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Increased Bone Turnover in Patients with Hypercholesterolemia
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Abstract. Osteoporosis has been linked with arteriosclerotic vascular diseases, suggesting that hypercholesterolemia or
dyslipidemia may be a common pathogenetic factor underlying these diseases. However, little is known about the
relationship between osteoporosis and hypercholesterolemia. The purpose of this study was, therefore, to investigate the
effects of hypercholesterolemia upon bone metabolism, by measuring bone turnover markers in hypercholesterolemic
patients. This study included 281 Japanese patients with hypercholesterolemia, and 267 control subjects. Serum bone-
specific alkaline phosphatase (BAP) of the patients was significantly higher than that of the controls in women. Serum
N-terminal telopeptide of type I collagen (NTx) of the patients was significantly higher than that of the controls in both
men and women. In addition, both BAP and NTx in men showed a significantly negative correlation with high density
lipoprotein cholesterol (HDL-C). On the other hand, in women, both BAP and NTx showed a significantly positive
correlation with total cholesterol and low density lipoprotein cholesterol (LDL-C). These results indicate increased bone
turnover in hypercholesterolemic or dyslipidemic patients regardless of gender, and suggest the importance of treating
hypercholesterolemia or dyslipidemia in order to prevent not only arteriosclerotic complications but also osteoporotic bone

loss and subsequent fractures.
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PREVIOUS clinical studies have linked osteoporosis
with atherosclerosis [1, 2] and/or cardiovascular dis-
eases [3, 4], suggesting the possibility of a common
underlying factor or mechanism among these diseases
[5-10]. Hypercholesterolemia has been proposed as
one of the most likely candidates [5—10]. However, lit-
tle is known about the precise nature of the potential
relationship between hypercholesterolemia and osteo-
porosis [5—13]. Several clinical studies [5—13] have
examined the relationship between hypercholester-
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olemia and bone mineral density (BMD), but arrived at
quite contradictory results. Some found an association
of hypercholesterolemia with lower BMD [5-10], and
others with higher BMD [11], while yet others found
no association at all [12, 13]. On the other hand, both
in vitro and in vivo animal model studies have demon-
strated some detrimental effects of hypercholester-
olemia or dyslipidemia on bone metabolism [14-23].
In in vitro studies, osteoblastic differentiation has been
shown to be inhibited by atherogenic lipids [14, 15].
The mevalonate pathway has recently been proposed as
essential for not only the synthesis of cholesterol but
also the regulation of bone cell proliferation or apopto-
sis [16, 17, 24]. In addition, LDL receptor-related pro-
tein 5 (LRP5) has recently been identified as a critical
regulator of osteoblastic proliferation [18], and a muta-
tion in LRPS as causing significant reduction in BMD
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in both humans and mice [19, 20]. More recently, a
mutation in LRP6, a closely related homolog of LRPS,
has been shown to lead to reduced bone mass in mice
[21], and to be genetically linked with early coronary
disease, metabolic risk factors, and osteoporosis in hu-
mans [22]. A mutation in polymorphisms of apolipo-
protein E genotype has also been reported to be
associated with reduction in BMD in perimenopausal
women [23]. Furthermore, animal model studies have
found that hypercholesterolemia promoted osteoclastic
potential [24] and reduced BMD in mice [25]. All
these observations suggest that hypercholesterolemia
may promote osteoporotic bone loss, and serve as a
warning against the potentially detrimental effects of
hypercholesterolemia on bone health.

However, there is a dearth of information in the liter-
ature regarding bone metabolism or bone turnover in
patients with hypercholesterolemia [5—13]. Clarifying
bone metabolism in hypercholesterolemia will be
helpful for ascertaining whether the above-mentioned
potentially detrimental effects detected in in vitro or
animal models [14-21, 23-25] also exist in humans. In
addition, such clarification should aid the search for an
answer for the controversial findings of previous clini-
cal studies [5—13] of the relationship between hyper-
cholesterolemia and osteoporosis, and will promote our
understanding of the underlying pathomechanisms, if
any, for these two diseases.

