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Abstract The renin-angiotensin system (RAS) represents
an important target of antihypertensive medications.
Angiotensin-converting enzyme inhibitors (ACEI) and
angiotensin II receptor blockers (ARB), which are widelyused RAS inhibiting drugs, have been suggested to have
beneficial effects on bone tissue. We aimed to assess the
associations of use of ACEIs and/or ARBs with the risk of
fractures using a population-based prospective cohort and a
meta-analysis of published prospective cohort studies.
Information on antihypertensive medication use (including
both ACEIs and ARBs) were assessed in 1743 men and
women of the Kuopio Ischemic Heart Disease prospective
cohort study. Hazard ratios (HRs) [95% confidence intervals (CI)] of ACEIs or ARBs use with incident fractures
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were calculated. A total of 203 composite (hip, humeral,
and wrist) fractures occurred during a median follow-up of
14.8 years. In multivariate adjusted analysis, the HR for
composite fractures comparing users of ACEIs or ARBs
with non-users was 1.00 (0.59–1.69). The corresponding
adjusted HR for hip fractures comparing users versus nonusers of ACEIs or ARBs was 0.89 (0.32–2.47). Including
the current study, a total of 11 observational cohort studies
involving 3526,319 participants and [323,355 fractures
were included in a meta-analysis. Comparing ACEI users
with non-users and ARB users with non-users, the HRs for
composite fractures were 1.09 (0.89–1.33) and 0.87
(0.76–1.01) respectively. The corresponding HRs for hip
fractures were 0.91 (0.86–0.95) and 0.80 (0.75–0.85)
respectively. Use of RAS inhibitors was not associated
with long-term risk of composite fractures in both primary
and pooled analyses. Pooled evidence however suggests a
beneficial effect of RAS blockers on hip fracture risk.
Keywords Renin-angiotensin system  Angiotensin
converting enzyme  Angiotensin receptor blocker  Cohort
study  Fracture

Introduction
Aging of the population is associated with an increase in
age-related chronic conditions such as fractures (particularly osteoporotic fractures). These are one of the most
common causes of disability worldwide and associated
with high health care costs [1, 2]. Complications of fracture
include morbidity, pain, limited function, reduction in
health-related quality of life, as well as mortality [3].
Mortality rates in the first year following hip fracture have
been reported to range from 10 to 50% [4, 5]. The
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prevention of fractures is therefore of public health
importance.
The majority of older people with osteoporosis have comorbidities such as hypertension and cardiovascular disease. Two major risk factors for osteoporotic fractures are
reduced bone mass and falls, and these have a close relationship with hypertension [6]. Elevated blood pressure or
diagnosed hypertension has been shown to be closely
associated with osteoporosis, decreased bone mineral
density (BMD), falls, as well as fractures [6–10]. Epidemiological evidence and studies in animal models suggest that high blood pressure is associated with vitamin D
deficiency and abnormalities in calcium metabolism
[11, 12], which are known to be involved in the pathophysiology of osteoporosis, falls, and fractures [13]. It
therefore appears that medications that lower blood pressure may have a beneficial effect on bone tissue. Indeed,
blood pressure lowering medications such as thiazides and
b-blockers have consistently been shown to be associated
with the reduced risk of fractures [14–17]. Furthermore, the
renin-angiotensin system (RAS), that plays a vital role in
regulating blood pressure and electrolyte balance [18], and
the activation of which is an important contributor to systemic hypertension [19], also has effects on bone tissue.
This is via the detrimental effects of angiotensin II, a primary mediator of numerous RAS functions, on the bone
[20]. Studies have shown that RAS activation induces
osteoporosis as well as reduces blood ionized calcium
levels [20, 21]. The RAS inhibiting drugs—angiotensinconverting enzyme inhibitors (ACEI) and angiotensin II
receptor blockers (ARB)—which respectively inhibit the
formation and signalling of angiotensin II peptide, may
have beneficial effects on bone tissue. Though improved
BMD as well as reductions in fracture risk have been
reported with the use of RAS inhibitors [14, 22–24], the
evidence has been inconsistent. Some studies, including a
previous meta-analysis, have also reported increases in
fracture risk as well as bone loss [25–29], whereas others
have shown no effects of RAS inhibitors on fracture risk
[14, 29]. In addition, the majority of studies on the topic
have been based on case–control designs [14, 24, 27],
therefore the temporal relationship between the use of (i.e.
exposure to) RAS inhibitors and their effect on future risk
of fractures is uncertain. RAS inhibitors in addition to
thiazides and b-blockers, are well established and widely
used drugs for the management of hypertension in people,
who are also prone to fractures; therefore, it will be clinically useful if they are proven to reduce fracture risk. In
this context, this study aimed to investigate the prospective
effect of RAS inhibitors (ACEIs and ARBs) on the risk of
fractures using a population-based prospective cohort of
1743 middle-aged to elderly men and women from eastern
Finland. Furthermore, with the availability of a number of
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published observational cohort studies that have evaluated
the associations between RAS inhibitors and risk of fractures, this offered the opportunity to put the findings into
context by performing a systematic review and metaanalysis.

Methods
We conducted the primary cohort analyses according to
STROBE (STrengthening the Reporting of OBservational
studies in Epidemiology) guidelines for reporting observational studies in epidemiology (Appendix 1 of Electronic
Supplementary Material) [30].
Study population
The study population formed part of the ongoing Kuopio
Ischaemic Heart Disease (KIHD) population-based
prospective cohort study, which was set up primarily to
investigate established and emerging risk factors for cardiovascular disease and other additional health outcomes in
eastern Finland [31]. Participants comprised a randomly
selected sample of 2358 participants (1007 men and 1351
women) aged 53–74 years who resided in the town of Kuopio or its surrounding rural communities and had baseline
assessments carried out between March 1998 and December
2001. Of the 2072 potentially eligible participants, 193
refused to participate, 66 did not respond to the invitation and
39 declined to give informed consent; leaving 1774 participants for the KIHD cohort. The current analysis included
1743 participants (913 women and 830 men) with nonmissing information on use of ACEIs or ARBs, relevant
covariates, and fracture outcomes (Appendix 2 of Electronic
Supplementary Material). The study protocol was approved
by the Research Ethics Committee of the University of
Eastern Finland and each participant gave written informed
consent according to the Declaration of Helsinki.
Exposure
Antihypertensive medications were classified based on
antihypertensive medication classes; all antihypertensives,
ACEIs or ARBs, b-blockers, calcium channel blockers, and
diuretics. Data on diagnosis of chronic diseases including
hypertension and the use of antihypertensive drugs were
assessed by self-administered questionnaires. These were
then cross-checked by a physician.
Fracture outcomes
We included all incident fractures, representing all hip,
humeral, and wrist fractures, that occurred from study entry
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to 2014. The endpoints assessed were incident composite,
hip, and wrist fractures. Composite fractures were defined
as hip, humeral, and wrist fractures. In the KIHD study,
participants are under annual continuous surveillance for
the development of new outcome events, including fractures [32]. No losses to follow-up have so far been recorded. Fracture incidence data were collected from the
National Hospital Discharge Register data by computer
linkage using Finnish personal identification codes as well
as a comprehensive review of hospital records, discharge
notes and diagnoses, and inpatient physician claims. The
events were coded according to the International Classification of Diseases Tenth Revision (ICD-10) diagnostic
codes for fractures by site.
Assessment of risk markers
All baseline characteristics as well as risk markers were
assessed during the same visit at study entry. Methods for
collection of blood specimens and the measurement of
lipids and biochemical analytes have been previously
described in detail [33]. Briefly, besides fasting overnight
before blood collection, participants were told to abstain
from drinking alcohol for at least 3 days and from smoking
for at least 12 h before assessment. The cholesterol content
of lipoprotein fractions was measured from fresh samples
after combined ultracentrifugation and precipitation, and
serum triglycerides were assessed enzymatically (Boehringer Mannheim, Mannheim, Germany). Resting blood
pressure was measured between 8 and 10 a.m. with a
random-zero sphygmomanometer. Participants completed
self-administered health and lifestyle questionnaires for the
assessment of age, smoking, alcohol consumption, socioeconomic status (SES), prevalent diseases, medical history,
and use of medications [33]. Energy expenditure of physical activity was assessed using the validated KIHD
12-month leisure-time physical activity questionnaire
[34, 35].
Statistical analyses
Prospective cohort analyses
Baseline characteristics were presented as means (SD) or
median (interquartile range) for continuous variables and
percentages for categorical variables. Cox proportional
hazard regression models were used to conduct time-toevent analyses after confirmation of the proportional hazards assumptions [36]. Antihypertensive medication use
was categorised as no antihypertensive medication use,
diuretics use, b-blockers use, and ACEI or ARB use with
the use of dummy variables. Hazard ratios were progressively adjusted for (i) age and sex; (ii) body mass index

