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development of arterial stiffness after ADT administration. 
Thus, clinicians might be able to monitor PCa patients who 
have a high risk of development of arterial stiffness after 
ADT administration by referring to LDL-C/HDL-C levels.
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Introduction

Prostate cancer (PCa) is one of the most common can-
cers affecting men in Western countries, and its incidence 
in Japan is rapidly increasing [1, 2]. The overall 5-year 
survival of all patients with PCa is very favorable [3, 4]. 
Because of the high survival rate of patients with this can-
cer, consideration of mortality related to chronic treatment 
has become important. In recent years, androgen depriva-
tion therapy (ADT) has been increasingly used in PCa 
patients [5]. The role of ADT in the treatment of PCa has 
been extended from being used predominantly in sympto-
matic metastatic disease to asymptomatic metastatic dis-
ease, primary therapy in localized disease when men are 
considered unfit for surgery or radiotherapy, adjunct treat-
ment in high-risk disease treated with radiotherapy, and sal-
vage therapy following a biochemical relapse after surgery 
or radiotherapy for presumed localized disease [6, 7].

ADT can be accomplished with a gonadotropin-releas-
ing hormone (GnRH) agonist, a GnRH antagonist, or 
bilateral orchiectomy. Anti-androgen drugs can also be 
used with GnRH agonists to produce combined androgen 
blockade. However, as a result of ADT, the profound tes-
tosterone deficiency is associated with a range of potential 
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adverse short- and long-term consequences affecting phys-
ical and psychological health, including hot flushes, sexual 
dysfunction, obesity, sarcopenia, dyslipidemia, hyperinsu-
linemia, osteoporosis, type 2 diabetes mellitus (DM), and 
cardiovascular disease (CVD) [5–7]. In particular, CVD 
and the many adverse cardio-metabolic effects caused by 
ADT may negatively impact the overall health of PCa sur-
vivors [6].

Arterial stiffness is a useful surrogate marker for CVD. 
It is based on the structural changes occurring prior to 
plaque or thrombus formation in muscular and elastic ves-
sels [8, 9]. Although pulse wave velocity (PWV) has been 
designed to assess arterial stiffness as a general method, 
it is known to depend on blood pressure (BP) at the time 
of measurement. Hence, the cardio-ankle vascular index 
(CAVI) was subsequently developed to obtain a more accu-
rate arterial stiffness index that is not affected by BP at the 
time of measurement [8, 9]. The CAVI showed high values 
in aging, CVD, chronic kidney disease, and cerebral infarc-
tion [10]. Furthermore, patients with CVD risk factors, 

such as hypertension, DM, dyslipidemia, and obesity, also 
showed high values [11].

The strong relationship between the serum lipid profile 
and the incidence of CVD is well established. Low-density-
lipoprotein cholesterol (LDL-C) is the main parameter for 
some risk assessment tools of CVD [12]. Another alterna-
tive parameter is the ratio of LDL-C to high-density-lipo-
protein cholesterol (HDL-C) (LDL-C/HDL-C), which has 
been reported to be strongly associated with CVD and is 
thought to be a better predictor of future CVD than LDL-C 
[12].

Given the close association between arterial stiffness 
and CVD, it is crucial to determine whether ADT increases 
the likelihood of arterial stiffness. Therefore, the effects of 
short-term ADT on arterial stiffness changes were inves-
tigated using the CAVI in patients with PCa. In addition, 
the effects of ADT on the serum lipid profile, includ-
ing LDL-C/HDL-C, were investigated, because of the 
close relationships between arterial stiffness, CVD, and 
dyslipidemia.

Patients and methods

Study participants and design

This was a prospective observational study approved by the 
institutional review board of Toho University Sakura Medi-
cal Center (No. 2012-008). Patients’ personal data were 
treated with strict confidentiality. All patients gave their 
written, informed consent.