The purpose of this study was therefore to investi-
gate bone metabolism in patients with hypercholester-
olemia by means of measuring bone turnover markers.

Subjects and Methods
Subjects

The study population comprised 141 men and 140
women with untreated hypercholesterolemia, aged 26—
84 (mean = SD 57.55 + 12.2) years and 18-89 (mean +
SD 59.61 + 12.7) years, respectively (Table 1). They
were randomly selected from patients who visited the
outpatient clinic of Rakuwakai Otowa Hospital be-
tween December 2005 and November 2006. The diag-
nosis of hypercholesterolemia was established on the
basis of laboratory findings, including an elevated se-
rum total cholesterol (T-C) level (>220 mg/dl) or an
elevated serum low density lipoprotein cholesterol
(LDL-C) level (>140 mg/dl).

The control group comprised 167 men and 100
women without hypercholesterolemia, who visited the
same clinic during the same period for health checkups.
The hypercholesterolemic patients and the control
subjects were similar in terms of physical activity and
calcium intake.

All subjects completed a questionnaire administered
by a doctor or nurse prior to joining the study, and un-
derwent laboratory blood tests. We excluded subjects
who had a history of fractures and/or other diseases
(type 1 diabetes mellitus, liver disease, renal dysfunc-
tion, malignancy, hyperthyroidism, hyperparathyroid-
ism, hypercorticoidism, or hypogonadism) and those
taking medications (active vitamin D3, bisphospho-
nates, selective estrogen receptor modulators, calcito-
nin, testosterones, steroids, thyroid hormones, diuretics,
heparin or anticonvulsants) that could affect bone me-
tabolism. None of the subjects were smokers or drug
abusers.

This study was performed in accordance with the
recommendations of the Declaration of Helsinki, and
the Ethical Committee of Rakuwakai Otowa Hospital
approved the protocol. All the subjects gave their in-
formed consent before they were enrolled.

Biochemical measurements

Serum samples were obtained before 9:00 AM after
an overnight fast, and were immediately processed and
kept frozen at —20°C until the assays were carried out.
Serum alkaline phosphatase (ALP), calcium (Ca),
phosphate (P), T-C, triglycerides (TG), and high density
lipoprotein cholesterol (HDL-C) were measured with
standard laboratory methods. LDL-C was calculated
with the Friedewald equation (LDL-C = T-C — [HDL-
C + TG/5]). Serum bone-specific alkaline phosphatase
(BAP) was measured with an enzyme immunoassay
kit (Osteolinks-BAP; Sumitomo Pharmaceuticals Inc.,
Tokyo, Japan) as a specific marker of bone formation.
Serum N-terminal telopeptide of type I collagen (NTx)
was measured by means of an enzyme-linked immuno-
sorbent assay (Osteomark; Mochida Pharmaceutical
Co., Tokyo, Japan) as a specific marker of bone re-
sorption.

