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Abstract
Medications used to treat hypertension may affect fracture risk. This study investigated fracture risk for users of angiotensin 
converting enzyme inhibitors (ACEI) or angiotensin II receptor blockers (ARB). Participants (899 men, median age 70.3 yr 
(59.9–79.1), range 50.0–96.6 yr; 574 women, median age 65.5 yr (58.1–75.4), range 50.1–94.6 yr) were from the Geelong 
Osteoporosis Study. Medication use was self-reported and incident fractures were ascertained using radiological reports. 
Bone mineral density (BMD) was measured at the femoral neck. Participants were divided into four groups: (1) non-users 
without hypertension, (2) non-users with hypertension, (3) ACEI users and (4) ARB users. Dosage was calculated using 
the defined daily dose (DDD) criteria. Participants were followed from date of visit to first fracture, death or 31 December 
2016, whichever occurred first. Cox proportional hazards models were used for analyses. At least one incident fracture was 
sustained by 156 men and 135 women over a median(IQR) of 11.5(6.2–13.2) and 10.9(6.3–11.6) years of follow-up, respec-
tively. In unadjusted analyses, compared to non-users without hypertension, men in all three other groups had a higher risk 
of fracture (Hazard Ratio (HR, 95%CI) 1.54, 1.00–2.37; 1.90, 1.18–3.05; 2.15, 1.26–3.66), for non-users with hypertension, 
ACEI and ARB users, respectively). Following adjustment for age, prior fracture and BMD, these associations became non-
significant. A dose effect for ARB use was observed; men using lower doses had a higher risk of fracture than non-users 
without hypertension, in both unadjusted (2.66, 1.34–5.29) and adjusted (2.03, 1.01–4.08) analyses, but this association was 
not observed at higher doses. For women, unadjusted analyses showed a higher risk for ACEI users compared to non-users 
without hypertension (1.74, 1.07–2.83). This was explained after adjustment for age, alcohol consumption, prior fracture 
and BMD (1.28, 0.74–2.22). No other differences were observed. In men, lower dose (0 < DDD ≤ 1) ARB use was associated 
with an increased risk of fracture. ACEI or ARB use was not associated with increased risk of incident fracture in women. 
These findings may be important for antihypertensive treatment decisions in individuals with a high risk of fracture.
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Introduction

Osteoporosis and hypertension are both common condi-
tions in older adults and share risk factors such as older 
age, low physical activity, poor diet and smoking [1–3]. 
Both osteoporosis and hypertension can affect the risk of 
future fracture.

Osteoporosis is a systemic condition that results in an 
increased risk of fracture through a reduction in the quan-
tity and quality of bone, such that even low trauma can 
result in a fracture. Although hypertension is not consid-
ered an independent risk factor for fracture, it has been 
suggested to be associated with an increased risk. A poten-
tial mechanism for this has been described, whereby indi-
viduals with hypertension have a net loss of calcium due 
to increased urinary excretion as well as reduced absorp-
tion [4, 5]. This can then lead to increased activation of 
parathyroid tissue and a net loss of calcium from the bones 
[5]. Additionally, hypertension may result in a higher level 
of oxidative stress, which could also lead to poorer bone 
health [6]. Some medications used to lower blood pres-
sure can result in orthostatic hypotension, particularly 
when first prescribed and this can increase the risk of falls 
which can lead to fracture [5]. There are several different 
classes of medication used to treat hypertension and these 
include angiotensin converting enzyme inhibitors (ACEIs) 
and angiotensin II receptor blockers (ARBs), which func-
tion by affecting the renin aldosterone angiotensin system 
(RAAS). These medications may affect fracture risk, as 
components of the RAAS are also present on bone cells, 
specifically osteoclasts and osteoblasts [7]. Activation 
of this system on bone cells results in an increased bone 
resorption and decreased bone formation, which could lead 
to poorer bone quality and quantity [8, 9].

Several studies have examined associations between 
ACEI and/or ARB use and fracture outcomes. ARB use 
has consistently been associated with lower or similar 
fracture rates compared to non-users [10–16]. However, 
ACEI use has been associated with lower fracture rates 
[15–17], no difference in fracture rates [11, 13, 14] and 
higher fracture rates [10, 18] compared to non-users. Part 
of the reason for these conflicting results is the hetero-
geneity amongst studies, as described in a meta-analysis 
by Cheng et al. [19]. This meta-analysis of observational 
studies indicated that age was the most important source 
of heterogeneity and that ACEI use was associated with 
an increased risk of fracture, which was more pronounced 
in those aged ≥ 65 years. Another important contribution 
to the observed heterogeneity was that some studies did 
not account for other important variables such as weight.

It has been estimated that after the age of 50 years, 
one in three women and one in five men will suffer an 

osteoporotic fracture in their remaining lifetime [20]. This 
age group is also at risk of hypertension; the National 
Heart Foundation of Australia guidelines [21] recommend 
that primary prevention for cardiovascular disease is tar-
geted at individuals aged ≥ 45 years. Men and women may 
be differently affected by hypertension; on average, women 
have a lower blood pressure until the age of menopause, 
after which the average blood pressure in women will sur-
pass that in men [22, 23]. Additionally, men may have a 
reduced response to RAAS inhibition compared to women 
[24, 25] and therefore use of antihypertensive medication 
may produce different results by sex. It is likely that both 
men and women in the age range of ≥ 50 years will be 
at elevated risk for fracture and may use antihyperten-
sive medications. Therefore, the aim of this study was to 
investigate the association between ACEI or ARB use and 
longitudinal fracture risk in this age group of men and 
women, adjusting for potential confounders.

Methods

Participants

Participants for these retrospective cohort analyses were 
drawn from the Geelong Osteoporosis Study, which included 
randomly selected residents of the Barwon Statistical Divi-
sion, located in south-eastern Australia. Participants were 
drawn from the electoral roll, to which enrolment is com-
pulsory in Australia, and age stratified to capture the full 
adult age-range. They have provided a wide range of data 
including but not exclusive to questionnaires, anthropometry 
and DXA scans. Baseline assessments for women occurred 
in 1993–1997 and for men in 2001–2006, with participation 
of 77% and 67%, respectively. Participants have returned for 
follow-up visits every few years. Further details of the study 
have been described previously [26]. Data for this study are 
derived from the baseline visit for men (2001–2006) and 
10-year follow-up for women (2004–2008). These follow-up 
visits were selected as they occurred after the introduction 
of ARB medications in Australia (1997) [27]. According 
to Australian Pharmaceutical Benefits Scheme data [28], 
ARB use was initially low (27,627 prescriptions written in 
1997), however this increased over time and during the study 
period (2001–2008) the number of prescriptions plateaued; 
5,421,146 in 2001, 9,446,943 in 2004 and 9,527,533 in 
2007. The increasing and widespread use of ARB medica-
tion by the time of the study period shows that ARB medica-
tions had been available for a sufficient time following their 
introduction in 1997 and therefore, it is not expected that 
there would be any significant effect on the study results.

All data presented focussed on the baseline visit for 
men and 10-year follow-up for women, however it should 
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be noted that at the 10-year follow-up for women, eligible 
responders (73.5%) showed a lower median baseline age 
than non-responders (67.2 vs 83.4 years, p < 0.001), likely 
due to mortality being higher in older age groups. Respond-
ers at this follow-up also were taller (160.7 vs 158.6 cm) at 
baseline than their non-responding peers, however, weight 
was not different (70.0 vs 68.6 kg, p = 0.214). Participants 
aged ≥ 50 years were included in this study, resulting in 930 
men and 578 women of an appropriate age to be eligible for 
analyses.

Of the 930 eligible men, 31 were excluded: 10 were 
excluded due to missing medication data, five were taking 
both an ACEI and an ARB and 14 due to insufficient infor-
mation to determine hypertension status. Two other men 
were excluded due to inability to determine ACEI/ARB 
use status, as they were included in a clinical trial which 
involved the use of an ACEI/ARB medication or placebo. Of 
the 578 eligible women, four were excluded: three were tak-
ing both an ACEI and ARB medication and one had insuf-
ficient information to determine hypertension status. This 
left 899 men and 574 women included in the analyses. A 
participant flow chart is presented in Fig. 1.

