
REVIEW

The Relationship Among Hypertension, Antihypertensive
Medications, and Osteoporosis: A Narrative Review
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Received: 26 July 2012 / Accepted: 25 October 2012 / Published online: 29 November 2012

� Springer Science+Business Media New York 2012

Abstract Osteoporosis and hypertension are two frequent

diseases among the aging population that share a similar

etiopathology and often coexist. Moreover, treatment of

hypertension affects bone mineral density and, therefore,

can worsen osteoporosis. This narrative review considers

the influence of the main etiologic factors that contribute to

the development of hypertension and osteoporosis and

examines the effect of the most often used antihyperten-

sives on bones. A computerized literature search of

relevant English publications regarding the etiology of

hypertension and osteoporosis as well as the impact of

antihypertensives on osteoporosis from 1996 to 2011 was

completed in October 2011. The latest update in the search

was performed from May to June 2012. The most relevant

nongenetic factors in the etiology of osteoporosis and

hypertension are low calcium intake, vitamin D and vita-

min K deficiency, high consumption of sodium salt, and the

effects of different forms of nitric oxide. Thiazide diuretics

are the only antihypertensives that have a positive influence

on bone mineral density. For other antihypertensive drugs,

the data are conflicting, indicating that they may have a

potentially negative or positive influence on bone mineral

density and fracture risk reduction. Some studies did not

find a correlation between the use of antihypertensives and

bone mineral density. Due to the frequent coexistence of

hypertension and osteoporosis, when selecting long-term

antihypertensive therapy the potential effects of antihy-

pertensive drugs on development, worsening, or improve-

ment of osteoporosis should also be considered.
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Introduction

The prevalence of osteoporosis and hypertension continues

to rise due to the aging population and the impact of life-

style. There is a high probability of the coexistence of these

two diseases [1]. According to data from 2006, more than

200 million people in the world had osteoporosis [2]. In

2000 alone, it was estimated that in Europe there were

about 2.7 million fractures in women and men attributed to

osteoporosis. The associated direct costs were approxi-

mately €36 billion [3]. According to the estimates of the

International Osteoporosis Foundation, after the age of

50, osteoporotic fracture will happen to every third woman

and every fifth man. In their lifetime, osteoporosis-related

fractures occur in 30–50 % of women and 15–30 % of

men [4].

Osteoporosis and hypertension share a similar etiopa-

thology that involves a genetic base as well as the influence

of various nongenetic factors. The most relevant etiological

factors for both diseases are low calcium intake and level,

vitamin D and vitamin K deficiency, high consumption of

sodium salt, and low or very high nitric oxide levels.

Reduction of bone mineral density (BMD) is related to

hypertension, and it seems to be one of the major cardio-

vascular risk factors for fractures [5–7]. Antihypertensive

The authors have stated that they have no conflict of interest.

K. Ilić (&) � N. Obradović
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drugs can have a indirect impact on osteoporosis by ame-

liorating the detrimental effects of high blood pressure as

well as the direct effects on bone metabolism, strength, and

density [1, 7–10].

The results of more studies that evaluated a relationship

between hypertension, antihypertensive medications, and

osteoporosis have been published in the last few years.

Therefore, the main aim of this narrative review was to

consider the most relevant etiologic factors that contribute

to the development of hypertension and osteoporosis and to

analyze the published data regarding the effect of the most

often used antihypertensives on bones.

Methods

A computerized literature search of relevant articles written

in English regarding the etiology of hypertension and

osteoporosis as well as the impact of antihypertensives on

osteoporosis published from 1996 to 2011 was completed

in October 2011. An updated search of the literature was

performed from May to June 2012.

References of interest were identified through searches

of Medline, Web of Science, and Google Scholar.

Combinations of search terms were ‘‘etiologic factors’’

and ‘‘hypertension/osteoporosis,’’ ‘‘bones,’’ and ‘‘frac-

tures’’; ‘‘antihypertensive medications’’ (thiazide diuret-

ics, loop diuretics, angiotensin-converting enzymes

inhibitors, beta-blockers, calcium channel blockers,

alpha-blockers) and ‘‘osteoporosis.’’ Review articles were

also scanned to find additional eligible studies. In addi-

tion, the reference lists of all original articles and pre-

vious systematic reviews were hand-searched for other

relevant articles. Duplicates were removed. The collected

pieces of information included an author, year of study

and publication, group of antihypertensive or specific

drugs that were used, age and size of the studied popu-

lation. Studies with the following outcomes were inclu-

ded: changes in BMD values expressed in percent change

or in grams per centimeter squared, fracture risk

expressed as percent change or odds ratio (OR), skeletal

effects, bone marrow perfusion, and influence on bone

metabolism. Eventually 53 articles were selected for this

review.