Statistical analysis

Data were analyzed with the unpaired t-test for dif-
ferences between two groups, and with Pearson’s cor-
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Table 1. Means = SD of the variables assessed in total subjects classified by gender (A) and in women classified by menopausal
status (B).
(A)
Total subjects (n = 548)
Men Women
Patients with Patients with
hyper- Controls Total hyper- Controls Total
cholesterolemia (n=167) (n=308) cholesterolemia (n=100) (n=240)
(n=141) (n=140)
Age (years) 57.55+12.2N8 59.07 £ 12.7 58.37+12.5 59.61 £ 12,708 61.21 +16.8 60.28 + 14.5
Height (cm) 166.51 + 7.6NS 166.89 + 6.0 166.72 £ 6.8 153.42 £ 6.7N8 153.32+£7.2 153.38£6.9
Weight (kg) 68.45+13.3N8 67.37+£11.0 67.86 £ 12.1 56.89 £ 11.9N8 56.06 £ 13.5 56.54 £ 12.6
BMI (kg/m?) 24.54 + 3.6N8 24.15+3.5 2433 +3.5 24.12 £ 4.6N8 2383+54 24.00+ 5.0
ALP (IU/L) 252.27 + 85.7N8 260.05 £ 122.5 256.49 £ 101.0 264.06 + 85.4" 239.44 £ 82.0 253.80 £ 84.7
Ca (mg/dL) 9.54 + (0.4NS 9.40+0.4 9.47+0.4 9.56 + 0.4NS 9.39+0.4 9.49+ 0.4
P (mg/dL) 3.23 £(.5N8 3.16+ 0.6 3.19+0.5 3.72 £ 0.5N8 3.55+04 3.65+0.5
T-C (mg/dL) 249.57 +24.8" 185.31 +28.0 21473 £42.3 258.86 £29.9™ 186.21 +25.9 228.59 +45.7
TG (mg/dL) 180.70 + 138.6™ 129.43 £79.2 154.52 £ 118.8 152.06 £ 79.6™ 112.04 £ 56.1 135.38 +73.3
HDL-C (mg/dL) 55.09 £ 16.1N8 54.54+14.3 5479 +£15.2 62.44 + 18.4N8 59.64 £ 15.5 61.27+17.3
LDL-C (mg/dL) 158.34 £ 32.5™ 104.88 £25.8 129.32 £ 40.1 166.01 + 28.8" 104.16 £22.2 140.24 £ 40.3
BAP (U/L) 23.74 £ 7.7N8 24.13+10.0 23.95+9.0 26.08 £9.0" 23.38+9.0 24.95+9.1
NTx (nmolBCE/L) 14.64 £4.0™ 13.34+ 4.1 13.93 +4.1 16.50 +4.7* 13.89 +4.6 15.41+4.8
(B)
Women (n = 240)
Premenopausal women Postmenopausal women
Patients with Patients with
hyper- Controls Total hyper- Controls Total
cholesterolemia (n=27) (n=156) cholesterolemia (n=73) (n=184)
(n=29) (m=111)
Age (years) 42.07 £ 8.1NS 39.59+ 8.0 40.88 £ 8.1 64.20 £ 9.1NS 69.21 £ 11.1 66.19 +10.24
Height (cm) 155.21 £ 6.0NS 157.08 £5.2 156.11 £5.7 152.95 + 6.8\8 151.92+73 152.54+£7.0
Weight (kg) 6524 + 17.8%8 61.37+15.7 63.38+16.8 54.71 £ 8.6N8 54.09+ 12.2 5447+ 102
BMI (kg/m?) 27.08 £ 7.3N8 2494+ 6.5 26.05+6.9 23.35+3.2N8 23.42+49 23.38 +4.0
ALP (IU/L) 213.69 + 80.3NS 190.74 £ 71.1 202.63 £76.2 277.22 + 82.1N8 257.45+£78.7 269.38 £ 81.1
Ca (mg/dL) 9.55 £ (.3Ns 937+£0.3 9.46+0.4 9.56 £ 0.4Ns 9.41+0.4 9.50+0.4
P (mg/dL) 3.60 £ 0.5NS 342+04 3.51+0.5 3.75£0.5N8 3.60+0.4 3.69+0.5
T-C (mg/dL) 249.52 +19.8" 190.96 £ 25.0 221.29+£37.0 261.30+31.6™ 184.45+£26.2 230.81 £47.9
TG (mg/dL) 119.59 + 78.2N8 121.63 £ 64.1 120.57 £ 71.1 160.54 = 78.1*" 108.49 £ 52.8 139.89£73.6
HDL-C (mg/dL) 68.62 + 25.9N8 64.74£17.5 66.75+22.2 60.82 + 15.7N8 5775+ 14.4 59.60 £15.2
LDL-C (mg/dL) 156.98 +20.5™ 101.90 +19.9 130.42 +34.2 168.37 £ 30.2*" 105.00 +23.1 143.23 +41.5
BAP (U/L) 19.40 + 7.4Ns 17.73 £ 6.9 18.59+ 7.1 27.82 + 8.6\ 25.47+89 26.89 + 8.8
NTx (nmolBCE/L) 14.13 £ 3.6 11.99+3.2 13.10£3.55 1712 £4.7" 1459+ 4.8 16.12+4.9

Data represent mean + SD.

