 
defined as a variable with a P-value < 0.05 in the final multi-
variable logistic regression model. Statistical significance was 
defined as a two-sided P-value < 0.05.

Results

This study analyzed 247 subjects with SCH and 1,749 subjects 
with normal thyroid function, matched for age and gender. 
The prevalence of SCH in the studied population was 12.4%. 
As shown in Table 1, compared with control group, individu-

Table 1.  Anthropometric Indicators of the Studied Population

Indicators Control  
(n = 1,749)

SCH  
(n = 247) P value

Female (%) 1,011 (57.8) 139 (56.3) 0.680
Age (years) 48.32 ± 10.19 48.41 ± 13.75 0.654
Height (cm) 164.80 ± 7.58 164.10 ± 8.28 0.131
Weight (kg) 64.83 ± 11.58 66.60 ± 12.38 0.043
BMI (kg/m2) 23.69 ± 3.35 24.22 ± 3.23 0.034
WC (cm) 81.72 ± 10.04 83.81 ± 9.88 0.004
SBP (mm Hg) 123.2 ± 17.92 125.2 ± 17.49 0.077
DBP (mm Hg) 76.57 ±12.24 76.25 ± 11.20 0.915
HR (bpm) 79.75 ± 11.92 75.19 ± 10.95 < 0.001
BMR 1,507 ± 212.2 1,359 ± 243.2 < 0.001
Fat (%) 22.51 ± 4.88 27.94 ± 6.55 < 0.001
Fat (kg) 16.18 ± 4.91 22.43 ± 4.06 < 0.001

BMI: body mass index; BMR: basal metabolic rate; DBP: diastolic blood 
pressure; HR: heart rate; SBP: systolic blood pressure; SCH: subclini-
cal hypothyroidism; WC: waist circumference.
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als with SCH had significantly increased body weight, waist 
circumference, BMI, and body fat percentage, but decreased 
heart rate (HR) and basal metabolic rate (BMR). In patients 
with SCH, TC, TG, LDL, apoB, and apoB/apoA ratios were 
higher compared to the control group. However, HDL, apoA, 
and fasting blood glucose levels were similar between the SCH 
and control groups (P-values were 0.311, 0.582, and 0.095, 
respectively). hsCRP levels were slightly higher in the SCH 
group compared to the control group (P = 0.051), and detail 
data are shown in Table 2.

It is noteworthy that individuals diagnosed with SCH 
demonstrate significantly higher levels of CAVI (7.93 ± 1.38 
vs. 7.04 ± 1.31, P < 0.001), ABI (1.22 ± 0.08 vs. 1.11 ± 0.08, 
< 0.001), and baPWV (1,418 ± 302.5 vs. 1,346 ± 279.8, P = 
0.003) in comparison to the control cohort. The CAVI is re-
garded as indicative of atherosclerosis when it reaches or ex-
ceeds a value of 9 [18]. Therefore, high CAVI is operationally 
defined as CAVI ≥ 9, and a comparison was conducted on the 
prevalence of high CAVI among both subjects with SCH and 
control group. We found that subjects with SCH had a sig-
nificantly higher percentage of high CAVI than control group 
(14.98% vs. 5.60%, P < 0.001). When high ABI and baPWV 
were defined as ABI ≥ 1.3 and baPWV ≥ 1,800 cm/s, respec-
tively, individuals with SCH exhibited a significantly higher 
prevalence of high ABI and baPWV compared to control 
group (2.02% vs. 0.69%, 10.53% vs. 5.77%, with P-values of 
0.049 and 0.008, respectively), details in Table 3. These find-
ings suggest that individuals with SCH may have an increased 
susceptibility to atherosclerosis.

When participants were stratified into two groups accord-
ing to CAVI values (< 9 and ≥ 9), the group with CAVI ≥ 9 
demonstrated a statistically significant increase in uTSH levels 
(4.10 ± 2.65 vs. 3.19 ± 2.52, P < 0.001) and a slight decrease 
in FT3 levels (3.03 ± 0.40 vs. 3.12 ± 0.42, P < 0.001), whereas 
FT4 levels did not differ significantly between groups. Moreo-
ver, CAVI is significantly positively correlated with the level 
of uTSH (Pearson r = 0.20, 95% confidence interval (95% CI), 
0.16–0.24, P < 0.001). Details are shown in Figure 1.

High CAVI (yes or no) was introduced as a dependent 
variable in the multivariate logistic regression analysis mod-
els, and older age, HBP, overweight, high TC, high LDL, high 
TG, low HDL, high apoB, and SCH (both classified as yes or 
no) as independent variables. In the present model, advanced 
age and hypertension was identified as significant associated 
factors for elevated CAVI, with ORs of 12.89 (95% CI, 10.49–
20.35) and 9.41 (95% CI, 6.52–13.60), respectively. Addition-
ally, high ABI, SCH, and overweight were determined to be 
independent associated factors for elevated CAVI, with ORs 
of 4.79 (95% CI, 3.32–6.80), 2.97 (95% CI, 1.98–4.45) and 
1.63 (95% CI, 1.14–2.31), respectively. Hyperlipidemia is as-
sociated with an increased risk of elevated CAVI, particularly 
in relation to high LDL (OR 2.1, 95% CI, 1.75–2.54), high 
apoB (OR 1.29, 95% CI, 1.21–1.38), high TC (OR 1.16, 95% 
CI, 1.11–1.22), and high TG (OR 1.04, 95% CI, 1.01–1.22). 
Details are shown in Figure 2.