Relations Between Bone and the Vascular System

In the pathophysiology of osteoporosis and hypertension,

the most relevant etiological factors are low intake and

level of calcium, vitamin D and vitamin K deficiency,

increased intake of sodium salts, and low or very high

nitric oxide levels.

Calcium

Calcium, as the main bone mineral, has a great impact

upon bone strength and the balance of the bone remodeling

process. It has been found that people with hypertension

have reduced intestinal absorption and increased calcium

urinary elimination, which has, as a consequence, a

reduction of calcium concentration in the plasma, second-

ary activation of parathyroid glands, and increased mobi-

lization of calcium from the bones [1, 5, 6]. Currently,

there are two hypotheses to explain the cause of increased

renal calcium leak in hypertensive patients: the central

blood volume increase hypothesis and the renal calcium

leak hypothesis. According to the first hypothesis, an

increase of the overall volume enhances calcium urinary

excretion. The second hypothesis assumes that calcium

leaks because of a disorder at the tubule level. In both

cases, the lowering of calcium in the serum activates

parathyroid hormone (PTH), which further increases bone

turnover [1]. It has been shown in women that the differ-

ence in annual bone mass loss depends on systolic blood

pressure levels [8]. In men increased systolic blood pres-

sure was statistically significantly correlated with a

reduction of BMD in the trochanter (p = 0.04), while

increased diastolic blood pressure was related to a reduc-

tion of BMD (p B 0.01) and bone mineral content

(p B 0.05) of the entire body [5].

Approximately 99 % of overall calcium resides in the

bones, mostly in the form of hydroxyapatite crystals. The

remaining 1 % of free calcium is in the extracellular fluid

and plays an important role in a series of vital processes. At

low calcium intake, blood levels are maintained by

releasing calcium from the bones. If inadequate calcium

levels extend over a longer period of time, the bones

become porous and prone to fractures [11, 12].

Calcium acts upon blood pressure, directly increasing

peripheral vascular resistance or indirectly by means of

other electrolytes, among which sodium is of special

importance. Available data show an inverse ratio between

calcium levels in vascular smooth muscle cells and bone

calcium. When the serum calcium level is low, the calcium

concentration in vascular smooth muscle cells is increased,

leading to an elevation of vascular resistance and vaso-

constriction [12, 13]. Higher amounts of calcium intake

enhance the loss of sodium and thus reduce the intravas-

cular volume, which again leads to a reduction of periph-

eral vascular resistance and blood pressure [5, 13]. Calcium

is also important for vascular calcification, which, by cel-

lular mechanisms, resembles the formation and resorption

of bones [14]. It has been found that almost all athero-

sclerotic lesions are calcified and that vascular calcification

is a risk factor for increasing the general population’s

mortality from cardiovascular diseases [15].
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Vitamin D

Vitamin D controls the absorption of calcium and phosphates

in the small intestine and increases calcium reabsorption

from the kidney tubules and its mobilization from the bones.

Vitamin D controls the absorption and reabsorption of cal-

cium by affecting the synthesis of calcium-binding protein,

which is important for the calcium transport process. It

influences bone formation and bone resorption, stimulates

synthesis of osteocalcin (protein of bone matrix), and redu-

ces collagen synthesis while indirectly stimulating the

activity and maturation of osteoclasts. The effect of vitamin

D on the bones is complex, and its direct impact on calcium

mobilization has not yet been completely elucidated. How-

ever, it is well known that poor bone mineralization occurs in

those individuals who are deficient in vitamin D [11]. Severe

vitamin D deficiency causes rickets or osteomalacia, where

the new bone, the osteoid, is not mineralized. Less severe

vitamin D deficiency causes an increase of serum PTH,

which results in high bone turnover and increased bone

resorption, causing bone loss and releasing calcium ions into

the blood [16, 17]. This can lead to osteoporosis and fractures

[16]. Fracture risk is increased regardless of the individual’s

BMD as the bone is eroded and the skeleton becomes weak

[17]. Additionally, vitamin D has been linked with the

maintenance of muscular strength. Patients with vitamin D

deficiency (with or without osteoporosis) have reduced

muscle mass and strength. It was demonstrated that primarily

the weight-bearing antigravity muscles of the lower limb are

affected by vitamin D deficiency. This may explain the

increased number of falls seen in the vitamin D-deficient

elderly [18]. Therefore, increased fracture risk is not only

caused by changes in bone remodeling and BMD but also

connected with an increased propensity to falls due to the loss

of muscular strength [17]. It has been shown that vitamin D

supplements in a daily dose greater than 700 IU can reduce

the risk of falling [1].

