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Abstract Osteoporosis is increasing in prevalence and
importance as society’s age, with the clinical consequence
of fractures of the hip, spine, and upper extremity, leading to
impaired quality of life, loss of function and independence,
and increased morbidity and mortality. A major risk factor
for osteoporosis is older age, and cardiovascular diseases
also share this risk factor; therefore, osteoporosis and cardiovascular disease often coexist and share risk factors.
Medications used for the treatment of cardiovascular diseases, in particular antihypertensive drugs, have been shown
in a variety of studies of varying designs to modulate bone
health in both a positive or negative manner. In this article,
we reviewed the pharmacology, potential mechanisms, and
possible effects on bone mineral density and fracture risk of
commonly prescribed antihypertensive medications,
including thiazide and non-thiazide diuretics, beta-blockers,
calcium channel blockers, renin–angiotensin–aldosterone
system agents, and nitrates.
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Introduction
Osteoporosis is a common and chronic condition, and the
major clinical consequences of this disease are osteoporotic
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fractures of the upper extremity, spine, and hip. Nearly 50
million Americans (26 % of women aged C 65 years and
over 50 % of women aged C 85 years) are affected by
osteoporosis, with total direct health care costs estimated to
$US 12–18 billion [1]. Therefore, osteoporosis creates a
major burden for the individual as well as huge cost to the
health care system.
Recent studies have indicated the existence of a potential relationship between bone health and cardiovascular
health [2, 3]. Both bone health and cardiovascular health
share common etiological factors such as older age, postmenopausal status, diabetes, and lifestyle factors such as
smoking, diet, and physical activity [4]. Several studies
suggest that vascular calcification is an actively regulated
process and shares many features with bone development
and metabolism [5], and women with hypertension have
significantly lower bone mineral density (BMD) at the
femoral neck than those without [6]. Indeed, independent
of BMD, hypertension is an independent risk factor for
fragility fracture [adjusted hazard ratio (HR), 1.49; 95% CI,
1.13–1.96] [7], and it is associated with accelerated bone
loss in elderly white women [8]. We recently showed that
heart failure, independent of BMD and cardiovascular risk
factors, is associated with 30 % increased risk of major
osteoporotic fractures [9]. Although observational in nature, in aggregate, studies such as these suggest a potential
link between cardiovascular disease (particularly hypertension) and bone health.
Cardiovascular medications used for hypertension, such
as thiazide and non-thiazide diuretics, beta-blockers, and
calcium channel blockers, are also the most commonly
prescribed medications in the developed and developing
world [10–12], and the question arises then whether or not
therapy for one condition can modulate the other in either
positive or negative manner. In this article, we review the
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currently available evidence on the pharmacology, potential mechanisms, and possible effects on bone mineral
density and fracture risk of commonly prescribed antihypertensive medications, including thiazide and non-thiazide
diuretics, beta-blockers, calcium channel blockers, renin–
angiotensin–aldosterone system agents, and nitrates.

among long-term thiazide users compared with nonusers;
there were no trials [25].
In summary, thiazide diuretics increase (or prevent
decreases) in BMD in both men and women and, in observational studies, are associated with a reduction in fracture
risk.
Loop diuretics