Discussion

Recent meta-analyses of population-based studies with long-
term follow-up periods have provided further insight into the 
increased risk of cardiovascular disorders in patients with SCH. 
Specifically, SCH has been shown to elevate the risk of cardio-
vascular morbidity and mortality, particularly when TSH levels 
exceed 10 mU/L [9]. Increased arterial stiffness is closely asso-
ciated with the progression of cardiovascular disease. A newer, 
blood pressure–independent measure of arterial stiffness, the 
CAVI, has been developed and is now widely adopted in clini-
cal and research [18, 23, 26]. However, whether an association 
exists between SCH and CAVI, particularly in the Chinese pop-
ulation, has not been established. Therefore, this study was con-
ducted in a Chinese population to investigate this association.

In this study, 247 subjects with SCH and 1,749 age- and 
gender-matched control group were included. The prevalence 
of SCH in this studied population was 12.4%. The observed 
differences in body weight, fat percentage, and dyslipidemia, 
which are themselves established risk factors for cardiovas-
cular disease, may be part of the link between SCH and car-
diovascular risk [29, 30]. However, the cross-sectional design 
precludes determining whether these differences are a cause 

Table 2.  Blood Biochemical Indicators of the Studied Popula-
tion

Indicators Control SCH P value
TC (mmol/L) 4.98 ± 0.92 5.43 ± 1.01 < 0.001
TG (mmol/L) 1.87 ± 1.49 2.19 ± 1.59 0.001
HDL (mmol/L) 1.39 ± 0.36 1.36 ± 0.36 0.311
LDL (mmol/L) 3.07 ± 0.83 3.31 ± 0.89 0.002
apoA (g/L) 1.55 ± 0.25 1.53 ± 0.25 0.582
apoB (g/L) 0.99 ± 0.23 1.09 ± 0.25 < 0.001
apoB/apoA 0.66 ± 0.19 0.73 ± 0.21 0.003
FBG (mmol/L) 5.55 ± 1.25 5.48 ± 1.10 0.095
hsCRP (mg/L) 0.83 ± 1.56 1.33 ± 2.78 0.051

apoA: apolipoprotein A; apoB: apolipoprotein B; FBG: fasting blood glu-
cose; HDL: high-density lipoprotein; hsCRP: hypersensitivity C-reactive 
protein; LDL: low-density lipoprotein; SCH: subclinical hypothyroidism; 
TC: total cholesterol; TG: triglycerides.

Table 3.  Comparison of the Arteriosclerosis Indicators in Sub-
jects With Euthyroidism and Subclinical Hypothyroidism

Indicators Control  
(n = 1,749)

SCH  
(n = 247) P value

CAVI 7.04 ± 1.31 7.93 ± 1.38 < 0.001
CAVI ≥ 9, n (%) 98 (5.60) 37 (14.98) 0.004
ABI 1.11 ± 0.08 1.22 ± 0.08 < 0.001
ABI ≥ 1.3, n (%) 12 (0.69) 5 (2.02) 0.049
baPWV (cm/s) 1,346 ± 279.8 1,418 ± 302.5 0.003
baPWV ≥ 1,800, n (%) 101 (5.77) 26 (10.53) 0.008

ABI: ankle-brachial index; baPWV: brachial-ankle pulse wave velocity; 
CAVI: cardio-ankle vascular index; SCH: subclinical hypothyroidism.
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Figure 1. The relationship between CAVI and thyroid function. (a–c) Comparison of uTSH, FT3, and FT4 in subjects CAVI < 9 
and ≥ 9. (d) Correlation analysis between uTSH and CAVI. *A statistically significant difference was observed between the groups 
(CAVI < 9 vs. ≥ 9), with a P value < 0.001. CAVI: cardio-ankle vascular index; FT3: free triiodothyronine; FT4: free thyroxine; 
uTSH: ultrasensitive thyroid-stimulating hormone.

Figure 2. Logistic regression analysis of factors associated with elevated CAVI (≥ 9). CAVI was dichotomized into normal (< 9, 
coded 0) and abnormal (≥ 9, coded 1). Similarly, older age, hypertension, overweight, high LDL, high TG, low HDL, high ABI, and 
high apoB were defined as binary variables (presence = 1, absence = 0). ABI: ankle-brachial index; apoB: apolipoprotein B; CAVI: 
cardio-ankle vascular index; HDL: high-density lipoprotein; LDL: low-density lipoprotein; TG: triglycerides.
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or a consequence of SCH, or are influenced by shared con-
founders. The levels of hsCRP were marginally elevated in pa-
tients with SCH as compared to the control group, indicating 
a potential association between SCH and chronic low-grade 
metabolic inflammation. A previous study [31] investigated 
the presence of atherosclerosis, endothelial dysfunction, and 
inflammation in SCH. The findings revealed the presence of 
endothelial dysfunction and low-grade chronic inflammation 
in individuals with SCH. Many factors, including alterations 
in lipid profile, hyperhomocysteinemia, and low-grade chronic 
inflammation, were identified as potential contributors to en-
dothelial dysfunction in individuals with SCH.

