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Significant Associations of Achilles Tendon Thickness With
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in Non-Familial Hypercholesterolemia Patients:
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Abstract

Background: Achilles tendon thickness (ATT) is an important di-
agnostic tool for familial hypercholesterolemia (FH), a highly ath-
erogenic genetic disorder. Although the available evidence remains
limited, recent studies have reported associations between ATT and
atherosclerotic diseases and their risk factors among non-FH patients.
We investigated the relationships among ATT, carotid intima-media
thickness (IMT), a marker of systemic atherosclerosis, and athero-
sclerotic risk factors, including diabetes, dyslipidemia, and athero-
sclerotic diseases, in non-FH patients.

Methods: This cross-sectional survey was conducted at the National
Kohnodai Medical Center, Japan. Patients who underwent ultrasono-
graphic measurements of both ATT and carotid IMT were included.
Clinical data were obtained using medical records and included de-
mographic characteristics, anthropometric measurements, blood pres-
sure, comorbidities, and biochemical parameters.

Results: A total of 1,000 patients (512 males, 488 females) were en-
rolled. The mean age was 65 + 14 years, the mean body mass index
(BMI) was 24.6 + 4.9 kg/m?, and the mean ATT was 4.6 + 0.8 mm.
ATT was positively correlated with maximal carotid IMT (r = 0.088,
P =0.005), body weight (r =0.279, P <0.001), and BMI (r = 0.183,
P <0.001), and inversely correlated with serum levels of high-den-
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sity lipoprotein-cholesterol (HDL-C) (r=—0.182, P < 0.001). In the
multiple regression model that included maximal carotid IMT, BMI,
HDL-C, and low-density lipoprotein-cholesterol, the correlations of
ATT with maximal carotid IMT, BMI, and HDL-C remained sig-
nificant; however, the correlation between ATT and maximal carotid
IMT was no longer significant in the model added with age. Patients
with CAD and carotid artery stenosis had significantly greater ATT
than those without such diseases. Similarly, ATT values were higher
in patients with diabetes, and those with diabetes and CAD had the
highest ATT values.

Conclusion: ATT levels were significantly associated with BMI and
dyslipidemia, and were significantly higher in non-FH patients with
CAD, carotid artery stenosis, and diabetes than in non-FH patients
without such diseases.

Keywords: Achilles tendon thickness; Atherosclerotic risk factors;
Diabetes; Cardiovascular disease; High-density lipoprotein

Introduction

Achilles tendon thickness (ATT) is considered the most spe-
cific physical characteristic in familial hypercholesterolemia
(FH), which is associated with premature atherosclerotic car-
diovascular disease (ASCVD) [1]. This distinct presentation,
resulting from extremely high serum low-density lipoprotein
(LDL) levels and subsequent lipid accumulation, has been in-
corporated into diagnostic criteria worldwide. Traditionally,
ATT has been evaluated by radiography as part of the diag-
nostic workup for FH [2—4]. In a study that assessed ATT in
heterozygous FH patients (n = 1,273; 614 males, 659 females)
using radiography [5], ATT changes were significantly associ-
ated with major adverse cardiovascular events (MACEs), sug-
gesting that ATT assessment has diagnostic value and enables
risk stratification of heterozygous FH patients [5].

Although the available evidence remains limited, recent
studies have reported associations between ATT and athero-
sclerotic diseases and their risk factors among non-FH pa-
tients. The correlation between ATT, as measured by radiog-
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raphy, and the incidence of MACE:s in patients with coronary
artery disease (CAD) was investigated [6]. In this study, AT
thickening was defined as having ATT of > 8.0 and > 7.5 mm
in men and women, respectively. CAD patients with AT thick-
ening had higher LDL-cholesterol (LDL-C) levels and inci-
dence of MACESs than CAD patients without AT thickening,
suggesting a significant contribution of high LDL-C levels to
ATT and a significant association between ATT and MACEs in
non-FH patients [6].

The association between ATT and coronary lesion severity
was investigated in patients with early-onset acute coronary
syndrome (ACS) without clinically diagnosed FH [7]. The se-
verity of coronary lesions was positively correlated with the
average ATT (r=0.368, P=0.0011) and the maximum ATT (r
=0.388, P = 0.0005), suggesting that ATT may predict CAD
progression in non-FH patients [7].

Recently, ultrasonography has emerged as a non-invasive,
radiation-free, and easily reproducible method for evaluating
Achilles tendon morphology. Ultrasonographic cutoff values
for the diagnosis of FH (5.8 mm in men and 5.5 mm in wom-
en) were determined [8]. In patients with heterozygous FH,
MACE rates were higher in those with ATT detected by ultra-
sonography. However, classification based on ATT measured
by radiography showed no difference in MACE rates between
patients with and without AT thickening [9], suggesting that
ultrasonography-determined ATT is superior to radiography-
determined ATT in predicting MACEs.

A very recent study that assessed the relationship between
ATT and CAD severity in patients with ACS without FH found
that ATT, particularly ultrasonography-determined ATT, was
significantly associated with CAD severity, suggesting that
ultrasonography-determined ATT may serve as a practical,
non-invasive marker for cardiovascular risk stratification [10].

Although growing evidence supports the usefulness of
ultrasonographic ATT measurement in both FH and non-FH
patients, the association of ATT with atherosclerotic diseases
and coronary risk factors remains unclear.

We investigated the association between ATT and athero-
sclerotic or atherogenic diseases, including CAD, cerebrovas-
cular disease, carotid artery stenosis, and diabetes. Further-
more, we examined the correlation between ATT, measured by
ultrasonography, and carotid intima-media thickness (IMT), a
marker of systemic atherosclerosis [11], as well as the correla-
tion between ATT and metabolic parameters.