(BMI), smoking, history of diabetes, systolic blood pressure (SBP), prevalent hypertension, prevalent coronary
heart disease (CHD), history of heart failure, alcohol consumption, and use of statins or calcium channel blockers;
and (iii) SES and physical activity. We evaluated effect
modification by pre-specified clinically relevant characteristics using tests of interaction.
Systematic review and meta-analysis
We conducted a systematic review and meta-analysis of
observational cohort studies using a predefined protocol
and which was reported in accordance with PRISMA and
MOOSE guidelines [37, 38] (Appendices 3 and 4 of
Electronic Supplementary Material). Published observational population-based cohort (prospective, case cohort,
nested case–control, or retrospective) studies that evaluated
the associations between exposure to ACEIs or ARBs and
the risk of fractures, were sought using computer-based
databases (MEDLINE, EMBASE, and Web of Science)
from inception to April 2017. The computer-based searches
combined free and MeSH search terms and combined key
words related to the exposure (e.g., ‘‘angiotensin-converting enzyme inhibitors’’, ‘‘angiotensin II receptor blockers’’,
‘‘anti-hypertensive drugs’’) and outcome (e.g., ‘‘fracture’’).
There were no restrictions on language. Details of the
search strategy are reported in Appendix 5 of Electronic
Supplementary Material. After an initial screen of abstracts
and titles by one reviewer (S.K.K.), potentially relevant
articles were acquired. Each article was assessed by two
independent reviewers (S.K.K., M.R.W.) using the inclusion criteria and any discrepancies regarding eligibility of
an article was discussed, and consensus reached with a
third author (J.A.L.). One author (S.K.K.) independently
extracted data and performed quality assessments using the
nine-star Newcastle–Ottawa Scale (NOS) [39] as described
previously [40]. Information was extracted on study characteristics such as study design, publication year, geographical location, baseline age, duration of follow-up,
sample size and number of recorded fractures, and risk
estimates for the most adjusted models. A second reviewer
checked data with that in original articles. Summary
measures were presented as relative risks (RRs) with 95%
confidence intervals (CIs). Following Cornfield’s rare disease assumption [41], hazard ratios and odds ratios were
assumed to approximate the same measure of RR. Summary RRs were pooled using a random effects model to
minimize the effect of between-study heterogeneity [42].
Heterogeneity was assessed using the Cochrane v2 statistic
and the I2 statistic [43]. A narrative synthesis was performed for studies that could not be pooled. All statistical
analyses were conducted using Stata version 14 (Stata
Corp, College Station, Texas).
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Table 1 Baseline participant characteristics overall and according to the development of fractures
Overall (N = 1743) Mean (SD),
median (IQR), or n (%)

Without fracture (N = 1540) Mean
(SD), median (IQR), or n (%)

With fracture (N = 203) Mean
(SD), median (IQR), or n (%)

P value*

Questionnaire/prevalent conditions
Age at survey
(years)

62.9 (6.5)

62.5 (6.4)

65.2 (6.4)

\0.0001

Males
Alcohol
consumption (g/
week)

830 (47.6)
48.2 (100.4)

763 (50.0)
48.5 (101.6)

67 (33.0)
46.2 (91.2)

\0.001
0.755

Socioeconomic
status

10.9 (4.7)

10.8 (4.7)

11.4 (4.6)

History of diabetes
Smoking status

140 (8.0)
228 (13.1)

123 (8.0)
203 (13.2)

17 (8.4)
25 (12.3)

0.849
0.731

History of
hypertension

722 (41.4)

637 (41.4)

85 (41.9)

0.890

History of CHD

488 (28.0)

418 (27.1)

70 (34.5)

0.029

History of heart
failure

129 (7.4)

108 (7.0)

21 (10.3)

0.088

Antihypertensives

736 (42.2)

643 (41.8)

93 (45.8)

0.271

Beta-blockers
CCBs

457 (26.2)
210 (12.1)

396 (25.7)
182 (11.8)

61 (30.1)
28 (13.8)

0.187
0.417

Diuretics

172 (9.9)

146 (9.5)

26 (12.8)

0.135

78 (4.5)

74 (4.8)

4 (2.0)

0.066

249 (14.3)

222 (14.4)

27 (13.3)

0.670

BMI (kg/m2)

27.9 (4.5)

27.8 (4.4)

28.1 (4.7)

0.445

WHR

0.91 (0.09)

0.91 (0.09)

0.89 (0.09)

0.034

SBP (mmHg)

135.9 (17.3)

135.8 (17.3)

136.3 (17.0)

0.694

DBP (mmHg)

81.1 (9.0)

81.4 (9.0)

79.4 (8.3)

0.004

477.6 (402.1)

482.5 (408.7)

441.0 (346.8)

0.166

Total cholesterol
(mmol/l)

5.48 (0.96)

5.48 (0.95)

5.46 (1.05)

0.735

HDL-C (mmol/l)

1.25 (0.31)

1.25 (0.31)

1.28 (0.33)

0.192

Triglycerides
(mmol/l)**
Fasting plasma
glucose (mmol/l)

1.12 (0.83–1.54)

1.12 (0.82–1.54)