Epidemiological studies suggest that vitamin D insuffi-

ciency is related to a number of other disorders frequently

observed among the elderly, including cardiovascular dis-

orders such as hypertension [19]. Studies conducted in the

general population show that low vitamin D levels (deter-

mined by the plasma concentration of 25-hydroxyvitamin

D [25(OH)D]) are correlated with higher hypertension

prevalence, chronic heart failure, and hyperparathyroidism

[20]. There is also an inverse correlation of 25(OH)D

plasma concentration with diastolic pressure levels [19].

The mechanisms by which vitamin D affects cardio-

vascular diseases are different. Vitamin D stimulates the

synthesis of prostacyclin in vascular smooth muscle cells.

Studies have also shown a positive correlation between

25(OH)D and 1,25-dihydroxyvitamin D (1,25[OH]2D)

levels and dilation of blood vessels mediated by the blood

flow [20]. In addition, vitamin D inhibits the proliferation

of smooth muscle cells in blood vessels, suppresses vas-

cular calcification, and affects the cytokine and renin–

angiotensin systems [15, 20].

Vitamin K

There are two different forms of vitamin K: K1 (phyllo-

quinone), which originates mainly from green, leafy veg-

etables, and K2 (menaquinones, MK), which is produced by

bacteria and mostly found in fermented foods such as

cheese and fermented soy beans [21, 22]. Vitamin K forms

available in food supplements or pharmaceutical prepara-

tions are K1, MK-4, and MK-7. In Western society, K2

forms only 10–20 % of the total vitamin K intake. How-

ever, K2 is absorbed much better from food than K1 and

may represent 50 % of the total vitamin K absorbed [23].

Liver is the main target tissue for vitamin K1. Vitamin K2 is

preferentially taken up by extrahepatic tissues such as bone

and arteries [21], and some menaquinones seem to have a

greater effect in preventing arterial calcification than K1

[22]. Bone and arterial vessel walls, under physiological

conditions, can convert K1 into MK-4. Also, there is some

evidence that MK-4 could be associated with production of

interleukin-6, regulation of prostaglandin E2 synthesis, or

inhibition of the mevalonate pathway [22].

Both forms of vitamin K are coenzymes of c-glutamyl

carboxylase, and they are important for formation of

K-dependent c-carboxyglutamate (GLa) proteins [24] that

regulate blood coagulation, vascular calcification, bone

mineralization, cell growth, and apoptosis [25]. Vitamin

K2, however, is more effective than vitamin K1 with

respect to osteoclastogenesis; likewise, hypocholestero-

lemic effects and the ability to slow atherosclerotic pro-

gression have only been observed with vitamin K2 [22].

GLa proteins important for bone metabolism are bone

GLa-protein osteocalcin synthesized by osteoblasts and

matrix GLa-protein (MGP), synthesized primarily by

chondrocytes and vascular smooth muscle cells [25, 26].

Vitamin K deficiency can lead to suboptimal c-carboxyl-

ation and production of functionally defective GLa proteins

as well as impairment of their function [24, 26]. MGP is the

strongest inhibitor of tissue calcification presently known

[25]. c-Carboxylation is essential for the MGP inhibitory

effect on calcification. Undercarboxylated MGP and

impaired vitamin K status have been associated with vas-

cular calcification and cardiovascular mortality [24–26].

Osteocalcin GLa residues bind and incorporate calcium

into hydroxyapatite crystals [24]. Reduced vitamin K

availability leads to the synthesis of undercarboxylated

osteocalcin, which has low affinity for the hydroxyapatite

bone matrix; therefore, an insufficient amount of calcium is

incorporated into bones and BMD decreases [21, 24].
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Several clinical trials indicated that vitamin K supple-

mentation may result in decreased bone loss and mainte-

nance of bone strength [25]. It has been shown that 3-year

coadministration of vitamin K1, minerals, and vitamin D

substantially reduced bone loss at the femoral neck in

healthy postmenopausal women. The difference between

women receiving vitamin K1, minerals, and vitamin D and

placebo group was 1.7 % (95 % Cl: 0.35–3.44), while the

difference between group receiving minerals and vitamin D

was 1.3 % (95 % Cl: 0.10–3.41). A meta-analysis which

pooled data from seven trials found that oral supplemen-

tation with menaquinone reduced bone loss and prevented

fractures; ORs for vertebral, hip, and all nonvertebral

fractures were 0.40 (95 % CI 0.25–0.65), 0.23 (95 % CI

0.12–0.47), and 0.19 (95 % CI 0.11–0.35), respectively

[27]. The recommended daily intake of vitamin K for

prevention of vascular calcification and bone loss needs to

be determined.