Barwon Health Human Research Ethics Committee 
approved the study (projects 92/01 and 00/56).

Medication Use

Current medication use at a single time point (time of study 
visit) was obtained by self-report, including dose, frequency 
and date started. Participants were encouraged to bring their 
medication containers when attending appointments with 
the research team. ACEI and ARB use was determined, as 
well as use of glucocorticoids, other antihypertensive med-
ications (including thiazide diuretics) and statins. Use of 
medications known to have a positive effect on bone were 
also identified by examination of participant questionnaires, 
specifically including bisphosphonates, calcium and/or vita-
min D supplements, and for women, hormone replacement 
therapy.

Since different types of ACEI and ARB medications use 
different doses, these were converted using the defined daily 
dose (DDD) as described by the World Health Organization 
Collaborating Centre for Drug Statistics Methodology [29]. 
It allows standardisation of doses between different drugs. 

Fig. 1   Participant flow chart for men and women in this study. ACEI angiotensin converting enzyme inhibitor, ARB angiotensin II receptor 
blocker. *Two men were participating in a clinical trial that involved the use of either an ACEI/ARB medication or placebo
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The DDD is calculated by the following formula: dose of 
drug taken/dose of drug in a DDD = number of DDDs. For 
this study, ‘low dose’ was considered as 0 < DDD ≤ 1 and 
‘high dose’ as DDD > 1.0.

Incident Fracture Ascertainment

Incident fractures were ascertained using a computerised 
keyword search across reports from all radiological imag-
ing centres within the region independent to participant 
involvement in study visits [2, 30]. Upon review, only clearly 
defined fractures were included. Where a report was listed as 
“suggestive” or “possible” for fracture, these were included 
only when a subsequent report was available for confir-
mation. This method of fracture ascertainment has been 
validated [31]. Fractures of the face, skull, fingers and toes 
were excluded, as well as those occurring from pathology 
or high trauma, as indicated in the report. Cause of fracture 
was coded via ICD-9 codes and included codes 885 (fall on 
same level from slipping, tripping or stumbling), 886 (fall 
on same level from collision, pushing or shoving, by or with 
other person), 887 (fracture, cause unspecified), 888 (other 
and unspecified fall) and 927 (overexertion and strenuous 
movements).

Other Variables

Weight and height were measured using electronic scales 
and a Harpenden wall-mounted stadiometer to the nearest 
0.1 kg and 0.001 m, respectively. Body mass index (BMI) 
was calculated as weight/height (kg/m2). Blood pressure 
(mmHg) was measured in a seated position using an auto-
mated device (Takeda Medical UA-751). Femoral neck 
BMD (g/cm2) was measured for women using a GE-Prod-
igy (Prodigy; GE Lunar, Madison, WI, USA) dual-energy 
X-ray absorptiometry densitometer. The GE-Prodigy was 
also used for 513 men and a Lunar DPX-L (Lunar; Madi-
son, WI, USA) was used for 352 men. No differences were 
observed in cross-calibration testing of these two machines 
[26]. Thirty-four men did not complete a dual-energy X-ray 
absorptiometry scan at their visit but provided sufficient 
information regarding medication use to be included in this 
study.

The following data were self-reported by participants 
from questionnaires. Alcohol consumption was determined 
using a food frequency questionnaire developed by the Vic-
torian Cancer Council [32]. High-alcohol consumption was 
considered as ≥ 30 g of alcohol per day. Information on falls 
was categorised as 0 or ≥ 1 over the previous 12 months. 
Physical activity was self-reported using a seven point scale 
as previously described [26] and included: very active, 
active, sedentary, limited, inactive, chair or bedridden and 
bedfast. These were then categorised into “high” physical 

activity, including very active and active, and “low” physical 
activity including the remaining groups. Smoking status was 
categorised as currently smoking or not. Fractures occurring 
prior to the baseline visit for men and the 10-year follow-
up for women were identified by self-report and confirmed 
using radiological reports where possible.

Charlson Comorbidity Scores [33] were calculated for 
each participant using a combination of self-reported, 
measured and linkage data. Non self-reported data included 
ascertainment of diabetes status, where participants were 
classified as having diabetes if they had fasting plasma glu-
cose ≥ 7.0 mmol/L (126 mg/dL), self-reported diabetes and/
or used antihyperglycemic medications. All data on cancer 
from 1986 onwards were obtained from linkage with the 
Victorian Cancer Registry. Rheumatoid arthritis (consid-
ered under connective tissue disease) was self-reported and 
confirmed using medication and medical record data from 
the University Hospital Geelong (UHG). The presence of 
acquired immunodeficiency syndrome was determined by 
examining self-reported medications, followed by UHG 
medical records. The remaining items were obtained by self-
report. UHG medical records were also used to confirm the 
presence of these medical conditions. Data for congestive 
heart failure and peripheral vascular disease were not avail-
able for men at the baseline visit, and the Charlson Comor-
bidity Score was calculated without these conditions.

The Index of Relative Socio-Economic Advantage and 
Disadvantage (IRSAD) was also determined for each par-
ticipant and is an indicator of socioeconomic status (SES). 
The IRSAD accounts for both disadvantage and advantage; 
it includes income and occupation (unskilled employment 
to professional positions) [34]. A higher score represents a 
more advantaged area, while a lower score indicates a more 
disadvantaged area. These scores were divided into quintiles, 
where quintile 1 represents the most disadvantaged and quin-
tile 5 the most advantaged.

Statistical Analysis

Statistical analyses were conducted separately for men and 
women. The participants were then divided into four groups: 
(1) non-users (of ACEI or ARB medications) without hyper-
tension, (2) non-users with hypertension, (3) ACEI users and 
(4) ARB users. Hypertension for group 2) was categorised as 
self-reported hypertension, use of antihypertensive medication 
except ACEI or ARB, systolic blood pressure ≥ 140 mmHg 
and/or diastolic blood pressure ≥ 90 mmHg. Using these cri-
teria, it may have been possible to capture participants with 
either controlled or uncontrolled hypertension, however, in this 
study there were no participants with uncontrolled hyperten-
sion. All participants categorised as having hypertension were 
also taking an antihypertensive agent. In analyses, non-users 
without hypertension (group 1) were set at the referent group. 
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These groups were created because hypertension status has 
previously been reported to affect fracture risk [4].

The normality of continuous variables was tested using 
the Shapiro–Wilk test. Height, weight, BMI and femoral 
neck BMD were normal; these were described using means 
and standard deviations (SD). The remaining variables were 
described using medians and interquartile range (IQR). Differ-
ences between groups were assessed using ANOVA for height 
and femoral neck BMD and Kruskal–Wallis for the other vari-
ables. Categorical data were described using n(%) and differ-
ences assessed using Chi-squared tests. Dunn and Tukey tests 
were also used to further investigate differences in continuous 
variables between groups, employing a p value < 0.01.

Participants were followed from baseline or 10-year follow-
up (men and women, respectively) to date of first fracture, date 
of death or the end of the study period (31 December 2016), 
whichever occurred first. Kaplan–Meier plots were generated, 
and Log-rank tests were used to assess unadjusted fracture risk 
across the groups. Cox proportional hazard models were used 
for multivariable (adjusted) survival analysis including the fol-
lowing variables: age, weight, height, alcohol consumption, 
falls, physical activity, smoking status, prior fracture, statin 
use, thiazide diuretic use, glucocorticoid use, use of medica-
tions with a positive effect on bone, Charlson Comorbidity 
Score, SES and femoral neck BMD. These variables were 
first tested in bivariate analyses and those that were signifi-
cant (p < 0.05) were included in the final multivariable model. 
Those variables that remained significant in the final model 
were retained. This was completed independently for men and 
women, resulting in different variables being included in the 
final multivariable models. The effect of ACEI or ARB dose 
was also explored, and there was evidence of a dose effect for 
ARBs in men. Thus an additional analysis was performed for 
men, stratifying ARB dose using “high” and “low” DDD cat-
egories defined above. No evidence of a dose effect for either 
ACEI or ARB use was observed in women and no additional 
analyses were performed. Hazard ratios (HRs) and 95% con-
fidence intervals (CIs) from the Cox model were reported. 
Proportional hazard model assumptions were tested and all 
models met the assumptions. Interaction terms were also tested 
and none were identified.

