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Objective. To quantitatively pool findings from
observational studies on the risk of fracture
outcomes associated with exposure to five
antihypertensive  drug classes:  angiotensin-
converting enzyme (ACE) inhibitors, diuretics (in
particular thiazide diuretics), f-blockers, calcium-
channel blockers and alpha-blockers.

Design. Systematic review and meta-analysis.

Data sources. Publications listed in the MEDLINE,
EMBASE and LILACS databases, the ISI proceedings,
and bibliographies of retrieved articles. Sources were
searched from the earliest possible dates through
December 2005.

Review methods. We included case—control and
cohort studies presenting relative risks and
confidence intervals (CIs) for the association
between exposure to antihypertensive agents and
fracture outcomes. Data were extracted onto a

standardized computer worksheet. Study quality
was assessed using a 10-point questionnaire
specific to case—control or cohort study design.
Results. Fifty-four studies were identified. Pooled
estimates were computed using the software
HEpiMA. The pooled relative risk (RR) of any
fracture with use of thiazide diuretics was 0.86
(95% CI 0.81-0.92) and 1.14 (95% CI 0.84-1.54)
with use of nonthiazide diuretics. There was a
statistically significant reduction of any fracture
with use of fp-blockers, (RR 0.86, 95% CI 0.70-
0.98). The one study with ACE inhibitor data
showed protection (RR 0.81, 95% CI 0.73-0.89).
No significant associations were found between
fractures and exposure to a-blockers or calcium-
channel blockers.

Conclusions. Thiazide diuretics and p-blockers
appear to lower the risk of fractures in older
adults. However, these agents cannot be
recommended as preventive therapies for fractures
until data from randomized controlled trials
have established their efficacy. Patients who use
these inexpensive drugs as treatments for
hypertension may also benefit from a reduction in
fracture risk.

Keywords: antihypertensive, f-blocker, blocker,
diuretic, fracture, meta-analysis, thiazide.

It is estimated that approximately one-third of adults
65 years of age or older will fall at least once
annually; of those who fall, 6% will sustain a fracture
[1, 2]. The costs associated with fractures are
substantial and have been estimated to be as high
as $20 billion annually in the US alone [3]; thus,
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effective strategies to prevent such fractures are
urgently needed. Certain drugs used primarily to
manage hypertension may have a role in this setting.

Antihypertensive agents are widely used to pre-
vent the adverse cardiovascular outcomes associated
with uncontrolled hypertension. Choosing specific
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antihypertensive drug treatments for individual
patients depends on a variety of factors, as discussed
in the Seventh Report of the Joint National Com-
mittee (JNC) on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure (the JNC 7
report) [4]. Of note, the JNC 7 report specifically
comments on the potential benefits of thiazide
diuretics in ‘slowing demineralization in osteopor-
osis’. In the past, some clinicians may not have
considered this potential additional benefit associ-
ated with certain antihypertensive drug treatments.
Case reports have sometimes linked antihyperten-
sive use to falls and fractures; however, a meta-
analysis found no evidence linking antihypertensive
drug treatments to falls in older adults [5]. In
contrast, several studies have now suggested that
certain antihypertensive drugs may in fact have a
role in preventing osteoporotic fractures in older
adults. In 1995 a meta-analysis specific to thiazide
diuretics and fracture outcomes was published [6].
This meta-analysis pooled 13 studies and found that
thiazide diuretics significantly decrease fracture risk.
However, since its publication, many additional
studies have been added to the medical literature.
In addition, no meta-analyses have been conducted
on other classes of antihypertensives with respect to
fractures.