BMI, body mass index; T-C, total cholesterol; TG, triglycerides; HDL-C, high density lipoprotein cholesterol; LDL-C, low density
lipoprotein cholesterol; Ca, calcium; P, phosphate; ALP, alkaline phosphatase; BAP, bone-specific alkaline phosphatase; NTx, N-
terminal telopeptide of type I collagen.

P-values for comparisons between patients with hypercholesterolemia and controls: NSP>0.05; *P<0.05; **P<0.01.

relation test for univariate correlations. Statistics were
calculated with StatView version 5.0 (Abacus Con-
cepts, Inc., Berkeley, CA, USA). A p value <0.05 was
considered statistically significant.

Results

Table 1 shows a comparison between the hypercho-
lesterolemic patients and the controls, in total subjects
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classified by gender (Table 1(A)), and in women classi-
fied by menopausal status (Table 1(B)). There were no
significant differences between the two groups in age,
height, weight, BMI, Ca, or P in men or total, premeno-
pausal, or postmenopausal women. Serum ALP of the
patients were significantly higher than those of the con-
trols in total female subjects (p = 0.026), but not in men
or in women when divided by menopausal status. As
expected, T-C, TG and LDL-C of the patients were
significantly higher than those of controls in men and
total, premenopausal, and postmenopausal women.
Meanwhile, HDL-C of the patients was not different
from that of controls in men or total, premenopausal, or
postmenopausal women. Regarding the specific bone
turnover markers, in total female subjects, BAP of the
patients was significantly higher than that of controls
(»p = 0.0234), but not in men or in women when divided
by menopausal status. On the other hand, serum NTx
of the patients was significantly higher than that of con-
trols in men and total, premenopausal, and postmeno-
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Fig. 1.

pausal women (p = 0.005, <0.001, 0.016, and <0.001
respectively).

Fig. 1 shows comparisons of bone-specific turnover
markers (BAP and NTx) between patients with hyper-
cholesterolemia (open columns) and control subjects
(closed columns) in both men (Fig. 1(A) and 1(B)) and
women (Fig. 1(C) and 1(B)), divided by age into the
four groups (those aged 49 years or less, 50-59 years,
60-69 years, and 70 years or more). In men, the num-
ber of the patients and controls in each group divided
by age (49 years or less, 50-59 years, 60—69 years, and
70 years or more) was 32 and 38, 37 and 43, 51 and 56,
and 21 and 30, respectively. Likewise, in women, that
of the patients and controls was 26 and 26, 48 and 20,
28 and 23, 38 and 31, respectively. In men, BAP was
not different between the patients and controls in any
subgroups divided by age, while NTx was significantly
increased in the patients than in controls in all of the
subgroups except that aged 50-59 years. In women,
BAP was significantly increased in the patients than in
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Comparison of specific bone turnover markers between patients with hypercholesterolemia (open columns) and control

subjects (closed columns) in both men (A, B) and women (C, D), stratified by age. Each column represents the mean + SEM.
P-values for comparisons between patients with hypercholesterolemia and control subjects: NS, P>0.05; *P<0.05; **P<0.01.
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controls in the subgroup aged 70 years or more, but not
in the other subgroups. On the other hand, NTx was
significantly increased in the patients than in controls
in all of the subgroups. None of the intergroup differ-
ences in age were significant either in men or women.
Table 2 shows correlations of BAP and NTx with
age, height, weight, BMI and the biochemical parame-
ters (except bone turnover markers) in men and total,
premenopausal, and postmenopausal women. In men,
both BAP and NTx showed a significantly negative
correlation with HDL-C (p = 0.004, and 0.007, respec-
tively). Otherwise, BAP showed a significantly nega-
tive correlation with age (p=0.041), while NTx
showed a significantly positive correlation with age
(»=0.016), and a significantly negative correlation
with weight and BMI (p = 0.009, and 0.025, respec-
tively). In total female subjects, on the other hand,
both BAP and NTx showed a significantly positive
correlation with age (p<0.001 for both), T-C (p<0.001,
and p = 0.001, respectively), and LDL-C (p<0.001, and
p=0.001, respectively). Otherwise, BAP showed a
significantly positive correlation with TG (p = 0.008),
while NTx showed a significantly positive correlation
with P (p = 0.006), and a significantly negative corre-
lation with weight and BMI (p =0.012, and 0.020,
respectively). In premenopausal women, BAP was