Materials and Methods

Study design and subjects

This retrospective observational study was conducted at the
National Kohnodai Medical Center, Japan Institute for Health
Security (JIHS), Chiba, Japan. We reviewed the electronic
medical records of patients who underwent Achilles tendon
ultrasonography in conjunction with carotid ultrasonography
between November 1, 2018, and June 1, 2025. Demographic
data (age, sex, body weight, and body mass index (BMI)),
as well as clinical parameters (blood pressure, comorbidi-

ties, and laboratory results), were collected. Patients with a
documented diagnosis of FH in electronic medical records
were excluded. In addition, we re-reviewed the medical re-
cords of patients with markedly elevated LDL-C levels and/
or increased ATT to identify possible FH cases; any patients
subsequently confirmed to have FH were also excluded from
the analysis. There were no inclusion criteria based on LDL-
C levels; all patients who underwent both Achilles tendon
and carotid ultrasonography during the study period were
eligible, after excluding patients with FH. Diabetes was diag-
nosed based on either antidiabetic medication use or a hemo-
globin Alc (HbAlc) level > 6.5%.

Laboratory measurements

Anthropometric and blood pressure measurements

Body weight, body height, and blood pressure were measured
according to the recommendations of the World Health Or-
ganization and the Japanese Society of Hypertension clinical
guidelines.

Blood biochemical tests

HbAlc, total cholesterol (TC),triglyceride (TG), LDL-C, and
high-density lipoprotein-cholesterol (HDL-C) were measured
using enzymatic assays. Plasma glucose was measured using
the hexokinase method. We calculated serum non-HDL-C lev-
els by subtracting HDL-C from TC.

ATT measurement by ultrasonography

ATT was measured using ultrasonography, performed during
routine carotid ultrasound examinations. Measurements were
obtained at the level of the medial malleolus using a standard-
ized longitudinal view, and the maximum tendon thickness on
each side was recorded [8]. Participants were positioned either
kneeling on the examination bed or prone. In the prone posi-
tion, the limb was placed in either a neutral or dependent pos-
ture. The neutral position was defined as the foot perpendicular
to the floor, with the ankle at 90° relative to the lower leg axis.
A sufficient amount of ultrasound gel or a gel pad was applied,
and the probe was positioned perpendicular to the long axis
of the foot, maintaining a 90° angle between the skin and the
probe surface. The probe was then slowly moved from caudal
to cranial to visualize the Achilles tendon, and measurements
were taken at the site of the greatest thickness.

Carotid IMT measurement

Carotid IMT was measured according to the Mannheim ca-
rotid IMT and plaque consensus (2004-2006-2011) [12]. Ca-
rotid IMT measurements were performed by one physician
and five experienced medical sonographers in accordance
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Table 1. Clinical Characteristics of the Studied Patients

Clinical characteristics

Age (years) 64+ 14
Gender (male/female) 512/488
Body height (cm) 161+ 10
Body weight (kg) 64+ 16
BMI (kg/m?) 24.6+4.9
Systolic blood pressure (mm Hg) 131 £20
Diastolic blood pressure (mm Hg) 77+ 13
Comorbidities

Coronary artery disease (n, %) 88/998, 8.8

Cerebrovascular disease (n, %) 152/998, 15.2
114/1,000, 11.4

643/997, 64.0

Carotid artery stenosis (n, %)
Diabetes (n, %)

Values are expressed as mean + SD. BMI: body mass index; SD:
standard deviation.

with the Mannheim carotid IMT consensus. Using B-mode ul-
trasonography, the far wall of the common carotid artery was
assessed approximately 1-2 cm proximal to the carotid bulb.
Both carotid arteries were assessed, and mean values were
calculated. Maximum IMT was manually determined at three
measurement points. Carotid artery stenosis was defined as >
30% stenosis of the carotid artery, corresponding to moderate
(30-69%) or severe (70-99%) stenosis, according to the NAS-
CET criteria [13].

Statistical analysis

Statistical analyses were performed using IBM SPSS Statis-
tics for Windows (Version 22.0; IBM Corp., Armonk, NY).
Continuous variables were expressed as mean + standard de-
viation (SD), and categorical variables were summarized as
frequencies and percentages. Group comparisons, including
the presence or absence of diabetes or cardiovascular disease
(CVD), were analyzed by the Mann—Whitney U test. Correla-
tions between ATT and clinical parameters were analyzed by
Spearman’s rank correlation. Multiple regression analysis was
performed on factors that showed significant correlations in
the univariate analysis. A two-sided P value < 0.05 was consid-
ered statistically significant.

Ethical statements

This study was conducted in accordance with the Declara-
tion of Helsinki. The research protocol was reviewed by the
JIHS Ethics Committee and approved under Approval Number
JIHS-S-005091-00. As this study was a retrospective study us-
ing anonymized clinical data, informed consent from individ-
ual subjects was not required. Instead, study information was
disclosed on the institutional website, and informed consent
was obtained using an opt-out approach.

Table 2. Pharmacotherapies for Dyslipidemia, Hypertension,
and Diabetes

Pharmacotherapies

Anti-hyperlipidemic drugs

Statins 353 (37%)
Fibrates 55 (6%)
Omega-3 fatty acids 47 (5%)
Ezetimibe 64 (7%)
Probucol 1 (0.1%)
Anti-hypertensive drugs
RAS inhibitors 277 (29%)
CCBs 302 (31%)
B-blockers 73 (8%)
o-blockers 14 (1%)
MRAs 28 (3%)
Diuretics 52 (5%)

Anti-diabetic drugs

Biguanide 217 (23%)
DPP4 inhibitors 270 (28%)
SGLT?2 inhibitors 192 (20%)
GLP-1RAs 59 (6%)
Thiazolidinediones 66 (7%)
a-GIs 48 (5%)
Insulin 115 (12%)

a-Gls: a-glucosidase inhibitors; CCBs: calcium channel blockers;
DPP4: dipeptidyl peptidase 4; GLP-1RAs: glucagon-like peptide 1 re-
ceptor agonists; MRAs: mineralocorticoid receptor antagonists; RAS:
renin-angiotensin system; SGLT2: sodium-glucose co-transporter 2.

