= . The official journal of the Japan Atherosclerosis Society and
o & the Asian Pacific Society of Atherosclerosis and Vascular Diseases @@@@

* Y BY NC SA
Orig inal Article J Atheroscler Thromb, 2022; 29: 1603-1612. http://doi.org/10.5551/jat.63151

Association between Achilles Tendon Softness and Atherosclerotic
Cardiovascular Disease in Patients with Familial Hypercholesterolemia

Masahito Michikura' 2, Masatsune Ogura'-3 4, Mika Hori' 5, Kota Matsuki' ¢, Hisashi Makino?, Kiminori Hosoda?
and Mariko Harada-Shiba':’

'Department of Molecular Innovation in Lipidology, National Cerebral and Cardiovascular Center Research Institute, Osaka, Japan
?Department of Endocrinology and Metabolism, National Cerebral and Cardiovascular Center Hospital, Osaka, Japan
*Department of General Medical Science, Chiba University Graduate School of Medicine, Chiba, Japan

#Department of Metabolism and Endocrinology, Eastern Chiba Medical Center, Chiba, Japan

’Department of Endocrinology, Research Institute of Environmental Medicine, Nagoya University, Aichi, Japan

Department of Endocrinology and Metabolism, Hirosaki University Graduate School of Medicine, Aomori, Japan

"Department of Molecular Pathogenesis, National Cerebral and Cardiovascular Center Research Institute, Osaka, Japan

Aims: Achilles tendon (AT) xanthomas are a specific physical finding of familial hypercholesterolemia (FH) and
AT thickness has been used for its diagnosis and evaluation of its severity. Recently, we reported that the AT of
FH patients was softer than that of non-FH patients and the combined use of a cut-off value for AT softness with
that for AT thickness improved diagnostic accuracy. However, an association between AT softness and severity of
atherosclerosis has not been reported. Accordingly, the present study aimed to investigate whether AT softness
was associated with carotid atherosclerosis and presence of atherosclerotic cardiovascular disease (ASCVD) in FH.

Methods: The AT of 176 genetically diagnosed FH patients and 98 non-FH patients was examined to measure
AT thickness and the elasticity index (EI) as an indicator for assessing AT softness using ultrasonography.

Results: Increased age was associated with AT softness, and overweight was negatively related to AT softness.
There were significant inverse correlations between EI and maximum and mean intima-media thickness (IMT)
within the common carotid artery only among FH patients. In multiple linear regression analysis, although the
relationship between EI and mean IMT was attenuated, the association between EI and maximum IMT
remained robust. In logistic regression analysis adjusted for age, sex and traditional cardiovascular risk factors
(smoking history, presence of hypertension, presence of diabetes mellitus, overweight, LDL-cholesterol, HDL-
cholesterol, and Log triglycerides), EI was associated with presence of ASCVD (Odds ratio per 1-SD increase,
0.37; 95% CI, 0.15 — 0.86; P=0.0252).

Conclusion: The degree of lipid deposition in the AT of FH patients could be assessed by its thickness as well
as its softness. AT softness is not only useful in diagnosing FH but is also associated with the severity of carotid
atherosclerosis and presence of ASCVD. In addition, these findings suggest that AT softness would be helpful in
risk assessment for FH patients.
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mutations in the low-density lipoprotein (LDL)
receptor pathway. FH is characterized by a high

Familial hypercholesterolemia (FH) is an plasma LDL cholesterol (LDL-C) concentration,
autosomal dominant hereditary disease due to gene Achilles tendon (AT) thickening, and premature
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atherosclerotic cardiovascular disease (ASCVD)?".
Although the frequency of heterozygous FH is high (1
in 200-300)?, the diagnosis rate is still low?. As we
and others have reported that FH is much more
common among patients with early-onset acute
coronary syndrome®®, earlier diagnosis and
appropriate treatment for FH is a clinically important
issue to be addressed”.

AT thickening is the most specific physical
finding in the diagnosis of FH. In Japan, radiography
has been used for measuring AT thickness®*'?, and
ultrasonography has also been used as an imaging
modality for its evaluation'"'?. Recently, we set a cut-
off value for AT thickness measured by
ultrasonography for the diagnosis of FH in Japanese
patients and demonstrated that AT thickness measured
in this way was not only a diagnostic criterion for FH
but also an important predictor for the presence of
CAD in FH patients'?.

