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Abstract A meta-analysis was conducted to evaluate the
effect of treatment with angiotensin-converting enzyme
inhibitors on the risk of fractures. All the included arti-
cleswere retrieved from MEDLINE, EMBASE and the
Cochrane Database. Trial eligibility and methodological
quality were assessed before data extraction. Relative risk
(RR) with corresponding 95% confidence intervals (95%
CI) were used to assess the effect. Six case-control studies
with11,387,668 participants met the inclusion criteria and
were included in the meta-analysis. A small but significant
risk effect on fractures was shown in the overall analysis of
angiotensin-converting enzyme inhibitor users compared
with nonusers (Pooled RR 1.27; 95% CI 1.01–1.60),
although a relatively high heterogeneity was found across
studies. In the stratified analysis, therewas no statistically
significant association in the subgroups of hip fracture
(Pooled RR 1.14; 95% CI 0.73–1.76) and the study quality
(Pooled RR 1.13; 95% CI 0.89–1.44), while the over 65-
year-old angiotensin-converting enzyme inhibitor users
showed a stronger risk effect on fractures (Pooled RR 2.06;
95% CI 1.53–3.17). Moreover, age was found to be

contributed a large part of the high heterogeneity across the
included studies. This study demonstrated that the use of
angiotensin-converting enzyme inhibitors might have a
small but significant risk effect on fractures, especially for
the over 65-year-old users. These results should be inter-
preted with caution as the relatively high heterogeneity
across studies. Additional multiple observational studies
and high quality data from randomized controlled trials are
needed to confirm these findings.
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Introduction

Osteoporosis is characterized by low bone mass and
microarchitectural deterioration of bone tissue leading to
decreased bone strength and an increased risk of low-energy
fractures [1]. Nowadays, Osteoporosis has become a serious
problem throughout the world. For example, the prevalence
rate of Osteoporosis in older adults was about 13–18 and
15.7% in the United States and the People’s Republic of
China, respectively [2, 3]. The ratio is likely to increase
significantly with the aging of the world’s population. As
the primarily source of the clinical and public health
importance of osteoporosis, fragility fracture is one of the
most common causes of disability and a major contributor
to costs of medical care in all regions of the world [4].
Clinical consequences of fracture include short and long-
term morbidities characterized by pain, limitation of func-
tion, decreased health-related quality of life, and increased
mortality. It was reported that mortality rates following hip
fracture range from 10 to 45% in the first year [5]. In the
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year 2000, there was an estimated number of 9 million
subjects with osteoporotic fractures world-wide and the
total Disability Adjusted Life Years lost was 5.8 million
accounting for 0.83 % of the global burden of non-
communicable disease [6].

The pathogenesis of osteoporotic fracture is based on two
key components: bone mass and falls, both of which were
potentially affected by hypertension [7]. A large population
based epidemiological study showed that approximately
50% hypertensive patients suffered from osteoporosis [8].
Compared with normotensive controls, an increased 24 h
urinary calcium excretion and a decreased Bone Mineral
Density (BMD) had been found in patients with untreated
essential hypertension [9]. Meanwhile, essential hyperten-
sion is associated with vitamin D insufficiency, which is an
established risk factor for osteoporosis, falls and fractures
[10]. Antihypertensive medications may have an effect on
bone by virtue of the fact that they reduce blood pressure.
For example, Thiazides appear to reduce the risk of hip
fracture based on observationalstudies [11]. A previous
meta-analysis examining the effects of antihypertensive
drugs on fracture out comes involving eight observational
studies on Beta-Adrenergic Blockers (BBs) from 1966 until
December 2005 found that BBs provided astatistically sig-
nificant protection against fractures (RR 0.86, 95% CI
0.76–0.98) [12].