Literature review
Pharmacology
Thiazide diuretics
Pharmacology
Thiazide diuretics can affect kidney, intestine, and bone
and thereby modulate calcium homeostasis. In the kidney,
thiazides inhibit the thiazide-sensitive sodium chloride cotransporter (NCC) in the distal tubule and exert natriuretic
and calcium-sparing effects [13]. In the intestine, thiazides
enhance calcium uptake and suppress parathyroid hormone
secretion [14]. Overall, thiazides reduce urinary excretion
of calcium by about 40 % [15, 16].
Potential mechanisms affecting bone health
Thiazides exert direct effects on bone by stimulating
osteoblast differentiation and bone mineral formation
through osteoblast differentiation markers runt-related
transcription factor 2 and osteopontin [17]. The NCC is also
expressed in human osteoblast and osteoblast-like cells,
which, when blocked by a thiazides, enhances bone calcium
uptake [18]. These mechanisms could explain why, independent of their renal and intestinal effects, thiazides are able
to exert a direct positive homeostatic effect on bones [19]. In
studies of bendroflumethiazide, there were dose-dependent
decreases in urinary calcium excretion, no change in PTH
levels, a dose-dependent increase in plasma 1,25(OH)2D
levels and concomitant increases in osteocalcin (a marker of
bone formation), and decreases in bone-specific alkaline
phosphatase (a marker of bone resorption) [20, 21].
Clinical evidence
In a longitudinal, observational study in elderly men with
mean follow-up for 5 years, thiazides reduced the rate of
bone loss at the calcaneus and radius [22]. Similar result
was seen in post-menopausal women [23]. In a populationbased cohort of 248 older women, the mean BMD was
9.6 % greater in the lumbar spine (P \ 0.01) and 5.4 %
greater in the whole skeleton (P \ 0.01) among thiazide
users than in controls [24]. A Cochrane review, including
twenty-one observational studies with nearly 400,000 participants, reported reduction in risk of hip fracture by 24 %
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Loop diuretics increase the urinary excretion of sodium
chloride by selective inhibition of the Na?, K?, 2Cl cotransporters in the loop of Henle and distal nephron [26].
Loop diuretics promote sodium and water excretion via the
kidney and mitigate excessive sodium and water retention.
Therefore, loop diuretics are used for heart failure as well
as a part of combination therapy for difficult-to-treat
hypertension [27].
Potential mechanisms affecting bone health
Treatment with loop diuretics is associated with significantly increased urinary calcium excretion, and increased
levels of PTH and 1,25-dihydroxyvitamin D [28]. Longterm treatment with furosemide causes hypocalcaemia,
resulting in elevation of PTH and increased levels of bonespecific alkaline phosphatase, an indication of accelerated
bone remodeling [29].
Clinical evidence
A prospective study in older women indicated that loop
diuretic users had greater loss of total hip BMD than nonusers (mean annualized % BMD -0.87 vs -0.71, P = 0.03)
after a mean of 4.4 ± 0.6 years [30]. The risks of neither
falls nor fractures were greater in loop diuretic users than in
nonusers [30], findings that were replicated in older men
[31]. In a randomized-controlled trial, one-year treatment of
bumetanide decreased BMD, and subjects treated with
bumetanide had increased markers of bone turnover compared with placebo [32]. Given that the placebo group was
treated with calcium and vitamin D supplements, in this trial
bumetanide at the least antagonized the positive effects of
calcium and vitamin D supplements. In another study,
bumetanide dose-dependently increased renal calcium loss
with a concomitant increase in plasma PTH and
1,25(OH)2D levels [20]. A recent study indicated the clinical association of hyponatremia during the use of loop
diuretics with an increased risk of osteoporosis associated
fractures, and the authors suggested that a moderate but
persistent loss of both bone sodium and calcium could be
exerted by loop diuretics [33]. Finally, in a large cohort
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study with 376,061 subjects, falls were more common
among loop diuretic users than with other antihypertensive
agents although there was no difference in fracture risk [34].
In summary, via direct (loss of BMD) and indirect
(increased falls) mechanisms, it seems loop diuretics have a
negative effect on bone health and are associated with
increased risk of fractures.
Spironolactone
Pharmacology
Spironolactone is a potassium-sparing diuretic that exerts
effect by inhibition of mineralocorticoid receptor; mineralocorticoid excess causes hypertension as well as inducing
adverse remodeling of vasculature [35].
Potential mechanisms affecting bone health
In rodent model, hyperaldosteronism induced hypercalciuria and hypermagnesuria and secondary hyperparathyroidism with increased bone resorption [36]. Spironolactone in
combination with thiazides prevented bone resorption in a
similar model [37]. In patients with primary hyperaldosteronism, there is significantly higher 24-h urinary calcium
excretion that is associated with a decreased BMD and
increased vertebral fracture risk [38].
Clinical evidence
In a study including 226 patients (46 with an aldosteroneproducing adenoma, 70 with bilateral adrenal hyperplasia,
and 110 with essential hypertension), Ceccoli and colleagues
showed that the secondary hyperparathyroidism in primary
hyperaldosteronism patients was reversible after treatment
with spironolactone [39]. In addition, in 24-month followup, a significant improvement in BMD at all measured
skeletal sites was observed [39]. As well, in a retrospective
chart review of patients with heart failure, including 167
cases with a single-incident fracture age and race matched to
668 controls without fractures, spironolactone use was
associated with a reduction in risk of major fractures [40].
In summary, spironolactone has the potential to preserve
BMD in the setting of primary or secondary hyperaldosteronism and may be associated with a reduction in the
risk of fracture.
Beta-blockers
Pharmacology
Beta receptors are the sympathetic component of the
autonomic nervous system. Beta-adrenergic receptors have