Results

Characteristics of subjects studied

A total of 1,000 patients (512 males, 488 females) were in-
cluded in this study. Baseline demographic and clinical data
are presented in Table 1. Among the study population, 8.8%
had a history of CAD, 15.2% had cerebrovascular disease,
and 11.4% had carotid artery stenosis. Diabetes was present
in 64% of the patients. Pharmacotherapies for dyslipidemia,
hypertension, and diabetes are shown in Table 2.

Ultrasonographic measurements and metabolic parameters

Ultrasonographic measurements of the carotid artery and
Achilles tendon, along with biochemical data, are shown in
Table 3. The mean maximal carotid IMT was 1.8 mm, which
was greater than that reported in Japanese patients with non-
cardioembolic stroke and hyperlipidemia in the J-STARS Echo
Study (1.19 = 0.32 mm) [14].
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Table 3. Ultrasonographic Measurements of the Carotid Artery
and Achilles Tendon and Biochemical Data

Ultrasonographic measurements

Maximal IMT of carotid artery (mm) 1.8+1.0
Achilles tendon thickness (mm) 4.6+0.8
Biochemical data

LDL-C (mg/dL) 115+39
HDL-C (mg/dL) 54+17
Triglyceride (mg/dL) 145 +£90
Non-HDL-C 142 +43
Plasma glucose (mg/dL) 167 +£92
HbAlc (%) 82+2.7

Values are expressed as mean + SD. HbA1c: hemoglobin A1c; HDL-C:
high-density lipoprotein-cholesterol; IMT: intima-media thickness; LDL-
C: low-density lipoprotein-cholesterol; SD: standard deviation.

The mean ATT was 4.6 mm, which was below the ultra-
sonographic cutoff values proposed for the diagnosis of FH
(5.8 mm in men and 5.5 mm in women) [§]. Mean serum lipid
levels were within the normal range. In contrast, mean plasma
glucose and HbAlc values were elevated, reflecting the rela-
tively high proportion of patients with diabetes and suboptimal
glycemic control.

Correlations between ATT, carotid IMT, and metabolic
parameters

The correlations between ATT, carotid IMT, and metabolic pa-

Table 4. Correlations of Achilles Tendon Thickness With Ca-
rotid Artery IMT and Metabolic Parameters in All Patients (n =
1,000)

Correlation coefficient P values
Maximal carotid IMT 0.09 0.005
Age —0.001 0.983
Body weight 0.28 <0.001
BMI 0.18 <0.001
Systolic blood pressure 0.05 0.131
Diastolic blood pressure  0.06 0.084
LDL-C —-0.05 0.206
HDL-C —0.18 <0.001
Triglyceride 0.06 0.066
Non-HDL-C —0.04 0.239
Plasma glucose 0.04 0.240
HbAlc 0.01 0.766

Values are expressed as mean = SD. BMI: body mass index; HbA1c:
hemoglobin A1c; HDL-C: high-density lipoprotein-cholesterol; IMT: in-
tima-media thickness; LDL-C: low-density lipoprotein-cholesterol; SD:
standard deviation.

Table 5. Correlations of Achilles Tendon Thickness With Ca-
rotid Artery IMT and Metabolic Parameters in Patients With Dia-
betes (n = 643)

Correlation coefficient P values
Maximal carotid IMT 0.12 0.002
Age 0.003 0.939
Body weight 0.26 <0.001
BMI 0.16 <0.001
Systolic blood pressure 0.06 0.120
Diastolic blood pressure 0.07 0.095
LDL-C 0.01 0.868
HDL-C —0.14 <0.001
Triglyceride 0.08 0.832
Non-HDL-C —-0.04 0.282
Plasma glucose 0.02 0.651
HbAlc —0.06 0.170

Values are expressed as mean + SD. BMI: body mass index; HbA1c:
hemoglobin A1c; HDL-C: high-density lipoprotein-cholesterol; IMT: in-
tima-media thickness; LDL-C: low-density lipoprotein-cholesterol; SD:
standard deviation.

rameters in all patients and patients with diabetes are shown
in Tables 4 and 5, respectively. Maximal carotid IMT was sig-
nificantly and positively correlated with ATT in both the over-
all cohort and the subgroup with diabetes. In addition, body
weight and BMI were significantly and positively correlated
with ATT levels in both groups. Serum HDL-C levels were
inversely and significantly correlated with ATT levels in both
groups. We did not find any significant association between
ATT and other metabolic parameters.

Multiple regression analysis with ATT as the dependent
variable

We performed multiple regression analysis to examine the as-
sociations of ATT—treated as the dependent variable—with
maximal carotid IMT, BMI, HDL-C, and LDL-C. Maximal
carotid IMT was significantly and positively correlated with
ATT levels (B =0.111, P=0.003). BMI was significantly and
positively correlated with ATT levels (B = 0.174, P < 0.001).
Serum HDL-C levels were inversely and significantly corre-
lated with ATT levels (B = —0.127, P = 0.001). In the model
that included age as an explanatory variable, the correlations
of ATT with BMI and HDL-C remained significant; however,
the significant correlation between ATT and maximal carotid
IMT was no longer significant.

ATT and atherosclerotic diseases

Comparisons of ATT between patients with and without CAD
are shown in Figure 1. ATT was significantly greater in pa-
tients with CAD than in those without CAD across all patients,
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Figure 1. Achilles tendon thickness in patients with and without coronary artery disease in all patients (a), in patients = 65 years
old and patients < 65 years old (b), in male and female patients (c), and in patients treated with statins and patients untreated with
statins (d). Error bars indicate mean + SE. *P < 0.01 vs. patients without coronary artery disease. SE: standard error.

patients older than 65 years, female patients, and patients treat-
ed with statins.

Comparisons of ATT between patients with and without
cerebrovascular disease are shown in Figure 2. There was no
significant difference in ATT between patients with and without
cerebrovascular disease across all patients and all subgroups.

Comparisons of ATT between patients with and without
carotid artery stenosis are shown in Figure 3. ATT was sig-
nificantly greater in patients with carotid artery stenosis than
in those without carotid artery stenosis across all patients, pa-
tients older than 65 years, and patients treated with statins.