The activation of the intrarenal renin-angiotensin system
(RAS) is an important contributor to systemic hypertension,
as the RAS axis plays a most vital role in regulating both
sodium balance and blood pressure through its pleiotropic
actions on multiple vascular, endocrine, and renal
mechanisms [13]. Angiotensin-converting enzyme (ACE)
inhibitors are reported to induce a lower level of tissue
angiotensin II, which plays a key role in the RAS [14]. ACE
inhibitors seemed so logical and appealing that seemingly
beneficial changes in surrogate endpoints such as blood
pressure, proteinuria, and endothelial dysfunction became
accepted as afree pass for dual blockade having cardio-
protective andnephroprotective effects. It was commonly
used inpatients with hypertension and with diabetes or
proteinuria, orboth and also to a lesser extent in those with
heart failure resistant to treatment [15]. Some previous
researches have showed that activation of the RAS induced
an acceleration of bone resorption [16] and a decreased
plasma ionic calcium level [17]. With the use of ACE
inhibitors, some positive effects have been showed such as
decreased fracture risk [18, 19] and improved BMD [20].
However, conflicting results have been reported. For
example, in a population-based, self-controlled case series
in Canada, ACE inhibitors were associated with an
immediate increased hip fracture risk during the initiation of
treatment in hypertensive elderly patients [21]. Meanwhile,
an increasing bone loss in total hip and femoral neck was

reported in continuous ACE inhibitor users [22]. Con-
sidering the undefined effects of ACE inhibitors on the risk
of fractures, a systematic review is needed for the current
available evidence.

Methods

We conducted a systematic computerized search in the
following databases: MEDLINE, Embase, and the
Cochrane central register of controlled trials (CENTRAL).
Sources were searched from the earliest possible dates
through October 2015. The following search terms were
used: “bone,” “osteoporosis,” “fracture,” “ACE inhibitors”
and “angiotensin-converting enzyme inhibitors,” with addi-
tional terms of individual ACE inhibitor agents (e.g., cap-
topril, benazepril, enalapril, cilazapril, fosinopril,
perindopril, ramipril, lisinopril, quinapril, trandolapril,
delapril, imidapril, moexipril, spirapril, temocapril, zofe-
nopril) to identify all potentially eligible studies. In view of
the high likelihood of lack of such randomized controlled
trials, we also searched for observational studies to be
included in this review. The search was limited in human.
Language was restricted in English. Ongoing clinical trials
and unpublished studies were searched via the worldwide
web on the following sites: http://www.controlled-trials.
com, http://www.clinicaltrials.gov and http://www.
centerwatch.com.

Selection criteria

Studies were regarded as eligible if they met the criteria
listed below. The intervention of interest was the exposure
of any ACE inhibitors. Only the comparison between ACE
inhibitor users and nonusers was considered as an eligible
one. As the outcome measurement, the incidence of fracture
such as relative risks (RR) or odds ratios (OR) and 95%
confidence intervals (95% CI) were presented or the study
provided enough data for these values to be calculated. The
exclusion of fractures related to pathological conditions or
caused by high-impact traumatic injury was not deemed as
selection criteria, considering the limited number of
researches and relatively low proportion of the specific
individuals. If two studies used the same study population
during the same period of time, the study with stronger
design would be selected based on the quality assessment
analysis.

Data extraction

Two reviewers independently performed data extraction and
the results were cross-checked by double-data entry. Dis-
agreements were resolved by discussion and consensus. For
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this analysis we extracted study name, study design, year of
publication, sample size, percentage of men, mean age,
study duration, fracture site, RR or OR with 95% CI and
confounders.

Quality assessment

The quality of the included observational studies was
assessed by the Newcastle-Ottawa Scale (NOS). When
considering comparability in NOS, we assessed whether
ACE inhibitor users and nonusers were matched in the
design and/or whether confounders were adjusted in the
analysis. One star point was awarded if age was controlled
by the study and another point was awarded if two or more
factors were controlled. For cohort studies, selection of
exposed and non-exposed cohort, comparability of cohorts,
assessment of outcome, and adequacy of follow-up were
addressed. For case-control studies, selection of cases and
controls, comparability of cases and controls, and ascer-
tainment of exposure were emphasized. A score of 7~9
represents high quality, a score of 5~6 represents moderate
quality and a score of 0~4 represents as low quality [23].

Statistical analysis

Data entry and analyses were performed in STATA 12.1
(STATA Corp, College Station, Texas, USA). Furthermore,
in those studies where multiple fracture sites and different
age groups were analyzed, additional analyses were con-
ducted separately on fracture sites and age subgroups.
Applied formal meta-analytic techniques, the results were
reported as pooled RR with corresponding 95% CI to assess
the treatment effect of ACE inhibitors on the risk of frac-
tures. Odds ratios were considered an approximation of
relative risks. The random-effects models were used to
calculate the pooled RR and 95% CI as this approach allows
for heterogeneity across studies in meta-analysis [24].
Heterogeneity was assessed using the I2 statistic [25].