been subdivided into three types: beta-1 (heart and vessels),
beta-2 (pulmonary tissues), and beta-3 (adipose tissue)
[41–43]. Bone cells express beta-2 adrenoceptors, although
low levels of beta-1 and beta-3 adrenoceptors are also
present [44]. Beta-blockers (BB) exert their effect by
inhibition of beta-adrenergic receptors and are widely used
in the treatment of hypertension and heart failure. These
agents are often described in terms of their ‘‘cardio-selectivity’’ depending on their selective action of beta-1
receptor-blocking properties [45]. Nonselective BB have
action on beta-2 and beta-3 receptors and thus tend to exert
their effects beyond heart. Like many other receptor
blockers, in higher doses, cardio-selective BB lose their
selectivity.
Potential mechanisms affecting bone health
An intact autonomic nervous system contributes to the
maintenance of healthy bone tissue, and perturbations of
the system could induce abnormal bone remodeling.
Increased sympathetic nervous activity causes bone loss
via an increase in bone resorption and a decrease in bone
formation [46]. Increased bone resorption is based on the
stimulation of both osteoclast formation and osteoclast
activity. These effects are associated with beta-2 adrenergic activity present in both osteoblastic and osteoclastic
cells [47]. Decreased bone formation is based on the
inhibition of osteoblastic activity through beta-2 adrenergic
receptors on osteoblasts. In animal models, there is substantial evidence of sympathetic nerve fibers in bone tissue
and functional adrenergic receptors in osteoblasts and
osteoclasts which has effect on osteoblast proliferation,
osteoblast maturation, and osteoclast development [48, 49].
In contrast, sympathetic system inactivation in rats results
in a significant decrease in osteoclast number and osteoclast activity [50–52]. In a recent study in human osteoblasts, fenoterol, a beta-2 agonist, nearly doubled RANKL
mRNA and this increase was inhibited by propranolol
indicating that in human bone cells, bone turnover might be
modulated by the sympathetic nervous system [53, 54].
Clinical evidence
Data from the Dubbo Osteoporosis Epidemiology Study
reported that in men 50 years or older, BB use was associated
with higher BMD at the femoral neck (0.96 vs. 0.92 g/cm2,
P \ 0.01) and lumbar spine (1.32 vs. 1.25 g/cm2, P \ 0.01),
and a lower fracture risk [adjusted odds ratio (OR): 0.49;
95% CI, 0.32–0.75] than when BB were not used; findings
were nearly identical in older women [55]. In a retrospective
cohort of 501,924 Korean patients (age 65 and older), beta-1
selective BB reduced the risk of fractures compared to other
classes of antihypertensive agents [56]. In a meta-analysis of

