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Abstract
Summary Angiotensin-converting enzyme inhibitor use in women was associated with lower femoral neck and lumbar spine 
bone mineral density as well as trabecular bone score compared to non-users. No differences were identified for men or for 
those who used ARB medications.
Purpose Many individuals at high fracture risk use medications such as angiotensin-converting enzyme inhibitors (ACEI) 
or angiotensin II receptor blockers (ARB) that could affect bone; thus, this study aimed to investigate whether there are any 
differences in bone mineral density (BMD) and trabecular bone score (TBS) between ACEI users, ARB users, and non-users.
Methods Participants (685 men, 573 women) were from the Geelong Osteoporosis Study. Current medication use was self-
reported. BMD at the femoral neck (FNBMD) and lumbar spine (LSBMD) were measured using DXA. TBS was calculated 
using TBS iNsight software. Linear regression models were used to investigate associations between ACEI or ARB use and 
bone measures, adjusting for other potential confounders. Due to interaction terms, data were stratified by age.
Results There were 88 (12.8%) men and 41 (7.2%) women taking an ACEI medication, and 71 (10.4%) men and 76 (13.3%) 
women taking an ARB medication. Compared to non-users, ACEI use was associated with lower FNBMD (− 7.2%), LSBMD 
(− 12.2%), and TBS (− 9.0%) for women aged < 65 years. Lower TBS was also observed for women aged ≥ 65 years (− 17.3%). 
No differences were identified for ARB use.
Conclusions Women who used an ACEI medication had lower values for FNBMD, LSBMD and TBS compared to non-users. 
No differences were identified for men or for those who used ARB medications.
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Introduction

Osteoporosis and hypertension are common conditions 
affecting older adults, and both will continue to increase 
in prevalence due to an ageing population. Many of the 
risk factors for osteoporosis overlap with hypertension, 
such as older age, poor diet, smoking status, and physical 
inactivity [1].

Medications prescribed to reduce blood pressure 
include angiotensin-converting enzyme inhibitors (ACEIs) 
and angiotensin II receptor blockers (ARBs). These work 
through the renin angiotensin system; ACEIs prevent the 
conversion of angiotensin I to angiotensin II by blocking 
the activity of the angiotensin-converting enzyme (ACE), 
while ARBs block the action of the angiotensin II receptor 
type 1 (AT1R) [2, 3]. Both medication types prevent the 
downstream effects of angiotensin II, ultimately result-
ing in a reduction in blood pressure. Guidelines from the 
Australian National Heart Foundation state that ACEIs, 
ARBs, thiazide diuretics, and calcium channel blockers are 
first-line antihypertensive agents due to high efficacy and 
safety profiles [4]. These guidelines also advise against 
the use of ACEI and ARB medications in combination 
therapies for treatment of hypertension, as this increases 
the risk of adverse effects.

Components of the renin angiotensin system are also 
present in bone; however, the effect of ACEI or ARB med-
ications on bone is still unclear. Specifically, receptors for 
angiotensin II are present on osteoclasts and osteoblasts 
[2]. Angiotensin II is detrimental to bone, as it activates 
the AT1R on osteoblasts, which upregulates receptor acti-
vator of nuclear factor kappa-Β ligand (RANKL), leading 
to the activation of osteoclasts [5, 6]. Local activation of 
the renin angiotensin system promotes bone resorption 
and inhibits bone formation. Therefore, it is plausible that 
blockade of the renin angiotensin system in bone using 
ACEIs or ARBs could lead to improved bone health and 
potentially reduce fracture rates. However, ACEI or ARB 
medications reduce renal acid elimination, through inhi-
bition of the renin angiotensin system. Bone contains 
calcium carbonate, which is an important contributor in 
mechanisms that buffer protons in an acidic environment 
[7]. Due to this buffering, in combination with osteoclast-
mediated bone resorption in acidic conditions, it is possi-
ble that long-term use of ACEI and ARB medications may 
promote bone loss and lead to osteoporosis [7].