A total of 65 patients with pathologically confirmed PCa 
scheduled to receive ADT for more than 6  months were 
seen in our institution between March 2012 and December 
2014. Seven patients were excluded from the present study 
because of other cancer deaths, lost to follow-up, or miss-
ing values at 6 months after the start of ADT. Finally, the 
data of 58 patients were statistically analyzed in the pre-
sent study. All patients had Eastern Cooperative Oncology 
Group performance status of 0–1. Table 1 shows the demo-
graphic and baseline characteristics of the patients included 
in the final analysis. Indications for ADT in this study were 
the following: 35 patients as primary treatment, 18 patients 
as combination with radiotherapy, and 5 patients due to 
biochemical recurrence after radical prostatectomy. The 
following agents were used as ADT at the discretion of 
each urologist. Thirty-two patients received goserelin sub-
cutaneously in combination with oral bicalutamide 80 mg 
daily. Twenty-one patients received leuprorelin subcutane-
ously in combination with oral bicalutamide 80 mg daily. 
Five patients received only degarelix subcutaneously.

The following clinical data were assessed at baseline 
(Table  1): age, body mass index, systolic and diastolic 

Table 1   Demographic and baseline characteristics of the study 
patients

BMI body mass index, PSA prostate-specific antigen, ADT androgen 
deprivation therapy, RP radical prostatectomy

Age, years 71.8 (± 7.1)

BMI, kg/m2 23.4 (±2.9)

Systolic blood pressure, mmHg 133.7 (±16.9)

Diastolic blood pressure, mmHg 77.6 (±11.0)

Pulse pressure, mmHg 56.3 (±15.6)

Comorbidities

 Hypertension, n (%) 27 (46.6)

 Diabetes mellitus, n (%) 16 (27.6)

 Dyslipidemia, n (%) 20 (34.5)

 Cardiovascular disease, n (%) 9 (15.5)

PSA, ng/mL 137.0 (±475.8)

Testosterone, ng/mL 4.2 (±2.0)

HbA1c, % 5.9 (±0.9)

TNM classification at diagnosis, n (%)

 T1–2 N0 M0 32 (55.2)

 T3–4 N0 M0 16 (27.6)

 T1–4 N1 M0 1 (1.7)

 T1-4 N1 M1 9 (15.5)

Gleason score at diagnosis, n (%)

 6 or less 3 (5.2)

 7 33 (56.9)

 8–10 22 (37.9)

Treatment

 ADT alone 35 (60.4)

 Before radiotherapy 18 (31.0)

 Biochemical recurrence after RP 5 (8.6)
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BP, pulse pressure, HbA1c, and comorbidities. Moreover, 
the following clinical data were assessed and compared at 
baseline and after 1, 3, and 6 months of follow-up (Fig. 1): 
prostate-specific antigen (PSA), testosterone, estimated 
glomerular filtration rate (eGFR), triglycerides, total cho-
lesterol (TC), HDL-C, LDL-C, LDL-C/HDL-C, C-reac-
tive protein (CRP), diacron-reactive oxygen metabolites 
(d-ROMs), and the CAVI.

Measurement of the CAVI

The CAVI was measured with a VaSera CAVI instrument 
(Fukuda Denshi Co. Ltd., Tokyo, Japan) by the method 
described previously [8]. Briefly, cuffs were applied to 
bilateral upper arms and ankles, with the subject lying 
supine and the head held in the midline position. After rest-
ing for 10 min, the examinations were performed. To detect 
the brachial and ankle pulse waves with cuffs, a low cuff 
pressure from 30 to 50  mmHg was used to minimize the 
effect of cuff pressure on hemodynamics. BP was then 
measured. Finally, to compare with PWV results, scale 
conversion was performed. The CAVI was calculated 
using the following formula: CAVI = a{(2ρ/ΔP) × ln(Ps/
Pd) ×  PWV2} +  b, where Ps is systolic BP, Pd is dias-
tolic BP, PWV is pulse wave velocity, ΔP is Ps − Pd, ρ is 
blood density, and a and b are constants. BP values were 
obtained using the cuff applied to the upper arm. PWV was 
obtained by dividing the length of the blood vessel by the 
time taken for the pulse wave to propagate from the aor-
tic valve to the ankle, and it was measured using the cuffs 
attached to the upper arms and ankles. To be compatible 
with the aortic PWV method established by Hasegawa 
and coworkers [13], scale conversion constants (a, b) were 
determined so as to match the CAVI with the aortic PWV 
method. Using the scale conversion constants, the CAVI 
data obtained can be compared with the massive amount of 
previous data of PWV. All the measurement and calculation 
functions are integrated in the VaSera CAVI instrument that 
automatically calculates and generates the final data. The 
average coefficient of variation of the CAVI is less than 
5 %, which is small enough for clinical usage and indicates 
that the CAVI has good reproducibility [14]. Furthermore, 
the CAVI is a patient-friendly method of assessing arterial 
stiffness in daily clinical practice, because it can show age-
reference intervals in healthy persons.