123

Endocrine

13 observational studies including 907,000 men and women
with ages ranging from 40 to 80 years, BB use was associated with an average 17 % reduction in the risk of any
fracture [risk ratio (RR) 0.83], hip fracture (RR 0.83), and
vertebral fracture (RR 0.81) [57]. The associations between
BB use and fracture risk were independent of age, BMD, and
clinical risk factors. Subgroup analysis suggested that the
association was mainly found in beta-1 selective BB, not in
the nonselective agents. A more recent meta-analysis of 16
studies (7 cohort and 9 case–control studies), involving
1,644,570 subjects, confirmed these earlier findings and
suggested that the relative risk of any fracture is approximately 15 % lower in patients treated with BB compared to
controls [58]. Of note, there were no randomized-controlled
trials involving BB.
In summary, the available data, from both animal
experiments and observational studies, suggest that
selective BB use is associated with higher BMD and may
be independently associated with a reduced risk of
fracture.
Renin–angiotensin–aldosterone active agents
Pharmacology
The renin–angiotensin–aldosterone system (RAAS) plays a
central role in the control of blood pressure and has been an
important target of antihypertensive medications. There are
several groups of drugs in this category that affect different
parts of the RAAS axis, including angiotensin-converting
enzyme (ACE) inhibitors and angiotensin receptor blocker
(ARB), which are widely used for hypertension, heart
failure, and cardiovascular and renal protection. RAAS
agent operates not only systemically but also locally in
several tissues including bone [59]. Recent studies indicate
that RAAS, which plays a central role in modulating blood
pressure and remodeling vasculature, might also contribute
to bone health [60].
Potential mechanisms affecting bone health
Osteoblasts and osteoclasts express angiotensin-II type 1
receptor in cell cultures, suggesting the existence of local
RAS in bone. In vitro, angiotensin I stimulates bone
resorption in co-cultures of osteoclasts with osteoblastic
cells, and this action inhibited ACE inhibitors [61].
Angiotensin-II induces the expression of receptor activator
of NF-kappaB ligand (RANKL) in osteoblasts, leading to
the activation of osteoclasts, whereas these effects are
blocked by an angiotensin-II type 1 receptor blockade (e.g.,
olmesartan) [62]. Therefore, it is thought that angiotension
II accelerates bone resorption by activating osteoclasts via
RANKL induction [63]. In animal studies, both ACE
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inhibitors and ARBs have been shown to preserve bone
density [61, 64].
Clinical evidence
In a prospective cohort study of 50 menopausal women
with hypertension, the ACE inhibitor fosinopril prevented
loss of BMD in lumbar spine and femoral neck compared
with untreated controls [65]. A cross-sectional study of
3887 Chinese patients (1929 women and 1958 men)
showed that ACE inhibitor use was independently associated with higher femoral neck BMD in women, and higher
BMD at all skeletal sites in men, after adjusting for many
potential confounders including other antihypertensive
agents, osteoporosis and cardiovascular risk factors, and
lifestyle measures [66] although a more recent prospective
cohort study in 3,494 American men could not definitively
replicate these findings [67]. On the other hand, a population-based pharmacoepidemiological case–control study,
including 124,655 fracture cases and 373,962 age and sexmatched controls, demonstrated that the relative risk of any
fracture was reduced by 7 % (OR, 0.93; 95% CI,
0.90–0.96) in users of ACE inhibitors compared with
nonusers [68]. There were no differences between
according to sex and age in these results. Finally, in a metaanalysis of 54 studies, there was only one study with ACE
inhibitors (134 patients), and this showed a significant
reduction in fractures among users compared with nonusers
(RR 0.81, 95% CI, 0.73–0.89) [69].
In summary, in animal models, the RAAS seems to tie
the cardiovascular system together with bone health, and in
humans, ACE inhibitors (but not ARBs) seem to improve
BMD and have a protective effect against fracture risk.
Calcium channel blockers
Pharmacology
The calcium channel blockers are group of medications
that inhibit the voltage-activated inward influx of calcium
from the extracellular medium. These agents have potent
cardiovascular effects and are used for the treatment of
hypertension because of their vasodilatation properties as
well as negative inotropy and chronotropy [70]. In addition, these agent inhibit intracellular calcium release, block
post-junctional alpha-adrenoceptors, interact with calmodulin, inhibit cyclic AMP phosphodiesterase, stimulate
Na?-, K?-activated ATPase, and directly interact with the
contractile proteins [71–73]. Commonly, they are classified
according to chemical structure and site of action as dihyropyridine (selective to vascular tissues) and non-dihyropyridine (relatively selective for myocardium) calcium
channel blockers [74, 75].
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Potential mechanisms affecting bone health
During resorption, osteoclasts can sense changes in ambient Ca2? concentration. This triggers a sharp cytosolic
Ca2? increase through both Ca2? release and Ca2?
influx. The change in cytosolic Ca2? is transduced into
inhibition of bone resorption [76]. For example, benidipine
hydrochloride can regulate growth and differentiation of
osteoblasts and stimulates the function of these cells [77].
In animal models, amlodipine at doses of 1 and 3 mg/kg
significantly increased calcium and phosphorous concentrations in the femurs of ovariectomized rats, compared to
controls [78]. Amlodipine might exert its effect through a
direct inhibition of osteoclast function and/or suppression
of PTH secretion and subsequent inhibition of osteoclast
activity [79, 80].
Clinical evidence
In one 12-week study, amlodipine increased vitamin D
levels significantly in patients with a newly diagnosed
hypertension compared to the ARB valsartan [81]. Conversely, in another trial, 8-week treatment of amlodipine
(with or without estrogen) was not associated with a
marked influence on bone metabolism [82]. In a study with
11 postmenopausal women with osteoporosis, nifedipine
inhibited PTH secretion although it did not affect osteocalcin levels [83], and in another study, in 11 males,
nifedipine was not associated with markers of bone health
[84]. There are no randomized trials of the effect of calcium channel blockers on BMD or fracture.
In summary, the data on calcium channel blockers and
bone health are limited and inconclusive, but it seems
unlikely that these agents have any clinically important
effects on bone.
Nitrates
Pharmacology
Nitric oxide (NO) is a potent vasodilator that acts via
activation of cyclic GMP [85]. The nitrate group of medications acts as donor of NO thereby causing vasodilatation
and decreases in preload and afterload, and is commonly
used for angina, heart failure, and as a potential adjunct
treatment for hypertension [86].
Potential mechanisms affecting bone health
Proinflammatory cytokines induce NO production in
osteoblast-like cells which plays a role in regulating cell
growth [87]. Inducible production of nitric oxide in
osteoblast-like cells and in fetal mouse bone explants is