ATT and diabetes

Comparisons of ATT between patients with and without dia-
betes are shown in Figure 4. ATT was significantly greater in
patients with diabetes than in those without diabetes across all
patients, both patients older and younger than 65 years, male
and female patients, and patients untreated with statins.

ATT and atherosclerotic diseases in patients with diabetes

Among patients with diabetes, those with CAD had an ap-
proximately 37% greater ATT than those without CAD (Fig.
5). Similarly, diabetic patients with carotid artery stenosis had
a greater ATT than those without carotid artery stenosis.

Discussion

ATT was originally established as a diagnostic marker for FH,
an inherited genetic disorder showing high LDL-C levels due
to hepatic LDL receptor defects, tendon xanthomas, and a fam-
ily history of early-onset ASCVD [1]. FH causes xanthomas,
cholesterol deposits most commonly in the Achilles tendon
[15]. Patients with FH present with Achilles tendinopathy,
such as painful tenosynovitis, before developing tendon xan-
thomas [16]. Tendon xanthomas consist of cholesterol depos-
its, inflammatory cells, and a remarkable fibrotic reaction [16].

Extracellular matrix remodeling and inflammation lead
to the development of atherosclerosis in patients with hyper-
cholesterolemia-related tendon pathology [17, 18]. The lipid
composition of tendon xanthomas, including free cholesterol,
cholesterol esters, and phospholipids, suggests systemic lipid
infiltration rather than local synthesis [19, 20]. This is sup-
ported by observations of active LDL uptake by lesions within
xanthomas [21]. The distribution of oxidized LDL parallels
that of macrophages in xanthoma [22]. Plasma-derived LDL
may be trapped in the tendon matrix and oxidized by mac-
rophages [20]. Most xanthomas originate from macrophages
that have taken up oxidized LDL. The role of inflammation
in the onset and progression of CVD is well established. Mac-
rophages derived from patients with tendon xanthomas are
more likely to form foam cells than macrophages derived from
patients without tendon xanthomas [23]. Patients with FH and
tendon xanthomas had higher inflammatory cytokine levels

636 Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ | https://jocmr.elmerjournals.com



Hakoshima et al J Clin Med Res. 2026;18(9):632-642

a All patients b Patients = 65 years old Patients < 65 years old
E 46 E 46 €
£ 467 E 469 £ 48
2 465 2 4.67 8 475
% 463 _g 465 %
£ 461 £ 463 £
0
s § 461 S 465
2 459 2 g
g 8 459 g
2 457 8 457 g
S 455 . , 5 ass : . 5 455 : .
With Without With Without With Without
(n=152) (n = 847) (n=117) (n = 452) (n = 39) (n = 395)
Cerebrovascular disease Cerebrovascular disease Cerebrovascular disease
c Male Female d With statins Without statins
E 485 E 454 48 T 465
E° £ E E
o 2 452 2 475 @ .
[} 48 o £ © i 6
< g 49 £ 47 S
2 2 448 £ £
T 475 = = 465 T 455
S S 446 5 S
i} he) he T
5 S 444 g 40 5
L a7 a8 * 2 Z 45
g 8 442 8 49 8
5 465 _ . § a4 _ _ § 45 _ ‘ S 445 . .
With Without With Without With Without With Without
(n = 80) (n=432) (n=72) (n = 414) (n = 56) (n =297) (n=93) (n =513)
Cerebrovascular disease Cerebrovascular disease Cerebrovascular disease Cerebrovascular disease
Figure 2. Achilles tendon thickness in patients with and without cerebrovascular disease in all patients (a), in patients = 65 years
old and patients < 65 years old (b), in male and female patients (c), and in patients treated with statins and patients untreated
with statins (d). Error bars indicate mean + SE. SE: standard error.
a All patients b Patients = 65 years old Patients < 65 years old
E 48 - £ 48 * £ 49
E £ E
§ 475 § 475 § 48
S 47 £ a7 k=
K= K=} S 47
T c - £
S 465 S 465 2
ksl k<) S 46
c 46 c 46 c
2 3 ]
8 455 8 455 e
z z z
2 45 £ 45 . 2 44 :
With Without With Without With Without
(n = 116) (n =884) (n=97) (n = 473) (n=19) (n = 411)
Carotid artery stenosis Carofid artery stenosis Carotid artery stenosis
Cc Male Female d With statins Without statins
E 49 E 465 T 49 * E 48
E é é QF é
» w 46 7] o @ 475
& 485 o & 48 8 47
S € 455 & ,oc g
g X 499 $ 475 2 465
£ = - = = 65
= 48 = 45 - 47 c -
S o S - s 46
=] o c © 465 ©
c c 445 c c -
2475 2 S 45 & 455
s 8 44 8 455 8 45
5§ a7 7 ‘ § 435 7 § 45 S 445 ,
With Without With Without With Without With Without
(n = 76) (n = 436) (n = 40) (n = 448) (n = 47) (n = 306) (n =66) (n = 541)
Carotid artery stenosis Carotid artery stenosis Carotid artery stenosis Carotid artery stenosis
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than those without. Thus, the pathogenic mechanism underly-
ing the development of tendon xanthomas is similar to that of
atherosclerosis.

More recently, ATT has gained attention as a potential pre-
dictor of ASCVD, in addition to a diagnostic marker for FH.
Ultrasonographic measurement of ATT is now widely used
to diagnose FH because of its noninvasive nature, reproduc-
ibility, and lack of radiation exposure [8]. A study of patients
with heterozygous FH suggested that the ATT assessed by ul-
trasonography was superior to that assessed by radiography in
predicting MACEs [9]. This may partly relate to the complex
three-dimensional structure and torsion of the Achilles tendon,
which can affect radiographic measurements [24].

Carotid atherosclerotic changes reflect systemic athero-
sclerosis and serve as a predictive indicator of ASCVD, in-
cluding cerebrovascular disease and CAD [25-28]. Carotid
IMT is a marker of subclinical atherosclerosis. In our study,
ATT was positively and significantly correlated with maximal
carotid IMT in univariate correlation and the model that in-
cluded BMI, HDL-C, and LDL-C. In the model that included
age as an explanatory variable, the correlations of ATT with
BMI and HDL-C remained significant; however, the signifi-
cant correlation between ATT and maximal carotid IMT was
no longer significant.