Statistical analysis

The results are reported as means (±standard deviation). 
First, the CAVI was evaluated at baseline using t tests or 
Mann–Whitney U tests for the categorical variables and 
correlation analyses for the continuous variables. Sec-
ond, the changes in the clinical laboratory variables were 

compared in all patients using the paired t test or the Wil-
coxon signed-rank test between baseline and 1, 3, and 
6  months of follow-up. Third, the patients were divided 
into two groups according to whether the CAVI increased 
at 6  months of follow-up. In each group of patients, the 
changes in the clinical laboratory variables were com-
pared using the paired t test or the Wilcoxon signed-rank 
test between baseline and 6 months of follow-up. Last, uni-
variate analyses were performed to evaluate the association 
between increased CAVI and baseline variables using the t 
test or Mann–Whitney U test for continuous variables and 
the χ2 test for categorical variables. Statistical significance 
was defined as P < 0.050. All statistical analyses were per-
formed using IPSS Statistics 22 (IBM, Chicago, IL, USA).

Results

At baseline, the CAVI was significantly higher in 
patients with hypertension [9.3 (±0.9) versus 8.6 (±1.0), 
P  =  0.005] and DM [9.5 (±0.7) versus 8.8 (±1.1), 
P  =  0.009]. It was also higher in patients with dyslipi-
demia [9.1 (±0.9) versus 8.9 (±1.0), P = 0.262] and CVD 
[9.3 (±0.9) versus 8.9 (±1.0), P = 0.112]. Moreover, the 
CAVI was significantly correlated with age (r  =  0.373, 
P =  0.004), pulse pressure (r =  0.367, P =  0.005), and 
HbA1c (r  =  0.297, P  =  0.026). The following clinical 
variables at baseline were not significantly correlated with 
CAVI: BMI (r = 0.103, P = 0.443), systolic BP (r = 0.233, 
P =  0.079), diastolic BP (r = −0.019, P =  0.890), PSA 
(r  =  −0.115, P  =  0.391), testosterone (r  =  −0.137, 
P = 0.307), eGFR (r = −0.073, P = 0.588), triglycerides 
(r  =  0.102, P  =  0.444), total cholesterol (r  =  −0.042, 
P  =  0.753), HDL-C (r  =  0.116, P  =  0.385), LDL-C 
(r = −0.133, P =  0.321), LDL-C/HDL-C (r = −0.124, 
P = 0.307), d-ROMs (r = −0.023, P = 0.869), and CRP 
(r = 0.131, P = 0326).

Figure  1 shows the changes as a whole in the follow-
ing clinical laboratory variables at baseline and 1, 3, and 
6  months of follow-up: PSA, testosterone, eGFR, tri-
glycerides, TC, HDL-C, LDL-C, LDL-C/HDL-C, CRP, 
d-ROMs, and the CAVI. ADT significantly lowered 
serum testosterone levels to castration level in all patients 
(P < 0.001). It also significantly lowered PSA (P < 0.001) 
(Fig.  1a, b). After 1  month of follow-up, TC, HDL-C, 
and LDL-C increased significantly from 185.5 (±34.1) 
to 206.2 (±33.6)  mg/dL (P  <  0.001), from 51.2 (±11.3) 
to 59.0 (±15.0)  mg/dL (P  <  0.001), and from 108.1 
(±31.3) to 119.2 (±32.9) mg/dL (P < 0.001), respectively 
(Fig.  1e, f, g). On the other hand, after ADT administra-
tion, no significant changes were observed in the following 
variables: eGFR [from 67.3 (±14.3) to 66.2 (±13.9) mL/
min/1.73 m2, P = 0.230), triglycerides [from 147.7 (±77.5) 
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to 160.7 (±113.9)  mg/dL, P  =  0.521], LDL-C/HDL-C 
[from 2.2 (±0.8) to 2.2 (±0.9), P =  0.294), CRP [from 
0.13 (±0.28) to 0.09 (±0.21) mg/dL, P = 0.301), d-ROMs 
[from 341.1 (±63.8) U.CARR to 336.9 (±73.3) U.CARR, 
P = 0.564], and the CAVI [from 9.0 (±1.0) to 9.0 (±1.2), 
P = 0.585] (Fig. 1c, d, h, i, j, k). Moreover, TC, HDL-C, 
and LDL-C were significantly higher at 3 and 6 months of 
follow-up compared to their baseline values. CRP gradu-
ally decreased and was significantly lower at 6 months of 
follow-up compared to the baseline value. The other vari-
ables did not show significant changes at 3 and 6 months of 
follow-up compared with their baseline values.