Different antihypertensive agents may alter frac-
ture risk through different mechanisms. Thiazide
diuretics have been thought to exert their effect on
bone mineral density (BMD) primarily by their action
on the kidney to lower the excretion of calcium [7].
In addition, recent evidence suggests a direct effect
by thiazide-like drugs on osteoblast-like cells result-
ing in increased bone formation [8]. f-blockers are
thought to exert their protective effect by inhibition
of the catabolic effect of the sympathetic nervous
system on bone [9, 10]. Most recently, effects of the
renin—angiotensin system have been shown to play a
role on bone tissue, whereby the presence of angio-
tensin II is thought to have a detrimental effect on
bone. This has led to the theory that angiotensin-
converting enzyme (ACE) inhibitors and angio-
tensin-receptor blockers (ARBs) may have an
indirect effect on BMD and fracture risk [11].

Despite these hypotheses, various observational
studies have not supported consistent effects of
various antihypertensive drug classes on fractures.
While some studies have shown protection [12],
others have shown no effect [13], and even harm

[14]. Following the guidelines set forth by the meta-
analysis of observational studies in epidemiology
(MOOSE) group [15], we sought to explore the
association between antihypertensive use and the
risk of fractures. More specifically, we quantified this
effect amongst five antihypertensive drug classes
including ACE inhibitors, diuretics (and in particular
thiazide diuretics), f-blockers, calcium-channel
blockers and a-blockers.

Methods

Systematic search

We conducted a systematic computerized MEDLINE
search from 1966 to December 2005 to identify all
potentially eligible studies. A study was defined as an
analysis of exposure to any antihypertensive medi-
cation; thus one publication could report several
studies. We applied the following algorithm in both
MeSH and free text words (all MeSH terms were
exploded to include all subheadings): ‘fracture’ and
‘angiotensin converting enzyme inhibitors’, ‘angio-
tensin ii type 1 receptor blockers’, ‘diuretics’, ‘adr-
energic antagonists’, ‘calcium channel blockers’,
‘cardiovascular agents’, ‘anti-hypertensive agents’
‘vasodilator agents’, ‘drug therapy’. We used similar
strategies to search the EMBASE (1980-December
2005) and LILACS (Latin American and Caribbean)
databases. We also searched meeting abstracts using
the ISI proceedings database (1990-2005). Further-
more we searched references of all articles retrieved
[16]. We were unable to identify any randomized
controlled trials of antihypertensive medications
that included data on fracture outcomes. All rele-
vant articles were considered eligible regardless of
language of publication.

Inclusion criteria

Studies were included if: (i) they presented original
data from case—control or cohort studies; (i) the
exposure of interest was explicitly defined as drugs
from one or more of the six antihypertensive classes
of interest; (iii) relative risks (RR) or odds ratios (OR)
and 95% confidence intervals (95% CI) were pre-
sented or the study provided enough data for these
values to be calculated; and (iv) the outcome of
fracture was clearly defined (for example, outcomes
that included falls not followed by a fracture, did not
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meet our inclusion criteria). If two studies used the
same study population during the same time period
we included only the study with stronger design
based on the quality assessment analysis.

Data collection

All data were extracted systematically onto a com-
puterized questionnaire developed a priori, which
included study name and year of publication, type of
study and number of subjects, type of population
used if it was a case—control study (inpatient versus
community-dwelling), age and sex distribution,
fracture type, RR and 95% CI, and adjustment,
matching and restriction factors used. For purposes
of sub-analysis we also stratified data according to
restriction factors such as sex, age, duration of use,
or studies exploring only hip fractures.

Quality assessment

All studies included in the analysis were scored
based on a 10-point scale corresponding to five
methodological characteristics of either cohort or
case—control studies. Each item was scored from O to
2 based on predefined criteria. This scale was based
on a previously published scale [17]. Characteristics
assessed for case—control designs included the fol-
lowing: (i) response rate, (ii) adjustments and
matching, (iii) control selection, (iv) assessment of
exposure duration, and (v) whether the cases were
prevalent or incident. For the cohort studies, char-
acteristics assessed included items (i), (ii) and (iv)
mentioned above, which are not specific to the case—
control design, in addition to an item relating to how
losses to follow-up were handled, and assessment of
whether efforts were made to ensure participants did
not change exposure during follow-up (Appendix 1).
A high quality study was defined as one with a score
of >7.