associated with suppression of osteoclastic bone resorption
[88]. In animal models, nitroglycerine (NTG) ointment, a
NO donor, prevents bone loss in ovariectomized rats
compared with vehicle controls, and when compared with
baseline, treatment with NTG significantly increased BMD
in ovariectomized rats by about 20 % [89, 90].
Clinical evidence
In a prospective study in 6,201 elderly women (317 took
daily nitrates and 74 took them intermittently), those taking
daily nitrates had slightly greater hip BMD compared to
nonusers. By contrast, women using nitrates intermittently
had substantially greater hip BMD than nonusers suggesting the possibility of tachyphylaxis to bone-sparing effects
[91]. Finally, in the UK, a cohort study was conducted that
included 124,655 subjects who had sustained a fracture
during 2000 and 373,962 age- and sex-matched controls
[92]. In adjusted analyses, use of nitrates was associated
with a 11 % reduced risk of any fracture in women and
men and a 15 % reduced risk of hip fracture in women but
not men [92]. Of note, use of nitrates with a short duration
of action was associated with greater reductions in fracture
risk than use of slow-release preparations, again pointing to
the potential for tachyphylaxis.
In a randomized-controlled trial in 144 healthy postmenopausal women with a hip BMD T score between 0 and
-2.5, isosorbide mononitrate (ISMO) 5 or 20 mg/day was
compared with placebo for 12 weeks [93]. Compared with
placebo, women randomized to 20 mg of ISMO had a 45 %
decrease in N-telopeptide and a 23 % increase in serum
bone-specific alkaline phosphatase, while 5 mg of ISMO led
to a 36 % decrease in N-telopeptide and a 16 % increase in
serum bone-specific alkaline phosphatase. This pattern
suggests that ISMO both decreases bone resorption and
increases bone formation in a dose-dependent manner [94].
In summary, nitric oxide donors tend to preserve or
increase BMD, and in observational studies, these agents
appear to be associated with a reduction in fracture.
Intermittent use of nitrates seems to have more of a bonesparing effect than continuous use, raising concerns about
tachyphylaxis.

Conclusions
Bone health and cardiovascular health seem to be linked,
and almost all cardiovascular drugs used for hypertension
that we examined were associated with beneficial effects
on bone either in vitro and in vivo and, in human studies,
were associated with increases (or preservation) of BMD
and/or a reduction in osteoporotic fractures (see summary
Table 1). The only exceptions appeared to be loop diuretics
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Table 1 Summary of the potential mechanisms and effects of cardiovascular medications for hypertension on bone mineral density and fracture
risk
Medications

Potential mechanism
affecting bone health

Effect on
bone mineral
density

Effect on
osteoporotic
fracture risk

Thiazide diuretics

Direct stimulation of osteoblasts

:

;

;

:

Bone formation
Loop diuretics

Increased urinary calcium loss
Falls risk

Spironolactone

Inhibition of aldosterone receptors

:

;

Beta-blockers

Inhibition of beta-adrenergic receptor in bone

:

;

Angiotensin-converting
enzyme inhibitors

Inhibition of angiotensin-converting enzyme
in local RAAS in bone

:

;

Angiotensin-II receptor blocker

Direct blockade for Angiotensin-II receptor

Calcium channel blockers

Inhibition of voltage-gated calcium channel

$

$

Nitrates

Donates nitric oxide
Suppression of osteoclast

:

;

$

$

Upward arrow (:) indicate positive, downward arrow (;) negative, and horizontal arrow ($) indicate neutral effect