1.13 (0.83–1.55)

0.554

5.08 (1.21)

5.07 (1.18)

5.11 (1.39)

0.667

0.081

Use of medication

Statins
ACEIs and/or
ARBs
Physical measurements

Physical activity
(kj/day)
Blood biomarkers

ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin II receptor blocker, BMI body mass index, CCB calcium channel blocker, CHD
coronary heart disease, DBP diastolic blood pressure, GFR glomerular filtration rate, HDL-C high-density lipoprotein cholesterol, IQR
interquartile range, SD standard deviation, SBP systolic blood pressure, WHR waist-to-hip ratio; *, based on t-tests; **, values were logtransformed before conducting t-tests

Results
Baseline characteristics
Table 1 provides a summary of baseline characteristics of
overall study participants and according to the development of fractures. Of 1743 study participants, 736 (42.2%)
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were on regular antihypertensive medication and of these,
249 (14.3%) were on ACEIs or ARBs. There were 830
(47.6%) male participants. The mean (SD) age and BMI of
study participants were 63 [7] years and 27.9 (4.5) kg/m2
respectively. Except for age, sex, history of CHD, waist-tohip ratio, and diastolic blood pressure, there were no significant differences in baseline characteristics between
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Table 2 Associations of use of ACEI or ARB and other antihypertensives with risk of fractures
Events/total

Model 1
HR (95% CI)

Model 2
P value

HR (95% CI)

Model 3
P value

HR (95% CI)

P value

Total fractures
No use

121/1093

ref

Diuretic use

3/50

0.36 (0.11–1.14)

ref
0.083

0.34 (0.10–1.10)

ref
0.072

0.35 (0.11–1.13)

0.080

b-blocker use

52/351

1.11 (0.79–1.54)

0.547

1.06 (0.71–1.59)

0.771

1.07 (0.72–1.61)

0.729

ACEI or ARB use

27/249

1.00 (0.66–1.52)

0.992

1.00 (0.59–1.69)

0.997

1.00 (0.59–1.69)

0.988

39/1093
1/50

ref
0.31 (0.04–2.28)

0.250

ref
0.31 (0.04–2.36)

0.258

ref
0.33 (0.04–2.50)

0.281

Hip fractures
No use
Diuretic use
b-blockers use

24/351

1.39 (0.83–2.34)

0.209

1.76 (0.91–3.39)

0.093

1.81 (0.94–3.49)

0.078

ACEI or ARB use

6/249

0.66 (0.28–1.55)

0.338

0.89 (0.32–2.47)

0.820

0.89 (0.32–2.47)

0.819

Wrist fractures
No use

30/1093

ref

Diuretic use

1/50

0.51 (0.07–3.81)

ref
0.513

0.72 (0.09–5.78)

ref
0.755

0.73 (0.09–5.88)

0.769

b-blocker use

5/351

0.47 (0.18–1.22)

0.120

0.52 (0.18–1.54)

0.239

0.53 (0.18–1.57)

0.251

ACEI or ARB use

6/249

0.95 (0.39–2.28)

0.905

1.19 (0.39–3.64)

0.764

1.20 (0.39–3.68)

0.749

ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin II receptor blocker, CI confidence interval, HR hazard ratio, ref reference
Model 1: Adjusted for age and sex
Model 2: Model 1 plus body mass index, smoking, history of diabetes, systolic blood pressure, prevalent hypertension, prevalent coronary heart
disease, prevalent heart failure, alcohol consumption, statin use, and calcium channel blocker use
Model 3: Model 2 plus socioeconomic status and physical activity

those who developed and did not develop fractures during
follow-up. Participants who experienced a fracture were
more likely to be older and have a history of CHD at
baseline compared with those who did not experience a
fracture. Males were less likely to experience a fracture
compared with females.
RAS inhibitors and risk of fractures
Prospective cohort analysis
During a median (interquartile range) follow-up of 14.8
(12.8–15.8) years, 203 incident composite fractures (annual
rate 8.76/1000 person-years at risk; 95% CI 7.63–10.05)
were recorded. Of the total number of incident fractures, 70
and 42 were hip and wrist fractures respectively. Comparing ACEIs or ARBs users with non-users, the age and
sex adjusted HR for composite fractures was 1.00 (95% CI
0.66–1.52; P = 0.992), which remained non-significant
following further adjustment for several risk factors (BMI,
smoking, history of diabetes, SBP, prevalent hypertension,
CHD, or heart failure, alcohol consumption, and use of
statins or calcium channel blockers) 1.00 (95% CI
0.59–1.69; P = 0.997). There was similarly no association
after additional adjustment for SES and physical activity
1.00 (95% CI 0.59–1.69; P = 0.988) (Table 2). No significant associations were observed for diuretic use or b-

blocker use with the risk of fractures. The association
between ACEIs or ARBs use and composite fractures was
not significantly modified by several clinically relevant
characteristics (P for interaction C0.10 for each; Fig. 1).
The corresponding adjusted HRs for hip fractures comparing ACEIs or ARBs use versus no use were 0.66 (95%
CI 0.28–1.55; P = 0.338), 0.89 (95% CI 0.32–2.47;
P = 0.820), and 0.89 (95% CI 0.32–2.47; P = 0.819)
respectively. There was also no evidence of any associations with risk of wrist fractures (Table 2).
Meta-analysis of published cohort studies
Ten articles based on 10 unique cohorts were identified to
have reported on the associations of ACEIs and/or ARBs
and risk of fractures (Appendix 6 of Electronic Supplementary Material and Table 3) [22, 28, 29, 44–50].
Including the current study, there were 11 studies involving
3526,319 participants and [323,355 fractures. Quality
scores of included studies ranged from 5 to 8. In pooled
analyses of five studies each, the RRs for composite fractures comparing ACEI users with non-users and ARB users
with non-users were 1.09 (95% CI 0.89–1.33) and 0.87
(95% CI 0.76–1.01) respectively. Comparing ACEI or
ARB users with non-users, the RR for composite fractures
in pooled analysis of three studies was 0.95 (95% CI
0.61–1.48) (Fig. 2). There was evidence of substantial
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Subgroup

No. of participants

No. of total fractures

HR (95% CI)

P-value*

Age at survey (years)
< 65.3
≥ 65.3

872
871

72
131

1.25 (0.59, 2.64)
0.96 (0.52, 1.78)

.798

Sex
Females
Males

913
830

136
67

0.85 (0.45, 1.61)
1.29 (0.62, 2.65)

.453

Body mass index (kg/m2)
< 27.35
≥ 27.35

872
971

97
106

1.12 (0.50, 2.48)
0.87 (0.48, 1.60)

.114

Systolic blood pressure (mmHg)
< 134.3
≥ 134.3

886
857

92
111

1.39 (0.72, 2.71)
0.82 (0.41, 1.63)

.462

Total cholesterol (mmol/l)
< 5.45
≥ 5.45

871
870

99
104

0.98 (0.50, 1.89)
1.03 (0.52, 2.05)