Sodium

The intake of certain cations through food can affect

osteoporosis and hypertension. For instance, high sodium

intake through sodium salts can lead to salt-induced vol-

ume expansion, increased glomerular filtration rate (GFR),

and increased calcium excretion [6]. In addition, due to

competition between sodium and calcium ions, reabsorp-

tion of calcium in the kidney is decreased [28]. When the

absorbed calcium is less than the amount needed to offset

this loss, bone remodeling activity is elevated and calcium

is released from bone [28]. In women, there is an inverse

ratio between sodium intake (measured as Na?/creatinine

in urine) and BMD of the hip and lumbar spine [29].

Reduced sodium intake can have a positive effect on the

balance of calcium and the lowering of blood pressure [6].

During very small intake or sodium losses, the body can

effectively prevent the development of sodium deficiency

by decreasing the blood pressure. In contrast, in cases of

high sodium intake, the sodium balance is maintained by

the rise of blood pressure and excretion of excess sodium

by the pressure–natriuresis mechanism [30].

Nitric Oxide

Nitric oxide (NO) is another factor that has an essential role

in bone and blood vessel function. NO causes vasodilation

and contributes to the physiological control of blood

pressure. In addition, NO protects against atherogenesis by

inhibiting adhesion and aggregation of thrombocytes as

well as proliferation of smooth muscles [31]. The NO

effect on bones appears to be dose-dependent and relies

upon the activities of different forms of NO synthases or on

NO levels. Lack of a constitutive form of NO synthase

accelerates atherosclerosis and osteoporosis, while induc-

ible NO synthase, i.e., high concentrations of NO, enhances

bone loss by increasing osteoclastic bone resorption,

inhibiting osteoblast proliferation, and increasing osteo-

blast apoptosis [15, 32]. It has been shown that NO donors

in vitro decrease bone resorption by reducing the number

and activity of osteoclasts and increase the proliferation

and differentiation of osteoblasts, osteocalcin synthesis,

and mineralization by osteoblastic cells [32, 33].

The in vivo effects of NO donors were examined in

several studies, resulting in conflicting outcomes. A large

epidemiological study of nitrate use in 124,655 individuals

(2,000 cases and 373,962 age- and sex-matched controls)

who had sustained a fracture showed that the use of nitrates

was associated with an 11 % reduction of the likelihood for

the risk of any fracture (adjusted OR = 0.89, 95 % CI

0.86–0.92) and a 15 % reduction of the likelihood for the

risk of hip fracture (adjusted OR = 0.85, 95 % CI

0.79–0.92) [34]. Also, a small, randomized, open-label

study which involved young premenopausal women

undergoing oophorectomy, who received either standard

hormone replacement therapy or nitroglycerin ointment,

showed that nitroglycerin therapy was as effective as

estrogen in preventing bone loss [35]. On the other hand, a

larger randomized, double-blind, placebo-controlled clini-

cal trial by the same group of investigators showed no

benefit of transdermal nitroglycerin in preventing bone loss

in early postmenopausal women [36]. Frequent headache

causing suboptimal adherence to treatment was given as a

possible explanation for the negative findings [32]. Another

randomized, double-blind, placebo-controlled clinical trial

on the use of transdermal nitroglycerin in postmenopausal

women showed modestly increased BMD and decreased

bone resorption [33]. Further studies are necessary to

determine not only the influence of NO donors on BMD

but also the influence on fracture risk [32].

Antihypertensives and Bones

Certain groups of antihypertensive drugs have been shown

to increase BMD and reduce the risk of fractures. However,

the question is whether antihypertensives have a specific

direct or indirect effect on bones due to the blood pressure

decrease and the consequential effect on calcium metabo-

lism. It has been shown that people using certain antihy-

pertensives have a lower fracture risk than the general

population, which favors the assumption that antihyper-

tensives have a direct effect on bones [8].

It has been confirmed that thiazide diuretics have a

positive effect on BMD. However, for other groups of

antihypertensives, the data are controversial (Table 1). In

some studies antihypertensives showed a potentially

220 K. Ilić et al.: Antihipertensives and Osteoporosis

123



negative effect on bones [41, 42], while in other studies

there is no correlation between the use of antihypertensives

and their effect on bones [43, 44]. However, a number of

studies show a positive effect of antihypertensive drugs on

BMD and reduction of fracture risk [8–10].

It is believed that antihypertensive medications can

worsen orthostatic hypotension. However, the majority of

studies have not found an association or have even dem-

onstrated an improvement in postural blood pressure

changes in patients on antihypertensive medications. When

considering the individual classes, peripheral vasodilators,

specifically alpha-adrenoceptor antagonists and nondihy-

dropyridine calcium channel antagonists, can exacerbate

postural blood pressure changes and lead to orthostatic

hypotension and, therefore, should be avoided in the

elderly. Angiotensin-converting enzyme inhibitors, angio-

tensin-receptor antagonists, and beta-blockers with intrin-

sic sympathomimetic activity are less likely to worsen

orthostatic hypotension. Careful management of electrolyte

disturbance can decrease the risk of developing orthostatic

hypotension with diuretic use [45].