(adverse effects) and calcium channel blockers (little or no
effects). However, all of these conclusions are based
almost entirely on observational studies or a handful of
trials with surrogate measures of bone turnover.
One might ask whether it is even possible or feasible to
undertake randomized trials of antihypertensive medications with fracture endpoints or at the least, BMD-related
endpoints? While possible in theory (as evinced by trials,
we have described with loop diuretics and nitrates), we
believe in general such trials would be prohibitive because
so many antihypertensive medications are available to
physicians and because of the large numbers and long
timelines required to accrue events. There is one approach
we would suggest could work, and it is endocrine specialists who are best positioned to make this happen. In
future trials of new antihypertensive agents, if self-reported
and radiograph-confirmed fractures as well as injurious
falls are prospectively collected as serious adverse events
(SAE), then important high-quality data might be generated. Furthermore, if nested within such a large trial, even a
small sample of patients with BMD and biomarkers at
baseline and study end would be informative for mechanistic subgroup analyses.
Regardless, for so many different pathways and signaling
systems to be affected by different medications used to treat
hypertension and to generally have a positive effect on bone
health suggests several potential common pathways that
might lead to both adverse cardiovascular events and
adverse skeletal events. Even though the available data are
inadequate (and almost bereft of trials) to recommend the
use of cardiovascular medications to improve bone health,
we believe the totality of evidence still has two implications.
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First, for scientists, much basic and translation work
needs to be done to better understand the links between
cardiovascular disease (in particular hypertension) and
osteoporosis. Second, for clinicians, when their patients
need hypertension treatment and their patient is also at high
risk of fracture, there is some guidance about which agents
to forgo if possible (loop diuretics) and which agents to
choose (thiazides, cardioselective beta-blockers, ACE
inhibitors)—all else equal.
Acknowledgments No external funding source was required for
this research. SRM received salary support from the Alberta Heritage
Foundation for Medical Research—Alberta Innovates Health Solutions (Health Scholar), and holds the Endowed Chair in Patient Health
Management (Faculties of Medicine and Dentistry and Pharmacy and
Pharmaceutical Sciences, University of Alberta). The authors declare
no potential conflict of interest with respect to this work.

References
1. A. Parthan, M. Kruse, N. Yurgin, J. Huang, H.N. Viswanathan, D.
Taylor, Cost effectiveness of denosumab versus oral bisphosphonates for postmenopausal osteoporosis in the US. Appl.
Health Econ. Health Policy 5, 485–497 (2013)
2. S.H. Choi, J.H. An, S. Lim, B.K. Koo, S.E. Park, H.J. Chang, S.I.
Choi, Y.J. Park, K.S. Park, H.C. Jang, C.S. Shin, Lower bone
mineral density is associated with higher coronary calcification
and coronary plaque burdens by multidetector row coronary
computed tomography in pre- and postmenopausal women. Clin.
Endocrinol. (Oxf). 5, 644–651 (2009)
3. K. Nishio, S. Mukae, S. Aoki, S. Itoh, N. Konno, K. Ozawa, R.
Satoh, T. Katagiri, Congestive heart failure is associated with the
rate of bone loss. J. Intern. Med. 253, 439–446 (2003)
4. P. von der Recke, M.A. Hansen, C. Hassager, The association
between low bone mass at the menopause and cardiovascular
mortality. Am. J. Med. 106, 273–278 (1999)