On the other hand, there is a challenge in
diagnosing patients whose AT thickness is slightly
below or borderline with respect to the cut-off value,
especially in young adults and women. Therefore, we
previously focused on the presence of lipid deposition
in the AT of such patients and evaluated AT softness
using elastography in 115 FH and 77 non-FH
patients to determine a cut-off value for elasticity
index (EI)'?. We also reported that the AT in FH is
softer than that in non-FH, and that the thicker the
tendon, the softer it is. Moreover, the diagnostic
accuracy of FH using combinative assessments of AT
thickness and softness resulted in a higher detection
rate than with thickness alone (from 72% to 82%) 9.
Therefore, in this previous paper, we concluded that
measuring EI in addition to AT thickness may be
beneficial for suspected FH patients whose AT
thickness is borderline or falls short of the cut-off
value due to lipid-lowering treatment or younger age.
In addition, based on a comparison of the EI of the
AT in 94 FH patients and 38 healthy control patients
in a pilot study, Zhang ez al. reported that elastography
may be effective in diagnosing FH'?. However, a clear
relationship between AT softness and severity of
atherosclerosis had not been demonstrated in FH
patients.

Although carotid atherosclerosis and coronary
artery disease are not necessarily specific to FH, lipid
deposition in the AT and atherosclerosis have similar
mechanisms'. Since AT softness was associated with
AT thickness in our previous study, we hypothesized
that AT softness is related to the severity of
atherosclerosis. The purpose of this study was to
determine whether AT softness is associated with the
severity of carotid atherosclerosis and presence of
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ASCVD.

Methods

Patients

Five hundred forty-eight consecutive patients
who visited National Cerebral and Cardiovascular
Center Hospital to undergo carotid ultrasonography
and consented to AT ultrasonography were initially
enrolled in this cross-sectional study. They consisted
of 450 clinically diagnosed FH patients and 98
consecutive non-FH patients who have diabetes,
dyslipidemia not caused by FH, and/or hypertension.
Among the FH patients, those with calcification in
the AT (N=35), and those with a history of AT injury
or damage (N=2) were excluded from the study.
DNA analysis was then performed for the LDL
receptor (LDLR) gene and/or proprotein convertase
subtilisin/kexin 9 (PCSK9) gene as previously
reported'® in 217 patients with clinically diagnosed
FH. Among them, true homozygotes or compound
heterozygotes for pathogenic LDLR mutations (N=9)
and patients with no pathogenic mutations (N=228)
were excluded. Thus, patients were defined as FH
(N=176) if they had a pathogenic mutation of the
LDLR and/or PCSK9 gene in the present study. As a
result, the final total number of subjects enrolled by
the present study was 274 (176 FH patients and 98
non-FH patients).

This study was performed in conformity with
the Helsinki Declaration and approved by the ethics
committee of National Cerebral and Cardiovascular
Center (Approval No. M17-056 and M25-112).
Written informed consent was obtained from all
subjects following explanation of the purpose,
method, and risks of the study.

Ultrasonography of Carotid Artery

Concurrent with AT measurements, the intima-
media thickness (IMT) was also measured as
previously reported'?, using the same measurement
equipment. Briefly, the location of the maximum
IMT within the common carotid artery was extracted
and brought to the center of the screen, and then 3
points, the point itself and 2 points, at 1 cm on both
sides, were measured, defining the mean value of the 3
points as the mean IMT. In the event maximum IMT
could not be extracted and brought to the center of
the screen, 3 points in total including maximum IMT
as the starting point were measured to calculate the
mean IMT, with a 1 cm interval between points. The
mean of the values for the left and right carotid
arteries was used as the measurement result for mean
IMT, while the greater of the values for the left and
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Fig. 1. Quantitative ultrasound images obtained during elastography of Achilles tendon of patients with familial hypercholesterolemia

(a) Elastogram of a 44-year-old male patient with familial hypercholesterolemia. His AT thickness was 14.8 mm and EI was 3.5. Region of

interest for Achilles tendon is defined as ellipse surrounded by yellow line.