Analysis

Separate analysis was carried out for each class of
antihypertensive medication. Furthermore, addi-
tional analysis was conducted separately on cohort
and case—control, and high and low quality studies.
Exposure was assessed as those who were cur-
rent users of any of the defined antihypertensive
agents. Where current use was not explicitly stated,

exposure was assumed to be current. In addition, in
those studies where multiple fracture sites were
analysed and no overall RR or OR was given, results
reported were pooled using HEpiMA version 2.1.3
[18].

We used the random-effects models to calculate
pooled RR and 95% CI, as this model best accounts
for heterogeneity between studies [19]. Odds ratios
were considered an approximation of relative risks.
To quantify heterogeneity we calculated the propor-
tion of total variance of between study variance
using the Ri statistic [20]. Publication bias was
assessed using a funnel plot as well as Egger’s
regression [21]. All analyses were performed using
the software HEpiMA version 2.1.3 and STATA,
version 8.0 (Stata Corp, College Station, TX, USA).

Results

Figure 1 details the results of our systemic review.
Fifty-four studies were included in the final analysis
[12-14, 22-56], 40 case—control and 14 cohort
studies. Among those studies that could have been
relevant to our meta-analysis, eight were excluded
for the following reasons: three studies were cross-
sectional [57-59], two did not provide any measure
of uncertainty to allow calculation of confidence
intervals [60, 61], two did not provide sufficient data

Number of articles identified
through database searches

N=1742
Excluded based on article type,
subject, or abstract
N=1672

Articles Retrieved for Further

Evaluation
Excluded based on study design,
missing statistical data or
irrelevant research question

N=67
N=34

Articles included in meta-
analysis

N=33

Total number of studies* N=54
o-Blockers N=2

B-blockers N=7

ACE Inhibitors N=1
Calcium-Channel Blockers N=1
Diuretics N=40

Unspecified Antihypertensive N=3

Fig. 1 Schematic diagram of search and retrieval of studies on
anti-hypertensive drugs and fractures. *A study was defined as an
analysis of exposure to any antihypertensive medication, thus one
publication could report several studies.
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Table 2 Pooled RRs of diuretics
No. Random-effects RR P-value and f-blockers and risk of fractures
studies (95% CI) Ri* (by O-test)

All studies (any diuretic) 38 0.90 (0.79-1.03) 0.97 <0.001

Cohort studies 11 0.92 (0.81-1.05) 0.46 0.07

Case—control studies 27 0.89 (0.75-1.05) 0.98 <0.001

Thiazide (overall) 25 0.86 (0.81-0.92) 0.58 0.01

Thiazide with score >7 16 0.84 (0.77-0.92) 0.62 0.005

Thiazide in those >65 11 0.91 (0.83-1.01) 0.59 0.19

Thiazide and hip fracture 19 0.83 (0.72-0.95) 0.77 <0.001

Thiazide in males 6 0.83 (0.65-1.06) 0.66 0.06

Thiazide in females 8 0.92 (0.81-1.04) 0.89 <0.001

Thiazide <2 years 4 1.06 (0.71-1.58) 0.73 0.05

Thiazide 2-5 years 3 0.96 (0.69-1.34) 0.66 0.09

Thiazide >5 years 3 0.95 (0.46-1.97) 0.89 <0.001

Nonthiazide 11 1.19 (0.91-1.57) 0.98 <0.001

Loop diuretics 7 1.43 (0.99-2.07) 0.99 0.005

p-blockers (overall) 8 0.86 (0.76-0.98) 0.70 0.003

p-blockers and hip fractures 5 0.72 (0.63-0.81) 0 0.88

*Ri is an estimate of heterogeneity by calculating the proportion of total variance due to between

study variance [20]

to calculate relative risks [62, 63], and one used the
same study population as a study already included
in the analysis [31, 64].