Endocrine
5. L.M. Banks, B. Lees, J.E. MacSweeney, J.C. Stevenson, Effect of
degenerative spinal and aortic calcification on bone density
measurements in post-menopausal women: links between osteoporosis and cardiovascular disease? Eur. J. Clin. Invest. 24,
813–817 (1994)
6. A. Aoki, M. Murata, T. Asano, A. Ikoma, M. Sasaki, T. Saito, T.
Otani, S. Jinbo, N. Ikeda, M. Kawakami, S.E. Ishikawa, Association of serum osteoprotegerin with vascular calcification in
patients with type 2 diabetes. Cardiovasc. Diabetol. 12, 11 (2013)
7. S. Yang, N.D. Nguyen, J.R. Center, J.A. Eisman, T.V. Nguyen.
Association between hypertension and fragility fracture: a longitudinal study. Osteoporos Int. (2013). doi: 10.1007/s00198-0132457-8
8. F.P. Cappuccio, E. Meilahn, J.M. Zmuda, J.A. Cauley, High
blood pressure and bone-mineral loss in elderly white women: a
prospective study. Study of Osteoporotic Fractures Research
Group. Lancet 354, 971–975 (1999)
9. S.R. Majumdar, J.A. Ezekowitz, L.M. Lix, W.D. Leslie, Heart
failure is a clinically and densitometrically independent risk
factor for osteoporotic fractures: population-based cohort study of
45,509 subjects. J. Clin. Endocrinol. Metab. 97, 1179–1186
(2012)
10. X. Girerd, O. Hanon, B. Pannier, B. Vaı̈sse, J.J. Mourad, Trends
in the use of antihypertensive drugs in France from 2002 to 2012:
FLAHS surveys. Ann. Cardiol. Angeiol. 2, 210–214 (2013)
11. Q. Gu, V.L. Burt, C.F. Dillon, S. Yoon, Trends in antihypertensive medication use and blood pressure control among United
States adults with hypertension: the National Health and Nutrition
Examination Survey, 2001 to 2010. Circulation 126, 2105–2114
(2012)
12. N. Sreedharan, P.G. Rao, N.R. Rau, P.R. Shankar, Antihypertensive prescribing preferences in three South Indian Hospitals:
cost analysis, physicians perspectives and emerging trends. Int.
J. Clin. Pharmacol. Ther. 49, 277–285 (2011)
13. S. Middler, C.Y. Pak, F. Murad, F.C. Bartter, Thiazide diuretics
and calcium metabolism. Metabolism 22, 139–146 (1973)
14. C. Bazzini, V. Vezzoli, C. Sironi et al., Thiazide-sensitive NaClcotransporter in the intestine: possible role of hydrochlorothiazide
in the intestinal Ca2? uptake. J. Biol. Chem. 280, 19902–19910
(2005)
15. N. Obermüller, P. Bernstein, H. Velázquez, R. Reilly, D. Moser,
D.H. Ellison, S. Bachmann, Expression of the thiazide-sensitive
Na-Cl cotransporter in rat and human kidney. Am. J. Physiol.
269, 900–910 (1995)
16. X.Y. Wang, S. Masilamani, J. Nielsen, T.H. Kwon, H.L. Brooks,
S. Nielsen, M.A. Kneppe, The renal thiazide-sensitive Na-Cl
cotransporter as mediator of the aldosterone-escape phenomenon.
J. Clin. Invest. 108, 215–222 (2001)
17. M.M. Dvorak, C. De Joussineau, D.H. Carter, Thiazide diuretics
directly induce osteoblast differentiation and mineralized nodule
formation by interacting with a sodium chloride co-transporter in
bone. J. Am. Soc. Nephrol. 18, 2509–2516 (2007)
18. E.L. Barry, F.A. Gesek, M.R. Kaplan, S.C. Hebert, P.A. Friedman, Expression of the sodium-chloride cotransporter in osteoblast-like cells: effect of thiazide diuretics. Am. J. Physiol. 272,
C109–C116 (1997)
19. R. Aubin, P. Menard, D. Lajeunesse, Selective effect of thiazides
on the human osteoblast-like cell line MG-63. Kidney Int. 50,
1476–1482 (1996)
20. L. Rejnmark, P. Vestergaard, A.R. Pedersen, L. Heickendorff, F.
Andreasen, L. Mosekilde, Dose-effect relations of loop- and
thiazide-diuretics on calcium homeostasis: a randomized, doubleblinded Latin-square multiple cross-over study in postmenopausal osteopenic women. Eur. J. Clin. Invest. 33, 41–50 (2003)
21. L. Rejnmark, P. Vestergaard, L. Heickendorff, F. Andreasen, L.
Mosekilde, Effects of thiazide- and loop-diuretics, alone or in