(b) Horizontal sonogram of 24-year-old man with familial hypercholesterolemia. Ellipse surrounded by dotted line indicates Achilles tendon.
Low-echoic lesions in Achilles tendon suggest lipid accumulation. His AT thickness was 8.7 mm and EI was 4.0.

(c) Elastogram of 24-year-old man with familial hypercholesterolemia (same patient as in Fig. 1(b)). A color map from blue (hardest tissue) to
red (softest tissue) was produced in the strain elastogram. Red (softest tissue) was observed in the low-echoic area in B-mode (Fig. 1(b)).

right was used for maximum IMT.

Measurement of Achilles Tendon Thickness

Measurement of AT thickness using
ultrasonography was performed as previously
reported'?, with blinding to FH or non-FH status.
Assessments were carried out by an ultrasound
examiner certified by the Japan Society of Ultrasonics
in Medicine.

Measurement of Elasticity Index

Carotid IMT, EI and AT thickness were
measured concurrently using the same equipment
(LOGIQ S§8). Measurement of EI was performed as
previously reported'?. The elastography measurement
conditions were as follows. Frequency: 6.3 MHz, Line
density: 4, soft compress: 5, Hard compress: 7,
Velocity: 0.7 cm/s, Noise Reject: 7, Frame Reject: 6.
Ankles were flexed at 90° with the upper abdomen
positioned on the bed. Observing the guide bar on the
screen indicating the degree of compression of the

probe, compression was manually applied to the skin
with the probe and then relaxed, while referring to
previous measurement methods'” . We measured
the EI when the degree of strain became stable during
repeated compression and relaxation. It was calculated
as the ratio of the average value of the EI and that in a
selected region, within the region of interest (ROI).
The ROI was selected so that its upper end was
immediately below the probe including the gel pad
and the lower end just above the tibial bone.
Horizontally, we selected the ROI so that it included
the whole image of the AT, traced the cross section of
the AT and measured EI (Fig.1(a)). At each
examination, a color map from blue (hardest tissue) to
red (softest tissue) was produced. The normal
ultrasound image of the AT exhibits a multiple linear
hyperechoic structure called fibrillar patterns and the
AT area is uniformly blue. In FH, as the AT thickens
along with lipid accumulation, the fibrillar patterns
are no longer observed, and spotty, non-uniform
sonolucent areas of local lipid deposition are generally
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Table 1. Clinical characteristics of patients with FH and non-FH patients

FH (N=176) Non-FH (N =98) p value
Female sex, 7 (%) 106 (60) 59 (60) 0.968
Age, years 50 =17 58 £ 15 <0.001
Body mass index, kg/m* 224x3.1 DB 22 B 0.037
Total cholesterol, mg/dl 228 £ 65 213 £51 0.060
LDL-cholesterol, mg/dl 154 =59 127 = 44 <0.001
HDL-cholesterol, mg/dl 54 + 15 58 = 14 0.032
Triglycerides, mg/dl 83 (61 —122) 116 (81 —176) 0.005
Overweight, 7 (%) 33 (19) 29 (30) 0.042
Hypertension, 7 (%) 43 (24) 36 (37) 0.017
Diabetes mellitus, 7 (%) 21 (12) 28 (29) 0.002
Smoking history, 7 (%) 74 (42) 30 (31) 0.084
ASCVD, 7 (%) 42 (24) 4 (4) <0.001
mean IMT, mm 0.8 (0.6-1.1) 0.7 (0.6-0.9) 0.046
maximum IMT, mm 0.9 (0.6 — 1.4) 0.9 (0.7 - 1.3) 0.084

Values are presented as mean*standard deviation or median (interquartile range 25% - 75%) or number. FH, familial
hypercholesterolemia; LDL, low-density lipoprotein; HDL, high density lipoprotein; ASCVD, atherosclerotic cardiovascular disease,

and IMT, intima-media thickness.

seen.

In Fig.1, the large low echoic area (Fig.1(b))
and large red area fringed with yellow and green colors
(Fig.1(c)) observed in the AT of a male patient
suggest large lipid deposition.