Thiazide Diuretics

Thiazides have been examined in hypertensive and nor-

motensive individuals; the first data about a positive effect

on BMD and reduction of fracture risk date back from the

early 1990s [46–48]. In a randomized, double-blind, and

placebo-controlled study conducted in normotensive

examinees, the use of thiazide diuretics led to the preser-

vation of BMD in the hips and spine [49]. In a prospective

cohort study, thiazides reduced the risk for hip fracture

(adjusted hazard ratio = 0.46, 95 % CI 0.21–0.96) in the

general population, but this protective effect disappeared

4 months after the cessation of their use [50]. Other studies

also confirmed a positive effect of thiazides on BMD in

postmenopausal women, normotensive examinees, and the

general population [9, 10, 51]. A summary of thiazide

diuretics effects is given in Table 2.

Thiazides can have direct and indirect effects on the

cells involved in bone metabolism by affecting electrolyte

discharge in the kidneys [1, 12]. In sodium and calcium

homeostasis thiazides act by inhibition of cotransporters

for sodium and chlorine (SCCTs) in the nephron and bones

[1]. In the distal tubule SCCTs are responsible for reab-

sorption of sodium and chlorine. SCCT gene mutation can

lead to the preservation of sodium and consequential vol-

ume enhancement, which causes increased urinary calcium

excretion. According to some authors, mutations of the

gene for this cotransporter could be correlated with both

osteoporosis and hypertension [52]. Thiazides inhibit

SCCTs, reduce sodium reabsorption, and increase urinary

loss of sodium. A decrease in the level of sodium conse-

quentially leads to calcium leak. The hypocalciuric effect

increases the availability of calcium, lowers PTH level, and

reduces bone metabolism [1]. Increased sodium loss is

accompanied by a respective chlorine loss so that, in order

to preserve electroneutrality, reabsorption of bicarbonates

is increased [53]. Elevated bicarbonate concentration in the

serum leads to mild metabolic alkalosis. This mild meta-

bolic alkalosis reduces the bones’ buffer activity as well as

bone mass loss, which might be due to increased acidity

induced by intake of food causing an acidic reaction in the

organism [10].

Table 1 The mechanism by which antihypertensive drugs influence

bones

Antihypertensive drugs Mechanism

Thiazide diuretics Direct effect on OCs and OBs [1]

Indirect effect by affecting electrolyte

discharge in the kidneys [1, 10]

Angiotensin-converting

enzyme inhibitors

Block the following effects of AT II

[8, 9]:

• Release of the mediators which activate

OC via AT1 receptors on OB

• Decrease blood flow in bone marrow

capillaries

• Drop in free Ca2? ion levels in plasma

while increasing PTH

Angiotensin receptor

blockers

Similar effect as ACEI: prevent harmful

effects of AT II on bones, e.g., attenuate

OC activation with AT II [1, 25]

Beta-blockers Effect on bones related to the role of

sympathetic NS in the regulation of BM

[8, 37]

• Beta2-adrenergic receptors identified on

OB and OC [37]

• Beta-adrenergic receptor agonists and

antagonists have an effect on BM; beta-

adrenergic stimulation and inhibition

showed both anabolic and catabolic

effects on bones [8]

Calcium channel

blockers

Long-term use of CCB can be related to

OP, due to ; bone marrow perfusion

[38]

Nifedipine inhibits PTH secretion in

postmenopausal women [39]

Verapamil reduces secretion of

osteocalcin and inhibits PTH-stimulated

takeover of Ca2? in OB [8]

Loop diuretics Increase Ca2? leak in kidneys, level of

PTH and 1,25(OH)2D in plasma [40]

OC osteoclast, OB osteoblast, AT II angiotensin II, Ca calcium, PTH
parathyroid hormone, ACEI angiotensin-converting enzyme inhibitor,

NS nervous system, BM bone metabolism, CCB calcium channel

blocker, ; decrease, OP osteoporosis
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Angiotensin-Converting Enzyme Inhibitors

It is assumed that angiotensin acts on bones directly via

angiotensin AT1 receptors on osteoblasts and stimulates the

release of mediators which activate osteoclasts and indi-

rectly by regulating blood flow in the bone marrow capil-

laries. It has been shown that angiotensin II affects calcium

metabolism by causing a drop in free calcium plasma

concentration while simultaneously increasing PTH.

Angiotensin-converting enzyme inhibitors (ACEIs) are

thought to block these effects of angiotensin [8, 9].