Analyses were completed using Minitab (Minitab, ver-
sion 18, State College, PA, USA) and STATA (Version 15.1. 
StataCorp. 2017. Stata Statistical Software: Release 15. Col-
lege Station, TX: StataCorp LLC).

Results

Men

Of 899 men, 197 (21.9%) used an ACEI medication, 107 
(11.9%) used an ARB medication and 595 (66.2%) used 

neither an ACEI or ARB medication (“non-users”). Among 
non-users, 356 men had hypertension and 239 did not.

Descriptive Characteristics

Compared to non-users without hypertension, men in the 
other three groups were older, shorter, had a higher BMI, 
higher blood pressure, were more likely to use statins or thi-
azide diuretics and had a higher Charlson Comorbidity Score 
(Table 1). A difference was detected between the groups 
for SES, where men in the non-users without hypertension 
group were overrepresented in quintiles 4 and 5 compared 
to the other three groups. Men taking ACEI or ARB medica-
tions were more likely to have lower physical activity than 
the other two groups, whereas men taking an ARB medica-
tion had a greater weight than the other three groups.

Incident Fracture risk

During 8808 person-years of follow-up (median, IQR: 11.5, 
6.2–13.2 years), 156 men sustained at least one fracture. 
This corresponded to a rate of 1.77 (95% CI 1.51–2.07) frac-
tures per 100,000 person-years of follow-up. These included 
70 vertebra, 19 hip, 18 rib, 15 forearm/wrist, 7 ankle, 6 
humerus, 4 foot, 4 pelvis, 3 clavicle, 3 femur, 3 hand, 3 
tibia/fibula and 1 patella fracture. The duration of follow-
up for those with and without fracture were (median, IQR) 
5.4 years (2.7–9.0) and 12.4 years (8.0–13.3), respectively.

Figure 2a shows the Kaplan–Meier plot for incident frac-
ture risk in each of the groups. In unadjusted analyses, com-
pared to non-users without hypertension, all three of the 
other groups (non-users with hypertension, ACEI users and 
ARB users) had a higher risk of fracture (Table 2). In analy-
ses adjusted for age, prior fracture and femoral neck BMD, 
these associations were attenuated (Table 2 and Fig. 2b).

However, the point estimate for fracture risk in men who 
used ARB medications remained elevated compared to the 
other groups. Additionally, there was evidence that the dose 
of ARB medication was important; the DDDs for men who 
did and did not sustain an incident fracture were 1.0 and 
2.0, respectively. Therefore, an additional analysis was con-
ducted, comparing ‘high’ and ‘low’ doses of ARB medica-
tion (high; N = 56, low; N = 40, missing; N = 11).

Compared to men taking a high dose of ARB medication, 
men taking a lower dose had a lower weight (mean ± SD; 
82.4 ± 11.8 vs 90.4 ± 16.3 kg, p = 0.047) and higher num-
ber of comorbidities (median(IQR) Charlson Comorbidity 
Score; 1 (0–1), vs 0 (0–1), p = 0.05). The proportions of 
men who sustained an incident fracture over the follow-up 
period for high and low dose ARB use were 8.7% and 27.5%, 
respectively. In unadjusted analyses (Table 3), compared to 
non-users without hypertension, men taking ACEIs (HR 
1.87, 95% CI 1.16–3.01, p = 0.010) and low dose ARBs 
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Table 1   Descriptive statistics for men and women stratified by use of angiotensin converting enzyme inhibitors (ACEI) or angiotensin receptor 
blockers (ARB)

Men Non-users with-
out hypertension 
(n = 239)

Non-users with 
hypertension 
(n = 356)

ACEI (n = 197) ARB (n = 107) p value

Age (yr) 61.6 (54.3–72.5),
range 50.2–96.6

71.2 (61.8–80.2),
range 50.0–93.6

75.4 (66.3–82.2),
range 50.5–92.7

73.4 (61.9–80.6),
range 50.2–93.5

 < 0.001

Weight (kg) 80.6 ± 13.1 81.8 ± 13.9 82.7 ± 14.1 85.3 ± 13.4 0.034
Height (cm) 174.1 ± 7.1 172.3 ± 6.6 171.8 ± 6.9 172.3 ± 5.6 0.002
Body mass index (kg/m2) 26.5 ± 3.5 27.5 ± 4.2 28.0 ± 4.3 28.7 ± 4.2  < 0.001
Systolic blood pressure (mmHg) 126 (120–132) 145 (135–157) 138 (128–154) 140 (130–154)  < 0.001
Diastolic blood pressure (mmHg) 81 (76–85) 91 (81–99) 84 (75–92) 84 (77–93)  < 0.001
High alcohol consumption 49 (20.5) 74 (20.8) 38 (19.3) 25 (23.4) 0.897
Falls (one or more over past 12 months) 65 (27.2) 113 (31.7) 67 (34.0) 31 (29.0) 0.426
Low physical activity 60 (25.1) 98 (27.5) 70 (35.5) 39 (36.5) 0.033
Smoking 20 (8.4) 40 (11.2) 14 (7.1) 9 (8.4) 0.381
Prior fracture 40 (16.7) 74 (20.8) 28 (14.2) 25 (23.4) 0.123
Statin use 24 (10.0) 74 (20.8) 87 (44.2) 35 (32.7)  < 0.001
Thiazide diuretic use 0 (0.0) 7 (2.0) 16 (8.1) 20 (18.7)  < 0.001
Antihypertension medication usea 0 (0.0) 127 (35.7) 119 (60.4) 58 (54.2)  < 0.001
Glucocorticoid use 4 (1.7) 12 (3.4) 7 (3.6) 3 (2.8) –
Medications with a positive effect on boneb 7 (2.9) 20 (5.6) 12 (6.1) 6 (5.6) 0.746
Charlson Comorbidity Score 0 (0–1) 0 (0–1) 1 (0–2) 0 (0–1)  < 0.001
SESc 0.044
 Quintile 1 (most disadvantaged) 32 (13.4) 75 (21.1) 44 (22.3) 22 (20.6)
 Quintile 2 47 (19.7) 76 (21.4) 51 (25.9) 21 (19.6)
 Quintile 3 43 (18.0) 82 (23.0) 31 (15.7) 20 (18.7)
 Quintile 4 57 (24.0) 60 (16.9) 30 (15.2) 20 (18.7)
 Quintile 5 (most advantaged) 60 (25.1) 63 (17.7) 41 (20.8) 24 (22.4)

Femoral neck BMD (g/cm2) 0.954 ± 0.128 0.947 ± 0.150 0.929 ± 0.148 0.944 ± 0.153 0.380
Any incident fracture 31 (13.0) 63 (17.7) 38 (19.3) 24 (22.4) 0.487
Incident fracture rate per 100,000 person 

years follow-up (95%CI)
1.18 (0.80–1.67) 1.80 (1.39–2.30) 2.21 (1.57–3.01) 2.51 (1.62–3.71)  < 0.001

Women Non-users with-
out hypertension 
(n = 220)

Non-users with 
hypertension 
(n = 162)