.834

Physical activity (kj/day)
< 381
≥ 381

872
871

112
91

1.20 (0.65, 2.23)
0.72 (0.33, 1.56)

.577

Smoking status
Non-smokers
Current smokers

1,515
228

178
25

1.11 (0.65, 1.88)
0.32 (0.04, 2.49)

.219

History of hypertension
No
Yes

1021
722

118
85

0.66 (0.09, 4.95)
0.98 (0.55, 1.76)

.525

Prevalent CHD
No
Yes

1,255
488

133
70

1.08 (0.59, 1.98)
0.87 (0.40, 1.91)

.791

Prevalent heart failure
No
Yes

1614
129

182
21

1.30 (0.75, 2.24)
0.29 (0.07, 1.20)

.084

.025

.05

.15 .25

.5

1

2.5

5

10

HR (95% CI) ACEI/ARB use versus no use

Fig. 1 Hazard ratios for composite fractures risk comparing ACEIs
or ARBs use with no use, by several participant level characteristics.
Hazard ratios were adjusted for age, sex, BMI, smoking, history of
diabetes, systolic blood pressure, prevalent hypertension, prevalent
CHD, prevalent heart failure, alcohol consumption, and use of statins,

or calcium channel blockers; ACEI angiotensin-converting enzyme
inhibitor, ARB angiotensin II receptor blocker, CHD coronary heart
disease, CI confidence interval, HR hazard ratio, *, P value for
interaction; cut-offs used for age, body mass index, systolic blood
pressure, total cholesterol, and physical activity are median values

heterogeneity ([75%) among the included studies in all
pooled analyses.
The RR for hip fractures was 0.91 (95% CI 0.86–0.95)
in pooled analysis of two studies (comprising 1,282,483
participants and 42,481 hip fractures) that compared ACEI
users with non-users. In pooled analysis of these two
studies, the corresponding risk was 0.80 (95% CI
0.75–0.85) when ARB use was compared with no use.
Comparing ACEI or ARB users with non-users, the RR for
hip fractures in pooled analysis of four studies was 0.95
(95% CI 0.72–1.26) (Fig. 3).
Comparing ACEI users with non-users, the RR for
vertebral fractures was 1.69 (95% CI 1.40–2.04) and 0.81
(95% CI 0.69–0.95) for wrist fractures (Appendix 7 of
Electronic Supplementary Material). The RR for wrist
fractures was 0.68 (95% CI 0.53–0.87) and 0.76 (95% CI
0.61–0.94) for pelvic fractures, when ARB use was compared with non-use (Appendix 8 of Electronic Supplementary Material).

Comment
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Summary of findings
In this population-based prospective study of middle-aged
to elderly men and women, there was no evidence of an
association of ACEI or ARB use with the risk of fractures
and this was consistent across several clinically relevant
subgroups. No evidence of significant associations with
risk of fractures was also observed for diuretic use or bblocker use. In pooled analysis of relevant published cohort
studies, use of ACEI or ARB was not associated with the
risk of composite fractures. However, pooled analysis of
two large studies showed that ACEI use was associated
with reduced risk of hip fractures [44, 47]. These two
studies also showed that ARB use was associated with
reduced risk of hip fractures. In pooled analysis of studies
that specifically evaluated ACEI or ARB use, no evidence
of decreased fracture risk was observed. The findings were

Name of
study/source of
participants

Medicare
beneficiaries

KHIRAS database

CDWO

HIRAS database

Norwegian
Prescription
Database;
Norwegian Hip
Fracture Registry;
Central Population
Registry

Danish Nation-wide
Register
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2005–2010

1999–2012

Denmark

2007–2011

2006

2005–2006

NR

Year(s) of
baseline
survey

Norway

South
Korea

Sweden

Korea

USA

Location
of study

C65

72.8*

C50

C75

C65

C65

Baseline
age
range
(years)

Table 3 Characteristics of prospective studies included in meta-analysis

81.2

44.0

48.6

39.0

35.0

22.9

%
male

6.7

5.2

1.9

1.0

1.0

1.0

Mean/median
duration of
follow-up
(years)

1586,554

906,422

528,522

38,407

501,924

376,061

Total no. of
participants

Composite

Hip

Composite,
vertebral,
and nonvertebral

Hip

Composite,
hip, and
vertebral

Composite,
hip, wrist,
humerus,
and pelvic

Fracture
types

255,936

39,938

16,805

795

NR

6418

No. of
fracture
cases

Age, gender, calendar year, comorbidities
and exposure to the other classes of
CVD-drugs

NR

Age, gender, comorbidity score, diabetes,
osteoporosis, osteoporosis treatment,
and osteoporosis related diseases

Age, gender, and multimorbidity level

Age, confounding comorbidities
(osteoporosis, diabetes mellitus,
hyperthyroidism, Cushing’s syndrome,
COPD, asthma, chronic liver disease,
chronic renal failure, congestive heart
failure, dementia, stroke), and
confounding medications (warfarin,
antidepressants, benzodiazepines, antiParkinson drug, thiazolidinediones,
bisphosphonates)

Age, gender, race, Charlson comorbidity
score, number of physician visits,
acute-care hospitalizations, number of
different medications, osteoporosis
diagnoses and medications, prior
fractures, BMD testing, use of
medications with fracture associations
(e.g., oral steroids, anticonvulsants,
benzodiazepines, selective serotonin
reuptake inhibitors, and proton pump
inhibitors), diagnoses associated with
falls (e.g., Parkinson disease and
Alzheimer disease), and prior history of
falls

Covariates adjusted for

7

6

6

5

5

6

Study
quality
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MBD-5D Study

NHS

MrOS

TBNHI

KIHD

Yamamoto
et al. [22]

Corrao et al.
[49]

Kwok et al.
[50]

Chen et al.
[28]

Current
study

Finland

Taiwan

USA

Italy

Japan

Location
of study

1998–2001

2002–2012

2000–2002

2005–2009

2008–2011

Year(s) of
baseline
survey

53–74

65–80

C65

70–90

63.0*

Baseline
age
range
(years)

47.6

43.6

100.0

NR

61.5

%
male

14.8

11.0

6.8

5.0

2.7

Mean/median
duration of
follow-up
(years)

1743

1144

2573

81,617

3276

Total no. of
participants

Composite,
hip, and
wrist

Composite

Nonvertebral
and hip or
wrist

Hip

Composite

Fracture
types

203

128

801

2153

178

No. of
fracture
cases

Age, sex, body mass index, smoking,
history of diabetes, systolic blood
pressure, prevalent hypertension,
prevalent coronary heart disease,
prevalent heart failure, alcohol
consumption, statin use, calcium
channel blocker use, socioeconomic
status, and physical activity

Use of antidepressants, neuroleptics,
hypoglycemic agents, statins, digoxin,
benzodiazepines, anti-arrhythmics, and
anti-epileptics; Charlson comorbidity
index
Age, tricyclic antidepressants, thiazide
use, previous fracture, inability to
complete a narrow walk trial, falls in
previous year, depressed mood, hip
BMD, DM, cardiac failure,
hypertension, duration of use of loop
diuretic, statin, beta blocker and ARB
(or ACEI)
Age, sex, comorbidities, concurrent
medication