Obesity and insulin resistance contribute to dyslipidemia
by increasing hormone-sensitive lipase activity, enhancing
free fatty acid release, and increasing hepatic very-low-density
lipoprotein (VLDL) production, while simultaneously reduc-
ing lipoprotein lipase (LPL) activity and HDL formation [29,

638

30]. Briefly, insulin resistance inactivates LPL, the enzyme
that catabolizes TG-rich lipoproteins such as VLDL [31].
HDL production is associated with LPL-mediated catabolism
of TG-rich lipoproteins [32]. A decrease in LPL activity leads
to an increase in VLDL levels and a decrease in HDL levels.
In obesity, when inflammatory cells, particularly activated
macrophages, infiltrate adipose tissue, a severe inflammato-
ry state is induced [33]. Under such conditions, adipose tis-
sue produces inflammatory cytokines such as tumor necrosis
factor-a, which induce atherosclerosis [33]. In our study, body
weight and BMI were positively and significantly correlated
with ATT. In contrast, HDL-C was inversely correlated with
ATT, suggesting that insulin resistance and insulin resistance-
induced dyslipidemia are associated with ATT progression.
Fujiwara et al reported that maximum ATT had positive cor-
relations with BMI and C-reactive protein [7], supporting our
suggestion.

Our study demonstrated that ATT in patients with CAD
was significantly higher than in those without CAD in all pa-
tients. To elucidate the effects of confounding factors, includ-
ing age, gender, LDL-C medications, we performed a com-
parison between patients with CAD and those without CAD,
in patients > 65 years old and patients < 65 years old, in male
and female patients, and in patients treated with statins and
patients untreated with statins. Although no significant differ-
ence was observed in some subgroups, no subgroup without
CAD exhibited higher ATT values. Similar results were ob-
served in the group comparison regarding carotid artery ste-
nosis. Patients with AT thickening have a higher incidence of
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Figure 5. Achilles tendon thickness in patients with and without coronary artery disease (a), cerebrovascular disease (b), and
carotid artery stenosis (c) in patients with diabetes. Error bars indicate mean + SE. *P < 0.01 vs. patients without coronary artery
disease (a) and without carotid artery disease (c). SE: standard error.

multivessel CAD and left main CAD than patients without AT
thickening [34]. Furthermore, the presence of AT thickening is
associated with vulnerable plaques with macrophage accumu-
lation [34]. In another study of patients with CAD, ATT was
independently associated with CAD severity, suggesting that
detecting ATT may help identify patients with advanced CAD
[35]. A greater ATT may indicate the severity of atherosclerotic
lesions, as supported by a greater ATT in patients with carotid
artery stenosis than in those without carotid artery stenosis.
While diabetes is an important risk factor for atheroscle-
rosis, ATT in patients with diabetes has been investigated in
relation to foot ulcers and peripheral neuropathy [36-39],
rather than as a surrogate marker for systemic atherosclerosis.
However, one study, albeit with a very small sample size of 43
cases, reported a positive correlation among ATT, CAD, and
peripheral artery disease [40]. Our study using 1,000 patients,
including 643 with diabetes, showed that ATT levels were
higher in patients with diabetes than in those without diabe-
tes in all patients. Significantly higher ATT levels in patients
with diabetes were observed regardless of age or gender. In the
group of patients treated with statins, there was no significant
difference in ATT between those with and without diabetes.

However, ATT levels were higher in diabetic patients untreat-
ed with statins than in those without non-diabetic patients un-
treated with statins. Stains may have beneficial effects on ATT.
Furthermore, ATT levels were higher in diabetic patients with
CAD and carotid artery stenosis than in those without CAD
and carotid artery stenosis. In this study, atherosclerotic risk
factors, including BMI and low HDL-C levels, were signifi-
cantly associated with the degree of ATT. These results suggest
that the ATT can be used as a surrogate marker for systemic
atherosclerosis. There are very few studies examining the cor-
relation between metabolic parameters and ATT levels in dia-
betic patients. In a study of 289 patients with type 2 diabetes,
with and without peripheral neuropathy or foot ulcers, ATT
was positively correlated with diabetes duration and HbAlc
[41]. To our knowledge, this is the first study to report that
factors other than blood glucose control, such as BMI and low
HDL-C levels, are associated with ATT in diabetic patients.

This study has several limitations. It is a retrospective ob-
servational study, which limits causal inference and direction-
ality. Furthermore, the treatments for diabetes, hypertension,
and dyslipidemia, as well as diet and exercise, may have also
influenced the results.
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Conclusion

Our findings demonstrate that ATT is significantly associated
with cardio-metabolic risk factors, such as BMI and HDL-C.
ATT was significantly increased in patients with atheroscle-
rotic diseases, including CAD and carotid artery stenosis. Fur-
thermore, ATT was higher in patients with diabetes compared
with non-diabetic individuals, and was further elevated in dia-
betic patients with CAD or carotid artery stenosis.

Acknowledgments

We thank Ayano Sakakibara and Yukie Kawamura, the Divi-
sion of Research Support staff at the National Kohnodai Medi-
cal Center, JIHS.

Financial Disclosure

This work was supported by the JIHS Intramural Research
Fund (26A3001).

Conflict of Interest

The authors declare that they have no conflict of interest con-
cerning this article.

Informed Consent

Not applicable.

Author Contributions

MH contributed to conceptualization and writing — original
draft. HY contributed to conceptualization, supervision, writ-
ing — original draft, review & editing. TO, HS, and MH con-
tributed to formal analysis and data curation. HK contributed
to conceptualization and data curation. All authors have read
and agreed to the published version of the manuscript.

Data Availability

The data supporting the findings of this study are available
from the corresponding author upon reasonable request.