Several animal studies have reported that metabolic 
changes do occur with ACEI or ARB treatment and that 
these are linked to changes in bone. For example, Asaba 
et al. [8] reported that overexpressing the human renin and 
angiotensinogen genes in transgenic mice resulted in oste-
oporosis, with an increased bone resorption. Treatment of 

these mice with enalapril (ACEI) reduced the development 
of osteoporosis; however, treatment with losartan (ARB) 
resulted in greater bone mass deficits. Another study by 
Shimizu et al. [9] reported similar results using spontane-
ously hypertensive rats, which underwent ovariectomy to 
induce estrogen deficiency, and this resulted in bone loss. 
Treatment of these rats using imidapril (ACEI) resulted 
in a reduced bone loss and prevention of osteoporosis. 
However, contrasting results have also been reported. A 
study by Kang et al. [10] showed that compared to control 
mice, ovariectomised mice treated with enalapril (ACEI) 
had an increased rate of bone loss, while treatment with 
telmisartan (ARB) reduced the rate of bone loss. Another 
study [11] reported similar findings for ARB treatment; 
ovariectomised rats treated with losartan (ARB) showed 
reduced bone loss compared to controls. Overall, these 
previous animal studies suggest that activation or inhibi-
tion of the renin angiotensin system can potentially affect 
bone.

There are few previous studies that have investigated ACEI 
or ARB use and bone mineral density (BMD) involving older 
adults, with inconsistent results. One study that examined 
cross-sectional differences in BMD showed, compared to non-
users, that men using ACEIs had higher BMD at the femoral 
neck, total hip, and lumbar spine and women had higher femo-
ral neck BMD [12]. Other studies have examined rates of bone 
loss over time. For example, one study showed that women 
taking ACEIs had a greater rate of bone loss at the femoral 
neck and total hip than non-users; however, there were no dif-
ferences observed for men [13]. Another USA study reported 
that long-term use of ACEIs was associated with a lower rate 
of bone loss over time, as well as a higher BMD at all time 
points studied at the total hip, femoral neck, and whole body 
for black men, but not for black women or white men/women 
[14]. Only one previous study has included ARB users, which 
reported that ACEI use was associated with an increased rate 
of bone loss at the total hip and trochanter, whereas ARB use 
was associated with no change in the rate of bone loss [6].

There are few studies in the literature that have examined 
associations between ACEI or ARB use and BMD, and none 
in an Australian population. Additionally, to our knowledge, 
no studies as yet have included trabecular bone score (TBS). 
Thus, the aim of this study was to investigate associations 
between measures of bone and the use of ACEI or ARB 
medications in a cohort of Australian men and women.

Methods

Participants

Participants for this study were men and women enrolled 
in the ongoing, longitudinal, population-based, Geelong 
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Osteoporosis Study (GOS). Participants were randomly 
selected from the electoral roll and have been followed 
up every few years. Baseline assessments occurred in 
1993–1997 for women and 2001–2006 for men. Further 
details of the study have been published elsewhere [15].

This cross-sectional study used data from the 5-year 
follow-up for men (2007–2011) and the 15-year follow-
up for women (2011–2014). These follow-up phases were 
selected because they occurred after the introduction of 
ARBs into Australian clinical practice, which occurred in 
1997 [16]. These follow-up phases were also selected as 
these were the first time points following the introduction 
of ARBs where data for TBS were available. Participants 
were included if they provided information regarding 
medication use and had at least one of the bone measures 
performed. There were 888 men and 773 women who pro-
vided sufficient information for the analyses. Of these, 27 
men and 68 women had a BMI outside the validated range 
for TBS (15–37 kg/m2 [17]) and were excluded from the 
study. Seven men and three women were excluded because 
they were using both an ACEI and an ARB medication. 
Further exclusions were applied for participants with 
diabetes (70 men, 39 women), those taking bone active 
medication (such as bisphosphonates or anabolic agents; 
13 men, 41 women), participants taking glucocorticoids 
(8 men, 17 women), and those with a history of cancer (78 
men, 32 women). Cancer data were obtained from linkage 
with the Victorian Cancer Registry. Thus, 685 men and 

573 women aged 25–95 years were included in the analy-
ses. A participant flow chart is shown in Fig. 1.

All participants provided written, informed consent. Bar-
won Health Human Research Ethics Committee approved 
the study (projects 92/01 and 00/56).

Medication use

Participants self-reported their current medication use, 
including dose, frequency, and date started. They were 
asked to bring their medications with them when they 
attended appointments with the research team. Participants 
were grouped as (1) using an ACEI, (2) using an ARB, or 
(3) non-users, taking neither an ACEI nor an ARB. Use of 
other cardiovascular medications was also considered, which 
included calcium channel blockers, beta blockers, diuretics, 
and statins.