Age, sex, duration of dialysis, causes of
end-stage kidney disease, BMI; Kt/V;
comorbidity of cardiovascular disease
and/or DM; smoking; history of
parathyroidectomy; prescriptions of
anticoagulants, vitamin D receptor
activators, and phosphate binders; and
serum levels of albumin, calcium,
phosphorus, intact parathyroid
hormone, alkaline phosphatase, and
blood hemoglobin, in addition to
systolic and diastolic blood pressure
and the use of antihypertensive drugs
(b-blockers, CCB, diuretics, and others)

Covariates adjusted for

8

7

6

6

Study
quality

Warehouse in Östergötland; CHD coronary heart disease, COPD chronic obstructive pulmonary disease, CVD cardiovascular disease, DM diabetes mellitus, KIHD Kuopio Ischemic Heart
Disease, KHIRAS Korean Health Insurance Review and Assessment Service database, MrOS Osteoporotic Fractures in Men Study, NHS National Health Service, NR not reported, TBNHI
Taiwan Bureau of National Health Insurance, USA United States of America

ACEI angiotensin-converting enzyme inhibitors, ARB angiotensin II receptor blockers, BMD bone mineral density, BMI body mass index, CCB calcium channel blocker, CDWO care data

Name of
study/source of
participants

References
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Author, year of publication

No. of participants

RR (95% CI)

ACEI
Chen, 2016

1,144

1.64 (1.01, 2.64)

Kwok, 2016

2,573

0.69 (0.52, 0.91)

Solomon, 2011

376,061

0.96 (0.90, 1.04)

Choi, 2015

528,522

1.68 (1.49, 1.91)

Torstensson, 2015

1,586,554

0.96 (0.95, 0.98)

Subtotal

1.09 (0.89, 1.33)

ARB
Chen, 2016

1,144

1.64 (1.01, 2.64)

Kwok, 2016

2,573

0.28 (0.14, 0.58)

Solomon, 2011

376,061

0.76 (0.68, 0.86)

Choi, 2015

528,522

1.00 (0.95, 1.05)

Torstensson, 2015

1,586,554

0.85 (0.83, 0.87)

Subtotal

0.87 (0.76, 1.01)

ACEI or ARB
Current study

1,743

1.00 (0.59, 1.69)

Yamamoto, 2015

3,276

0.65 (0.45, 0.92)

Song, 2012

501,924

1.24 (1.17, 1.31)

Subtotal

0.95 (0.61, 1.48)

.05

.15

.25

.5

.75 1

1.5

2.5

5

RR (95% CI) comparing users with non-users

Fig. 2 Prospective studies of RAS inhibitors and risk of composite
fractures. The summary estimates presented were calculated using
random effects models; size of data markers are proportional to the
inverse of the variance of the relative ratio; ACEI angiotensin-

converting enzyme inhibitor, ARB angiotensin II receptor blocker, CI
confidence interval (bars), RR relative risk, RAS renin-angiotensin
system blockers

inconsistent for other site-specific fractures; findings from
some individual studies showed increased risk of vertebral
fractures and decreased risk of wrist fractures with ACEI
use [29, 44], whilst ARB use was associated with decreased
risk of wrist and pelvic fractures [44].

unable to directly compare findings of our pooled analysis
in the context of previous studies, as the current study is the
first pooled analysis of published observational cohort
studies evaluating the use of RAS inhibitors and the risk of
fractures. In a recent pooled analysis of six case–control
studies, Cheng and colleagues showed an increased risk of
fractures with ACEI use and the association was stronger in
older users ([65 years) [27]. However, given the case–
control nature of the study designs, the temporal nature of
the relationship is difficult to ascertain. The authors also
called for cautious interpretation of the findings because of
the substantial heterogeneity between the studies. Though
our pooled analysis showed no evidence of an association
of any of the RAS inhibitors with risk of total fractures; use
of any of the RAS inhibitors was associated with reduced
risk of hip fractures, but this was based on a limited

Comparison with previous work
Findings of our primary cohort analysis are consistent with
a number of cohort studies [28, 44, 48] that have been
published on the topic. There is however a possibility that
our null findings for ACEI or ARB use as well as diuretic
and b-blocker use could be due to the small sample that
used these medications and the low event rates in these
samples; therefore, the likelihood of insufficient power to
demonstrate any potential associations. We are however
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Author, year of publication

No. of participants

RR (95% CI)

ACEI
Solomon, 2011

376,061

0.95 (0.84, 1.07)

Ruths, 2015

906,422

0.90 (0.90, 1.00)

Subtotal

0.91 (0.86, 0.95)

ARB
Solomon, 2011

376,061

0.77 (0.64, 0.93)

Ruths, 2015

906,422

0.80 (0.70, 0.80)

Subtotal

0.80 (0.75, 0.85)

ACEI or ARB
Current study

1,743

0.89 (0.32, 2.47)

Thorell, 2014

38,407

0.93 (0.79, 1.09)

Corrao, 2015

81,617

0.74 (0.65, 0.84)

Song, 2012

501,924

1.31 (1.05, 1.65)

Subtotal

0.95 (0.72, 1.26)

.25

.5

.75

1

1.5

2

2.5

RR (95% CI) comparing users versus non-users

Fig. 3 Prospective studies of RAS inhibitors and risk of hip fractures.
The summary estimates presented were calculated using random
effects models; size of data markers are proportional to the inverse of
the variance of the relative ratio; ACEI angiotensin-converting

enzyme inhibitor, ARB angiotensin II receptor blocker, CI confidence
interval (bars), RR relative risk, RAS renin-angiotensin system
blockers

number of studies. Therefore, further large-scale observational cohort studies are needed to confirm or refute the
current findings.

and therefore may reduce the risk of fractures via their
effects on bone mass [51]. Evidence also suggests that
thiazides have a direct effect on bone by promoting bone
formation [52], whereas b-blockers may exert their beneficial effects on bone by blocking the adverse effects of the
sympathetic nervous system on bone tissue [53, 54].
Emerging evidence also suggests that RAS inhibitors may
reduce fracture risk, as the RAS has recently been shown to
play a role in bone tissue. Components of the RAS such as
angiotensin-converting enzyme (ACE) and angiotensin II
are found locally in several tissues [55–57] and have been
found to be expressed in osteoblasts and osteoclasts
[58, 59]. This suggests the existence of a local RAS in the
bone. Though angiotensin II has stimulatory effects on
osteoblasts [60, 61], it has been generally suggested to have
detrimental effects on bone structure by stimulating bone
resorption [59]. Angiotensin II also decreases the uptake of
calcium into bone [62], suppresses osteoblastic cell differentiation and bone formation [63], and decreases