Clinical and Laboratory Characteristics
Hypertension was defined as use of anti-
hypertensive drugs or blood pressure more than 140
mmHg systolic or more than 90 mmHg diastolic, or
both, at the time of AT ultrasonography. Fasting
blood glucose and lipid profile were measured by
standard methods. Diabetes was defined as history of
diabetes, use of any anti-diabetic medication or
presence of a fasting blood glucose > 126 mg/dl
Overweight was defined as a body mass index (BMI)
> 25 kg/m®. Patients with current smoking or past
smoking were defined as subjects with smoking
history. ASCVD was defined as presence of any of the
following: (1) myocardial infarction proven by
electrocardiogram abnormalities and enzyme changes,
(2) diagnosis of angina pectoris with significant
stenosis = 75% on cardio-angiogram, (3) coronary
bypass surgery or percutaneous coronary
interventions, and (4) symptomatic ischemic stroke.

Statistical Analyses

Single regression analysis was used to analyze
relationships between AT measurements and carotid
IMT, while Pearson’s correlation coefficients were used
for the correlation analysis. The #test or Mann-
Whitney test was used to compare continuous
variables between two groups, while ANOVA was
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used for comparisons among multiple groups.
Pearson’s chi-squared test was used for comparison of
categorical variables. In the present study, the
statistical significance level was set at p<0.05 and
JMP (version14.0) was used for the analyses.

Results

Clinical Characteristics of Study Subjects

The clinical characteristics of the study subjects
are shown in Table 1. The age of patients ranged from
20 to 87 years in the FH group and from 22 to 82
years in the non-FH group. BMI, triglycerides (TG),
and high-density lipoprotein (HDL) cholesterol were
significantly higher in the non-FH group than in the
FH group. On the other hand, LDL-C Ilevels,
prevalence of ASCVD and mean IMT in carotid
arteries were significantly greater in the FH group
compared to the non-FH group. The maximum IMT
in the carotid artery was comparable between FH and
non-FH. Since the mean age was significantly higher
in non-FH, the above results suggested that the speed
of carotid atherosclerosis progression was faster in FH.

Table 2 shows mean values of AT thickness and
El in both the FH and non-FH groups. AT thickness
was greater and EI was lower in the FH group
compared to the non-FH group, indicating that the
AT of FH patients was thicker and softer than that of
non-FH patients. The AT of males was significantly
thicker than that of females for both the FH
(P=0.048) and non-FH (P=0.004) groups. However,
the mean EI was similar in men and women in both

groups (male vs. female, =0.196 in FH group and
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Table 2. Mean values of Achilles tendon thickness and elasticity index

FH Non-FH 2 value
N (Male/Female) 176 (70/106) 98 (39/59)
EI
Total 4.4x0.6 5.0+ 0.3 <0.001
Male 43%0.6 5.0+ 0.3 <0.001
Female 4.5%0.6 5.0+0.3 <0.001
AT thickness, mm
Total 7.9 %36 4.9+0.5 <0.001
Male 8.7+4.6 5.1+0.4 <0.001
Female 7326 4.8%0.5 <0.001

Values are presented as mean # standard deviation.

FH, familial hypercholesterolemia; AT, Achilles tendon; and EI, elasticity index.

Table 3. Multiple linear regression analysis for independent determinants of EI in FH patients (n=176)

beta coefficient 95% CI P value
Age -0.073 -0.014 —-0.00095 0.0243
Female sex -0.015 -0.13-0.10 0.7994
Overweight 0.28 0.038 - 0.52 0.0237
Smoking history -0.096 -0.20 - 0.012 0.0824
Hypertension -0.11 -0.34-0.12 0.3398
Diabetes mellitus 0.14 -0.16 - 0.44 0.3656
LDL-cholesterol -0.000065 -0.0017 - 0.0017 0.9453
HDL-cholesterol 0.0034 -0.0041 - 0.011 0.3676
Log Triglycerides 0.085 -0.10 - 0.27 0.3797

EI elasticity index; FH, familial hypercholesterolemia; LDL, low-density lipoprotein; and HDL, high density lipoprotein.

P=0.725 in non-FH group).

Determinants of AT Softness in FH Patients

We conducted a linear regression analysis with
traditional cardiovascular risk factors (age, sex,
overweight (BMI >25), LDL-cholesterol, HDL-
cholesterol, Log triglycerides, and smoking history) to
find determinants of the EI among the FH group. As
shown in Table 3, increased age was associated with
AT softness (f=-0.007; 95% CI, -0.014 to -0.0009;
P=0.0243). Interestingly, overweight was negatively
related to AT softness (=0.28; 95% CI, 0.038 to
0.52; P=0.0237).