ACEI (n = 76) ARB (n = 116) p value

Age (yr) 60.1 (55.2–67.2),
range 50.1–92.2

69.8 (61.1–78.1),
range 50.3–94.6

71.8 (63.0–79.2),
range 50.7–92.2

68.8 (60.4–77.7),
range 50.2–92.7

 < 0.001

Weight (kg) 69.3 ± 13.3 73.3 ± 14.7 72.3 ± 17.0 76.6 ± 16.3  < 0.001
Height (cm) 161.4 ± 6.2 159.0 ± 6.9 158.2 ± 6.2 159.1 ± 6.4  < 0.001
Body mass index (kg/m2) 26.6 ± 4.9 29.0 ± 5.6 28.8 ± 6.6 30.2 ± 6.1  < 0.001
Systolic blood pressure (mmHg) 123 (114–132) 141 (130–151) 136 (122–147) 137 (127–146)  < 0.001
Diastolic blood pressure (mmHg) 76 (71–80) 82 (76–89) 76 (69–85) 78 (72–85)  < 0.001
High alcohol consumption 14 (6.4) 6 (3.7) 2 (2.6) 3 (2.6) –
Falls (one or more over past 12 months) 60 (27.3) 53 (32.7) 29 (38.2) 36 (31.0) 0.361
Low physical activity 40 (18.2) 58 (35.8) 35 (46.1) 47 (40.5)  < 0.001
Smoking 27 (12.3) 9 (5.6) 6 (7.9) 8 (6.9) 0.099
Prior fracture 32 (14.5) 37 (22.8) 21 (27.6) 24 (20.7) 0.058
Statin use 23 (10.5) 27 (16.7) 23 (30.3) 40 (34.5)  < 0.001
Thiazide diuretic use 0 (0.0) 7 (4.3) 10 (13.2) 22 (19.0)  < 0.001
Antihypertension medication usea 0 (0.0) 87 (53.7) 52 (68.4) 61 (52.6)  < 0.001
Glucocorticoid use 6 (2.7) 4 (2.5) 2 (2.6) 1 (0.9) –
Medications with a positive effect on boneb 35 (15.9) 15 (9.3) 21 (27.6) 18 (15.5) 0.004
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(HR 2.66, 95%CI 1.34–5.29, p = 0.005) had a higher risk of 
incident fracture. Non-users of ACEI/ARB medication with 
hypertension also had an elevated risk, however, this did not 
reach significance (HR 1.53, 95% CI 0.99–2.35, p = 0.054). 
Men using higher dose ARBs did not have an elevated risk 
of incident fracture (HR 0.71, 95%CI 0.17–2.98, p = 0.643). 
In analyses adjusted for age, prior fracture and femoral neck 
BMD (Table 3), the association with low dose ARBs was 
sustained (HR 2.03, 95%CI 1.01–4.08, p = 0.048). The asso-
ciation for non-users with hypertension (HR 1.04, 95%CI 
0.66–1.62, p = 0.879) and ACEIs was attenuated (HR 1.00, 
95%CI 0.60–1.68, p = 0.987). The association for men tak-
ing a higher dose of ARB medication also remained non-
significant (HR 0.27, 95%CI 0.04–1.99, p = 0.199).

Women

Of the 574 women, 76 (13.2%) used an ACEI medication, 
116 (20.2%) used an ARB medication and 382 (66.6%) used 
neither an ACEI nor ARB medication (“non-users”). Within 
the non-users group, there were 162 women with hyperten-
sion and 220 without hypertension.

Descriptive characteristics

Compared to non-users without hypertension, women in 
the other three groups were older, shorter, had higher BMI, 

higher systolic blood pressure, were more likely to have 
lower physical activity and had a higher Charlson Comor-
bidity Index Score (Table 1). Women in the non-user with 
hypertension and ARB user groups had a higher weight 
and diastolic blood pressure compared to women who were 
in the non-user without hypertension group. Addition-
ally, compared to non-users without hypertension, women 
in the non-user with hypertension and ACEI user groups 
had lower BMD, however, women with ARB did not have 
a lower BMD. Women taking ACEI or ARB medications 
were more likely to use a statin than women in the non-
user without hypertension group, whereas women taking an 
ACEI medication were more likely to use a medication that 
positively affects bone than the other three groups. Thiazide 
diuretic use was also higher in women taking ACEI or ARB 
medications than in the other two groups.

Incident fracture risk

During 5156 person-years of follow-up (median, IQR: 10.9, 
6.3–11.6 years), 135 women sustained at least one fracture. 
This was a rate of 2.62 (95% CI 2.21–3.10) fractures per 
100,000 person-years of follow-up. These included 41 verte-
bra, 26 forearm/wrist, 11 ankle, 10 foot, 10 hip, 10 humerus, 
10 rib, 4 pelvis, 3 femur, 3 patella, 3 tibia/fibula, 2 hand, 1 
clavicle and 1 scapula fracture. The duration of follow-up 

Table 1   (continued)

Women Non-users with-
out hypertension 
(n = 220)

Non-users with 
hypertension 
(n = 162)

ACEI (n = 76) ARB (n = 116) p value

Charlson Comorbidity Score 0 (0–0) 0 (0–1) 1 (0–1) 0 (0–1)  < 0.001
SESc 0.272
 Quintile 1 (most disadvantaged) 29 (13.2) 34 (21.0) 14 (18.4) 22 (19.0)
 Quintile 2 44 (20.0) 30 (18.5) 13 (17.1) 19 (16.4)
 Quintile 3 48 (21.8) 46 (28.4) 20 (26.3) 28 (24.1)
 Quintile 4 45 (20.5) 22 (13.6) 14 (18.4) 29 (25.0)
 Quintile 5 (most advantaged) 54 (24.6) 30 (18.5) 15 (19.7) 18 (15.5)

Femoral neck BMD (g/cm2) 0.875 ± 0.136 0.847 ± 0.160 0.829 ± 0.160 0.885 ± 0.172 0.041
Any incident fracture 47 (21.4) 36 (22.2) 25 (32.9) 27 (23.3) 0.495
Incident fracture rate per 100,000 person 

years follow-up (95%CI)
2.26 (1.66–2.99) 2.58 (1.81–3.55) 4.05 (2.64–5.92) 2.55 (1.69–3.69)  < 0.001

Data presented as mean ± SD, median(IQR) or n(%)
a Includes calcium channel blockers, beta blockers and diuretics
b Includes bisphosphonates, calcium and/or vitamin D supplements and hormone replacement therapy
c Socioeconomic status
Missing data: Men: weight n = 33, height n = 33, body mass index n = 33, blood pressure n = 91, alcohol consumption n = 49, falls n = 2, statin 
use n = 161, glucocorticoid use n = 161, medications with a positive effect on bone n = 161, femoral neck bone mineral density n = 65. Women: 
weight n = 16, height n = 15, body mass index n = 16, blood pressure n = 59, alcohol consumption n = 21, falls n = 5, physical activity n = 4, 
smoking n = 4, prior fracture n = 2, glucocorticoid use n = 3, medications with a positive effect on bone n = 3, Charlson Comorbidity Index n = 4, 
femoral neck bone mineral density n = 41
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Fig. 2   Unadjusted and adjusted cumulative survival functions for 
angiotensin converting enzyme inhibitor (ACEI) or angiotensin 
receptor blocker (ARB) use versus fracture survival time. Panels 

show: a Men, unadjusted, b Men, adjusted, c Women, unadjusted and 
d Women, adjusted

Table 2   Associations between fracture and use of angiotensin converting enzyme inhibitors (ACEI) or angiotensin receptor blockers (ARB)

Data presented as hazard ratios and 95% CIs
a Adjusted model includes age, prior fracture, femoral neck bone mineral density and ARB dose
b Adjusted model includes age, alcohol consumption, prior fracture and femoral neck bone mineral density

Men Non-users without 
hypertension (N = 239)

Non-users with hyper-
tension (N = 356)

p value ACEI (N = 197) p value ARB (N = 107) p value

Unadjusted Referent 1.54 (1.00–2.37) 0.049 1.90 (1.18–3.05) 0.008 2.15 (1.26–3.66) 0.005
Adjusteda Referent 1.06 (0.68–1.66) 0.799 1.05 (0.63–1.76) 0.859 1.46 (0.83–2.56) 0.184

Women Non-users without 
hypertension (N = 220)

Non-users with hyper-
tension (N = 162)

p value ACEI (N = 76) p value ARB (N = 116) p value

Unadjusted Referent 1.13 (0.73–1.74) 0.588 1.74 (1.07–2.83) 0.025 1.12 (0.70–1.80) 0.641
Adjustedb Referent 0.88 (0.54–1.43) 0.596 1.28 (0.74–2.22) 0.375 0.92 (0.53–1.57) 0.750
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for those with and without fracture were (median, IQR) 
3.9 years (1.9–6.4) and 11.3 years (10.5–11.8), respectively.