Possible explanations for findings
Given the close relationship between hypertension and its
detrimental effects on bone physiology [6–10], it has been
hypothesized that use of antihypertensive medications may
be useful in preventing these fractures. Indeed, use of
medications such as the thiazides and b-blockers have been
consistently demonstrated to be associated with reduced
risk of fractures [14–17]. However, findings from the primary cohort analysis showed no evidence of any association of diuretics or b-blockers with the risk of fractures,
which could be attributed to the low event rates. Different
mechanisms have been postulated for the protective effects
of these medications on fracture risk. Thiazides modulate
calcium homeostasis and lower urinary calcium excretion
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alkaline phosphatase activity [63]. Several studies in animal models have shown that inhibition of the angiotensin II
signalling pathway may prevent osteoporosis [64], increase
bone mass and strength [58, 65], and accelerate bone
healing and remodelling [66].
Taken together, the evidence suggests ACEIs and
ARBs, which inhibit the RAS, may help reduce fracture
risk by improving bone composition and structure. The
inconsistent associations between the use of RAS inhibitors
and risk of site-specific fractures as demonstrated in our
findings, may reflect the beneficial effects of angiotensin II
on bone and the differential effects of ACEIs and ARBs on
bone tissue. For example, Izu and colleagues showed in
mice that a type 2 ARB significantly enhanced bone mass,
whilst a type 1 ARB did not improve bone mass [58]. In the
experimental study by Bayar and colleagues, ACEI was
shown to have beneficial effects on fracture healing, whilst
losartan, an ARB, failed to demonstrate comparable beneficial effects [67]. This differential effect may point to the
differences in the function of both RAS-acting drugs.
Further well-designed research is needed to delineate the
mechanistic pathways by which these RAS inhibitors act
on bone tissue.

small number of studies. In addition, due to the variable
adjustment by the eligible studies in the review, there was
the possibility of residual confounding. However, the
majority of studies reported estimates based on adjustment
for a comprehensive panel of confounders. Finally, a
number of these studies did not account for other antihypertensive medication use such as thiazides and b-blockers
in their analysis.

Conclusion
In a middle-aged to elderly population of Caucasian men
and women, use of RAS inhibitors was not associated with
risk of composite fractures and this was confirmed by our
pooled analysis of previously published observational
cohort studies. A beneficial effect of use of RAS inhibitors
was observed for hip fractures, though the evidence was
limited; however, it was based on pooled analysis of two
large-scale cohort studies. Our study findings highlight the
fact there are still inconsistencies in the associations of use
of RAS inhibitors with risk of fractures. Further research is
needed to confirm or refute these findings and assess the
biological pathways underpinning any associations.

Strengths and limitations
Our study had the advantage of utilizing a large-scale
population-based prospective cohort design with a pooled
analysis of all published observational cohort studies on the
topic in one comprehensive investigation. The primary
cohort study employed a sample of men and women who
were representative of the general middle-aged to elderly
population; there was complete follow-up for all participants; follow-up period was long with annually updated
incident outcomes; and the analysis was comprehensive
with adjustment for several confounders as well as
assessment for evidence of effect modification. Pooled
analysis of previous studies, including the current study,
enhanced power to assess the nature and magnitude of the
association. Limitations of the current study include lack of
separate data on ACEIs and ARBs and the duration of
blood pressure treatment in the primary cohort; absence of
data on relevant confounders such as markers of renal
function (e.g., creatinine, estimated glomerular filtration
rate), which influence bone health; the relatively young age
of study cohort at baseline precluded the ability to potentially assess all fracture cases during the follow-up period
of the current study, as majority of fracture cases tend to
occur in the very elderly; the limited number of studies for
the pooled analysis; inconsistent definition of composite
fracture outcomes that did not enhance comparison across
studies; substantial heterogeneity across studies; and
inability to explore for publication bias because of the

Acknowledgements We thank the staff of the Kuopio Research
Institute of Exercise Medicine and the Research Institute of Public
Health and University of Eastern Finland, Kuopio, Finland for the
data collection in the study.
Funding This work was supported by the Finnish Foundation for
Cardiovascular Research, Helsinki, Finland. These sources had no
role in design and conduct of the study; collection, management,
analysis, and interpretation of the data; and preparation, review, or
approval of the manuscript. PG Kehoe is funded by a Fellowship from
the Sigmund Gestetner Foundation.
Compliance with ethical standards
Conflict of interest The authors declare they have no conflicts of
interest.
Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creative
commons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References
1. Rachner TD, Khosla S, Hofbauer LC. Osteoporosis: now and the
future. Lancet. 2011;377(9773):1276–87. doi:10.1016/S01406736(10)62349-5.
2. Cauley JA, Wampler NS, Barnhart JM, et al. Incidence of fractures compared to cardiovascular disease and breast cancer: the

123

S. K. Kunutsor et al.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

Women’s Health Initiative Observational Study. Osteoporos Int.
2008;19(12):1717–23. doi:10.1007/s00198-008-0634-y.
Johnell O, Kanis JA. An estimate of the worldwide prevalence
and disability associated with osteoporotic fractures. Osteoporos
Int. 2006;17(12):1726–33. doi:10.1007/s00198-006-0172-4.
Thorne K, Johansen A, Akbari A, Williams JG, Roberts SE. The
impact of social deprivation on mortality following hip fracture in
England and Wales: a record linkage study. Osteoporos Int.
2016;27(9):2727–37. doi:10.1007/s00198-016-3608-5.
Teng GG, Curtis JR, Saag KG. Mortality and osteoporotic fractures: is the link causal, and is it modifiable? Clin Exp
Rheumatol. 2008;26(5 Suppl 51):S125–37.
Perez-Castrillon JL, Martin-Escudero JC, Alvarez Manzanares P,
Cortes Sancho R, Iglesias Zamora S, Garcia Alonso M. Hypertension as a risk factor for hip fracture. Am J Hypertens.
2005;18(1):146–7. doi:10.1016/j.amjhyper.2004.08.016.
Woo J, Kwok T, Leung J, Tang N. Dietary intake, blood pressure
and osteoporosis. J Hum Hypertens. 2009;23(7):451–5. doi:10.
1038/jhh.2008.156.
Tsuda K, Nishio I, Masuyama Y. Bone mineral density in women
with essential hypertension. Am J Hypertens. 2001;14(7 Pt
1):704–7.
Cappuccio FP, Meilahn E, Zmuda JM, Cauley JA. High blood
pressure and bone-mineral loss in elderly white women: a
prospective study. Study of Osteoporotic Fractures Research
Group. Lancet. 1999;354(9183):971–5.
Gangavati A, Hajjar I, Quach L, et al. Hypertension, orthostatic
hypotension, and the risk of falls in a community-dwelling
elderly population: the maintenance of balance, independent
living, intellect, and zest in the elderly of Boston study. J Am
Geriatr Soc. 2011;59(3):383–9. doi:10.1111/j.1532-5415.2011.
03317.x.
Hvarfner A, Bergstrom R, Morlin C, Wide L, Ljunghall S.
Relationships between calcium metabolic indices and blood
pressure in patients with essential hypertension as compared with
a healthy population. J Hypertens. 1987;5(4):451–6.
Imaoka M, Morimoto S, Kitano S, Fukuo F, Ogihara T. Calcium
metabolism in elderly hypertensive patients: possible participation of exaggerated sodium, calcium and phosphate excretion.
Clin Exp Pharmacol Physiol. 1991;18(9):631–41.
Mosekilde L. Vitamin D and the elderly. Clin Endocrinol (Oxf).
2005;62(3):265–81. doi:10.1111/j.1365-2265.2005.02226.x.
Schlienger RG, Kraenzlin ME, Jick SS, Meier CR. Use of betablockers and risk of fractures. JAMA. 2004;292(11):1326–32.
doi:10.1001/jama.292.11.1326.
Wiens M, Etminan M, Gill SS, Takkouche B. Effects of antihypertensive drug treatments on fracture outcomes: a meta-analysis
of observational studies. J Intern Med. 2006;260(4):350–62.
doi:10.1111/j.1365-2796.2006.01695.x.
Jones G, Nguyen T, Sambrook PN, Eisman JA. Thiazide diuretics
and fractures: can meta-analysis help? J Bone Miner Res Off J
Am Soc Bone Miner Res. 1995;10(1):106–11. doi:10.1002/jbmr.
5650100115.
Puttnam R, Davis BR, Pressel SL, et al. Association of 3 different
antihypertensive medications with hip and pelvic fracture risk in
older adults: secondary analysis of a randomized clinical trial.
JAMA Intern Med. 2017;177(1):67–76. doi:10.1001/jamain
ternmed.2016.6821.
Paul M, Poyan Mehr A, Kreutz R. Physiology of local reninangiotensin systems. Physiol Rev. 2006;86(3):747–803. doi:10.
1152/physrev.00036.2005.
Navar LG. Counterpoint: Activation of the intrarenal renin-angiotensin system is the dominant contributor to systemic hypertension. J Appl Physiol. 2010;109(6):1998–2000. doi:10.1152/
japplphysiol.00182.2010a (discussion 15).