Association between AT Softness and Carotid IMT

Fig.2 shows the correlations between EI and
maximum IMT in common carotid arteries among
non-FH patients ((b)) and among FH patients ((d)),
alongside correlations of EI with AT thickness (ATT)
in non-FH patients (a) and FH patients (c). There
were significant inverse correlations between EI and
maximum IMT (r=-0.38, P<0.001) and between EI
and mean IMT (r=-0.22, P=0.014) in common
carotid arteries only among FH patients.

A multivariate linear regression analysis adjusted
for age, sex and traditional cardiovascular risk factors
(smoking history [current and past], presence of
hypertension, presence of diabetes mellitus,
overweight, LDL-cholesterol, HDL-cholesterol, and
Log triglycerides) also showed a negative association
between EI and maximum IMT (Table 4). On the
other hand, the negative associations between EI and
mean IMT were attenuated in multivariate analyses
(Supplemental Table 1).

In a logistic regression analysis adjusted for age,
sex and traditional cardiovascular risk factors (smoking
history [current and past], presence of hypertension,
presence of diabetes mellitus, overweight, LDL-
cholesterol, HDL-cholesterol, and Log triglycerides),
EI was associated with presence of ASCVD (Odds
ratio per 1-SD increase, 0.37; 95% CI, 0.15 — 0.86;
P=0.0252) (Table 5), suggesting that EI is associated
with both subclinical carotid vascular disease and
ASCVD in FH. Among non-FH, no relationship
between EI and ASCVD was found in a univariate
analysis (4.86+0.10 for ASCVD (+) and 4.98+0.29
for ASCVD (-), P=0.4142). Since there were only a
small number of patients with ASCVD in non-FH

1607



Michikura et al.

(a) Non-FH
(mm)

R=0.08
P=0.428 .

ATT
S 4 NW A D N @ D

(mm)  (c) FH
30

25 R=-0.64

P <0.001
20

ATT

15

10

(b) Non-FH

(mm)

Maximum IMT

(mm)5 (d) FH

R=-0.28

. P <0.001

Maximum IMT

Fig.2. Correlation between elasticity index and Achilles tendon thickness ((a), (c)) as well as carotid atherosclerosis ((b), (d))

Scatter plots show associations between EI and AT thickness among non-FH patients (a) and among FH patients (c). In addition, they show
associations between EI and carotid atherosclerosis among non-FH patients (b) and among FH patients (d).
FH, familial hypercholesterolemia; AT, Achilles tendon; EI, elasticity index; max-BI, maximum IMT within the bifurcation area to the

internal carotid artery.

Table 4. Multiple linear regression analysis for independent determinants of maximum IMT in common carotid

arteries among FH patients (2=176)

beta coefficient 95% CI P value
Age 0.022 0.016 - 0.028 <0.0001
Female sex 0.097 -0.016 - 0.21 0.0916
Body mass index 0.011 -0.019 - 0.043 0.4580
Smoking history 0.043 -0.063 - 0.15 0.4289
Hypertension 0.11 -0.12-10.33 0.3416
Diabetes mellitus 0.057 -0.24 - 0.36 0.7089
LDL-cholesterol -0.00039 -0.0021 - 0.0013 0.6453
HDL-cholesterol -0.0073 -0.015 - 0.000039 0.0512
Log Triglycerides -0.0069 -0.19-0.18 0.9423
Elasticity index -0.16 -0.31 —-0.010 0.0366

IMT, intima-media thickness; FH, familial hypercholesterolemia; LDL, low-density lipoprotein; and HDL, high density lipoprotein.

(N=4), we were unable to provide results for
multivariate analysis. However, the EI values of all
four patients with ASCVD were greater than the cutoff
value (4.7 for both sexes) set in our previous paper'?.

Discussion
In this study, we found that AT softness

evaluated by elastography was associated with the

1608

severity of subclinical carotid vascular disease (increase
in IMT) and presence of ASCVD in FH patients.
Since we previously reported that the use of AT
softness together with AT thickness improves the
diagnostic accuracy of FH, AT softness may be a new
tool not only for diagnosing FH but also for assessing
cardiovascular risk in FH.