A total of 38 studies were included in the
analysis of diuretics [12-14, 22-50], 25 specific to
thiazide diuretics [12-14, 22, 25-32, 35-40, 42—
47, 50], 11 specific to nonthiazide diuretics [13,
14, 22, 26, 28, 33, 41, 43, 47, 49], one specific to
potassium-sparing diuretics [13] and seven specific
to loop diuretics [13, 14, 22, 28, 33, 41, 49] (see
Table 1). Table 2 summarizes the analysis of diu-
retics. Compared with nonusers of diuretics the
random effects pooled RR was 0.90 (95% CI 0.79—-
1.03). Although 42 studies of diuretics are listed,
two papers contain subgroup data for a various
diuretic classes; these subgroups were thus not
included in the pooled analysis of all diuretics [22,
28]. When results were pooled according to phar-
macological class, only the use of thiazide diuretics
produced a significant reduction in fractures (RR,
0.86, 95% CI 0.81-0.92). Restricting the analysis
to those 16 studies that scored 7 points or higher
on the quality scale did not substantially alter the
results (RR 0.84, 95% CI 0.77-0.92). When we
restricted our analysis to those studies which
reported results specific to hip fractures, thiazide
users showed a significant decrease in risk when
compared with nonusers (RR 0.83, 95% CI 0.72—
0.95). Further analysis was done based on duration
of thiazide use (<2 years, 2-5 years, versus longer

than 5 years). Only four studies assessed duration
of use, and although results were not statistically
significant when analysing duration of exposure, a
trend towards protection with longer use was seen.
Analysis of loop diuretics [13, 14, 22, 28, 33, 41,
49] and all nonthiazide diuretics [13, 14, 22, 26,
28, 33, 41, 43, 47, 49] resulted in a nonsignificant
effect on fracture risk (RR 1.43, 95% CI 0.99-2.07
and RR 1.19, 95% CI 0.91-1.57 respectively).
Moderate to large heterogeneity was present in
nearly all pooled analyses of diuretics. This hetero-
geneity did not subside after stratification by
several factors including age, sex and study quality
score).

There were eight studies included in the pooled
analysis of p-blockers [12, 28, 35, 38, 51-54]
resulting in statistically significant protection
against fractures (RR 0.86, 95% CI 0.76-0.98)
(see Tables 2 and 3, Figs 2 and 3). Furthermore,
when studies reporting data specific to hip fractures
were analysed, the results showed a statistically
significant 28% relative risk reduction in fracture
risk (RR 0.72, 95% CI 0.63-0.81). Heterogeneity
was present in the overall analysis of f-blockers
(Ri =0.73, P <0.01), but subsided when we
restricted the analysis to hip fractures only.

We included four studies with data for antihyper-
tensives other than diuretics and f-blockers (see
Table 3). One study presented ACE inhibitor data
[12], one calcium-channel blocker data [34], two
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Fig. 3 Funnel plot of f-blocker use and fractures.

a-blocker data [55, 56]. There were no studies that
examined the association between ARBs and frac-
tures.

The only study available on ACE inhibitors was
one that assessed use of more than 20 prescriptions.
This study showed significant protection (RR 0.81,
95% CI 0.73-0.89) [12], whilst the single study
evaluating calcium-channel blockers [34] concluded
that they were associated with and increased risk of
femoral neck fracture (RR 1.96, 95% CI 1.16-3.30).
Pooled results of the two a-blocker studies [55, 56]
suggested no significant impact on fracture risk (RR
1.12, 95% CI 0.42-3.02).