Bone measures

Dual-energy X-ray absorptiometry (DXA) was used to 
measure femoral neck (FNBMD) and lumbar spine BMD 
(LSBMD) for all participants (GE-Prodigy: Prodigy; GE 
Lunar, Madison, WI, USA). To ensure correct calibration 
of the DXA machine over time, an anthropomorphic phan-
tom was scanned daily prior to use. Qualified personnel 
also conducted annual routine maintenance and servicing. 
TBS was retrospectively calculated from lumbar spine scans 

Fig. 1  Participant flow chart for 
men and women in this study. 
BMI, body mass index; ACEI, 
angiotensin-converting enzyme 
inhibitor; ARB, angiotensin II 
receptor blocker
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using TBS iNsight software (version 2.2; Medimaps Group, 
Geneva, Switzerland).

Other variables

Weight and height were measured to the nearest 0.1 kg 
and 0.1 cm and body mass index (BMI, kg/m2) was calcu-
lated. Blood pressure was measured while the participant 
was seated, using an automated meter (Takeda Medical 
UA-751). Prior low trauma fractures (excluding fingers, 
toes, and skull/face) were identified by self-report and con-
firmed with radiological reports where possible. Mobility 
was documented using a 7-point scale including very active, 
active, sedentary, limited, inactive, chair or bedridden, and 
bedfast. These data were dichotomised into high mobility 
that included “very active” and “active,” and low mobility, 
that pooled the remaining responses. Smoking status was 
defined as currently smoking or not. Alcohol consumption 
was collected using a food frequency questionnaire devel-
oped by the Victorian Cancer Council [18] and dichotomised 
into < 30 g or ≥ 30 g of alcohol per day.

Comorbidities were ascertained using the Charlson 
comorbidity index (CCI) [19] which included myocardial 
infarct, congestive heart failure, peripheral vascular disease, 
cerebrovascular disease, dementia, chronic pulmonary dis-
ease, connective tissue disease, ulcer disease, mild liver 
disease, hemiplegia, renal disease, moderate or severe liver 
disease, and acquired immune deficiency syndrome. Data 
for the CCI were collected by self-report and a score was 
calculated for each participant as described in Charlson et al. 
[19]. Data for congestive heart failure and peripheral vascu-
lar disease were not available for women. Since participants 
with diabetes and cancer were excluded from this study, 
these conditions were consequently not included in the CCI.

Statistical analyses

Normality of continuous variables was tested using the Sha-
piro–Wilk test. All were normal except for age and CCI, 
which were described using median (interquartile range 
(IQR)), while the other variables were described using mean 
and standard deviation (SD). Differences between groups 
were assessed using Kruskal–Wallis tests for age and CCI; 
other variables were assessed using ANOVA. Categorical 
data were expressed as n(%) and differences were assessed 
using Chi squared tests.

Unadjusted differences in bone measures for ACEI, 
ARB, and non-users were assessed using ANOVA. Lin-
ear regression models were used to investigate associa-
tions between ACEI and ARB use and measures of bone 
(FNBMD, LSBMD, and TBS), adjusted for other variables. 
A categorical variable was generated and included in the 
models which indicated whether participants (i) used an 

ACEI medication, (ii) used an ARB medication, or (iii) 
were non-users of either ACEI or ARB medications. Other 
variables tested in the models included age, weight, height, 
systolic blood pressure (continuous), diastolic blood pres-
sure (continuous), prior fracture, mobility, smoking, alcohol 
consumption, calcium channel blockers, beta blockers, diu-
retics, statins, comorbidities, ACEI/ARB medication dose, 
and duration of ACEI/ARB medication use, and these were 
retained if p < 0.05.

The associations between age and the bone measures are 
different between men and women, as we have previously 
reported [20–22]. Therefore, for the models in men, a linear 
age term was used. For women, a quadratic age term was 
used for FNBMD and cubic for LSBMD/TBS.

There was an ACEI use*age interaction in the model 
for FNBMD in men (p = 0.032) and for LSBMD in women 
(p = 0.007). Thus, data were stratified by age (< 65 years 
versus ≥ 65 years). No other interaction terms were identi-
fied. Homoscedasticity of residuals was assessed using the 
White’s and Breusch-Pagan tests, as well as a visual inspec-
tion of residual plots. All models met homoscedasticity 
assumptions.

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

There were 88 (12.8%) men and 41 (7.2%) women taking 
an ACEI medication and 71 (10.4%) men and 76 (13.3%) 
women taking an ARB medication. The median (IQR) dura-
tion of ACEI medication use was 5 (2–12) years in men 
and 4 (2–10) years in women. For ARB medication use, the 
median duration was 4 (2–12) years for men and 6 (3–11) 
years in women.

Descriptive characteristics

Table 1 shows the descriptive characteristics for men and 
women stratified by ACEI or ARB medication use.

