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Aim: We studied the frequency of Achilles tendon xanthoma (ATX) in patients with acute coronary
syndrome (ACS). Furthermore, we investigated the differences in clinical findings between ACS
patients with and without ATX.
Methods: Patients with ACS (n = 335) were admitted to the coronary care unit of Nippon Medical
School between July 2011 and December 2014. Informed consent for the measurement of Achilles
tendon thickness (ATT) on a radiograph was obtained from 228 patients without tendon rupture.
ATT of each side was measured on the radiograph in patients with ACS and in those with acromegaly (n = 18), non-familial hypercholesterolemia (non-FH; n = 96), and familial hypercholesterolemia
(FH; n = 31).
Results: ATT of the right and left side in ACS patients were 6.9±1.3 and 7.0±1.6 (mm; mean±
SD). In acromegaly, non-FH, and FH patients, ATT of the right/left side were 6.6±1.1/6.7±1.1,
6.2±0.9/6.6±1.0, and 9.4±3.3/10.0±3.1, respectively. ATX (ATT ≥ 9 mm) was found in 26
(11.4%) patients with ACS. Patients with acromegaly and non-FH had no ATX, whereas all patients
with FH had ATX. No differences in age and serum lipid profiles were observed between ACS
patients with and without ATX. The levels of body mass index and glycated hemoglobin of ACS
patients with ATX were significantly greater than those in ACS patients without ATX (26.8±4.0 vs.
23.9±3.3, p ＜ 0.05, and 6.9±1.4% 6.3±1.3%, p ＜ 0.05, respectively).
Conclusion: This is the first report in which the frequency of ACS patients with ATX was 11.4%.
The serum lipid profiles of ACS patients with ATX were similar to those without ATX. In the future,
ACS patients with ATX will be diagnosed as having FH.
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Introduction
Achilles tendon xanthoma (ATX) must be essentially considered for the diagnosis of familial hypercholesterolemia (FH). For the diagnosis of ATX, Achilles tendon thickness (ATT) on the radiograph is typically measured 1-3) and the criterion of xanthoma in
Japan is a thickness ≥ 9 mm 4). Xanthoma is observed in
100% of homozygotes and 87% of heterozygotes 5). FH
is a critically high-risk disease that predisposes individAddress for correspondence: Shinichi Oikawa, Diabetes and
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uals to premature coronary artery disease (CAD) 6, 7);
therefore, its early diagnosis is desired. The frequency
of the heterozygous genotypes is reportedly 1/500 7, 8)
to 1/200 9, 10) in the general population. The coexistence of ATX and hypercholesterolemia is considered
to strongly suggest FH. Meanwhile, the frequency of
FH in patients with acute myocardial infarction is
recently reported through the scoring of clinical findings for diagnosis of FH; however, ATT was not measured 11).
We investigated the frequency of ATX in patients
with ACS. In addition, we compared the lipid profile
and clinical findings between patients with and without ATX to characterize the differences between them.
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ATX; thickness≥9 mm ,one side

Fig. 1. Flowchart of patient enrollment
ACS; Acute coronary syndrome, ATT; Achilles tendon thickness, ATX; Achilles tendon xanthoma, thickness ≥ 9 mm of one side.