Abbreviations

ASCVD: atherosclerotic cardiovascular diseases; ATT: Achil-
les tendon thickness; BMI: body mass index; CAD: coronary
artery disease; FH: familial hypercholesterolemia; HbAlc: he-
moglobin Alc; HDL-C: high-density lipoprotein-cholesterol;

IMT: intima-media thickness; JIHS: Japan Institute for Health
Security; LDL-C: low-density lipoprotein cholesterol; LPL:
lipoprotein lipase; MACEs: major adverse cardiovascular
events; SD: standard deviation; TC: total cholesterol; TG: tri-
glyceride; VLDL: very-low-density lipoprotein

References

1. Harada-Shiba M, Arai H, Ohmura H, Okazaki H, Sug-
iyama D, Tada H, Dobashi K, et al. Guidelines for the
diagnosis and treatment of adult familial hypercholester-
olemia 2022. J Atheroscler Thromb. 2023;30(5):558-586.
doi pubmed

2. Lehtonen A, Makela P, Viikari J, and Virtama P. Achilles
tendon thickness in hypercholesterolemia. Ann Clin Res.
1981;13(1):39-44.

3. Tada H, Hori M, Matsuki K, Ogura M, Nohara A, Ka-
washiri MA, Harada-Shiba M. Achilles tendon thickness
assessed by X-ray predicting a pathogenic mutation in fa-
milial hypercholesterolemia gene. J Atheroscler Thromb.
2022;29(6):816-824. doi pubmed

4. Takeji Y, Tada H, Takamura M, Tomura A, Harada-Shiba
M. Prevalence and clinical characteristics of familial hy-
percholesterolemia in patients with acute coronary syn-
drome according to the current Japanese guidelines: in-
sight from the EXPLORE-J study. J Atheroscler Thromb.
2025;32(1):23-33. doi pubmed

5. Tada H, Kojima N, Takeji Y, Nohara A, Kawashiri
MA, Takamura M. Impact of changes in Achilles ten-
don thickening on cardiovascular events in patients
with familial hypercholesterolemia. Am J Prev Cardiol.
2024;18:100660. doi pubmed

6. Matsumoto I, Kurozumi M, Namba T, Takagi Y. Achil-
les tendon thickening as a risk factor of cardiovascular
events after percutaneous coronary intervention. J Ath-
eroscler Thromb. 2023;30(5):491-501. doi pubmed

7. Fujiwara R, Yahiro R, Horio T, Miyauchi M, Yoshimura
R, Matsuoka Y, Yokouchi G, et al. Achilles tendon thick-
ness is associated with coronary lesion severity in acute
coronary syndrome patients without familial hypercho-
lesterolemia. J Cardiol. 2022;79(2):311-317. doi pubmed

8. Michikura M, Ogura M, Yamamoto M, Sekimoto M, Fuke
C, Hori M, Arai K, et al. Achilles tendon ultrasonography
for diagnosis of familial hypercholesterolemia among
Japanese subjects. CircJ. 2017;81(12):1879-1885. doi
pubmed

9. Michikura M, Ogura M, Matsuki K, Yamaoka M, Makino
H, Harada-Shiba M. Risk assessment for cardiovascular
events using achilles tendon thickness and softness and
intima-media thickness in familial hypercholesterolemia.
J Atheroscler Thromb. 2024;31(11):1607-1619. doi pub-
med

10. Fujioka S, Shishikura D, Sakaguchi K, Kusumoto H,
Michikura M, Kanzaki Y, Harada-Shiba M, et al. Asso-
ciation of achilles tendon thickness with severity of coro-
nary artery disease in non-familial hypercholesterolemia.
J Atheroscler Thromb. 2026;33(5):578-588. doi pubmed

11. Nezu T, Hosomi N, Aoki S, Matsumoto M. Carotid In-

640 Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ | https://jocmr.elmerjournals.com


https://www.doi.org/10.5551/jat.CR005
https://www.doi.org/10.5551/jat.CR005
http://www.ncbi.nlm.nih.gov/pubmed/36682773
https://www.doi.org/10.5551/jat.62869
http://www.ncbi.nlm.nih.gov/pubmed/34193720
https://www.doi.org/10.5551/jat.64972
http://www.ncbi.nlm.nih.gov/pubmed/38960631
https://www.doi.org/10.1016/j.ajpc.2024.100660
http://www.ncbi.nlm.nih.gov/pubmed/38590629
https://www.doi.org/10.5551/jat.63607
http://www.ncbi.nlm.nih.gov/pubmed/35850983
https://www.doi.org/10.1016/j.jjcc.2021.09.021
http://www.ncbi.nlm.nih.gov/pubmed/34657775
https://www.doi.org/10.1253/circj.CJ-17-0041
http://www.ncbi.nlm.nih.gov/pubmed/28652530
http://www.ncbi.nlm.nih.gov/pubmed/28652530
https://www.doi.org/10.5551/jat.64766
http://www.ncbi.nlm.nih.gov/pubmed/38811234
http://www.ncbi.nlm.nih.gov/pubmed/38811234
https://www.doi.org/10.5551/jat.65995
http://www.ncbi.nlm.nih.gov/pubmed/41443833

Hakoshima et al

] Clin Med Res. 2026;18(9):632-642

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

tima-Media Thickness for Atherosclerosis. J Atheroscler
Thromb. 2016;23(1):18-31. doi pubmed

Touboul PJ, Hennerici MG, Meairs S, Adams H, Amaren-
co P, Bornstein N, Csiba L, et al. Mannheim carotid in-
tima-media thickness and plaque consensus (2004-2006-
2011). An update on behalf of the advisory board of the
3rd, 4th and 5th watching the risk symposia, at the 13th,
15th and 20th European Stroke Conferences, Mannheim,
Germany, 2004, Brussels, Belgium, 2006, and Hamburg,
Germany, 2011. Cerebrovasc Dis. 2012;34(4):290-296.
doi pubmed