Although the CAVI in the whole cohort did not show 
a significant change after the start of ADT, the CAVI 
increased in 32 patients at 6 months of follow-up. Table 2 
shows the changes in clinical laboratory variables from 
baseline to 6  months of follow-up, after patients were 
divided into two groups according to whether the CAVI 
increased at 6  months of follow-up. HDL-C and LDL-C 
increased significantly in both groups, while LDL-C/
HDL-C did not increase significantly in either group 
(Table  2). Table  3 shows univariate analyses of the clini-
cal variables at baseline for increased arterial stiffness after 
ADT. HDL-C was lower and LDL-C/HDL-C was higher in 
the group with than without an increased CAVI, although it 
did not reach statistical significance (Table 3).

Discussion

The CAVI reflects the stiffness of the whole arterial seg-
ment composed of the aorta, femoral artery, and tibial 
artery, which is not affected by BP at the time of measure-
ment [8–11, 13, 14]. Thus, the CAVI can be used to com-
pare the degree of arteriosclerosis. The CAVI is reported to 
increase in the elderly and in patients with hypertension, 
DM, dyslipidemia, and CVD [8–11]. In the present study, 
it was also confirmed that the CAVI at baseline was higher 
in patients with hypertension, DM, dyslipidemia, and 
CVD, as described in previous studies [8–11]. Moreover, 
the CAVI at baseline was significantly correlated with age, 
pulse pressure, and HbA1c. Medical treatment regimens 
for hypertension, DM, and dyslipidemia did not change 
within 6 months after ADT administration, although drugs, 
such as statins and angiotensin II receptor blockers, were 
reported to be able to improve the CAVI [8]. Thus, medi-
cal treatment regimens for hypertension, DM, and dyslipi-
demia were not thought to affect the change in the CAVI 
of patients who received ADT during this short-term study.

This study was the first to assess arterial stiffness 
induced by ADT in PCa patients using the CAVI. It demon-
strated that 32 of 58 (55.2 %) patients showed an increase 
in arterial stiffness at 6 months of follow-up, although the 
whole cohort did not show a significant increase. Previous 
studies suggested that patients who received GnRH agonist 
monotherapy, such as goserelin or leuprorelin, developed a 
significant increase in arterial stiffness within 3–6 months 
after ADT initiation [15–17]. It was not possible to sim-
ply compare the present results with the results of previous 
studies, because previous studies included smaller numbers 
of enrolled patients, patients with different backgrounds, 
and different methods to assess arterial stiffness, such as 
PWV [15–17]. Some patients actually had a risk of devel-
oping arterial stiffness after ADT administration, although 

Fig. 1   Comparisons of clinical laboratory variables between base-
line and after 1, 3, and 6 months of follow-up. Androgen deprivation 
therapy significantly lowers PSA and testosterone. After 1  month 
of follow-up, TC, HDL-C, and LDL-C are significantly increased, 
while the other clinical laboratory variables do not show significant 
changes. *P < 0.001. PSA prostate-specific antigen, eGFR estimated 
glomerular filtration rate, TC total cholesterol, HDL-C high-density-
lipoprotein cholesterol, LDL-C low-density-lipoprotein cholesterol, 
CRP C-reactive protein, d-ROMs diacron-reactive oxygen metabo-
lites, CAVI cardio-ankle vascular index

Table 2   Comparison of clinical laboratory values between baseline and 6 months of follow-up

CAVI cardio-ankle vascular index, eGFR estimated glomerular filtration rate, HDL-C high-density-lipoprotein cholesterol, LDL-C low-density-
lipoprotein cholesterol, CRP C-reactive protein, d-ROMs diacron-reactive oxygen metabolites

Variable Increased CAVI (n = 32) Non-increased CAVI (n = 26)