In FH patients, increased age was independently
associated with AT softness (Table 3). It was also
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Table 5. Multiple logistic regression analysis for independent determinants of presence of ASCVD in FH

patients (2=1706)

Odds ratio 95% CI P value
Age 1.05 1.02 - 1.10 0.0027
Female sex 0.47 0.12-1.70 0.2497
Overweight 0.91 0.26 - 3.02 0.8736
Smoking history 1.90 0.55-6.54 0.3048
Hypertension 2.91 1.06 - 8.25 0.0382
Diabetes mellitus 0.73 0.19 - 2.68 0.6422
LDL-cholesterol 0.98 0.97 - 0.99 0.0033
HDL-cholesterol 0.94 0.89-0.98 0.0035
Log Triglycerides 1.70 0.64 —4.75 0.2825
Elasticity index 0.37 0.15-0.86 0.0252

ASCVD, atherosclerotic cardiovascular disease; FH, familial hypercholesterolemia; LDL, low-density lipoprotein; and

HDL, high density lipoprotein.

independently associated with AT thickness (B
=0.052; 95% CI, 0.016 to 0.087; P=0.0047,
Supplemental Table 2) in multivariate analysis. In
addition, AT thickness was associated with AT softness
in univariate analysis (Fig.2(C)) and in multivariate
analysis (8=-0.11; 95% CI, -0.13 to -0.08; P<
0.0001, Supplemental Table 3). Therefore, we
speculate that the association between age and EI
mirrors that between age and AT thickness.

Interestingly, overweight was negatively
associated with AT softness in FH (Table 3). In
overweight patients, the AT is located deeper below
the skin due to thicker subcutaneous fat. Therefore, in
these patients, we speculate that the AT may be less
susceptible to strain caused by the probe as it is farther
from the skin. Sun ez al. reported that the thicker the
subcutaneous fat, the more excellent was the
reproducibility of shear wave elastography-based
quantitative assessment for skin elasticity'”. In other
words, thin patients may be more susceptible to strain
from the probe. Although there is no concern about
inter-observer reproducibility because only one
ultrasound examiner measured the EI in this study,
further studies are needed to examine whether EI
values should be corrected for subcutaneous fat
thickness or BMI. Furthermore, as the mean BMI of
non-FH patients in this study was larger than that of
FH patients (Table 1), the possibility of
overestimation of the EI in non-FH patients should
be considered. However, the association between EI
and BMI in non-FH patients was not significant in
either univariate (r=0.05, 2=0.5970) or multivariate
analysis (8=-0.0012; 95% CI, -0.023 to -0.021;
P=0.9165).

A significant relationship between AT softness
and the severity of carotid IMT was observed only in
the FH group (Fig.2 (d)). In addition, softer AT was

associated with increased risk of ASCVD even after
adjusting for traditional cardiovascular risk factors in
FH patients (Table 5). Furthermore, we previously
reported that AT thickness was positively related to
the severity of carotid IMT only in FH'? and several
other studies demonstrated that AT thickness was
associated with presence of ASCVD?#. Since EI was
negatively associated with AT thickness in FH, we
speculate that common mechanisms underlie the
development of both xanthomas and atherosclerosis
and that the EI may reflect lipid accumulation not
only in the AT but also in blood vessels.

Another interesting finding of the current study
was that AT softness was associated with maximal
IMT, but not with mean IMT in multivariate analyses
(Table 4, Supplemental Table 1). In patients with
type 2 diabetes, maximum IMT has been reported to
be more important in relation to presence of ASCVD
than mean IMT?* ?. In addition, the results of a
recent study showed that, compared with mean IMT,
maximum IMT was also more strongly associated
with ASCVD in FH patients?®. Therefore, we
speculated that AT softness was more strongly
associated with maximum IMT than mean IMT due
to the greater importance of the former in the
relationship with ASCVD. In addition, since the
maximum IMT in this study included plaque, we
believe that examining the relationship between the
characteristics and location of carotid plaque and the
AT softness is an interesting issue for future research.