The Kaplan–Meier plot for incident fracture risk is shown 
in Fig. 2c. Compared to non-users without hypertension, 
women who used ACEIs had a higher risk of incident frac-
ture in unadjusted analyses (Table 2). Following adjustment 
for age, alcohol consumption, prior fracture and femoral 
neck BMD, this association was attenuated (Table 2 and 
Fig. 2d). No other differences between the groups were 
observed. There was no evidence of a dose effect for ARB 
medication use; the proportions of women who sustained an 
incident fracture during the follow-up period were similar 
for low and high dose (22.7% vs 19.4%, p = 0.726).

Discussion

This study detected no associations between fracture risk 
and ACEI or ARB use compared to non-users without 
hypertension in women. However, men using a lower dose 
of ARB medication had a higher risk of fracture than non-
users without hypertension. Men with hypertension who did 
not use ARBs or ACEIs were also at an increased risk for 
fracture but this did not reach significance. This result is 
not unexpected, as previous literature suggests an increased 
risk of fracture in the presence of hypertension [4, 35]. No 
other associations were detected for men. Thiazide use did 
not alter the relationships observed in either men or women.

Previous studies have performed similar analyses with 
differing results. Several studies have utilised administrative 
databases such as a study by Choi et al. [10], which followed 
male and female participants over a 1.9 year period using 
medical claims data. The study reported that ARB use was 
not associated with an increased risk of fracture compared 
to non-users (HR, 95%CI 1.00, 0.95–1.05). However, ACEI 
users were at an elevated risk (1.68, 1.49–1.91). Models 
were adjusted for age, sex, diabetes and osteoporosis (diag-
nosis and treatment), however, data were not available for 
BMD or clinical measurements such as weight and height. 
In another study, Medicare data from the USA were used 
to follow new users of antihypertensive medications for 

60–90 days [13]. Compared to calcium channel blocker use 
(referent group), men and women using ARB medications 
had a lower risk of fracture (HR, 95%CI 0.76, 0.68–0.86) 
whereas those using ACEI medications showed no differ-
ence (0.96, 0.90–1.04). The models in these analyses were 
adjusted for age, sex, ethnicity, osteoporosis (diagnosis and 
treatment), prior fracture, BMD, other medications, falls, 
hospitalisations and comorbidities. Importantly, height and 
weight were not included in these models. Additionally, the 
eligibility criteria for Medicare (age ≥ 65 years, USA citi-
zen ≥ 5 years, younger person with a disability and people 
with end stage renal disease) could have resulted in a sample 
that was not generalisable to other populations. Kao et al. 
[15] used a health insurance database to follow participants 
with hypertension over a six year period. The results showed 
that both ACEI and ARB use were associated with a lower 
risk of fracture compared to non-users (HR, 95%CI 0.70, 
0.62–0.79 and 0.58, 0.51–0.65, respectively). Potential con-
founders considered in the models included age, sex, comor-
bidities, socioeconomic variables and other medication use, 
however, weight and BMD were not available.

In a cross-sectional study, Rejnmark et al. [17] used data 
from computerised registers to investigate the risk of fracture 
in the year 2000, with the independent variable being ACEI 
use in the past five years. The study showed that compared 
to non-users, ACEI use was associated with a reduced risk 
of fracture (OR 95% CI, 0.93, 0.90–0.96). The models were 
adjusted for prior fracture, comorbidities, other medication 
use, hospitalisations, employment status and socioeconomic 
factors. Age and sex stratified analyses were also completed, 
which showed similar results. Another study examined the 
risk of fracture in new ACEI users compared to new ARB 
users using administrative databases [14]. The partici-
pants were aged > 65 years and time to fracture was similar 
for both ACEI and ARB users (mean ± SD; 1.7 ± 1.7 and 
1.9 ± 1.8 years, respectively). The study reported that com-
pared to ACEI users, ARB users did not have an increased 
risk of osteoporotic fractures (HR, 95%CI 0.90, 0.74–1.08). 
In this study, the models were adjusted for medication dose, 
though it is not clear whether the other available variables 
were included in the models.

Table 3   Analyses for men with angiotensin receptor blocker (ARB) use categorised as “low” (0 < defined daily dose ≤ 1) and “high” (> 1). Data 
presented as hazard ratios and 95% CIs

a Adjusted model includes age, prior fracture and femoral neck bone mineral density
ACEI = angiotensin converting enzyme inhibitor
11 men missing information on ARB dosage

Men Non-users with-
out hypertension 
(N = 239)

Non-users with 
hypertension 
(N = 356)

p value ACEI (N = 197) p value ARB low dose 
(N = 40)

p value ARB high dose 
(N = 56)

p value

Unadjusted Referent 1.53 (0.99–2.35) 0.054 1.87 (1.16–3.01) 0.010 2.66 (1.34–5.29) 0.005 0.71 (0.17–2.98) 0.643
Adjusteda Referent 1.04 (0.66–1.62) 0.879 1.00 (0.60–1.68) 0.987 2.03 (1.01–4.08) 0.048 0.27 (0.04–1.99) 0.199
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Bokrantz et al. [11] investigated the association between 
hip fractures and ACEI or ARB use in hypertensive men 
and women aged ≥ 50 years using data from the Swedish 
Primary Care Cardiovascular Database. Participants were 
followed for a maximum of six years. The results showed 
that compared to non-users with hypertension, there were 
no differences in risk of hip fracture for either ACEI (HR, 
95%CI 1.05, 0.95–1.15) or ARB use (0.98, 0.87–1.11). Mod-
els were adjusted for age, sex, BMI, smoking status, prior 
fracture, diabetes, other medications, comorbidities and 
socioeconomic variables. However, smoking and BMI data 
were missing for many participants in this study. The results 
were similar for men and women separately. An additional 
study by Ruths et al. [18] used data from the Norwegian Pre-
scription Database and Norwegian Hip Fracture Registry to 
investigate the association between antihypertensive medi-
cations and hip fracture over a six year period. The authors 
reported an age effect, where individuals aged < 80 years 
using ACEI medication had an increased risk of hip frac-
ture, while those aged ≥ 80 years had a reduced risk of hip 
fracture. Hip fracture risk was also reduced for individuals 
taking ARB medications.

A few cohort studies have also been used to investigate 
the risk of fracture in users of ACEI and ARB medica-
tions. A study by Kwok et al. [12] compared ACEI and 
ARB use to non-users with hypertension using data from 
the Osteoporotic Fractures in Men Study (MrOS), which 
followed 2573 men aged ≥ 65 years for a mean of 6.8 years. 
The results showed that compared to non-users, men tak-
ing ACEI or ARB medications had a lower risk of fracture. 
The authors also reported that a higher duration of ARB 
use was associated with a larger reduction in fracture risk, 
however, the same was not observed for ACEI use. Mod-
els were adjusted for age, other medications, prior fracture, 
inability to complete a narrow walking trial, falls, BMD and 
depressed mood. This study did have data on weight, but this 
was not included in the final models. Another study followed 
women over a median 6.5 year period and showed that ACEI 
use was not associated with fracture risk (HR, 95%CI 0.78, 
0.47–1.29) and neither was ARB use (1.16, 0.69–1.98) [36]. 
However, the authors reported that there was a dose effect 
observed, where longer term use (> 3 years) was associated 
with a lower risk of fracture, whereas the opposite was true 
for shorter term use (≤ 3 years). The models were adjusted 
for a large number of potential confounding variables includ-
ing age, BMI, ethnicity, smoking status, alcohol consump-
tion, prior fracture (self and parents), comorbidities and 
other medication use.

Other studies have investigated the risk of fracture con-
sidering ACEIs and ARBs combined, rather than sepa-
rately. For example, Chen et al. [37] used a health insur-
ance database to investigate the risk of fracture for men 
and women with hypertension who were aged ≥ 40 years. 