For both men and women, participants using ACEIs or 
ARBs were older and shorter, had higher systolic blood pres-
sure and lower mobility, and were more likely to be taking 
a beta blocker, diuretic, and/or statin. In men, those taking 
an ACEI or ARB had a higher BMI and were more likely to 
be taking a calcium channel blocker. Men taking an ACEI 
medication also had a higher CCI score. In women, those 
using an ARB medication had a higher weight, BMI, and 
CCI score. Additionally, women using an ACEI or ARB 
had a higher diastolic blood pressure and were more likely 
to have sustained a prior fracture.
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Table 1  Descriptive 
characteristics of men (n = 685) 
and women (n = 573), stratified 
by use of angiotensin-
converting enzyme inhibitors 
(ACEI) and angiotensin II 
receptor blockers (ARB). Data 
presented as mean ± SD, median 
(IQR), or n(%)

Missing data for men: systolic and diastolic blood pressure n = 53, mobility n = 1, smoking n = 1, alcohol 
n = 11. For women: systolic and diastolic blood pressure n = 6, Charlson comorbidity index n = 27, falls 
n = 6
a There were no men with hemiplegia, renal disease, or acquired immunodeficiency syndrome
b There were no women with dementia, hemiplegia, or acquired immunodeficiency syndrome. Data for con-
gestive heart failure and peripheral vascular disease were not available for women

Men Non-users (n = 526) ACEI (n = 88) ARB (n = 71) p value

Age (yr) 51.9 (41.7–64.4) 71.5 (62.3–81.7) 69.4 (57.8–78.3)  < 0.001
Weight (kg) 83.0 ± 12.6 82.1 ± 13.9 85.3 ± 10.0 0.256
Height (cm) 176.2 ± 7.2 172.7 ± 6.9 172.5 ± 6.3  < 0.001
Body mass index (kg/m2) 26.7 ± 3.5 27.4 ± 3.8 28.6 ± 2.8  < 0.001
Systolic blood pressure (mmHg) 137.1 ± 18.3 142.0 ± 17.5 146.1 ± 20.1  < 0.001
Diastolic blood pressure (mmHg) 83.6 ± 11.7 83.0 ± 15.4 85.5 ± 18.2 0.449
Prior fracture (y/n) 48 (9.1) 12 (13.6) 7 (9.9) 0.419
Low mobility (y/n) 117 (22.2) 33 (37.5) 20 (28.2) 0.007
Smoking (y/n) 71 (13.5) 8 (9.1) 4 (5.6) 0.104
High alcohol consumption (y/n) 123 (23.4) 18 (20.5) 25 (35.2) 0.080
Calcium channel blocker (y/n) 19 (3.6) 19 (21.6) 17 (23.9)  < 0.001
Beta blocker (y/n) 27 (5.1) 23 (26.1) 11 (15.5)  < 0.001
Diuretic (y/n) 11 (2.1) 27 (30.7) 28 (39.4)  < 0.001
Statin (y/n) 58 (11.0) 38 (43.2) 22 (31.0)  < 0.001
Charlson comorbidity index (score)a 0 (0–0) 0 (0–1) 0 (0–0)  < 0.001
Myocardial infarct 15 (2.9) 18 (20.5) 7 (9.9)  < 0.001
Congestive heart failure 1 (0.2) 5 (5.7) 0 (0.0) -
Peripheral vascular disease 5 (1.0) 1 (1.1) 2 (2.8) -
Cerebrovascular disease 11 (2.1) 11 (12.5) 3 (4.2) -
Dementia 1 (0.2) 0 (0.0) 0 (0.0) -
Chronic pulmonary disease 5 (1.0) 6 (6.8) 2 (2.8) -
Connective tissue conditions 4 (0.8) 1 (1.1) 1 (1.4) -
Ulcer disease 11 (2.1) 2 (2.3) 3 (4.2) -
Mild/severe liver disease 7 (1.3) 1 (1.1) 1 (1.4) -
Falls (≥ 1 over last 12 months) 87 (16.5) 22 (25.0) 13 (18.3) 0.157
Women Non-users (n = 456) ACEI (n = 41) ARB (n = 76) p value
Age (yr) 48.4 (37.9–59.9) 68.6 (56.5–75.6) 67.9 (58.8–74.6)  < 0.001
Weight (kg) 71.0 ± 13.1 69.3 ± 10.7 75.6 ± 12.9 0.009
Height (cm) 163.3 ± 6.3 160.9 ± 5.1 160.8 ± 6.0 0.001
Body mass index (kg/m2) 26.6 ± 4.4 26.8 ± 4.2 29.2 ± 4.6  < 0.001
Systolic blood pressure (mmHg) 126.8 ± 16.1 137.9 ± 18.9 141.1 ± 16.7  < 0.001
Diastolic blood pressure (mmHg) 75.7 ± 9.9 77.0 ± 11.8 79.0 ± 10.6 0.035
Prior fracture (y/n) 44 (9.7) 8 (19.5) 14 (18.4) 0.021
Low mobility (y/n) 77 (16.9) 12 (29.3) 27 (35.5)  < 0.001
Smoking (y/n) 59 (12.9) 6 (14.6) 7 (9.2) 0.608
High alcohol consumption (y/n) 30 (6.6) 3 (7.3) 2 (2.6) -
Calcium channel blocker (y/n) 12 (2.6) 3 (7.3) 15 (19.7) -
Beta blocker (y/n) 16 (3.5) 9 (22.0) 17 (22.4)  < 0.001
Diuretic (y/n) 12 (2.6) 7 (17.1) 9 (11.8)  < 0.001
Statin (y/n) 36 (7.9) 14 (34.2) 28 (36.8)  < 0.001
Charlson comorbidity index (score)b 0 (0–0) 0 (0–0) 0 (0–1) 0.001
Myocardial infarct 3 (0.7) 2 (4.9) 1 (1.3) -
Cerebrovascular disease 6 (1.3) 3 (7.3) 4 (5.3) -
Chronic pulmonary disease 20 (4.4) 1 (2.4) 5 (6.6) -
Connective tissue conditions 2 (0.4) 0 (0.0) 1 (1.3) -
Ulcer disease 11 (2.4) 3 (7.3) 4 (5.3) -
Mild/severe liver disease 2 (0.4) 1 (2.4) 2 (2.6) -
Renal disease 0 (0.0) 0 (0.0) 2 (2.6) -
Falls (≥ 1 over last 12 months) 110 (24.1) 16 (39.0) 20 (26.3) 0.120
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Men