There are fewer data for ACEIs than for thiazide

diuretics, and they mostly date from the post-year 2000

period. All of the available data discuss the positive effect

of ACEIs on bones. The potential benefit for bones is

shown (increase of BMD at some regions) by the use of

ACEIs in hypertensive patients at risk for osteoporosis [9].

In patients who used ACEIs, the adjusted risk for any

fracture was reduced by 7 % (OR = 0.93, 95 % CI

0.90–0.96) compared to the control group [8]. Still, studies

conducted so far are very few in number and have their

limitations, and there is no conclusive consensus con-

cerning the effect of ACEIs on BMD. Also, it is possible

that different responses to antihypertensive treatment with

ACEIs are due to an ACE insertion/deletion genetic poly-

morphism [24, 54]. The deletion D allele has been shown

to result in increased expression of the ACE gene, and

interestingly the DD genotype is associated with an

increased risk of hypertension, diabetic renal disease, and

cardiovascular complications [54]. Subjects with the DD

Table 2 Effects of thiazide diuretics on bones, BMD, and fracture risk

Reference Study

design

Study duration Population Number of

examinees

Drugs and dose Outcomes measured

Sowers et al. [46] PS 5 years Postmenopausal

W C 55 years

(not stated if HP or

NP)

435 TD ; radial BM loss (5.0 vs. 7.4 %, p = 0.0035)

Cauley et al. [47] CSS – W C 65 years (not

stated if HP or NP)

9,074 TD : BMD in W using TD C 10 years (e.g.,

0.381 vs. 0.355 g/cm2 for distal radius

[p \ 0.001])

Jones et al. [48] MA

13 studies

– Different

populations

29,600 TD For HF:

long-term use OR = 0.82 (95 % CI

0.62–1.08)

short-term use OR = 1.23 (95 % CI

0.99–1.54)

LaCroix et al.

[49]

RCS

Intention

to-treat

analysis

3 years Normotensive adults

60–79 years

205 W

115 M

HCT (12,5;

25 mg) or

placebo

: total-hip BMD (p = 0.03)

0.79 % (95 % CI 0.12–1.71) in 12.5-mg

group

0.92 % (95 % CI 0.001–1.85) in 25-mg group

(p = 0.03).

Schoofs et al.

[50]

PCS 8 years GP C 55 years 7,891 TD For HF adj. HR = 0.46 (95 % CI 0.21–0.96)

Effect disappears after use is discontinued

Lynn et al. [9] CSS Data on AHT

duration not

collected

Chinese C 65 years

(not stated if HP or

NP)

6 % of 1,929 W

3.7 % of 1,958 M

TD W: : BMD, mean (95 % CI)

femoral neck (?0.021 g/cm2, p = 0.007)

hip (?0.022 g/cm2, p = 0.018)

lumbar spine (?0.038 g/cm2, p = 0.002)

M: : BMD, mean (95 % CI)

lumbar spine (?0.059 g/cm2, p = 0.002)

Bolland et al.

[51]

RCS 4 years Postmenopausal W

(NP or population

with mild

hypertension)

122 HCT (50 mg) or

placebo

Small positive effect on cortical BMD, mean

(95 % CI), that is sustained for at least

4 years of treatment: total body (0.9 %,

p \ 0.001), legs (1.0 %, p = 0.002), mid-

forearm (1.1 %, p = 0.03), and ultradistal

forearm (1.4 %, p = 0.04)

Ott et al. [10] RCS 3 years Normotensive adults

60–79 years

177 W

88 M

HCT

(12.5–25 mg)

or placebo

Beneficial skeletal effects

PS prospective study, CSS cross-sectional study, MA meta-analysis, RCS randomized clinical study, PCS prospective cohort study, W women, M men, GP general

population, AHT antihypertensive therapy, BMD bone mineral density, OR odds ratio, 95 % CI 95 % confidence interval, adj. HR adjusted hazard ratio, BM bone

mass, HF hip fracture, TD thiazide diuretic, HCT hydrochlorothiazide, : increased, ; decreased, HP hypertensive population, NP normotensive population
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polymorphism seem to respond better to antihypertensives

with respect to bone mass, whereas those with the ID

exhibit a poor response to antihypertensives [24]. A sum-

mary of the ACEI effect is given in Table 3.

For angiotensin receptor blockers, it is assumed that the

mechanism of the effect on bones could be similar to that

of ACEIs [1, 8], but there are considerably fewer data on

angiotensin receptor blockers. The use of an angiotensin

AT1 receptor blocker, olmesartan, appeared to attenuate

osteoclast activation with angiotensin II [24].

Beta-Blockers

Many osteoblasts in the bone marrow have been noted as

localized immediately close to sympathetic neurons. It has

been shown in both in vitro (on cell lines of bone marrow)

and in vivo (on animal models) studies that antagonists and

agonists of beta-adrenergic receptors have an effect on

bone metabolism. In humans, beta2-adrenergic receptors

have been identified on osteoblasts and osteoclasts [37]. It

is assumed that the beta-blocker effect on bones is related

to the role of the sympathetic nervous system in the reg-

ulation of bone metabolism [8, 37].