Table 2.

147

not correlated with any variables assessed, while NTx
showed a significantly positive correlation with T-C
(»p=0.047) as in total women. In postmenopausal
women, as is the case with total women, both BAP and
NTx showed a significantly positive correlation with
T-C (»p<0.001, and p = 0.015, respectively), and LDL-
C (p<0.001, and p = 0.006, respectively). Otherwise,
NTx was significantly correlated with age (p = 0.031).

Furthermore, multiple regression analysis was per-
formed between BAP or NTx versus plasma lipids ad-
justed for age and BMI (Table 3). Even after this
procedure, all of those above-described significant
correlations between BAP or NTx versus plasma lipids
(Table 2) remained statistically significant.

Discussion

In this study we demonstrated for the first time that
NTx of patients with hypercholesterolemia was signifi-
cantly higher than that of controls in both men and
women, while BAP of the patients was significantly
higher in women but not in men. We also found that
both BAP and NTx were significantly correlated posi-
tively with both T-C and LDL-C in women. Further-
more, even after multiple regression analysis, these

Correlations of BAP and NTx with age, height, weight, BMI and the biochemical parameters (except bone turnover markers)

in men and total, premenopausal, and postmenopausal women.

Age Height Weight BMI Ca P T-C TG HDL-C  LDL-C
Men (n =308)
BAP -0.117*  -0.044 —-0.067 —0.058 0.054 —0.050 —0.026 0.059 -0.162*%* —-0.013
NTx 0.137*  -0.106 —0.148%* —0.127* 0.009 0.067 0.007 —-0.030 —0.153* 0.073
Women
Total (n = 240)
BAP 0.247**  —0.063 —0.001 —0.026 0.085 —-0.019 0.253**  0.172*  —0.047 0.245%*
NTx 0.268** —0.066 -0.162*  —0.149* 0.113 0.179%* 0.207**  0.067 0.002 0.210%*
Pre-M (n = 56)
BAP -0.030 0.146 0.190 0.148 —0.088 —0.146 0.087 0.159 —-0.033 0.002
NTx 0.171 —0.069 -0.196 —-0.185 0.043 0.255 0.266* —0.013 0.261 0.083
Post-M (n = 184)
BAP —0.068 —0.001 0.118 0.129 0.109 —0.071 0.267**  0.136 0.018 0.253%%*
NTx 0.159%* 0.002 —0.060 —0.071 0.118 0.116 0.179%* 0.050 —0.031 0.200%*

Values are correlation coefficients.

BMI, body mass index; T-C, total cholesterol; TG, triglycerides; HDL-C, high density lipoprotein cholesterol; LDL-C, low density
lipoprotein cholesterol; Ca, calcium; P, phosphate; ALP, alkaline phosphatase; BAP, bone-specific alkaline phosphatase; NTx, N-
terminal telopeptide of type I collagen; Pre-M, premenopausal women; Post-M, postmenopausal women.

P-values for correlations of BAP and NTx with age, height, weight, BMI and the biochemical parameters in men and total,
premenopausal, and postmenopausal women: *P<0.05; **P<0.01.
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Table 3. Correlations between BAP or NTx versus plasma lipids
in men and total, premenopausal, and postmenopausal
women.