Unadjusted analyses showed that men using ACEI medi-
cations had lower FNBMD than non-users (mean ± SD; 
non-users: 0.996 ± 0.136, ACEI: 0.955 ± 0.156, ARB: 
0.980 ± 0.118 g/cm2, p = 0.033). TBS was lower for both 
users of ACEI and ARB medications compared to non-users 
(mean ± SD; non-users: 1.262 ± 0.140, ACEI: 1.173 ± 0.160, 
ARB: 1.162 ± 0.125, p < 0.001). However, LSBMD was 
higher for ARB users compared to non-users (mean ± SD; 
non-users: 1.278 ± 0.178, ACEI: 1.318 ± 0.248, ARB: 
1.367 ± 0.201 g/cm2, p = 0.001).

The results for adjusted analyses in men are shown in 
Table 2. No differences were observed for any of the bone 
measures between men who used ACEI or ARB medications 
and non-users.

Women

In unadjusted analyses, women who used ACEI or ARB 
medications had lower FNBMD than non-users (mean ± SD; 
non-users: 0.942 ± 0.146, ACEI: 0.838 ± 0.123, ARB: 
0.878 ± 0.130 g/cm2, p < 0.001). TBS was also lower for 
women using ACEI or ARB medications (mean ± SD; 
non-users: 1.337 ± 0.131, ACEI: 1.201 ± 0.129, ARB: 
1.240 ± 0.125, p < 0.001). Additionally, women using 
an ACEI medication had lower LSBMD than non-users 
(mean ± SD; non-users: 1.218 ± 0.178, ACEI: 1.137 ± 0.201, 
ARB: 1.195 ± 0.170 g/cm2, p = 0.015).

Women aged < 65 years who were using an ACEI medica-
tion had lower FNBMD (vs non-users: − 7.2%), LSBMD (vs 
non-users: − 12.2%), and TBS (vs non-users: − 9.0%) than 
the other two groups (Table 3). Women aged ≥ 65 years 

who used an ACEI medication had lower TBS (vs non-
users: − 17.3%) compared to the other two groups (Table 3). 
No other differences were observed.

The association (compared to non-users) for lower TBS 
in women aged < 65 years taking ACEIs was independent of 
LSBMD (ACEI: p < 0.001). This was also true for women 
aged ≥ 65 years (ACEI: p = 0.002). The lack of associations 
observed for ARB use was also independent of LSBMD 
for both women aged < 65 years (p = 0.135) and ≥ 65 years 
(p = 0.204).