Subjects and Methods
Of the patients with ACS (n = 335) who were
consecutively admitted to the coronary care unit of
the Nippon Medical School from July 2011 to December 2014, 16 patients died before they could be subjected to our study, 37 were discharged before examination of the radiograph, and 52 did not provide
informed consent as shown in Fig. 1. Furthermore,
230 patients (181 men, 49 women) provided informed
consent for the study of ATT. ATT was measured on
the radiograph by the methods recommended in the
Guidelines for the Management of Familial Hypercholesterolemia by the Japan Atherosclerosis Society
(JAS) 4, 5). With regard to the control, ATT of patients
with acromegaly (n = 22), non-FH (n = 122), and FH
(n = 35) under treatment in our outpatient clinic were
compared with ATT of ACS patients. The diagnosis
of FH in our outpatient clinic was made according to
the JAS diagnostic criteria 4, 5). The radiographs were
previously examined for the diagnosis of heel-pad
thickness in acromegaly and for ATX in outpatients
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with hypercholesterolemia. The two clinicians (A and
B) independently measured ATT on radiographs, and
the difference of diagnosis of ATX was studied to
check the examiner effect.
The venous blood was prepared at the time of
admission, so the patients’ conditions, fasting or postprandial, were unclear. The laboratory examinations
were performed using automatic methods in our hospital’s laboratory. This study was approved by the ethics committee of Nippon Medical School.
Statistical Analysis
The statistical differences between the two groups
were calculated using the Wilcoxon rank sum test and
Pearson’s chi-square test. P -values less than 0.05 were
considered to be significant. Data were processed using
JMP 9 statistical software (SAS Institute) and are
shown as mean±SD.
Results
There were two cases (one man aged 85 years

and one woman aged 73 years) of a unilateral thickened Achilles tendon (20.5 mm and 16.7 mm, respectively), with a normal tendon thickness of the contralateral side (6.5 mm and 7.2 mm, respectively). Each
patient had a history of tendon rupture. Therefore,
these two cases were omitted from the analysis, and
228 subjects were studied.
The two examiners, A and B, measured ATT of
patients with ACS on radiograph to confirm ATX.
The measurement value of ATT was significantly correlated between the clinician A and B, as shown in
Fig. 2. One case was mismatched between the examiner A and B for diagnosis of ATX. This case was
included to patients with ATX because this patient
was young (aged 36 years) and had hypercholesterolemia (250 mg/dl of serum TC), and one examiner
diagnosed ATT ≥ 9.0 mm.
ATT of the right and left side in ACS patients
were 6.9±1.3 and 7.0±1.6 mm. In acromegaly, nonFH, and FH patients, ATT of the right/left side were
6.6±1.1/6.7±1.1, 6.2±0.9/6.6±1.0, and 9.4±3.3/
10.0±3.1, respectively. ATX (ATT ≥ 9 mm) was found
in 26 (11.4%) of the patients with ACS. Patients with
acromegaly and non-FH had no ATX, whereas all
patients with FH had ATX.
ATT and lipid profiles are shown in Table 1. No
differences in age and serum lipid profiles were
observed between ACS patients with and without
ATX. The serum cholesterol levels of ACS patients
with ATX were not significantly higher than those
without ATX and were much lower than FH outpatients before treatment (294±58 mg/dl).
The clinical findings of ACS patients are shown
in Table 2. The mean age of the first onset of ACS
was slightly lower in the patients with ATX than those
without ATX. The frequency of a family history of
coronary heart disease (CHD) in patients with ATX
(42.3%) was insignificantly higher than those without
ATX (33.1%). No differences were observed in blood
pressure, plasma glucose levels, smoking habits, statin
pre-treatment, or ACS treatment method. Body mass
index and hemoglobin A1c levels were significantly
greater in patients with ATX than in those without
ATX. The number of statin treatments did not differ
between the two groups.
The frequency of ATX was studied according to
the age of the first onset of ACS. In younger patients
(n = 49), including 38 men ( ＜ 55 years old) and 11
women ( ＜ 65 years old), the frequency of ATX was
18.4%. In older patients (n = 179), including 142 men
( ≥ 55 years old) and 37 women ( ≥ 65 years old), the
frequency of ATX was 9.5%. The frequency was higher
in the younger patients than in the older patients but
not significant (p = 0.08 by Pearson’s chi-square test).
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Fig. 2. Correlation of measurement of Achilles tendon thickness (mm) between Clinician A and B
Y = 1.54＋0.78X, R2 = 0.826, ICC(2,1) = 0.886: ICC: intra-class correlation coefficients