Study Limitations

This study has several limitations. First, a single
ultrasound examiner carried out the measurements
using the same acoustic coupler and ultrasound
machine, which may have affected the reproducibility
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of the results. Nevertheless, in the clinical setting, we
believe that it is useful to measure carotid IMT, AT
thickness and EI using the same equipment because
this enables us to diagnose FH and assess the risk of
atherosclerosis at the same time. Second, since the
design of this study was a cross-sectional nature, it was
not possible to show a causal relationship between the
changes in the EI and the development of
atherosclerosis. Changes in Achilles tendon thickness
and EI in individuals and how EI is altered by lipid-
lowering therapy are interesting topics for future
research. Third, we excluded patients who had
calcification in the AT based on the presence of an
acoustic shadow so effects of acoustic shadows on the
EI should be investigated in the future. Forth, our
data were obtained in a Japanese population making it
necessary to investigate the EI in other ethnic groups
in the future. Finally, LDL-C levels before starting
lipid-lowering treatment and the length of time that
patients had remained untreated were not evaluated.
Therefore, as a determinant of EI, the influence of
LDL-C levels may have been underestimated because
current levels do not reflect those before starting
treatment or the length of time that patients went
untreated. However, as we speculate that EI may be
affected by the magnitude and duration of high
LDL-C levels, our findings suggest that early diagnosis
using AT thickness and EI as well as adequate
treatment are important for preventing the
development of atherosclerosis in FH patients.

Conclusions

The present study demonstrated that AT softness
was associated with atherosclerosis among FH
patients.
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Supplemental Table 1. Multiple linear regression analysis for independent determinants of mean IMT in
common carotid arteries among FH patients (2=176)

beta coefficient 95% CI P value
Age 0.013 0.0098 - 0.016 <0.0001
Female sex 0.035 -0.024 - 0.095 0.2425
Body mass index 0.015 -0.0019 —0.031 0.0827
Smoking history 0.019 -0.036 — 0.075 0.4948
Hypertension 0.016 -0.10-0.13 0.7866
Diabetes mellitus 0.076 -0.082 - 0.23 0.3423
LDL-cholesterol 0.00019 -0.00069 — 0.0011 0.6453
HDL-cholesterol -0.0051 -0.0089 - 0.0012 0.0099
Log Triglycerides -0.0071 -0.11 —0.092 0.8871
Elasticity index -0.041 -0.12 - 0.037 0.3050

IMT, intima-media thickness; FH, familial hypercholesterolemia; LDL, low-density lipoprotein; and HDL, high
density lipoprotein.

Supplemental Table 2. Multiple linear regression analysis for independent determinants of AT thickness
in FH patients (n=176)

beta coefficient 95% CI P value
Age 0.052 0.016 — 0.087 0.0047
Female sex 0.31 -0.35-0.97 0.3484
Overweight -0.78 -2.2-0.60 0.2673
Smoking history 0.51 -0.10 - 1.12 0.1027
Hypertension 0.44 -084-1.72 0.5009
Diabetes mellitus -0.79 -2.49 - 0.91 0.3597
LDL-cholesterol 0.0039 -0.0058 - 0.014 0.4273
HDL-cholesterol -0.041 -0.083 — 0.0012 0.0567
Log Triglycerides -0.47 -1.54-0.61 0.3931

AT, Achilles tendon; FH, familial hypercholesterolemia; LDL, low-density lipoprotein; and HDL, high density
lipoprotein.

Supplemental Table 3. Multiple linear regression analysis for independent determinants of EI in FH
patients (7=1706)

beta coefficient 95% CI P value
Age -0.0017 -0.0069 — 0.0034 0.5096
Female sex 0.018 -0.075-0.11 0.6970
Overweight 0.20 0.0033 - 0.39 0.0463
Smoking history -0.042 -0.13 — 0.046 0.3489
Hypertension -0.063 -0.24 - 0.12 0.4931
Diabetes mellitus 0.054 -0.19-0.29 0.6603
LDL-cholesterol 0.00036 -0.0010 — 0.0017 0.6084
HDL-cholesterol -0.00097 -0.0070 — 0.0051 0.7538
Log Triglycerides 0.035 -0.12-0.19 0.6501
AT thickness -0.11 -0.13 -0.08 <0.0001

El, elasticity index; FH, familial hypercholesterolemia; LDL, low-density lipoprotein; and HDL, high density
lipoprotein; AT, Achilles tendon.
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