Publication bias within the thiazide group of
studies was assessed both visually, using the funnel

Log relative risk

Fig. 4 Funnel plot of studies on thiazide use and fractures. Pub-
lication bias, as assessed here with the funnel plot, appears to
show a deficit of studies with an RR >1. However, regression
analysis, as proposed by Egger, did not confirm its existence.

plot (Fig. 4) as well as Egger’s regression. Although
it appears that there may be a relative lack to studies
with an RR of >1, the more formal Egger’s regres-
sion did not confirm its existence.

Discussion

Antihypertensive drugs are amongst the most com-
monly prescribed drugs for elderly people in devel-
oped nations [65]. Given the ubiquity of their use,
any effect on fracture risk, whether harmful or
protective, is likely to have a significant impact on
public health.
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The results of our meta-analysis suggest that a
modest relative risk reduction in fracture of all types
is seen amongst users of thiazide diuretics (Fig. 5).
Apparently, this protective effect of diuretics is
limited to thiazides and is observed for fractures of
any type but may be strongest for hip fractures. This
effect may be explained by the hypocalciuric and
BMD-sparing effects of thiazide diuretics. Nonthiaz-
ide diuretics and loop diuretics in particular did not
appear to protect against fractures. Recently, a
randomized controlled trial evaluating the effects of
the loop diuretic bumetanide on BMD was published
[66]. This trial showed that bumetanide decreases
BMD when compared with placebo, which may
partly account for the absence of a protective effect
in the pooled analysis of the six studies evaluating
loop diuretics. The fact that the decrease in fracture
risk amongst subgroups of thiazide users is not
significant may be explained by the small number of
patients per group.

The pooled effect of -blockers was also shown to
be protective, especially when limited to hip frac-
tures. However, given that only eight studies were
included in this analysis these results need to be
confirmed by additional studies. In contrast to
p-blockers, the use of a-blockers did not appear to
protect against fractures.

359

Our study was subject to several important
limitations. Current exposure was assumed for all
studies included. Given this, it is difficult to estimate
the duration of the protective effect once exposure is
terminated. In addition, it is also difficult to quantify
the cumulative duration of exposure necessary to
obtain a beneficial effect with respect to fracture
outcomes, if one does indeed exist. With respect to
thiazides, the funnel plot may indicate a deficit of
studies with an RR larger than 1 but with low
precision, whilst the more formal Eggers regression
analysis did not confirm the existence of publication
bias. The possibility of publication bias affecting the
f-blocker analysis was difficult to assess as only
seven relevant studies were identified. In general the
heterogeneity of studies in this meta-analysis is
likely the result of several factors. Different study
designs and abilities to handle potential confounding
factors likely played a large role in heterogeneity,
especially given that many studies were published
over a long timeline. In addition, the use of different
patient populations with different risk profiles may
have led to the variable results seen in these studies.

Recall bias is a common limitation of case—control
studies, which comprised the majority of stud-
ies included in this meta-analysis. However, in
many of the case—control studies included in this
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meta-analysis, exposure of interest, as well as
outcome (fractures) were determined using compu-
terized databases, which should reduce the potential
for exposure misclassification. Healthy-patient bias,
however, could still bias the results of case—control
and cohort studies. Doctors may be more likely to
prescribe diuretics and f-blockers to younger,
healthier, less frail patients whom they feel are
more capable to adjusting to the adverse effects of
these agents. In this way those who are less likely to
suffer from fractures are more likely to be exposed to
thiazide diuretics and f-blockers.

Lastly, confounding by indication is a limitation of
many observational studies. It has been observed
that high blood pressure may be associated with
increased bone loss [67]. Thus, the effect of reducing
blood pressure may independently reduce the risk of
fracture. However, the fact that the protective effect
is not found with all antihypertensive agents argues
against confounding by indication.

In conclusion, multiple observational studies
suggest that both thiazide diuretics and fS-blockers,
used primarily as antihypertensives, may confer an
additional benefit in older adults by preventing
osteoporotic fractures. High quality data from
randomized controlled trials are needed to permit
definitive recommendations about the use of these
agents to reduce the risk of fractures in older adults
[68].
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