The effect of beta-blockers on human bones has been

considered in only a few studies, while beta-adrenergic

stimulation and inhibition showed anabolic and catabolic

effects on the bones [8]. The limitation of these observa-

tional studies lies in the fact that beta-blockers are pre-

scribed for different indications and comedication.

In a study of perimenopausal women who used beta-

blockers, mostly for hypertension, there was no significant

difference in BMD between treated and untreated women

but there was a reduction of osteoblast activity and a

threefold increased risk of fracture [41]. A study that

monitored women who had been on beta-blockers for

7 years, mostly for hypertension, did not show any con-

sistent correlation between the use of these medications

and changes in BMD and fracture risk [43]. Contrary to

these findings, the results of two studies from 2004 indicate

a BMD increase and lower fracture risk in women over

50 years (adjusted OR = 0.68, 95 % CI 0.49–0.96) [37]

and lower fracture risk in the general population for both

men and women (overall adjusted OR = 0.77, 95 % CI

0.72–0.83) on beta-blocker therapy [55]. A 9 % reduction

in bone fracture risk (adjusted OR = 0.91, 95 % CI

0.88–0.93) in people who used beta-blockers has been

confirmed in a large pharmacoepidemiological study done

in Denmark in 2006 [8].

The results of a large number of epidemiological studies

point to a useful effect of beta-blockers on bone mass or

fractures. A recent meta-analysis of eight studies has shown

that beta-blockers reduce the risk of hip fracture (RR = 0.72,

95 % CI 0.63–0.81) or any other fracture (RR = 0.86, 95 %

CI 0.76–0.98). However, many of the studies are observa-

tional. Prospective randomized clinical studies are needed that

would take into consideration the doses of beta-blockers and

the differences among them [56, 57]. A summary of the beta-

blocker effects is given in Table 4.

Calcium Channel Blockers

The effect of calcium channel blockers (CCBs) on bone

metabolism was examined in the 1990s in a few studies with

a small number of examinees (n = 10–20). The collected

data have not shown any considerable effect of calcium

antagonists on bone metabolism. Yet, in view of the fact that

the number of examinees was small, there is no clear estimate

of the effect of CCBs on the indicators of bone tissue

homeostasis. One of the assumptions is that long-term use of

CCBs can be related to osteoporosis, due to reduction of bone

Table 3 Effects of angiotensin-converting enzyme inhibitors on bones, BMD, and fracture risk

Reference Study design Study duration Population Number of examinees Outcomes measured

Schlienger et al. [55] CCS 6 years GP 30,601 cases ; FR adj. OR = 0.81 (95 % CI 0.73–0.89)

120,819 controls

Rejnmark et al. [8] CCS 5 years GP 124,655 cases ;FR for 7 %

372,962 controls Adj. OR = 0.93 (95 % CI 0.90–0.96)

Lynn et al. [9] CSS Data on AHT

duration not

collected

Chinese

C 65 years

8.3 % of 1,929 W

14.1 % of 1,958 M

W: : BMD, mean (95 % CI)

femoral neck (?0.015 g/cm2, p = 0.035)

M: : BMD, mean (95 % CI)

femoral neck (?0.015 g/cm2, p = 0.017)

total hip (?0.016 g/cm2, p = 0.021)

lumbar spine (?0.043 g/cm2, p \ 0.001)

CCS case–control study, CSS cross-sectional study, AHT antihypertensive therapy, W women, M men, GP general population, BMD bone mineral

density, adj. OR adjusted odds ratio, 95 % CI 95 % confidence interval, : increased, ; decreased, FR fracture risk
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marrow perfusion, shown in healthy volunteers [38]. On the

other hand, no evidence for an altered fracture risk for users

of CCBs was shown in a case–control fracture study [55].

Also, in a pharmacoepidemiological study, conducted in the

general population with a larger number of examinees, CCBs

reduced the risk of fractures by 6 % (adjusted OR = 0.94,

95 % CI 0.91–0.96). The decreased risk is larger with the use

of CCBs that are not derivates of dihydropyridine [8]. A

summary of the calcium antagonist effects is given in

Table 5.

The mechanism by which CCBs influence bones is not

yet clear. It has been shown that nifedipine inhibits PTH

secretion in postmenopausal women suffering from osteo-

porosis, while verapamil reduces the secretion of osteo-

calcin and inhibits the PTH-stimulated takeover of calcium

in osteoblasts [38, 39].