123

20. Asaba Y, Ito M, Fumoto T, et al. Activation of renin-angiotensin
system induces osteoporosis independently of hypertension.
J Bone Miner Res Off J Am Soc Bone Miner Res.
2009;24(2):241–50. doi:10.1359/jbmr.081006.
21. Grant FD, Mandel SJ, Brown EM, Williams GH, Seely EW.
Interrelationships between the renin-angiotensin-aldosterone and
calcium homeostatic systems. J Clin Endocrinol Metab.
1992;75(4):988–92. doi:10.1210/jcem.75.4.1400892.
22. Yamamoto S, Kido R, Onishi Y, et al. Use of renin-angiotensin
system inhibitors is associated with reduction of fracture risk in
hemodialysis patients. PLoS ONE. 2015;10(4):e0122691. doi:10.
1371/journal.pone.0122691.
23. Lynn H, Kwok T, Wong SY, Woo J, Leung PC. Angiotensin
converting enzyme inhibitor use is associated with higher bone
mineral density in elderly Chinese. Bone. 2006;38(4):584–8.
doi:10.1016/j.bone.2005.09.011.
24. Rejnmark L, Vestergaard P, Mosekilde L. Treatment with betablockers, ACE inhibitors, and calcium-channel blockers is associated with a reduced fracture risk: a nationwide case-control
study. J Hypertens. 2006;24(3):581–9. doi:10.1097/01.hjh.
0000203845.26690.cb.
25. Butt DA, Mamdani M, Austin PC, Tu K, Gomes T, Glazier RH.
The risk of hip fracture after initiating antihypertensive drugs in
the elderly. Arch Intern Med. 2012;172(22):1739–44. doi:10.
1001/2013.jamainternmed.469.
26. Zhang YF, Qin L, Leung PC, Kwok TC. The effect of angiotensin-converting enzyme inhibitor use on bone loss in elderly
Chinese. J Bone Miner Metab. 2012;30(6):666–73. doi:10.1007/
s00774-012-0363-3.
27. Cheng YZ, Huang ZZ, Shen ZF, et al. ACE inhibitors and the risk
of fractures: a meta-analysis of observational studies. Endocrine.
2017;55(3):732–40. doi:10.1007/s12020-016-1201-5.
28. Chen HY, Ma KY, Hsieh PL, Liou YS, Jong GP. Long-term
effects of antihypertensive drug use and new-onset osteoporotic
fracture in elderly patients: a population-based longitudinal
cohort study. Chin Med J (Engl). 2016;129(24):2907–12. doi:10.
4103/0366-6999.195472.
29. Choi HJ, Park C, Lee YK, Ha YC, Jang S, Shin CS. Risk of
fractures in subjects with antihypertensive medications: a
nationwide claim study. Int J Cardiol. 2015;184:62–7. doi:10.
1016/j.ijcard.2015.01.072.
30. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC,
Vandenbroucke JP. The strengthening the reporting of observational studies in epidemiology (STROBE) statement: guidelines
for reporting observational studies. J Clin Epidemiol.
2008;61(4):344–9. doi:10.1016/j.jclinepi.2007.11.008.
31. Salonen JT. Is there a continuing need for longitudinal epidemiologic research? The Kuopio Ischaemic Heart Disease Risk
Factor Study. Ann Clin Res. 1988;20(1–2):46–50.
32. Karppi J, Kurl S, Makikallio TH, Ronkainen K, Laukkanen JA.
Serum beta-carotene concentrations and the risk of congestive
heart failure in men: a population-based study. Int J Cardiol.
2013;. doi:10.1016/j.ijcard.2012.12.072.
33. Salonen JT, Nyyssonen K, Korpela H, Tuomilehto J, Seppanen R,
Salonen R. High stored iron levels are associated with excess risk
of myocardial infarction in eastern Finnish men. Circulation.
1992;86(3):803–11.
34. Laukkanen JA, Laaksonen D, Lakka TA, et al. Determinants of
cardiorespiratory fitness in men aged 42 to 60 years with and
without
cardiovascular
disease.
Am
J
Cardiol.
2009;103(11):1598–604. doi:10.1016/j.amjcard.2009.01.371.
35. Kunutsor SK, Khan H, Laukkanen JA. Serum albumin concentration and incident type 2 diabetes risk: new findings from a
population-based cohort study. Diabetologia. 2015;58(5):961–7.
doi:10.1007/s00125-015-3520-0.