T-C TG HDL-C LDL-C
Men (n = 308)
BAP —0.020 0.071 —0.180** —0.027
NTx 0.079 0.003 —0.131%* 0.085
Women
Total (n = 240)
BAP 0.277**  0.138* 0.077 0.245%*
NTx 0.228**  0.067 0.023 0.215%*
Pre-M (n = 56)
BAP 0.198 0.133 0.252 —-0.030
NTx 0.379**  0.052 0.154 0.133
Post-M (n = 184)
BAP 0.262**  0.114 0.077 0.247%*
NTx 0.229**  0.066 0.010 0.250%*

Values are standardized correlation coefficients.

T-C, total cholesterol; TG, triglycerides; HDL-C, high density
lipoprotein cholesterol; LDL-C, low density lipoprotein choles-
terol; BAP, bone-specific alkaline phosphatase; NTx, N-terminal
telopeptide of type I collagen; Pre-M, premenopausal women;
Post-M, postmenopausal women.

Multiple regression analysis was performed between BAP or NTx
versus plasma lipids adjusted for age and BMI: *P<0.05;
**P<0.01.

correlations of both BAP and NTx with both T-C and
LDL-C in women remained significant. Meanwhile,
both BAP and NTx were found to be significantly cor-
related negatively with HDL-C in men. Furthermore,
even after multiple regression analysis, the correlation
between HDL-C and both BAP and NTx in men also
remained significant. These findings indicate an in-
creased bone turnover in patients with hypercholes-
terolemia, especially in female patients, or in male
patients with decreased HDL-C, which suggests the
importance of improving dyslipidemia to prevent not
only arteriosclerotic complications but also osteoporotic
bone loss in such patients.

Observational studies have examined the relation-
ship between hypercholesterolemia and bone mass [5—
13]. Although the results remain somewhat controver-
sial, [11-13], several studies found a more decreased
BMD in patients with hypercholesterolemia [5] or a
significant correlation between higher T-C and de-
creased BMD [6-10]. The possibility has been pointed
out that hypercholesterolemia may be the main cause
of abnormal bone metabolism in type 2 diabetes melli-
tus [5, 27]. In addition, findings of an animal model

study demonstrated that BMD was reduced in dyslipi-
demic mice [25]. These findings suggest that hyper-
cholesterolemia may be a risk factor for reducing bone
mass, consistent with our findings of accelerated bone
resorption in hypercholesterolemia.

However, there have been few clinical studies exam-
ining the relationship between hypercholesterolemia
and bone metabolism. In vitro studies, on the other
hand, have found that lipid and lipoprotein oxidation
byproducts inhibit osteoblastic differentiation and func-
tion [14, 15], although BAP was not reduced in our pa-
tients with hypercholesterolemia. Furthermore, Tintut
et al. have recently reported that hypercholesterolemia
promotes osteoclastic differentiation and resorptive
activity in vivo [24] as well as in vitro [15], and have
suggested that hypercholesterolemia may cause osteo-
porotic bone loss via increased bone resorption. Their
findings are in agreement with ours, thus indicating the
need for evaluation of bone status in patients with hy-
percholesterolemia for the prevention of osteoporosis
and subsequent fractures.

Another finding of significant negative correlation
between HDL-C and both BAP and NTx in men in this
study are also in line with some of the previous clinical
studies showing the correlation of lower HDL-C with
lower BMD [6]. In a recent study of ours, we reported
that atorvastatin improved accelerated bone turnover in
dyslipidemic male patients, especially in those with
lower HDL-C [28]. All these observations would sug-
gest that bone turnover markers, preferably along with
BMD, should be monitored in dyslipidemic patients,
especially male patients with lower HDL-C, to effec-
tively prevent bone loss and subsequent fracture.