Discussion

In this study, we report that ACEI use was associated with 
lower FNBMD, LSBMD, and TBS in younger women 
(< 65 years), while older women (≥ 65 years) who used 
ACEIs had lower TBS. No differences were detected for 
ARB use in either men or women. To our knowledge, this is 
the first study to report differences in TBS between users of 
ACEI medications and non-users.

It is difficult to compare our results with previous litera-
ture, as many have examined changes in BMD over time, 
rather than cross-sectionally. There is one similar cross-
sectional study that reported higher BMD in association 
with use of ACEIs [12], which is different from what we 
report in this study. However, this previous study included 
participants from a different geographical region (Hong 
Kong) and no data were available for ACEI dose or dura-
tion. ARB users were also not included in this previous 
study. Our results do agree with other studies examining 
changes in BMD over time, in that ACEI use is associated 
with deleterious effects on BMD [6, 13] and that ARB use 

Table 2  Association between use of angiotensin-converting enzyme 
inhibitors (ACEI) or angiotensin II receptor blockers (ARBs) and 
bone measures; femoral neck bone mineral density (BMD), lumbar 

spine BMD, and trabecular bone score (TBS) in men aged < 65 years 
(n = 458) and ≥ 65  years (n = 227). Models adjusted for other con-
founders*

* Variables tested in these models include: age, weight, height, blood pressure, prior fracture, mobility, smoking, alcohol consumption, calcium 
channel blockers, beta blockers, diuretics, statins, comorbidities, ACEI/ARB medication dose, and duration of ACEI/ARB medication use
Other variables included in the models: aage (p < 0.001), weight (p < 0.001); bweight (p < 0.001), beta blocker use (p = 0.041), statin use 
(p = 0.041); cage (p < 0.001), weight (p = 0.001), systolic blood pressure (p = 0.044); dage (p = 0.001), weight (p < 0.001), beta blocker use 
(p = 0.009); eweight (p = 0.016), calcium channel blocker use (p = 0.017), beta blocker use (p = 0.039), ACEI duration (p = 0.048); fage 
(p = 0.001), weight (p < 0.001), smoking (p = 0.002), alcohol consumption (p = 0.049)

Men age < 65 yr
Femoral neck BMD (g/cm2)a p value Lumbar spine BMD (g/cm2)b p value TBSc p value

Non-users 1.015 (1.004–1.026) Ref 1.265 (1.251–1.280) Ref 1.281 (1.269–1.294) Ref
ACEI 1.038 (0.993–1.084) 0.332 1.258 (1.202–1.315) 0.821 1.297 (1.248–1.347) 0.539
ARB 1.020 (0.977–1.062) 0.832 1.308 (1.254–1.363) 0.134 1.242 (1.193–1.290) 0.124
Men age ≥ 65 yr

Femoral neck BMD (g/cm2)d p value Lumbar spine BMD (g/cm2)e p value TBSf p value
Non-users 0.930 (0.908–0.953) Ref 1.356 (1.311–1.402) Ref 1.181 (1.157–1.205) Ref
ACEI 0.921 (0.889–0.953) 0.656 1.268 (1.189–1.346) 0.076 1.143 (1.110–1.177) 0.075
ARB 0.948 (0.910–0.987) 0.427 1.394 (1.318–1.469) 0.393 1.143 (1.101–1.185) 0.128
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does not show this same effect [6]. Overall, further stud-
ies are needed in this area, especially including ARB use.

We report lower BMD and TBS in some groups with 
ACEI use; however, it is not clear whether this would also 
correspond to an increased fracture risk. Other literature 
has investigated this question, with inconsistent results. 
For example, Choi et al. [23] showed that ARB use was 
associated with no difference in fracture rates compared to 
non-users, whereas those using ACEIs had higher rates of 
fracture. Another study reported that new users of ARBs 
had a lower risk of osteoporotic fracture than new users of 
calcium channel blockers (used as a control group), while 
no associations were observed for new users of ACEIs 
[24]. A study which compared ACEIs and ARBs showed 
that ARBs were associated with lower incidence of non-
vertebral fracture in men over a study period of 6.8 years 
[25]. This is not consistent with two other studies which 
showed that neither ACEI nor ARB use was associated 
with fracture risk [26, 27]. Two other studies have reported 
that ACEI use was associated with a lower risk of fracture 
compared to non-users [28, 29].