In the present study, patients with SCH exhibited higher 
CAVI, ABI, and baPWV values compared with euthyroid con-
trols. Upon establishing specific cutoff values for defining el-
evated levels of CAVI, ABI, and baPWV, it becomes evident 
that a greater proportion of patients with SCH surpass these 
thresholds compared to the control group. This discrepancy 
suggests an increased susceptibility to atherosclerosis among 
individuals with SCH. Alternatively, upon stratifying the re-
search participants into low and high CAVI groups, defined by 
CAVI < 9 and ≥ 9, respectively, our analysis revealed a signifi-
cant elevation in serum uTSH levels in the high CAVI group. 
This increase in uTSH was found to be positively associated 
with CAVI, while levels of FT3 showed a slight decrease and 
FT4 levels exhibited no statistically significant difference 
between the two groups. A previous study [32] established 
a dose-response relationship between serum TSH levels and 
hypertension risk among euthyroid individuals, indicating that 
even within the normal range, a higher TSH level correlates 
with a greater risk of developing hypertension. Further sup-
porting evidence comes from an investigation [33], which 
identified a positive association between normal-range serum 
TSH levels and obesity. The relationship between TSH levels 
and various diseases in individuals is becoming more promi-
nent in research. Previous studies have demonstrated a connec-
tion between TSH levels and conditions such as stroke [34], 
cardiovascular diseases [9, 12], metabolic syndrome [35], and 
dyslipidemia [36]. Our research indicates a clear association 
between serum TSH levels and CAVI, providing new epidemi-
ological evidence for the detrimental effects of elevated TSH 
levels on increased arterial stiffness and the risk of cardiovas-
cular diseases in humans.

Using logistic regression, we found that advanced age and 
hypertension were significantly and independently associated 
with high CAVI. High ABI, SCH, and overweight were deter-
mined to be independent associated factors for elevated CAVI. 
Additionally, hyperlipidemia (high TC, TG, LDL, and apoB) is 
also associated with an increased risk of elevated CAVI. How 
SCH exactly increases the CAVI remains unclear. Current un-
derstanding offers several possible explanations for this correla-
tion. First, elevated TSH in SCH is associated with impaired en-
dothelial function, a potential driver of atherosclerotic changes 
[37]. Second, high TSH levels in SCH individuals are also linked 
to dyslipidemia, which may promote arterial stiffness through 
mechanisms involving lipotoxicity and persistent, low-grade 
metabolic inflammation [36]. Beyond the classical pathways in-
volving lipid metabolism and systemic inflammation, elevated 
TSH may contribute to arterial stiffness through more direct 

effects on vascular function [38–40]. Potential mechanisms in-
clude dysregulation of vascular smooth muscle tone, possibly 
mediated by altered nitric oxide bioavailability and endothelial 
function, as well as increased oxidative stress leading to accel-
erated vascular aging and reduced elasticity [41]. Furthermore, 
subclinical hypothyroidism has been linked to a pro-oxidative 
state and metabolic dysregulation, which can synergistically 
promote vascular remodeling and stiffening [42, 43]. While our 
current study did not directly measure these parameters, they 
represent important mechanistic avenues for future research to 
elucidate the direct vascular effects of TSH.

There are several potential limitations of our study as in 
the cross-sectional observational study we previously pub-
lished [24, 25]. The main limitation is the lack of information 
on lifestyle, smoking, and diet, which may be helpful to under-
stand the relationship between CAVI and SCH. Further studies 
including detailed personal information were required. Sec-
ond, because this was a cross-sectional study, causality cannot 
be established. Longitudinal studies are required to confirm 
whether elevated TSH directly contributes to arterial stiffness 
progression. Third, despite adjusting for a range of demo-
graphic and clinical variables, our study lacked data on several 
important potential confounders. These include detailed medi-
cation history (e.g., statins and antihypertensive agents), thy-
roid antibody status (thyroid peroxidase antibody (TPOAb), 
thyroglobulin antibody (TgAb)), and objective measures of 
physical activity. The absence of this information may limit the 
ability to fully account for all confounding pathways, particu-
larly those related to pharmacological interventions, autoim-
mune thyroiditis, and energy expenditure. Future prospective 
studies incorporating these parameters would provide a more 
robust assessment of the independent relationship between 
TSH and arterial stiffness.

Conclusions

In summary, this study provides epidemiological evidence for 
the association between serum TSH levels and the association 
of high CAVI in patients with SCH. Elevated serum TSH lev-
els are an important associated factor for increased CAVI, and 
SCH patients with higher TSH levels have a greater associa-
tion of developing increased arterial stiffness and cardiovas-
cular diseases. The specific molecular mechanisms underlying 
the association between SCH and CAVI need to be further elu-
cidated in future studies.
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