The results showed that individuals using a RAAS blocker 
(which included ACEIs, ARBs and mineralocorticoid recep-
tor antagonists) had a lower risk of fracture compared to 
non-users (HR, 95%CI 0.66, 0.59–0.75). This effect was 
observed for both men and women, as well as across mul-
tiple age groups. The models were adjusted for age, sex, 
comorbidities, other medications and socioeconomic factors, 
however, weight and BMD were not available. Another study 
by Shea et al. [16] included men and women aged ≥ 65 years 
and determined the risk of hip fracture for users of ACEIs or 
ARBs (combined). Compared to non-users, those who used 
ACEI/ARB medications had a lower risk of hip fracture (HR 
95%CI, 0.707, 0.585–0.853). The models were adjusted for 
age, sex, socioeconomic variables, prior fracture and other 
medication use. Kunutsor et al. [38] conducted both a meta-
analysis and a cohort study in their publication, the latter 
of which followed men and women for a median of 14.8 
(12.8–15.8) years. The authors reported that ACEI or ARB 
use was not associated with fractures compared to non-users 
(HR, 95%CI 1.00, 0.59–1.69). Their models included age, 
sex, BMI, smoking status, alcohol consumption, diabetes, 
blood pressure, other medication use, socioeconomic status 
and physical activity. In these three above studies, it is not 
clear if the associations are driven by ACEI use, ARB use, 
or both, as other studies have reported that the two differ-
ent classes of medication have differing associations with 
fracture.

Overall, there have been several studies that have exam-
ined associations between ACEI and/or ARB medication use 
and fracture risk. However, the results have been inconsistent 
and this may be due to heterogeneity among studies, making 
meaningful comparisons difficult. We have described exam-
ples of this heterogeneity above, highlighting the major dif-
ferences in studies that make it challenging to compare our 
data with previous work. For example, many studies did not 
have data for potential confounding variables such as weight 
and BMD, some had short or unspecified follow-up dura-
tion, some examined hip fractures only, some include men 
and women whereas others only include one sex, some have 
combined ACEIs and ARBs whereas others have not, dif-
ferent studies have used different control groups, some stud-
ies have examined new users of ACEIs and ARBs whereas 
others included longer duration users and age groups differ 
across the studies. Our study has some strengths in that we 
have examined ACEI and ARB use separately, both men and 
women were included, adjustments for other confounding 
variables were made (particularly weight and BMD), follow-
up time was long and all fractures were considered (except 
high trauma, face/skull, fingers and toes).

Our results for ACEI use do agree with several studies 
reporting no association with fracture risk [11, 13, 36]. How-
ever, there are also studies reporting an elevated fracture risk 
[10] or lower fracture risk [12, 15, 17]. Different associations 
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have also been reported by age, where fracture risk was 
both elevated and reduced depending upon age (Ruths et al. 
[18]). In several studies, no associations between ACEI use 
were observed when younger age groups were considered 
(e.g. ≥ 50 years) [11, 36] (and this study), whereas two stud-
ies including an older group of participants (e.g. ≥ 65 years) 
have reported differences in fracture risk [12, 17]. Overall, 
for ACEI use, previous literature, as well as our own study 
generally indicate a lower or unaffected risk of subsequent 
fracture. No previous studies have reported that ARB use 
was associated with a higher risk of fracture in men. Pre-
vious work has generally indicated a reduction in fracture 
risk with ARB use, irrespective of age group studied [12, 
13, 15, 18]. It is unclear why our study differs from the lit-
erature, but may be related to ARB medications not being 
available in Australia until 1997, whereas ACEI medications 
were available much earlier [27]. Of the men in this study 
who were currently taking an ARB medication, 29 reported 
taking another antihypertensive medication previously. Of 
these, 10 were previously taking an ACEI medication, five 
were taking an ARB medication and 14 were taking a differ-
ent type of antihypertensive medication (such as a calcium 
channel blocker). For men currently taking an ACEI medica-
tion, 19 had a previous antihypertensive medication, where 
12 of these were on previous ACEI medication, while the 
other seven were neither ACEI nor ARB medications. None 
of the current ACEI users had previously taken an ARB 
medication. It is possible that some individuals currently 
taking ARB medication may have changed from a previous 
antihypertensive medication due to insufficient reduction in 
blood pressure, perhaps with a background of other comor-
bidities, or alternatively experienced adverse drug events 
such as persistent cough. In this study, men taking a lower 
dose of ARB medications had a higher number of comor-
bidities compared to those taking a higher dose, which may 
have affected fracture risk. One comorbidity, diabetes, which 
is known to affect fracture risk [39–41], was more common 
among those using low dose (17.1%) compared to high dose 
(8.3%) ARB medications. Men taking a lower dose of ARB 
medication also had lower weight compared to those taking 
a higher dose and this is important because BMD increases 
with increasing BMI [42]. Femoral neck BMD appeared to 
be lower for men taking lower compared to higher ARB 
doses, though the difference was not significant (p = 0.699). 
Another possible reason for the results observed in this study 
is that individuals taking a lower dose of ARB medications 
may not have sufficient blockage of the angiotensin II recep-
tor type 1. Since angiotensin II is detrimental to bone by 
promoting bone resorption and inhibiting bone formation [8, 
9], it is possible that insufficient blockade of the angiotensin 
II receptor may lead to reduced bone quantity and quality 
leading to an increased fracture risk. Finally, the men cur-
rently using an ARB medication may also have had specific 

unknown characteristics that placed them at a higher risk for 
fracture that were not accounted for in the analyses.

In this study, we also reported different results for men 
and women, which may be related to differences in response 
to RAAS inhibition. It has been reported that female rats had 
a greater change in blood pressure compared to males fol-
lowing administration of the ACEI, enalapril [24]. It has also 
been reported that overall, males have greater expression 
levels and responses to angiotensin II, angiotensin II type 1 
receptor and the angiotensin converting enzyme compared 
to females [22]. Additionally, androgens can promote the 
synthesis of angiotensinogen, which leads to higher levels 
of angiotensin II [25]. Therefore, it is possible that men in 
this study showed a greater response to angiotensin II lev-
els, leading to different observations compared to women, 
who may have had a greater response to RAAS inhibition. 
Additionally, participants in this study were aged ≥ 50 years, 
where the fracture risk for women is higher than in men, fol-
lowing menopause [43]. Thus, it is also possible that women 
in this study were at an increased risk for fracture, such that 
RAAS inhibition was not a significant risk factor for frac-
ture, while for men this was not the case.

While the assessment of other anti-hypertensive agents 
and their association with fracture risk was outside the scope 
of this study, we note that previous literature shows mixed 
associations between other anti-hypertensives (such as loop 
diuretics, thiazides and beta blockers) and fracture risk [11, 
13]. This may be an avenue for future research.

There were several strengths and limitations to this study. 
The participants were randomly selected and population-
based. Some self-reported data were used in this study, 
however some variables including fracture endpoints were 
objectively measured. However, since radiological reports 
were used to determine fracture endpoints, there was mini-
mal loss to follow-up, even if a participant did not attend 
a subsequent follow-up visit. In determining fractures, we 
have taken an inclusive approach and utilised ICD-9 codes 
for cause of injury which aim to capture all minimal trauma 
fractures, and acknowledge that we cannot guarantee that 
all higher trauma fractures were excluded from the study. 
National Deaths Index data were also used to determine 
date of death, which further minimised bias from loss to 
follow-up. Non-users without hypertension were younger 
than their counterparts with hypertension, therefore, mod-
els were adjusted for age, but additional confounding from 
other factors associated with age may not have been captured 
in these models. Additionally, data were available for other 
potential confounders including weight, other medications 
and comorbidities. However, these confounders and medica-
tion use were assessed at a single time point prior to assess-
ment of fracture and changes may have occurred in these 
variables in the intervening time period. There may also be 
residual confounding that had not been taken into account. 
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Additionally, since medication use was only assessed at a 
single time point, and this was earlier for men than women, 
it is possible that changes in the prescription of ARB med-
ications in Australia over time could have influenced the 
observed differences between the sexes. It is also possible 
that this study had insufficient power to detect differences 
between the groups, particularly for women. An associa-
tion between ACEI use and fracture risk was observed in 
unadjusted analyses, though this was attenuated following 
adjustment for other variables. However, the point estimate 
remained elevated in adjusted analyses and it is possible 
that there was insufficient power to detect any differences. 
There was also an insufficient number of participants using 
different types of ACEI and ARB medications (e.g. irbesar-
tan and candesartan for ARBs) and it was not possible to 
assess differences between these different agents. In addi-
tion, compliance with medication dose was not available. It 
is also possible that some participants changed medication 
dose or type during the follow-up period and this could have 
affected the results.