Some studies have combined ACEI and ARB use. Car-
bone et al. [30] reported that the duration of ACEI and/or 
ARB use was important, with short (≤ 3 years) and longer 
term (> 3 years) use being associated with a higher and 
lower risk of fracture, respectively. Three other studies 
reported that use of ACEIs and/or ARBs was associated 
with lower rates of fracture compared to the non-user 
groups [31–33]. In these studies, it is not clear if the lower 
fracture rates are driven by ACEI use, ARB use, or both, 
as other studies have reported that the two different classes 
of medication have differing associations with bone and 
fracture.

One previous study by Ruths et al. [34] showed an inter-
action with age, where individuals using ACEIs who were 
aged < 80 years had an increased risk of fracture than those 
aged ≥ 80 years over a 5-year follow-up. Overall, ARB use 
appears to be associated with a lower, or not, different risk 
of fracture compared to non-users, while the data for ACEI 
use are inconsistent.

In this study, we have reported associations in bone meas-
ures that differed by age and sex. For example, younger 
women (< 65 years) who used ACEI medication had lower 
FNBMD, LSBMD, and TBS than the other two groups. 
Increasing age is an important factor for reduced BMD val-
ues [20, 21], and older individuals are also more likely to be 
taking ACEI or ARB medications. We also observed differ-
ing results by age for LSBMD and TBS results in women. 
For younger women (< 65 years), both LSBMD and TBS 
were lower for those using ACEI medications; however, for 
older women (≥ 65 years), TBS was lower but LSBMD was 
not different to the non-users group. However, it is possible 
in this study that we observed a greater number of associa-
tions with younger women because for older women, other 
factors such as increasing age, comorbidity, and longer time 
since menopause become more important influences on 
BMD and TBS than the use of ACEI or ARB medication. 
This is supported by the Ruths et al. study [34], described 
above, which reported an increase in fracture risk for indi-
viduals aged < 80 years who used ACEI medications.

The associations observed in this study show different 
results for ACEI and ARB use, despite both medications 
acting on the renin angiotensin system. One reason for the 
differences observed could include a genetic component. 
There is a polymorphism in the angiotensin-converting 
enzyme gene, which has two alleles, I and D, referring to 

Table 3  Association between use of angiotensin-converting enzyme 
inhibitors (ACEI) or angiotensin II receptor blockers (ARBs) 
and bone measures; femoral neck bone mineral density (BMD), 

lumbar spine BMD, and trabecular bone score (TBS) in women 
aged < 65  years (n = 425) and ≥ 65  years (n = 148). Models adjusted 
for other confounders*

* Variables tested in these models include: age, weight, height, blood pressure, prior fracture, mobility, smoking, alcohol consumption, calcium 
channel blockers, beta blockers, diuretics, statins, comorbidities, ACEI/ARB medication dose, and duration of ACEI/ARB medication use
Other variables included in the models: aage (p < 0.001), weight (p < 0.001), systolic blood pressure (p = 0.010); bage (p < 0.001), weight 
(p < 0.001), ACEI duration (p = 0.001); cage (p < 0.001), height (p < 0.001), systolic blood pressure (p = 0.001), diastolic blood pres-
sure (p = 0.009); dage (p < 0.001), weight (p < 0.001), systolic blood pressure (p = 0.008), ARB duration (p = 0.003); eage (p = 0.008), weight 
(p = 0.001), systolic blood pressure (p = 0.003); fage (p = 0.001), height (p = 0.036), systolic blood pressure (p = 0.020), ACEI dose (p = 0.003)

Women age < 65 yr
Femoral neck BMD (g/cm2)a p value Lumbar spine BMD (g/cm2)b p value TBSc p value

Non-users 0.967 (0.956–0.978) Ref 1.241 (1.225–1.256) Ref 1.353 (1.342–1.364) Ref
ACEI 0.897 (0.843–0.951) 0.013 1.089 (0.999–1.179) 0.001 1.231 (1.175–1.288)  < 0.001
ARB 0.941 (0.898–0.984) 0.253 1.246 (1.189–1.304) 0.853 1.324 (1.281–1.367) 0.209
Women age ≥ 65 yr