I2< 25% was defined as low heterogeneity and I2> 75% as
high heterogeneity. Sensitivity analysis was performed for
safety outcomes in all meta-analysis estimates with each
study omitted and subgroup analysis. Egger’s linear
regression test and Begg’s rank correlation test were applied
to check the publication bias. Regarding a high hetero-
geneity existing in these studies, meta-analysis regression
was adapted to try to find the associated covariates con-
tributing to the heterogeneity [26].

Results

Study selection process

Through searching databases and the other sources, a total
of 2113 articles were assessed for potential relevancy
(Fig. 1). Among those, 2090 were excluded on basis of title,
subject or abstract. The remaining 23 full text articles were
further reviewed. Two of them were excluded for not being
original investigations [27, 28]. Seven of them were
excluded for ineligible comparisons or lack of data for
calculation [29–35]. Eight of them were excluded for using
bone mineral density rather than fracture as the outcome
measure [14, 20, 22, 36–40] .

Description of studies

In final meta-analysis, six case-control studies, included a
total of 11,387,668 participants from four countries, met the
inclusion criteria [7, 18, 21, 41–43]. The studies were
published between 2004 and 2015. The mean age of the
participants is approximately over 58 years old and the
mean follow-up time is 2.8 years. Characteristics of all the
included studies were available in Table 1.

Among the six studies, two demonstrated statistically
significant associations between use of ACE-inhibitor and
reduction of the risk of fracture [18, 42], three showed

Fig. 1 Flow chart of study
selection process
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increased risk of fracture [7, 21, 43] and remaining one
found no statistically significant association [41]. Four
studies attempted to control and adjust for potential con-
founding variables [18, 21, 41, 43], while the remaining two
studies did not [7, 21]. Unfortunately, only one of the stu-
dies adjusted for age [43]. None of the studies was adjusted
by the same covariates or conducted under similar condi-
tions, which will cause a remarkable clinical heterogeneity
across studies.

There were some noteworthy points in the included
studies. The study conducted by Raymond et al. [42] was
mainly focus on the effect of β-blockers, but the effect of
longer-term current ACE inhibitors on fracture risk was also
investigated in their study. Besides, one paper [18] con-
tained subgroup data for various types of fracture, such as
hip, spine and forearm, while the incidence of any fracture
was provided at the same time. The three separate effect
sizes and the overall effect size were simultaneously
included in two independent meta-analyses. Another study
conducted by Perez-Castrillon et al. [7] provided us the
separate effect sizes from men and women rather than
pooled data, so the effect in men and women were analyzed
as two separate parts.

Quality assessment for the included studies

The median score (the number of stars awarded) was 6.5
(out of 9) for the 6 case-control studies with an overall
range of 5–8 points. Three studies were deemed to be high
quality and reached 7 or more star points [18, 21, 43] . The
remainders were moderate quality and reached a range of
5–6 points (Table 2) [7, 41, 42].

Effects of interventions

There were six case-control studies included [7, 18, 21, 41–
43] in the overall analysis of ACE inhibitor users compared
nonusers resulting in a small but significant risk effect on
fractures (Pooled RR 1.27; 95% CI 1.01–1.60), while a
high-level heterogeneity was found (I2= 96.1%;
p< 0.001). Forest plot is shown in Fig. 2a for the all studies
included. With an overall effect size of Rejnmark et al.
instead of the three separate effect sizes (details please refer
to the section “Description of studies”), the meta-analysis
gave a slightly rising risk effect (Pooled RR 1.43; 95% CI
1.06–1.92; I2= 97.1%; p for heterogeneity< 0.001).