Discussion
This is the first report focusing on the incidence
of ATX in patients with new-onset ACS, which was
11.4%. Pang, et al. 11) reported that the frequency of
FH in patients with early onset coronary arterial diseases was 14.3%. They used the Dutch Lipid Clinic
Network Criteria (DLCNC) 10, 12) for the diagnosis of
FH. They did not measure ATT, and the frequency of
ATX was not discussed.
In the report by Pang, et al.11), the serum cholesterol concentration of patients diagnosed as FH was
high and the point of DLCNC was increased. Moreover, the serum total cholesterol (TC) level is an important item in the diagnosis of FH as per the JAS recommendation and other Asian countries 13). In this study,
the mean TC level in ACS patients with ATX was
slightly higher than those without ATX, but the difference was not significant. TC levels in ACS patients
were much lower than those of FH patients in our
outclinic setting. This result was contrary to our expectation.
LDL-cholesterol (LDL-C) level reportedly decreased after the onset of ACS and remained low for several weeks 14). The inflammatory factors would relate
to the decrease of LDL-C 15). However, no reports to
date have shown a decrease in LDL-C after ACS in
FH. If ACS patients with ATX had FH in this study,
the decrease in LDL-C would be too large to consider
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Table 1. Serum lipid profile of patients with acute coronary syndrome (ACS)
Group
n
ATT-right (mm)
-left (mm)
Age (y)
TC (mg/dl)
HDL-C (mg/dl)
TG (mg/dl)
non HDL-C (mg/dl)

total

with ATX

without ATX

p value

228
6.9±1.3
7.0±1.6
67±12
179±45
45±13
115±81
134±44

26
9.2±1.7
9.9±2.8
65±14
191±54
43±11
132±73
149±53

202
6.6±0.9
6.6±0.9
67±12
178±44
45±13
113±83
133±42

0.65
0.38
0.40
0.09
0.20

Data were shown as mean±SD.
ATX = Achilles tendon xanthoma, ATT = Achilles tendon thickness, FH = familial hypercholesterolemia, TC = total cholesterol,
TG = triglyceride, HDL-C = high-density lipoprotein cholesterol,
＊
with ATX vs without ATX; p ＜ 0.05 by by Wilcoxon runk sum test

Table 2. Clinical character
Group (n)
Gender (men/women)
Age of the first onset of ACS (y)
SBP (mmHg)
DBP (mmHg)
BMI
Plasma glucose (mg/dl)
HbA1c (%)
Hypertension (%)
Family history of CHD (%)
Smoking (none/past/current)
Pre-treatment with statin (%)
ACS (STEMI/NSTEMI/recent MI/UA)

with ATX (26)

without ATX (202)

p value

23/3
62±15
136±26
77±17
26.1±4.0
189±99
7.1±1.8
19 (73.1)
11 (42.3)
6/9/11
10 (38.5)
15/2/2/7

157/45
65±13
138±26
79±17
24.0±3.5
160±71
6.3±1.3
146 (72.2)
67 (33.1)
55/66/81
55 (27.2)
126/24/15/37

0.35
0.65
0.37
＊
＜ 0.01
0.34
＊
＜ 0.01
0.84
0.38
0.91
0.43

Data were shown as mean±SD.
; by Wilcoxon runk sum test
ATX = Achilles tendon xanthoma, STEMI = ST-segment elevation myocardial infarction, NSTEMI = non – ST-segment elevation
myocardial infarction, recent MI = recent myocardial infarction, UA = Unstable angina

＊

LDL-C level of FH. From this viewpoint, changes in
lipids profile should be sequentially monitored after
the onset of ACS in patients with FH.
The frequency of a family history of CHD (Table
2) was higher in ACS patients with ATX (42.3%)
than in those without ATX (33.1%); however, the difference was small and insignificant. The family history
of hypercholesterolemia must be essentially considered
for diagnosis of FH. In this study, the family history
of hypercholesterolemia was not clarified. The difference of age at the first onset of ACS (3 years) was
small and insignificant between the ATX and nonATX groups. These data were not likely the characteristics of FH.
In conclusion, the frequency of ATX in patients
with ACS was 11.4%. TC levels of patients with both
952

ACS and ATX were unexpectedly low. In the future,
the ACS patients with ATX will be diagnosed as having FH.
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