Eliasziw M, Rankin RN, Fox AJ, Haynes RB, Barnett HJ.
Accuracy and prognostic consequences of ultrasonogra-
phy in identifying severe carotid artery stenosis. North
American Symptomatic Carotid Endarterectomy Trial
(NASCET) Group. Stroke. 1995;26(10):1747-1752. doi
pubmed

Wada S, Koga M, Toyoda K, Minematsu K, Yasaka M,
Nagai Y, Aoki S, et al. Factors associated with intima-
media complex thickness of the common carotid artery in
Japanese noncardioembolic stroke patients with hyperlip-
idemia: the J-STARS echo study. J Atheroscler Thromb.
2018;25(4):359-373. doi pubmed

Kruth HS. Lipid deposition in human tendon xanthoma.
Am J Pathol. 1985;121(2):311-315. pubmed

Beeharry D, Coupe B, Benbow EW, Morgan J, Kwok S,
Charlton-Menys V, France M, et al. Familial hypercholes-
terolaemia commonly presents with Achilles tenosynovi-
tis. Ann Rheum Dis. 2006;65(3):312-315. doi pubmed
Schwanekamp JA, Lorts A, Vagnozzi RJ, Vanhoutte D,
Molkentin JD. Deletion of periostin protects against ath-
erosclerosis in mice by altering inflammation and extra-
cellular matrix remodeling. Arterioscler Thromb Vasc
Biol. 2016;36(1):60-68. doi pubmed

Yang Y, Lu H, Qu J. Tendon pathology in hypercholester-
olaemia patients: Epidemiology, pathogenesis and man-
agement. J Orthop Translat. 2019;16:14-22. doi pubmed
Tall AR, Small DM, Lees RS. Interaction of collagen
with the lipids of tendon xanthomata. J Clin Invest.
1978;62(4):836-846. doi pubmed

Vermeer BJ, Mateysen AA, van Gent CM, van Sabben
RM, Emeis JJ. The lipid composition and localization of
free and esterified cholesterol in different types of xan-
thomas. J Invest Dermatol. 1982;78(4):305-308. doi pub-
med

Armstrong ML, Mathur SN, Sando GN, Megan MB. Li-
pid metabolism in xanthomatous skin of hypercholester-
olemic rabbits. Am J Pathol. 1986;125(2):339-348. pub-
med

Sugiyama N, Marcovina S, Gown AM, Seftel H, Joffe B,
Chait A. Immunohistochemical distribution of lipopro-
tein epitopes in xanthomata from patients with familial
hypercholesterolemia. Am J Pathol. 1992;141(1):99-106.
pubmed

Artieda M, Cenarro A, Junquera C, Lasierra P, Martinez-
Lorenzo MIJ, Pocovi M, Civeira F. Tendon xanthomas
in familial hypercholesterolemia are associated with a
differential inflammatory response of macrophages to
oxidized LDL. FEBS Lett. 2005;579(20):4503-4512. doi

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

pubmed

Sakaguchi K, Fujioka S, Shishikura D, Michikura M, Ku-
sumoto H, Kanzaki Y, Harada-Shiba M, et al. Discord-
ance in Achilles Tendon Assessment between Radiogra-
phy and Ultrasonography due to Torsion. J Atheroscler
Thromb. 2026;33(4):417-427. doi pubmed

Salonen JT, Salonen R. Ultrasonographically assessed ca-
rotid morphology and the risk of coronary heart disease.
Arterioscler Thromb. 1991;11(5):1245-1249. doi pubmed
Simon A, Gariepy J, Chironi G, Megnien JL, Leven-
son J. Intima-media thickness: a new tool for diagno-
sis and treatment of cardiovascular risk. J Hypertens.
2002;20(2):159-169. doi pubmed

Johnsen SH, Mathiesen EB, Joakimsen O, Stensland E,
Wilsgaard T, Lochen ML, Njolstad I, et al. Carotid ather-
osclerosis is a stronger predictor of myocardial infarction
in women than in men: a 6-year follow-up study of 6226
persons: the Tromso Study. Stroke. 2007;38(11):2873-
2880. doi pubmed

Bots ML, Hoes AW, Koudstaal PJ, Hofman A, Grobbee
DE. Common carotid intima-media thickness and risk of
stroke and myocardial infarction: the Rotterdam Study.
Circulation. 1997;96(5):1432-1437. doi pubmed
Sztalryd C, Kraemer FB. Regulation of hormone-sensi-
tive lipase in streptozotocin-induced diabetic rats. Me-
tabolism. 1995;44(11):1391-1396. doi pubmed

Yanai H, Hirowatari Y, Yoshida H. Diabetic dyslipi-
demia: evaluation and mechanism. Glob Health Med.
2019;1(1):30-35. doi pubmed

Fisher EA. The degradation of apolipoprotein B100: mul-
tiple opportunities to regulate VLDL triglyceride produc-
tion by different proteolytic pathways. Biochim Biophys
Acta. 2012;1821(5):778-781. doi pubmed

Nikkila EA, Taskinen MR, Kekki M. Relation of plasma
high-density lipoprotein cholesterol to lipoprotein-lipase
activity in adipose tissue and skeletal muscle of man. Ath-
erosclerosis. 1978;29(4):497-501. doi pubmed

Henning RJ. Obesity and obesity-induced inflamma-
tory disease contribute to atherosclerosis: a review of the
pathophysiology and treatment of obesity. Am J Cardio-
vasc Dis. 2021;11(4):504-529. pubmed

Hashimoto T, Minami Y, Kakizaki R, Nemoto T, Fujiyoshi
K, Meguro K, Shimohama T, et al. Achilles tendon thick-
ening is associated with disease severity and plaque vul-
nerability in patients with coronary artery disease. J Clin
Lipidol. 2019;13(1):194-200. doi pubmed

Kitahara H, Nakayama T, Fujimoto Y, Kobayashi Y. As-
sociation between Achilles tendon xanthoma and severity
of coronary artery disease in patients undergoing percuta-
neous coronary intervention. J Cardiol. 2020;75(6):654-
658. doi pubmed