Sensitivity analyses were performed for safety outcomes
in all meta-analysis estimates with each study omitted and
subgroup analysis. The order of magnitude of the pooled
RR and 95% CI changed little with each study omitted,
which indicated that the meta-analysis outcomes pooled the
nine effect sizes were very stable (Fig. 3a). In the stratified
analysis for the average age over 65-year-old subgroup,T
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ACE inhibitor users were associated with a remarkable
increasing risk of fractures (Pooled RR 2.06; 95% CI
1.53–3.17) compared with nonusers, while the under 65-
year-old subgroup showed no statistically significant results
(Pooled RR 1.02; 95% CI 0.84–1.25) (Fig. 3b). When we
restricted the analysis to those studies which reported results
specific to hip fractures, the results were not statistically

significant (Pooled RR 1.14; 95% CI 0.73–1.76) (Fig. 3c).
Furthermore, restricting the analysis to those 3 studies [18,
21, 43] that scored 7 points or higher on the quality scale
also showed no significant effects (Pooled RR 1.13; 95% CI
0.89–1.44) (Fig. 3d).

The heterogeneity continued to be very high after stra-
tification by the quality of studies (I2= 95.7%, p< 0.001 for

Table 2 Quality assessment for
the six included case-control
studies

Study Selection Comparability Outcome Total score Quality level

Perez-Castrillon et al. 2005 3 0 2 5 Moderate

Berry et al. 2013 4 1 1 6 Moderate

Rejnmark et al. 2006 4 1 2 7 High

Butt et al. 2012 4 1 2 7 High

Raymond et al. 2004 4 0 2 6 Moderate

Choi et al. 2015 4 2 2 8 High

Fig. 2 Meta-analysis of the six
case-control studies with ACE
inhibitor users against non-users.
Three fracture sites (hip, spine
and forearm) in Rejnmark et al.
were considered as three
different effect sizes a or one
overall effect size b
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high quality subgroup), but subsided slightly when we
restricted the analysis to age (I2= 82.4%, p= 0.003 for age
over 65-year-old subgroup) [12] and fracture site (I2=
85.1%, p= 0.001 for hip fractures subgroup). Regarding the
high heterogeneity existing in these studies, meta-analysis
regression was adapted to try to find the associated cov-
ariates contributing to the heterogeneity, although the
number of included studies was relatively small. In the
regression analyses, age (below or above 65 year old),
fracture site (hip or others) and study quality (high or
moderate) were transferred to binary variables and con-
sidered as the potential confounders. The results showed
that age contributed most (Adjusted R2= 56.56%, p-value
= 0.016) to the high heterogeneity compared with the paper
quality and the fracture site (both R2 values are below 0 and
p values are above 0.1). In addition, we intended to stratify
subgroups and analyses performed based on gender and
length of drug exposure, but we gave up as few studies
reported stratified data.

No evidence of publication bias was suggested by
Egger’s test (t= 1.92, 95% CI −1.25–12.09, p= 0.096 for
all studies included analysis) and Begg’s Test (z= 1.56,
P= 0.118 for all studies included analysis).

Discussion

Since Captopril, the first orally active ACE inhibitor, was
approved by the United States Food and Drug Adminis-
tration in 1981, ACE inhibitors have been amongst the most
important drugs for the treatment of hypertension and
congestive heart failure. Given the ubiquity of their use,
side effect on fracture risk, whether harmful or protective, is
likely to have a significant impact on public health. The
present study evaluated the associations between treatment
with ACE inhibitors and the risk of bone fractures. Our
results suggested that ACE inhibitors were associated with a
small but significant risk effect on fractures (Pooled RR =
1.27), especially for the over 65-year-old users (Pooled RR
= 2.06). In fact, three previous papers performed the nar-
rative review of the treatment effect of ACE inhibitors on
the risk of fracture [12, 27, 44], but none of these studies
carried out the meta-analysis. Among those, in 2009
Masunari et al. searched out the three case-control studies
[7, 18, 42] of the six studies included in our study and
reported that there was no consistent results of ACE inhi-
bitors on bone fracture [44]. While Wiens et al. and Ilic
et al. only searched out one [42] and two [18, 42] studies,
repectively [12, 44].