Baseline 6 months P value Baseline 6 months P value

eGFR, mL/min/1.73 m2 67.0 (±13.9) 67.1 (±14.2) 0.925 67.7 (±15.0) 66.5 (±15.4) 0.512

Triglyceride, mg/dL 152.0 (±67.8) 154.8 (±77.7) 0.955 142.4 (±89.2) 143.3 (±110.3) 0.879

Total cholesterol, mg/dL 189.8 (±38.1) 209.6 (±36.2) <0.001 180.3 (±28.2) 207.7 (±26.6) <0.001

HDL-C, mg/dL 49.7 (±9.1) 53.8 (±10.3) 0.008 53.2 (±13.5) 60.9 (±15.3) 0.002

LDL-C, mg/dL 113.9 (±35.1) 126.5 (±37.5) <0.001 100.9 (±24.8) 117.3 (±26.4) <0.001

LDL-C/HDL-C 2.4 (±0.9) 2.5 (±0.9) 0.188 2.0 (±0.7) 2.1 (±0.8) 0.451

CRP, mg/dL 0.16 (±0.34) 0.64 (±3.30) 0.672 0.10 (±0.18) 0.06 (±0.07) 0.400

d-ROMs, U.CARR 350.1 (±56.5) 368.3 (±78.0) 0.110 329.0 (±71.9) 335.0 (±75.7) 0.841

◂
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no patients had new-onset cardiovascular events in the pre-
sent study during the observation period.

Direct vasodilatory effects of testosterone on calcium 
channels, potassium channels, or both of vascular smooth 
muscle have also been recognized [16–19]. Endogenous 
testosterone may exert a continuous beneficial effect on 
the vessel wall [16, 17]. Therefore, testosterone suppres-
sion under ADT might have an adverse effect on the gen-
eral vasculature in PCa patients. However, the whole cohort 
did not show increased arterial stiffness, despite complete 
suppression of testosterone in all patients (Fig. 1b). Thus, 
we could not explain the pathogenesis of arterial stiffness 
in patients who received ADT by the direct effect of testos-
terone only.

To date, many researchers have reported that ADT pro-
motes the development of metabolic disturbances, particu-
larly insulin resistance and lipid profile changes [6, 7, 15–
17]. The relationship between ADT and insulin resistance 
appears to be a continuum, with short-term therapy leading 
to reduced insulin sensitivity and long-term ADT resulting 
in hyperglycemia, increased risk of metabolic syndrome, 
and, finally, overt type 2 DM [6, 20–23]. On the other hand, 
the reported effects of ADT on the lipid profile are varia-
ble. TC increased significantly in the first 3–12 months of 

ADT [7, 16, 24]. Triglycerides increased significantly in 
the first 3–12 months of ADT [7, 25], while Dockery et al. 
and Brada-Basaria et al. reported that triglycerides did not 
increase significantly after ADT administration [16, 26]. 
HDL-C increased significantly in the first 3–12 months of 
ADT [7, 16, 25], while Smith et  al. reported that HDL-C 
decreased up to 5 % after 12 months of ADT [27]. LDL-C 
increased significantly in the first 6–12 months of ADT [17, 
25, 27–29], while Dockery et al. and Smith et al. reported 
that LDL-C did not increase significantly [16, 27]. In the 
present study, TC, HLD-C, and LDL-C increased signifi-
cantly at 1  month after the start of ADT and maintained 
high values thereafter. Additionally, the patients were 
divided into two groups according to whether they were 
taking lipid-lowering drugs. Subsequently, lipid profile 
changes were compared in each group between baseline 
and 1, 3, and 6 months of follow-up. In both groups, TC, 
HDL-C, and LDL-C increased significantly at 1  month 
of follow-up and maintained high values thereafter (data 
not shown). If serum levels of LDL-C or LDL-C/HDL-C 
worsen in patients during ADT, clinicians should consider a 
medical treatment regimen for dyslipidemia.