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

combination, on calcitropic hormones and biochemical bone
markers: a randomized controlled study. J. Intern. Med. 250,
144–153 (2001)
R. Wasnich, J. Davis, P. Ross, J. Vogel, Effect of thiazide on
rates of bone mineral loss: a longitudinal study. BMJ 301,
1303–1305 (1990)
R.D. Wasnich, J.W. Davis, Y.F. He, H. Petrovich, P.D. Ross, A
randomized, double-masked, placebo-controlled trial of chlorthalidone and bone loss in elderly women. Osteoporos. Int. 5,
247–251 (1995)
G. Sigurdsson, L. Franzson, Increased bone mineral density in a
population-based group of 70-year-old women on thiazide
diuretics, independent of parathyroid hormone levels. J. Intern.
Med. 250, 51–56 (2001)
K. Aung, T. Htay, Thiazide diuretics and the risk of hip fracture.
Cochrane Database Syst. Rev. 10, CD005185 (2011)
C. Plata, P. Meade, N. Vazquez, S.C. Hebert, G. Gamba, Functional properties of the apical Na?-K?-2Cl- cotransporter isoforms. J. Biol. Chem. 277, 11004–11012 (2002)
J.M. Chen, B.S. Heran, J.M. Wright, Blood pressure lowering
efficacy of diuretics as second-line therapy for primary hypertension. Cochrane Database Syst. Rev. 4, CD007187 (2009)
L. Rejnmark, P. Vestergaard, L. Heickendorff, F. Andreasen, L.
Mosekilde, Effects of long-term treatment with loop diuretics on
bone mineral density, calcitropic hormones and bone turnover.
J. Intern. Med. 257, 176–184 (2005)
J. Elmgreen, L. Tougaard, A. Leth, M.S. Christensen, Elevated
serum parathyroid hormone concentration during treatment with
high ceiling diuretics. Eur. J. Clin. Pharmacol. 18, 363–364 (1980)
L.S. Lim, H.A. Fink, T. Blackwell, B.C. Taylor, K.E. Ensrud,
Loop diuretic use and rates of hip bone loss and risk of falls and
fractures in older women. J. Am. Geriatr. Soc. 57, 855–862
(2009)
L.S. Lim, H.A. Fink, M.A. Kuskowski, B.C. Taylor, J.T. Schousboe, K.E. Ensrud, Loop diuretic use and increased rates of hip
bone loss in older men: the osteoporotic fractures in men study.
Arch. Intern. Med. 168, 735–740 (2008)
L. Rejnmark, P. Vestergaard, L. Heickendorff, F. Andreasen, L.
Mosekilde, Loop diuretics increase bone turnover and decrease
BMD in osteopenic postmenopausal women: results from a randomized controlled study with bumetanide. J. Bone Miner. Res.
21, 163–170 (2006)
S. Arampatzis, L.M. Gaetcke, G.C. Funk, C. Schwarz, M. Mohaupt,
H. Zimmermann, A.K. Exadaktylos, G. Lindner, Diuretic-induced
hyponatremia and osteoporotic fractures in patients admitted to the
emergency department. Maturitas. 75, 81–86 (2013)
D.H. Solomon, H. Mogun, K. Garneau, M.A. Fischer, Risk of
fractures in older adults using antihypertensive medications.
J. Bone Miner. Res. 26, 1561–1567 (2011)
L.J. Min, M. Mogi, J.M. Li, J. Iwanami, M. Iwai, M. Horiuchi,
Aldosterone and angiotensin II synergistically induce mitogenic
response in vascular smooth muscle cells. Circ. Res. 97, 434–442
(2005)
P.H. Law, Y. Sun, S.K. Bhattacharya, V.S. Chhokar, K.T. Weber,
Diuretics and bone loss in rats with aldosteronism. J. Am. Coll.
Cardiol. 46, 142–146 (2005)
A.L. Runyan, V.S. Chhokar, Y. Sun, S.K. Bhattacharya, J.W.
Runyan, K.T. Weber, Bone loss in rats with aldosteronism. Am.
J. Med. Sci. 330, 1–7 (2005)
A.S. Salcuni, S. Palmieri, V. Carnevale, V. Morelli, C. Battista,
V. Guarnieri, G. Guglielmi, G. Desina, C. Eller-Vainicher, P.
Beck-Peccoz, A. Scillitani, I. Chiodini, Bone involvement in
aldosteronism. J. Bone Miner Res. 27, 2217–2222 (2012)
L. Ceccoli, V. Ronconi, L. Giovannini, M. Marcheggiani, F.
Turchi, M. Boscaro, G. Giacchetti, Bone health and aldosterone
excess. Osteoporos Int. 24(11), 2801–2807 (2013)

123

Endocrine
40. L.D. Carbone, J.D. Cross, S.H. Raza, A.J. Bush, R.J. Sepanski, S.
Dhawan, B.Q. Khan, M. Gupta, K. Ahmad, R.N. Khouzam, D.A.
Dishmon, J.P. Nesheiwat, M.A. Hajjar, W.A. Chishti, W. Nasser,
M. Khan, C.R. Womack, T. Cho, A.R. Haskin, K.T. Weber,
Fracture risk in men with congestive heart failure risk reduction
with spironolactone. J. Am. Coll. Cardiol. 52, 135–138 (2008)
41. O.E. Brodde, M.C. Michel, X.L. Wang, H.R. Zerkowski, Chronic
beta-adrenoceptor antagonist treatment modulates human cardiac
and vascular beta-adrenoceptor density in a subtype-selective
fashion. J. Hypertens. Suppl. 6, S497–S500 (1988)
42. G. Engel, Subclasses of beta-adrenoceptors–a quantitative estimation of beta 1- and beta 2- adrenoceptors in guinea pig and
human lung. Postgrad. Med. J. 57, 77–83 (1981)
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