Prajwal R, Sakalecha AK, Dudekula A, Varma N. Ultra-
sound evaluation of achilles tendon thickness in diabetic
patients with and without foot complications. Cureus.
2024;16(6):¢62831. doi pubmed

Khor BYC, Woodburn J, Newcombe L, Barn R. Plantar
soft tissues and Achilles tendon thickness and stiffness in
people with diabetes: a systematic review. J Foot Ankle
Res. 2021;14(1):35. doi pubmed

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ | https://jocmr.elmerjournals.com 641


https://www.doi.org/10.5551/jat.31989
http://www.ncbi.nlm.nih.gov/pubmed/26460381
https://www.doi.org/10.1159/000343145
https://www.doi.org/10.1159/000343145
http://www.ncbi.nlm.nih.gov/pubmed/23128470
https://www.doi.org/10.1161/01.str.26.10.1747
http://www.ncbi.nlm.nih.gov/pubmed/7570719
http://www.ncbi.nlm.nih.gov/pubmed/7570719
https://www.doi.org/10.5551/jat.41533
http://www.ncbi.nlm.nih.gov/pubmed/29118311
http://www.ncbi.nlm.nih.gov/pubmed/4061567
https://www.doi.org/10.1136/ard.2005.040766
http://www.ncbi.nlm.nih.gov/pubmed/16176995
https://www.doi.org/10.1161/ATVBAHA.115.306397
http://www.ncbi.nlm.nih.gov/pubmed/26564821
https://www.doi.org/10.1016/j.jot.2018.07.003
http://www.ncbi.nlm.nih.gov/pubmed/30723677
https://www.doi.org/10.1172/JCI109196
http://www.ncbi.nlm.nih.gov/pubmed/701482
https://www.doi.org/10.1111/1523-1747.ep12507376
http://www.ncbi.nlm.nih.gov/pubmed/7069209
http://www.ncbi.nlm.nih.gov/pubmed/7069209
http://www.ncbi.nlm.nih.gov/pubmed/2878618
http://www.ncbi.nlm.nih.gov/pubmed/2878618
http://www.ncbi.nlm.nih.gov/pubmed/1378698
http://www.ncbi.nlm.nih.gov/pubmed/1378698
https://www.doi.org/10.1016/j.febslet.2005.06.087
http://www.ncbi.nlm.nih.gov/pubmed/16083882
http://www.ncbi.nlm.nih.gov/pubmed/16083882
https://www.doi.org/10.5551/jat.66028
http://www.ncbi.nlm.nih.gov/pubmed/41139505
https://www.doi.org/10.1161/01.atv.11.5.1245
http://www.ncbi.nlm.nih.gov/pubmed/1911709
https://www.doi.org/10.1097/00004872-200202000-00001
http://www.ncbi.nlm.nih.gov/pubmed/11821696
https://www.doi.org/10.1161/STROKEAHA.107.487264
http://www.ncbi.nlm.nih.gov/pubmed/17901390
https://www.doi.org/10.1161/01.cir.96.5.1432
http://www.ncbi.nlm.nih.gov/pubmed/9315528
https://www.doi.org/10.1016/0026-0495(95)90135-3
http://www.ncbi.nlm.nih.gov/pubmed/7476323
https://www.doi.org/10.35772/ghm.2019.01007
http://www.ncbi.nlm.nih.gov/pubmed/33330752
https://www.doi.org/10.1016/j.bbalip.2012.02.001
http://www.ncbi.nlm.nih.gov/pubmed/22342675
https://www.doi.org/10.1016/0021-9150(78)90178-8
http://www.ncbi.nlm.nih.gov/pubmed/208590
http://www.ncbi.nlm.nih.gov/pubmed/34548951
https://www.doi.org/10.1016/j.jacl.2018.10.007
http://www.ncbi.nlm.nih.gov/pubmed/30472278
https://www.doi.org/10.1016/j.jjcc.2020.01.002
http://www.ncbi.nlm.nih.gov/pubmed/31992496
https://www.doi.org/10.7759/cureus.62831
http://www.ncbi.nlm.nih.gov/pubmed/39040735
https://www.doi.org/10.1186/s13047-021-00475-7
http://www.ncbi.nlm.nih.gov/pubmed/33910602

Achilles Tendon Thickness & Atherosclerosis

] Clin Med Res. 2026;18(9):632-642

38.

39.

40.

642

Harish CS, Dixit R, Singh S, Garg S. Sonoeclasto-
graphic Evaluation of the Achilles Tendon in Patients
With Type 2 Diabetes Mellitus. Ultrasound Med Biol.
2020;46(11):2989-2997. doi pubmed

R. Real-time sonoelastography and ultrasound evaluation
of the Achilles tendon in patients with diabetes with or
without foot ulcers: a cross sectional study. J Diabetes
Complications. 2015;29(8):1124-1129. doi pubmed

Afolabi BI, Ayoola OO, Idowu BM, Kolawole BA, Omi- 41. Bozkus R, Suer Dogan I, Turhan B, Duran Kaymak
sore AD. Sonographic evaluation of the Achilles tendon S, Kurt MH, Kavak RP. Ultrasonographic and elasto-
and plantar fascia of type 2 diabetics in Nigeria. J] Med graphic evaluation of plantar fascia and Achilles tendon
Ultrasound. 2019;27(2):86-91. doi pubmed alterations in type 2 diabetes mellitus. Turk J Med Sci.
Evranos B, Idilman I, Ipek A, Polat SB, Cakir B, Ersoy 2025;55(4):893-903. doi pubmed

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ | https://jocmr.elmerjournals.com


https://www.doi.org/10.1016/j.ultrasmedbio.2020.07.023
http://www.ncbi.nlm.nih.gov/pubmed/32819782
https://www.doi.org/10.4103/JMU.JMU_85_18
http://www.ncbi.nlm.nih.gov/pubmed/31316218
https://www.doi.org/10.1016/j.jdiacomp.2015.08.012
http://www.ncbi.nlm.nih.gov/pubmed/26382616
https://www.doi.org/10.55730/1300-0144.6042
http://www.ncbi.nlm.nih.gov/pubmed/40933966