Table  2 shows that HDL-C and LDL-C increased sig-
nificantly at 6 months of follow-up in the groups with and 

Table 3   Univariate analyses of 
the clinical variables at baseline 
for increased arterial stiffness 
after androgen deprivation 
therapy

CAVI cardio-ankle vascular index, BMI body mass index, PSA prostate-specific antigen, eGFR estimated 
glomerular filtration rate, HDL-C high-density-lipoprotein cholesterol, LDL-C low-density-lipoprotein cho-
lesterol, CRP C-reactive protein, d-ROMs diacron-reactive oxygen metabolites

Variables Increased CAVI (n = 32) Non-increased CAVI (n = 26) P value

Age, years 70.7 (±7.6) 73.2 (±6.4) 0.183

BMI, kg/m2 23.2 (±2.5) 23.8 (±3.3) 0.474

Systolic blood pressure, mmHg 134.6 (±17.5) 132.7 (±16.5) 0.685

Diastolic blood pressure, mmHg 77.3 (±10.7) 77.8 (±11.6) 0.865

Pulse pressure, mmHg 57.2 (±16.7) 54.9 (±14.2) 0.814

Comorbidities

 Hypertension, n (%) 17 (53.1) 18 (69.2) 0.212

 Diabetes mellitus, n (%) 10 (31.3) 7 (26.9) 0.719

 Dyslipidemia, n (%) 19 (59.4) 16 (61.5) 0.867

 Cardiovascular disease, n (%) 5 (15.6) 4 (15.4) 0.635

Clinical laboratory values

 PSA, ng/ml 212.2 (±627.6) 44.4 (±106.8) 0.260

 Testosterone, ng/ml 4.5 (±2.2) 3.9 (±1.7) 0.453

 HbA1c, % 5.9 (±0.9) 6.0 (±0.9) 0.856

 eGFR, ml/min/1.73 m2 67.0 (±13.9) 67.7 (±15.0) 0.919

 Triglyceride, mg/dl 152.0 (±67.8) 142.4 (±89.2) 0.288

 Total cholesterol, mg/dl 189.8 (±38.0) 180.3 (±28.2) 0.298

 HDL-C, mg/dl 49.7 (±9.1) 53.2 (±13.5) 0.250

 LDL-C, mg/dl 113.9 (±35.1) 100.9 (±24.8) 0.115

 LDL-C/HDL-C 2.4 (±0.9) 2.0 (±0.7) 0.083

 CRP, mg/dl 0.16 (±0.34) 0.10 (±0.18) 0.249

 d-ROMs, U.CARR 350.1 (±56.5) 329.0 (±71.9) 0.222
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without an increased CAVI. Table 3 shows univariate anal-
yses of the clinical variables at baseline for increased arte-
rial stiffness after ADT administration. At baseline, HDL-C 
was lower and LDL-C and LDL-C/HDL-C were higher 
in the group with than without an increased arterial stiff-
ness after ADT administration. Although both ‘good cho-
lesterol’ HDL-C and ‘bad cholesterol’ LDL-C increased at 
6 months of follow-up, the present study suggested that the 
balance between HDL-C and HDL-C, or LDL-C/HDL-C, 
might have an impact on the development of arterial stiff-
ness after ADT administration. LDL-C/HDL-C is a routine 
variable that should be readily available to clinicians [12]. 
Thus, clinicians might be able to monitor PCa patients who 
have a high risk of developing arterial stiffness after ADT 
administration by referring to baseline LDL-C/HDL-C lev-
els prior to ADT.

There are some limitations in the present study. First, 
the duration of follow-up after ADT administration was 
short. Further investigation is necessary to confirm patients’ 
arterial stiffness with long-term ADT. Second, the sample 
size was small, although the number of enrolled patients 
in this study was larger than in previous studies. Third, 
it was not possible to assess the effects of insulin resist-
ance or hyperinsulinemia, because insulin levels were not 
measured during the present study. However, in the present 
study, no patients were confirmed to have new-onset DM 
or drug therapy within 6 months of follow-up. Fourth, this 
study included three kinds of ADT, such as goserelin or 
leuprorelin in combination with bicalutamide, or degarelix. 
However, the CAVI and lipid profile changes were not sig-
nificantly different depending on the type of ADT (data not 
shown).

The results of the present study demonstrated that tes-
tosterone suppression leads to increased arterial stiffness 
in some patients who received ADT, although patients as 
a whole did not show a significant change with short-term 
ADT. The present findings suggest that higher baseline 
LDL-C/HDL-C levels may be able to predict patients who 
have a high risk of developing arterial stiffness after ADT 
administration.
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