Conclusions

For women, ACEI or ARB use was not associated with 
increased risk of incident fracture. In men, a dose effect was 
observed, where men taking a lower dose ARB medication 
were more likely to sustain an incident fracture. This study 
adds to the literature regarding the effect of ACEI and ARB 
use on fracture risk, however, additional studies with larger 
sample sizes and longer follow-up times are needed to con-
firm these findings.

Acknowledgements  The Geelong Osteoporosis Study was supported 
by Grants from the National Health and Medical Research Council 
(NHMRC; Grants 251638, 299831, 628582). KLH-K is supported 
by an Alfred Deakin Postdoctoral Research Fellowship and KBA by 
an Australian Government Research Training Program Scholarship. 
The authors thank Professor Graham Giles of the Cancer Epidemiol-
ogy Centre of The Cancer Council Victoria, for permission to use the 
Dietary Questionnaire for Epidemiological Studies (Version 2), Mel-
bourne: The Cancer Council Victoria 1996. The authors also thank the 
Victorian Cancer Registry for data linkage and the Australian Institute 
for Health and Welfare (AIHW) for providing deaths data.

Funding  Open Access funding enabled and organized by CAUL and 
its Member Institutions.

Declarations 

Conflict of interest  AGB, JG, MAK, W-HL, MH and JAP declare they 
have no conflict of interest.

Human and Animal Rights  All procedures performed in studies involv-
ing human participants were in accordance with the ethical standards of 
the institutional and/or national research committee and with the 1964 

Helsinki declaration and its later amendments or comparable ethical 
standards.

Informed Consent  Informed consent was obtained from all individual 
participants included in the study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Henry MJ, Pasco JA, Nicholson GC et al (2000) Prevalence of 
osteoporosis in Australian women: Geelong osteoporosis study. J 
Clin Densitom 3:261–268

	 2.	 Pasco JA, Lane SE, Brennan-Olsen SL et al (2015) The epidemi-
ology of incident fracture from cradle to senescence. Calcif Tis-
sue Int 97:568–576. https://​doi.​org/​10.​1007/​s00223-​015-​0053-y

	 3.	 Ghosh M, Majumdar SR (2014) Antihypertensive medications, 
bone mineral density, and fractures: a review of old cardiac 
drugs that provides new insights into osteoporosis. Endocrine 
46:397–405. https://​doi.​org/​10.​1007/​s12020-​014-​0167-4

	 4.	 Butt DA, Alharty R, Leu R, Cheung AM (2015) Hyperten-
sion, antihypertensive drugs and the risk of fractures. Clin Rev 
Bone Mineral Metabol 13:160–172. https://​doi.​org/​10.​1007/​
s12018-​015-​9191-z

	 5.	 Ilić K, Obradović N, Vujasinović-Stupar N (2013) The rela-
tionship among hypertension, antihypertensive medications, and 
osteoporosis: A narrative review. Calcif Tissue Int 92:217–227. 
https://​doi.​org/​10.​1007/​s00223-​012-​9671-9

	 6.	 Hwang JK, Leu R, Butt DA (2015) Hypertension, antihy-
pertensive drugs, and bone mineral density. Clin Rev Bone 
Mineral Metabol 13:149–159. https://​doi.​org/​10.​1007/​
s12018-​015-​9193-x

	 7.	 Bislev LS, Sikjær T, Rolighed L, Rejnmark L (2015) Relation-
ship between aldosterone and parathyroid hormone, and the effect 
of angiotensin and aldosterone inhibition on bone health. Clin 
Rev Bone Min Metabol 13:194–205. https://​doi.​org/​10.​1007/​
s12018-​015-​9182-0

	 8.	 Tamargo J, Caballero R, Delpón E (2015) The Renin-Angioten-
sin System and Bone. Clin Rev Bone Min Metabol 13:125–148. 
https://​doi.​org/​10.​1007/​s12018-​015-​9189-6

	 9.	 Kwok T, Leung J, Zhang YF et al (2012) Does the use of ACE 
inhibitors or angiotensin receptor blockers affect bone loss in 
older men? Osteoporos Int 23:2159–2167. https://​doi.​org/​10.​1007/​
s00198-​011-​1831-7

	10.	 Choi HJ, Park C, Lee Y-K et al (2015) Risk of fractures in subjects 
with antihypertensive medications: a nationwide claim study. Int 
J Cardiol 184:62–67. https://​doi.​org/​10.​1016/j.​ijcard.​2015.​01.​072

	11.	 Bokrantz T, Schiöler L, Boström KB et al (2020) Antihypertensive 
drug classes and the risk of hip fracture: results from the Swedish 
primary care cardiovascular database. J Hypertens 38:167–175

	12.	 Kwok T, Leung J, Barrett-Connor E, Group for the OF in M 
(MrOS) R (2017) ARB users exhibit a lower fracture incidence 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00223-015-0053-y
https://doi.org/10.1007/s12020-014-0167-4
https://doi.org/10.1007/s12018-015-9191-z
https://doi.org/10.1007/s12018-015-9191-z
https://doi.org/10.1007/s00223-012-9671-9
https://doi.org/10.1007/s12018-015-9193-x
https://doi.org/10.1007/s12018-015-9193-x
https://doi.org/10.1007/s12018-015-9182-0
https://doi.org/10.1007/s12018-015-9182-0
https://doi.org/10.1007/s12018-015-9189-6
https://doi.org/10.1007/s00198-011-1831-7
https://doi.org/10.1007/s00198-011-1831-7
https://doi.org/10.1016/j.ijcard.2015.01.072


408	 K. L. Holloway‑Kew et al.

1 3

than ACE inhibitor users among older hypertensive men. Age 
Ageing 46:57–64. https://​doi.​org/​10.​1093/​ageing/​afw150

	13.	 Solomon DH, Mogun H, Garneau K, Fischer MA (2011) Risk 
of fractures in older adults using antihypertensive medications. J 
Bone Miner Res 26:1561–1567. https://​doi.​org/​10.​1002/​jbmr.​356

	14.	 Butt DA, Mamdani M, Gomes T et al (2014) Risk of osteoporotic 
fractures with angiotensin II receptor blockers versus angiotensin-
converting enzyme inhibitors in hypertensive community-dwell-
ing elderly. J Bone Miner Res 29:2483–2488. https://​doi.​org/​10.​
1002/​jbmr.​2271

	15.	 Kao Y-T, Huang C-Y, Fang Y-A, Liu J-C (2020) The association 
between renin angiotensin aldosterone system blockers and future 
osteoporotic fractures in a hypertensive population - A popula-
tion-based cohort study in Taiwan. Int J Cardiol 305:147–153. 
https://​doi.​org/​10.​1016/j.​ijcard.​2019.​12.​069

	16.	 Shea C, Witham MD (2020) Association between the use of angi-
otensin-blocking medications with hip fracture and death in older 
people. J Frailty & Aging 9:107–110. https://​doi.​org/​10.​14283/​jfa.​
2019.​38

	17.	 Rejnmark L, Vestergaard P, Mosekilde L (2006) Treatment with 
beta-blockers, ACE inhibitors, and calcium-channel blockers is 
associated with a reduced fracture risk: a nationwide case–control 
study. J Hypertension 24:581–589

	18.	 Ruths S, Bakken MS, Ranhoff AH et al (2015) Risk of hip frac-
ture among older people using antihypertensive drugs: a nation-
wide cohort study. BMC Geriatr 15:153. https://​doi.​org/​10.​1186/​
s12877-​015-​0154-5

	19.	 Cheng Y-Z, Huang Z-Z, Shen Z-F et  al (2017) ACE inhibi-
tors and the risk of fractures: a meta-analysis of observa-
tional studies. Endocrine 55:732–740. https://​doi.​org/​10.​1007/​
s12020-​016-​1201-5

	20.	 International Osteoporosis Foundation (2022) International Osteo-
porosis Foundation | Bone Health. https://​www.​osteo​poros​is.​found​
ation/​health-​profe​ssion​als/​fragi​lity-​fract​ures/​epide​miolo​gy

	21.	 National Heart Foundation of Australia (2016) Guideline for the 
diagnosis and management of hypertension in adults - 2016. Mel-
bourne: National Heart Foundation of Australia