Femoral neck BMD (g/cm2)d p value Lumbar spine BMD (g/cm2)e p value TBSf p value
Non-users 0.831 (0.806–0.855) Ref 1.109 (1.069–1.149) Ref 1.256 (1.224–1.289) Ref
ACEI 0.854 (0.812–0.896) 0.312 1.155 (1.087–1.223) 0.251 1.039 (0.918–1.161) 0.002
ARB 0.784 (0.742–0.827) 0.099 1.161 (1.112–1.211) 0.111 1.244 (1.206–1.281) 0.563
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the insertion (I) or deletion (D) of a particular sequence 
in the gene [35]. Individuals with the D allele produce 
more angiotensin-converting enzyme and thus experience 
greater effects with the inhibition of this enzyme. One 
study has examined the effect of this polymorphism on 
BMD, showing that women with at least one copy of the I 
allele (II or ID) had a higher BMD at the start of the study 
than women who had the DD polymorphism and had a 
decrease in BMD over time after treatment with ACEIs 
[35]. However, those with the DD polymorphism, despite 
having a lower BMD at the start of the study, showed an 
increase in BMD over time, opposite to the other group.

Another possibility relates to the existence of two 
receptors for angiotensin II, known as angiotensin II recep-
tors 1 and 2 (AT1R and AT2R). While ACEIs inhibit the 
production of angiotensin II, ARBs block the AT1R spe-
cifically [36]. Thus, in the case of ACEIs, all functions 
mediated through AT1R and AT2R are blocked, while for 
ARBs, functions mediated through AT2R will still occur. 
This receptor is not well characterised, and it is unclear 
if AT2R functions would impact bone [36]. Additionally, 
angiotensin II can be produced through multiple path-
ways and as a result, long-term use of ACEIs can lead to a 
return of angiotensin II levels to baseline levels over time 
in some patients [3, 6, 25]. However, this effect does not 
occur for ARB use, because ARBs block the action of the 
receptor, rather than the angiotensin-converting enzyme. 
In our study, the median duration of use for ACEIs was 
(median (IQR)) 5 (2–12) years in men and 4 (2–10) years 
in women, which corresponds to a longer duration of use, 
which may partly explain why ACEIs were associated with 
lower bone measures, as angiotensin II levels may have 
returned towards baseline values in some participants.

Another important consideration is that ACE inhibition 
may lead to increased inflammation [2, 3, 37] which can 
be detrimental to bone as inflammatory cytokines affect 
both osteoclasts and osteoblasts, leading to increased bone 
resorption and reduced formation [38, 39]. ARBs do not 
have this effect and may have anti-inflammatory proper-
ties mediated through the AT2R [3]. Angiotensin II is also 
an important contributor to acid–base balance within the 
body. Angiotensin II increases glomerular filtration rate 
and secretion of aldosterone; which is the main stimulator 
of renal acid elimination [40]. Chronic use of ACEI or 
ARB medications could result in an increased accumula-
tion of acids within the body, leading to an increase in 
respiratory excretion of  CO2, as well as buffering of meta-
bolic acids by carbonate and phosphate in bones. Addi-
tionally, the mechanism of acid-sensing by preosteoclasts 
and osteoclasts is tightly coupled to the promotion of dif-
ferentiation, survival, and bone reabsorption activity of 
osteoclasts [41]. Therefore, it is possible that an increase 
in metabolic acids resulting from blockade of angiotensin 

II may lead to increased bone resorption, leading to lower 
BMD and TBS.

This study has several strengths, including randomly 
selected participants from a population-based setting. In 
addition, we were able to adjust for a number of confound-
ers, such as weight, blood pressure, other hypertensive medi-
cations, and comorbidities. Hypertension has been reported 
to affect bone [42–44], and thus it is important that we were 
able to adjust for blood pressure. We recognise as limita-
tions that there may be residual confounding and we were 
not able to determine the compliance of medication use. 
Additionally, although participants were asked to bring their 
medications with them, not all did and consequently recall 
bias may have affected self-reporting of medication dura-
tion or dose. Some of the other data were self-reported, and 
this may also have introduced some bias. The study was 
cross-sectional and thus we cannot make any conclusions 
regarding causation, only associations. Further studies are 
needed to confirm these findings. Longitudinal studies are 
also needed to investigate whether the differences in bone 
measures observed in this study affect incident fracture risk. 
We did not have data on genetic polymorphisms that may 
have affected response to ACEI use. The sample size for this 
study was small following stratification by age and sex. We 
also did not have sufficient numbers of participants using dif-
ferent agents within these drug categories (e.g., perindopril 
and enalapril for ACEIs), and each of these could have dif-
ferent effects on bone [5]. Further studies with larger sample 
sizes are needed to confirm the findings of this study.

Conclusions

The use of ACEI medication was associated with lower 
bone parameters in women, particularly those aged less than 
65 years. Further work is needed to determine the mecha-
nisms responsible for the differences observed.
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