On the other hand, it has also been repeatedly sug-
gested that elevated LDL-C is a risk factor for reducing
bone mass [6, 7, 9, 10, 13, 29]. Most [6, 7, 9, 10, 13,
29], but not all [11], of the clinical studies have reported
a significant correlation of elevated LDL-C with re-
duced BMD. In support of this epidemiological find-
ing, in vitro studies have shown that LDL-C inhibits
differentiation of osteoblasts [14], while Tintut et al.
have reported that LDL-C promotes osteoclastic differ-
entiation in vitro, and that elevated LDL-C correlates
significantly with increased osteoclast activity in dys-
lipidemic mice [24]. Consistent with these observa-
tions, we also identified a significant correlation
between elevated LDL-C and increased bone turnover
in women, whose statistical significance sustained after
multiple regression analysis. These findings suggest
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the potentially adverse effects of LDL-C on bone
health to promote osteoporotic bone loss.

Although we identified associations of higher T-C,
higher LDL-C and lower HDL-C with higher levels of
bone turnover markers in patients with hypercholester-
olemia as discussed above, none of these associations
was found in our study when limited to controls
without hypercholesterolemia (data not shown). Thus,
these associations are not applicable to patients without
hypercholesterolemia. In fact, Brownbill and Ilich
[30] have most recently found no relationship between
serum lipids and bone turnover markers in healthy
postmenopausal women. However, their results are not
applicable to women with hypercholesterolemia, as
they have stated in their own report. Additionally, it
still remains unclear whether these associations of T-C,
LDL-C, and HDL-C with BAP and NTx in our study
mean direct effects of T-C, LDL-C or HDL-C on bone
metabolism. Because higher T-C, higher LDL-C, and
lower HDL-C may be associated with gonadal hypo-
function or atherosclerosis, the latter may be the under-
lying factor in the correlation of T-C, LDL-C or HDL-
C with bone turnover markers detected in our study.
This is supported by the findings by Pennisi et al. [2],
of a negative bone remodeling balance in patients with
atherosclerosis. Although indirectly, our results thus
support the possibility of a relationship between osteo-
porosis and atherosclerosis.

Since Mundy et al. [31] published their report on the
stimulatory effects of statins on bone formation, nu-
merous clinical studies have evaluated the beneficial
effects of statins on BMD [32], fracture risk [32, 33]
and bone metabolism [26, 34—38]. It remains obscure,
however, whether the clinical use of statins has benefi-
cial effects on bone health as well [26], even though
their numerous pleiotropic effects are well known. Our
findings of accelerated bone turnover in patients with
hypercholesterolemia may prove useful for a reevalua-
tion of the apparent beneficial effects of statins on bone

health reported in the literature. This is because our
results suggest that those beneficial effects may be
explained by improvements in lipid metabolism per se.

There are some limitations in our study. First, the
sample size was not large enough to allow us to reach
any definite conclusions. Second, due to its cross-
sectional nature, our results may be less accurate than
those of prospective studies, suggesting that our find-
ings may be confounded by several other factors. Last-
ly, although the specific bone turnover markers used in
our study are known as good predictors for subsequent
changes in BMD and the future risk of fractures [39]
and, in addition, may be more sensitive detectors of
subtle changes in bone metabolism, we did not exam-
ine BMD or calculate fracture risk as an odds ratio.
Those limitations suggest that the biological/clinical
relevance of our findings may be still somewhat ob-
Further studies are thus needed to clarify
whether or to what extent those apparently detrimental
effects of hypercholesterolemia on bone metabolism
found in our study are of clinical relevance.

To summarize, we found a significant increase of
BAP in female patients with hypercholesterolemia, and
of NTx in both male and female patients compared
with the corresponding values in controls. We also
found that both BAP and NTx were significantly corre-
lated positively with both T-C and LDL-C in women.
These results suggest the detrimental effects of hyper-
cholesterolemia on bone health, especially in women,
and therefore probably a higher risk of osteoporosis
and future fractures in those patients. In conclusion,
we wish to emphasize the importance of treating hy-
percholesterolemia for the prevention of osteoporotic
bone loss as well as cardiovascular complications, and
of monitoring bone metabolic markers, preferably in
conjunction with BMD, in patients with hypercholes-
terolemia for the effective prevention of bone loss and
subsequent fractures.

scure.
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