Loop Diuretics

Loop diuretics are the only group of antihypertensives in

which existing studies mostly point to a negative effect on

BMD. The possible reason for this is that they increase

calcium leak in the kidneys, the level of PTH, and

1,25(OH)2D in the plasma. In one case–control study in

patients who used loop diuretics, the adjusted risk for hip

fracture increased 16 % (OR = 1.16, 95 % CI 1.10–1.23),

while the risk for any kind of fracture increased 4 %

(OR = 1.04, 95 % CI 1.01–1.07) [40]. In a 1-year, ran-

domized, double-blind, placebo-controlled study conducted

in 87 postmenopausal women, bumetanide decreased BMD

in the hip by 2 % and BMD in the entire body by 1.4 %

[42].

Alpha-Blockers

As for the effect of other antihypertensives on bones, such

as alpha-blockers, there are no data from pharmacoepide-

miological studies, probably because they are considerably

less used antihypertensives. It is not known if alpha-

blockers have a direct effect on bones, but it has been

shown that they indirectly increase the risk of hip or femur

fractures in men. They induce, with their vasodilatory

Table 4 Effect of beta-blockers on bones, BMD, and fracture risk

Reference Study design Study

duration

Population Number of

examinees

Outcomes measured

Pasco et al. [37] CCS 2 years W C 50 years

(78 % cases and

72 % controls

had self-reported

hypertension)

569 cases ; FR adj. OR = 0.68 (95 % CI 0.49–0.96)

775 controls : hip (2.5 %, p = 0.03) and forearm

BMD (3.6 %, p = 0.04)

Schlienger et al.

[55]

CCS 6 years GP 30,601 cases ; FR overall adj. OR 0.77 (95 % CI

0.72–0.83)

120,819

controls

; FR M adj. OR = 0.69 (95 % CI

0.59–0.81)

; FR W adj. OR = 0.92 (95 % CI

0.83–1.02)

Rejnmark

et al. [41]

CCS for

fractures,

NCSS for BMD

and bone

turnover

20 years Perimenopausal W

(mostly treated with

BB due to hypertension)

2,016 cases : FR adj. OR = 3.3 (95 % CI 1.1–9.4)

No differences in BMD

Reid et al. [43] CCS/CSS 7 years W C 65 years (mostly

treated with BB

due to hypertension)

8,412 controls Associations of use with BMD

and FR are inconsistent

Rejnmark et al. [8] CCS 5 years GP 124,655 cases ; FR for 9 %

Adj. OR = 0.91 (95 % CI 0.88–0.93)372,962

controls

Wiens et al. [57] MA 8 studies – Different populations – RR for hip fracture 0.72 (95 % CI

0.63–0.81)

RR for any fracture 0.86 (95 % CI

0.76–0.98)

CCS case–control study, NCSS nested cross-sectional study within prospective multicenter study on the effect of hormone replacement therapy

on BMD, MA meta-analysis, BMD bone mineral density, RR relative risk, 95 % CI 95 % confidence interval, adj. OR adjusted odds ratio, M men,

W women, GP general population. FR fracture risk, : increased, ; decreased, HP hypertensive population, NP normotensive population, BB beta-

blocker
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effect, faintness, weakness, postural hypotension, and

syncope, thus increasing the risk of falls and fractures. The

use of other antihypertensive agents, like beta-blockers,

diuretics, calcium channel blockers, and ACEIs, was not

associated with an increased risk of hip/femur fractures,

thus supporting a direct effect of alpha-blockers [58].

Conclusion

Osteoporosis and hypertension are asymptomatic diseases

with common etiological factors and an increased inci-

dence of complications in the aging population. Antihy-

pertensives are widely used in older patients. Due to the

frequent coexistence of hypertension and osteoporosis, the

choice of antihypertensive therapy should take into con-

sideration their effect on bones and fracture risk.

For the time being, thiazide diuretics are the only anti-

hypertensives that have been confirmed to have a positive

effect on the preservation of BMD and to reduce the risk of

fracture. Since there are negative findings about loop

diuretics’ effect on bones for those patients who are at an

increased risk for osteoporosis or already have osteoporosis,

preference should be given to thiazide diuretics. Based upon

current results, we cannot estimate with certainty the effect

of inhibitors of angiotensin-converting enzyme, antagonists

of angiotensin receptors, alpha- or beta-blockers, and

calcium channel blockers on bones. Further research is

needed in order to confirm their possible positive or negative

effects.

This narrative review has certain limitations. First, the

analysis was based only on published data and complete

retrieval was not possible. Further, study populations were

heterogenous in terms of patients’ age, gender, comorbid-

ities, and ethnic origin. Also, the effect of a particular

antihypertensive on bones can depend on its duration of

use. The reviewed articles included different types of

studies ranging from randomized clinical trials to phar-

macoepidemiological studies.
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