Conflicting results of treatment effect of ACE inhibitors
on BMD and fracture risk were reported previously [45,
46]. The risk effect might be related to the functional

Fig. 3 Sensitivity analysis of meta-analysis estimates with each study
omitted (a) and subgroup analysis (b, c and d for subgroups of above
65 year old, hip site and high study quality, respectively)
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interaction between the two angiotensin II receptors (AT1
receptor and AT2 receptor) on the osteoblastic cell surface
[16]. However, a cross-sectional study of elderly Chinese
exploring the association between ACE inhibitor use and
BMD was published [20] and demonstrated that ACE
inhibitors might have possible benefits in BMD. The
potential mechanisms of the beneficial effect of ACE inhi-
bitors on bone metabolism were proposed in several
researches. Since angiotensin II inhibited osteoblastic dif-
ferentiation [47] and ACE is the major enzyme for the
production of angiotensin II in humans, there are reasons to
believe that ACE inhibitor is one of the regulators of bone
metabolism through reducing the activity of ACE and then
further blocking the conversion of angiotensin I to angio-
tensin II. The mechanisms by which ACE inhibitors influ-
ence bone metabolism are not fully elucidated and further
studies are required to clarify this issue.

In the stratified analysis for age over 65 years, ACE
inhibitor users were associated with a stronger risk effect on
fractures compared with the results in overall analysis.
Considering the number of included studies was only two,
future research is very likely to have an important impact on
our confidence in the estimate or even change the results.
Nevertheless, our results, at least in some ways, showed a
trend that the risk of fractures increased with the age in ACE
inhibitor users. Older adults are more likely to experience
side effects from medications. The risk of first-dose hypo-
tension has been described with the use of specific ACE
inhibitors [48, 49], which produce marked venous pooling
with a consequent fall in cardiac output and profound
hypotension [50]. This kind of hypotension is associated
with an increased risk of falling or dizziness and adverse
outcomes such as fractures, while the prevalence of hypo-
tension increases with age [51]. This might be an expla-
nation for the increased fracture risk in elderly ACE
inhibitor users.

Heterogeneity was fairly high in overall analysis and was
still observed when stratified by fracture site, age and study
quality. It is vital to explore possible reasons for hetero-
geneity. The results showed that age contributed most
(Adjusted R2= 56.56%) to the high heterogeneity compared
with the quality of studies and the fracture site. Obviously,
the causes of heterogeneity were not limited to these three
aspects. These considerable variation sample sizes different
from 1538 to 8,315,709 might contribute to the source of
heterogeneity. Duration of ACE inhibitors exposure was
likely to be one of causes. Furthermore, the other con-
founding factors, such as study location, study design,
gender, available description of ACE inhibitors, dosage of
ACE inhibitors and individual biological characteristics,
concomitant treatments, comorbidities, life habits and cul-
ture might also be the causes. Each of the factors could be
identified as a potential source of heterogeneity among case-

control studies. To reduce the heterogeneity, more targeted
randomized clinical trials are needed.

In addition to the high heterogeneity, our study was
subject to some other limitations. First, as the retrospective
nature of the study design, recall bias could be a potential
limitation. However, most of the included studies in this
meta-analysis used medical records or pharmacy database to
ascertain ACE inhibitors use as well as outcome of frac-
tures, which should reduce the potential for exposure mis-
classification. Nonetheless, since the source of information
on drug use was a database, some problems remained in
data accuracy about compliance of drug use. Second, the
sample size in this meta-analysis was small, which limited
the statistical power. Only a number of six studies were
included, even less in the subgroup analysis. In order to
better decipher our results, more studies with larger sample
sizes are needed in the future. Third, adjustments on con-
founding factors did not conducted in all studies or under
similar conditions. Moreover, it was difficult to adjust for
certain clinical differences such as estrogen levels, dietary
habits, exercise and other lifestyle factors, which were
considered effective influencing factors in bone health.
Fourth, language was restricted to English in this meta-
analysis, which might lead to a potential language bias.
Finally, we were unable to analyze the association between
the duration of ACE inhibitors use and the risk of fractures
for the limited number of studies available, which might
affect the final results partly.

Conclusion

The present study indicated that ACE inhibitors might be
associated with a small but significant risk effect on frac-
tures in overall and even stronger when specific to over 65-
year-old users, although a relatively high heterogeneity was
found across studies. Our results suggested physicians
should consider this potentially undesirable effects of ACE
inhibitors in treating hypertensive individuals with high risk
of fractures. Extra cautions are advised when initiating
antihypertensive drugs in the elderly. Additional multiple
observational studies and high quality data from rando-
mized controlled trials are needed to confirm these poten-
tially important findings.
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