	22.	 Ramirez LA, Sullivan JC (2018) Sex differences in hypertension: 
where we have been and where we are going. Am J Hypertens 
31:1247–1254. https://​doi.​org/​10.​1093/​ajh/​hpy148

	23.	 Maranon R, Reckelhoff JF (2013) Sex and gender differences in 
control of blood pressure. Clin Sci (Lond) 125:311–318. https://​
doi.​org/​10.​1042/​CS201​30140

	24.	 Sartori-Valinotti JC, Iliescu R, Yanes LL et al (2008) Sex dif-
ferences in the pressor response to angiotensin II when the 
endogenous renin-angiotensin system is blocked. Hypertension 
51:1170–1176. https://​doi.​org/​10.​1161/​HYPER​TENSI​ONAHA.​
107.​106922

	25.	 Chen YF, Naftilan AJ, Oparil S (1992) Androgen-dependent angi-
otensinogen and renin messenger RNA expression in hypertensive 
rats. Hypertension 19:456–463. https://​doi.​org/​10.​1161/​01.​HYP.​
19.5.​456

	26.	 Pasco JA, Nicholson GC, Kotowicz MA (2012) Cohort profile: 
geelong osteoporosis study. Int J Epidemiol 41:1565–1575

	27.	 Adverse Drug Reactions Advisory Committee (1999) Australian 
Adverse Drug Reactions Bulletin 18:1–4

	28.	 Pharmaceutical Benefits Scheme (2022) Services Australia - Sta-
tistics - Pharmaceutical Benefits Schedule Item Statistics. http://​
medic​arest​atist​ics.​human​servi​ces.​gov.​au/​stati​stics/​pbs_​item.​jsp

	29.	 WHO Collaborating Centre for Drug Statistics Methodology 
(2020) ATC/DDD Index 2021. https://​www.​whocc.​no/​atc_​ddd_​
index/. Accessed 12 Jan 2021

	30.	 Sanders KM, Seeman E, Ugoni AM et al (1999) Age- and Gender-
specific rate of fractures in australia: a population-based study. 
Osteoporos Int 10:240–247

	31.	 Pasco JA, Nicholson GC, Henry MJ et al (1999) Identification 
of incident fractures: the Geelong osteoporosis study. Aust N Z J 
Med 29:203–206

	32.	 Giles GG, Ireland PD (1996) Dietary Questionnaire for Epide-
miological Studies (Version 2), Melbourne. The Cancer Council 
Victoria

	33.	 Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new 
method of classifying prognostic comorbidity in longitudinal stud-
ies: development and validation. J Chronic Dis 40:373–383

	34.	 Australian Bureau of Statistics (2016) Census of Population and 
Housing: Socio-Economic Indexes for Areas (SEIFA), Australia, 
2016. https://​www.​abs.​gov.​au/​ausst​ats/​abs@.​nsf/​Lookup/​by 
Subject/2033.0.55.001~2016~Main Features~IRSAD~20

	35.	 Vestergaard P, Rejnmark L, Mosekilde L (2009) Hypertension is 
a risk factor for fractures. Calcif Tissue Int 84:103–111. https://​
doi.​org/​10.​1007/​s00223-​008-​9198-2

	36.	 Carbone LD, Vasan S, Prentice RL et al (2019) The renin-angi-
otensin aldosterone system and osteoporosis: findings from the 
Women’s Health Initiative. Osteoporos Int 30:2039–2056. https://​
doi.​org/​10.​1007/​s00198-​019-​05041-3

	37.	 Chen C-I, Yeh J-S, Tsao N-W et al (2017) Association between 
renin-angiotensin-aldosterone system blockade and future osteo-
porotic fracture risk in hypertensive population: a population-
based cohort study in Taiwan. Medicine 96:e8331–e8331. https://​
doi.​org/​10.​1097/​MD.​00000​00000​008331

	38.	 Kunutsor SK, Blom AW, Whitehouse MR et al (2017) Renin-
angiotensin system inhibitors and risk of fractures: a prospec-
tive cohort study and meta-analysis of published observational 
cohort studies. Eur J Epidemiol 32:947–959. https://​doi.​org/​10.​
1007/​s10654-​017-​0285-4

	39.	 Oei L, Zillikens MC, Dehghan A et al (2013) High bone mineral 
density and fracture risk in type 2 diabetes as skeletal complica-
tions of inadequate glucose control. Diabetes Care 36:1619–1628. 
https://​doi.​org/​10.​2337/​dc12-​1188

	40.	 Napoli N, Strotmeyer ES, Ensrud KE et al (2014) Fracture risk 
in diabetic elderly men: the MrOS study. Diabetologia 57:2057–
2065. https://​doi.​org/​10.​1007/​s00125-​014-​3289-6

	41.	 de Abreu LLF, Holloway-Kew KL, Mohebbi M et al (2019) Frac-
ture risk in women with dysglycaemia: assessing effects of base-
line and time-varying risk factors. Calcif Tissue Int 104:262–272. 
https://​doi.​org/​10.​1007/​s00223-​018-​0498-x

	42.	 Evans AL, Paggiosi MA, Eastell R, Walsh JS (2015) Bone den-
sity, microstructure and strength in obese and normal weight men 
and women in younger and older adulthood. J Bone Miner Res 
30:920–928. https://​doi.​org/​10.​1002/​jbmr.​2407

	43.	 Cummings SR, Melton LJ (2002) Epidemiology and outcomes 
of osteoporotic fractures. The Lancet 359:1761–1767. https://​doi.​
org/​10.​1016/​S0140-​6736(02)​08657-9

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1093/ageing/afw150
https://doi.org/10.1002/jbmr.356
https://doi.org/10.1002/jbmr.2271
https://doi.org/10.1002/jbmr.2271
https://doi.org/10.1016/j.ijcard.2019.12.069
https://doi.org/10.14283/jfa.2019.38
https://doi.org/10.14283/jfa.2019.38
https://doi.org/10.1186/s12877-015-0154-5
https://doi.org/10.1186/s12877-015-0154-5
https://doi.org/10.1007/s12020-016-1201-5
https://doi.org/10.1007/s12020-016-1201-5
https://www.osteoporosis.foundation/health-professionals/fragility-fractures/epidemiology
https://www.osteoporosis.foundation/health-professionals/fragility-fractures/epidemiology
https://doi.org/10.1093/ajh/hpy148
https://doi.org/10.1042/CS20130140
https://doi.org/10.1042/CS20130140
https://doi.org/10.1161/HYPERTENSIONAHA.107.106922
https://doi.org/10.1161/HYPERTENSIONAHA.107.106922
https://doi.org/10.1161/01.HYP.19.5.456
https://doi.org/10.1161/01.HYP.19.5.456
http://medicarestatistics.humanservices.gov.au/statistics/pbs_item.jsp
http://medicarestatistics.humanservices.gov.au/statistics/pbs_item.jsp
https://www.whocc.no/atc_ddd_index/
https://www.whocc.no/atc_ddd_index/
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by
https://doi.org/10.1007/s00223-008-9198-2
https://doi.org/10.1007/s00223-008-9198-2
https://doi.org/10.1007/s00198-019-05041-3
https://doi.org/10.1007/s00198-019-05041-3
https://doi.org/10.1097/MD.0000000000008331
https://doi.org/10.1097/MD.0000000000008331
https://doi.org/10.1007/s10654-017-0285-4
https://doi.org/10.1007/s10654-017-0285-4
https://doi.org/10.2337/dc12-1188
https://doi.org/10.1007/s00125-014-3289-6
https://doi.org/10.1007/s00223-018-0498-x
https://doi.org/10.1002/jbmr.2407
https://doi.org/10.1016/S0140-6736(02)08657-9
https://doi.org/10.1016/S0140-6736(02)08657-9

	Fracture Risk and Use of Angiotensin-Converting Enzyme Inhibitors or Angiotensin II Receptor Blockers
	Abstract
	Introduction
	Methods
	Participants
	Medication Use
	Incident Fracture Ascertainment
	Other Variables
	Statistical Analysis

	Results
	Men
	Descriptive Characteristics
	Incident Fracture risk
	Women

	Descriptive characteristics
	Incident fracture risk

	Discussion
	Conclusions
	Acknowledgements 
	References