Renin-angiotensin system inhibitors and risk of fractures: a prospective cohort study and…
36. Therneau TM, Grambsch PM. Modeling survival data: extending
the cox model. New York: Springer; 2000.
37. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA
statement. PLoS Med. 2009;6(7):e1000097. doi:10.1371/journal.
pmed.1000097.
38. Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of
observational studies in epidemiology. JAMA J Am Med Assoc.
2000;283(15):2008–12. doi:10.1001/jama.283.15.2008.
39. Wells GA, Shea B, O’Connell D, et al. The Newcastle-Ottawa
Scale (NOS) for assessing the quality of nonrandomised studies
in meta-analyses. 2011. http://www.ohri.ca/programs/clinical_
epidemiology/oxford.asp Accessed 20 Aug.
40. Kunutsor SK, Seidu S, Khunti K. Statins and primary prevention of
venous thromboembolism: a systematic review and meta-analysis.
Lancet Haematol. 2017. doi:10.1016/S2352-3026(16)30184-3.
41. Cornfield J. A method of estimating comparative rates from
clinical data; applications to cancer of the lung, breast, and cervix. J Natl Cancer Inst. 1951;11(6):1269–75.
42. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control
Clin Trials. 1986;7(3):177–88.
43. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BMJ. 2003;327(7414):557–60.
doi:10.1136/bmj.327.7414.557.
44. Solomon DH, Mogun H, Garneau K, Fischer MA. Risk of fractures in older adults using antihypertensive medications. J Bone
Miner Res Off J Am Soc Bone Miner Res. 2011;26(7):1561–7.
doi:10.1002/jbmr.356.
45. Song HJ, Lee J, Kim Y-J, et al. b1 selectivity of b-blockers and
reduced risk of fractures in elderly hypertension patients. Bone.
2012;51(6):1008–15. doi:10.1016/j.bone.2012.08.126.
46. Thorell K, Ranstad K, Midlov P, Borgquist L, Halling A. Is use of
fall risk-increasing drugs in an elderly population associated with
an increased risk of hip fracture, after adjustment for multimorbidity level: a cohort study. BMC Geriatr. 2014;14:131. doi:10.
1186/1471-2318-14-131.
47. Ruths S, Bakken MS, Ranhoff AH, Hunskaar S, Engesaeter LB,
Engeland A. Risk of hip fracture among older people using
antihypertensive drugs: a nationwide cohort study. BMC Geriatr.
2015;15:153. doi:10.1186/s12877-015-0154-5.
48. Torstensson M, Hansen AH, Leth-Moller K, et al. Danish register-based study on the association between specific cardiovascular drugs and fragility fractures. BMJ Open. 2015;5(12):
e009522. doi:10.1136/bmjopen-2015-009522.
49. Corrao G, Mazzola P, Monzio Compagnoni M, et al. Antihypertensive medications, loop diuretics, and risk of hip fracture in
the elderly: a population-based cohort study of 81,617 Italian
patients newly treated between 2005 and 2009. Drugs Aging.
2015;32(11):927–36. doi:10.1007/s40266-015-0306-5.
50. Kwok T, Leung J, Barrett-Connor E. Osteoporotic fractures in
men research G. ARB users exhibit a lower fracture incidence
than ACE inhibitor users among older hypertensive men. Age
Ageing. 2016;. doi:10.1093/ageing/afw150.
51. Ellison DH, Velazquez H, Wright FS. Thiazide-sensitive sodium
chloride cotransport in early distal tubule. Am J Physiol.
1987;253(3 Pt 2):F546–54.
52. Barry EL, Gesek FA, Kaplan MR, Hebert SC, Friedman PA.
Expression of the sodium-chloride cotransporter in osteoblast-

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

like cells: effect of thiazide diuretics. Am J Physiol. 1997;272(1
Pt 1):C109–16.
Cherruau M, Facchinetti P, Baroukh B, Saffar JL. Chemical sympathectomy impairs bone resorption in rats: a role for the sympathetic system on bone metabolism. Bone. 1999;25(5):545–51.
Togari A. Adrenergic regulation of bone metabolism: possible
involvement of sympathetic innervation of osteoblastic and
osteoclastic cells. Microsc Res Tech. 2002;58(2):77–84. doi:10.
1002/jemt.10121.
Lavoie JL, Sigmund CD. Minireview: overview of the renin-angiotensin system—an endocrine and paracrine system. Endocrinology. 2003;144(6):2179–83. doi:10.1210/en.2003-0150.
Inaba S, Iwai M, Furuno M, et al. Role of angiotensin-converting
enzyme 2 in cardiac hypertrophy induced by nitric oxide synthase
inhibition. J Hypertens. 2011;29(11):2236–45. doi:10.1097/HJH.
0b013e32834bbb4d.
Lau T, Carlsson PO, Leung PS. Evidence for a local angiotensingenerating system and dose-dependent inhibition of glucosestimulated insulin release by angiotensin II in isolated pancreatic
islets. Diabetologia. 2004;47(2):240–8. doi:10.1007/s00125-0031295-1.
Izu Y, Mizoguchi F, Kawamata A, et al. Angiotensin II type 2
receptor blockade increases bone mass. J Biol Chem. 2009;
284(8):4857–64. doi:10.1074/jbc.M807610200.
Hatton R, Stimpel M, Chambers TJ. Angiotensin II is generated
from angiotensin I by bone cells and stimulates osteoclastic bone
resorption in vitro. J Endocrinol. 1997;152(1):5–10.
Hiruma Y, Inoue A, Hirose S, Hagiwara H. Angiotensin II
stimulates the proliferation of osteoblast-rich populations of cells
from rat calvariae. Biochem Biophys Res Commun. 1997;230(1):
176–8. doi:10.1006/bbrc.1996.5914.
Lamparter S, Kling L, Schrader M, Ziegler R, Pfeilschifter J.
Effects of angiotensin II on bone cells in vitro. J Cell Physiol.
1998;175(1):89–98. doi:10.1002/(SICI)1097-4652(199804)175:
1\89:AID-JCP10[3.0.CO;2-J.
Schurman SJ, Bergstrom WH, Shoemaker LR, Welch TR.
Angiotensin II reduces calcium uptake into bone. Pediatr
Nephrol. 2004;19(1):33–5. doi:10.1007/s00467-003-1361-4.
Hagiwara H, Hiruma Y, Inoue A, Yamaguchi A, Hirose S.
Deceleration by angiotensin II of the differentiation and bone
formation of rat calvarial osteoblastic cells. J Endocrinol.
1998;156(3):543–50.
Shimizu H, Nakagami H, Osako MK, et al. Angiotensin II
accelerates osteoporosis by activating osteoclasts. FASEB J Off
Publ Fed Am Soc Exp Biol. 2008;22(7):2465–75. doi:10.1096/fj.
07-098954.
Donmez BO, Ozdemir S, Sarikanat M, et al. Effect of angiotensin
II type 1 receptor blocker on osteoporotic rat femurs. Pharmacol
Rep. 2012;64(4):878–88.
Garcia P, Schwenzer S, Slotta JE, et al. Inhibition of angiotensinconverting enzyme stimulates fracture healing and periosteal
callus formation—role of a local renin-angiotensin system. Br J
Pharmacol. 2010;159(8):1672–80. doi:10.1111/j.1476-5381.
2010.00651.x.
Bayar A, Turan A, Gulle K, Akpolat M, Turan I, Turhan E. The
effects of the angiotensin converting enzyme inhibitor enalapril
and the angiotensin II type 1 receptor blocker Losartan on fracture healing in rats. Clin Invest Med. 2015;38(4):E164–72.

123

