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Abstract
Summary In a prospective cohort study of 5,995 older
American men (MrOS), users of angiotensin-converting
enzyme (ACE) inhibitors had a small but significant
increase in bone loss at the hip over 4 years after
adjustment for confounders. Use of angiotensin II AT1
receptor blockers (ARB) was not significantly associated
with bone loss.
Introduction Experimental evidence suggests that angioten-
sin II promotes bone loss by its effects on osteoblasts. It is
therefore plausible that ACE inhibitor and ARB may reduce
rates of bone loss. The objective of this study is to examine the
independent effects of ACE inhibitor and ARB on bone loss in
older men.
Methods Out of 5,995 American men (87.2%) aged
≥65 years, 5,229 were followed up for an average of 4.6 years
in a prospective six-center cohort study—The Osteoporotic

Fractures in Men Study (MrOS). Bone mineral densities
(BMD) at total hip, femoral neck, and trochanter were
measured by Hologic densitometer (QDR 4500) at baseline
and year 4.
Results Out of 3,494 eligible subjects with complete data,
1,166 and 433 subjects reported use of ACE inhibitors and
ARBs, respectively. When compared with nonusers, con-
tinuous use of ACE inhibitors was associated with a small
(0.004 g/cm2) but significant increase in the average rate of
BMD loss at total hip and trochanter over 4 years after
adjustment for confounders. Use of ARBwas not significantly
associated with bone loss.
Conclusion Use of ACE inhibitors but not ARB may
marginally increase bone loss in older men.
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Introduction

Angiotensin-converting enzyme (ACE) inhibitors and an-
giotensin II AT1 receptor blockers (ARB) are commonly
used antihypertensive agents, because of their good side
effect profile and renoprotective effects in diabetic patients
[1, 2]. ACE inhibitors are thought to lower tissue
angiotensin II by inhibiting its production, and ARB
specifically blocks the effects of angiotensin II AT1
receptors. There are experimental data to suggest that
angiotensin II stimulates osteoclastic activities via its
effects on osteoblasts [3], but it may also stimulate
proliferation of osteoblasts [4]. We have previously
reported that ACE inhibitor use was associated with greater
bone mineral density (BMD) in older Chinese men and
women [5]. A case–control study also showed that ACE
inhibitors were associated with a slightly reduced risk of
fractures [6]. One prospective uncontrolled trial in hyper-
tensive people showed that quinapril and enalapril reduced
calciuria and serum 1,25-hydroxy vitamin D, but urinary
deoxypyridinoline—a marker of bone resorption—was not
significantly changed [7].

We therefore hypothesized that ACE inhibitors and ARB
decrease the rates of bone loss in older people. In order to
test these hypotheses, the data from a large cohort study of
community-dwelling older American men (The Osteopo-
rotic Fractures in Men (MrOS)) [8] were examined for the
independent effects of ACE inhibitors and ARB on rates of
bone loss.

Materials and methods

Participants

From March 2000 to April 2002, men aged ≥65 years
participated in the baseline examination of the prospective
cohort study of risk factors for osteoporotic fracture in older
men (MrOS) [8]. MrOS is a multicenter study; the design,
recruitment methods, and measurements have been de-
scribed previously [9]. Briefly, 5,995 men were recruited in
six areas of the USA: Birmingham, AL; Minneapolis, MN;
the Monongahela Valley near Pittsburgh, PA; Palo Alto,
CA; Portland, OR; and San Diego, CA. Potential volunteers
who could not provide informed consent or self-reported
data, could not walk, had hip replacement, or had severe
medical conditions that would preclude participation in
follow-up were excluded. All subjects were invited to be
followed up at years 2 and 4. Only those who were
successfully followed up and who did not use osteoporosis
medications at any stage were included in the present
analyses. Subjects on androgen replacement or androgen
deprivation therapy were excluded. The MrOS protocol was

approved by the institutional review boards of each
participating institution. Written informed consent was
obtained from all participants.

Measurements

Demographic information, smoking habits, and personal
medical history, including hypertension, diabetes mellitus,
cardiac failure, and medication history were obtained by self-
administered questionnaire or by face-to-face interviews
performed by certificated research assistants. Physical activity
was quantified using the Physical Activity Scale for the
Elderly (PASE) [10].

At each visit, participants were asked to bring all the
medications they had taken in the past 30 days to the
clinical center for data collection. Only prescription
medications were included at baseline. Use of calcium
and vitamin D supplements was obtained from a modified
food frequency questionnaire developed specifically for
MrOS by Block Dietary Data Systems. At follow-up visits
at years 2 and 4, both prescribed and over-the-counter
medications were recorded. All medications recorded by
the clinics were stored in an electronic medications
inventory database (San Francisco Coordinating Center,
San Francisco, CA). Each medication was matched to its
ingredient(s) based on the Iowa Drug Information Service
Drug Vocabulary (College of Pharmacy, University of
Iowa, Iowa City, IA). The recorded specific medications
of interest for each person included ACE inhibitors, ARB,
thiazides, loop diuretics, nitrates, statins, beta-blockers,
calcium antagonists, glitazones, alpha-blockers, androgen,
antiandrogen, oral glucocorticoid, inhaled steroid, vitamin
D, and calcium. The duration of drug use was estimated by
the number of visits when the drug use was reported: three
visits—4 years or continuous, two visits—2 to 4 years, and
one visit only—less than 2 years.

Body weight was measured in participants wearing
indoor clothing without shoes using a balance beam or
electronic scale. The scale at each clinical center was
calibrated monthly. Weight change was calculated by
subtracting weight at the baseline examination from weight
at the year 4 follow-up examination and was expressed as a
percentage of the baseline value. Ankle–brachial index
(ABI) to estimate the extent of atherosclerosis was
measured as follows: supine blood pressure in right arm
and both ankles were measured in duplicates, using a
standard mercury sphygmomanometer and an 8-MHz
Doppler probe. ABI was calculated for each leg by dividing
the posterior tibial systolic pressure by brachial systolic
pressure. The lower ankle ABI was used in statistical
analysis [11].

Morning fasting blood was taken. Serum creatinine was
measured by using a Roche COBAS Integra 800 automated
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analyzer (Roche Diagnostics Corp., Indianapolis, IN),
which was calibrated daily in the clinical laboratory. The
estimated glomerular filtration rate (eGFR) was calculated
from the following Modification of Diet in Renal Disease
study equation [12]:

eGFR mL=min=1:73m2
� � ¼ 175 � SCr mg=dLð Þ�1:154 � Age�0:203

� 1:212 if race is African� Americanð Þ

eGFR of less than 60 mL/min/1.73 m2 is indicative of
moderate (stage 3) chronic kidney disease. This cutoff
value of eGFR was used to define chronic kidney disease in
this study.

BMD of the total hip, femoral neck, and trochanter was
measured at each visit using by dual-energy X-ray
absorptiometry with Hologic QDR 4500 bone densitometers
(Hologic, Waltham, MA, USA). Only BMD data at baseline
and year 4 were used in this analysis. Standardized procedures
for positioning, scanning, and analysis were executed for all
scans. All measurements were performed on the right hip
unless the participant had right hip replacement or had other
metal internal fixation materials. Extensive quality assurance
protocols were used throughout, including central training and
certification of technicians and regular phantom scans and
calibration within and across centers. The interscanner
coefficient of variation was 0.9%.

Statistical analysis

Users of ACE inhibitors and ARB were compared with
nonusers of either drug in clinical characteristics using
ANOVA for continuous variables or chi-square test for
categorical variables. Univariate analysis was performed to
examine the associations between BMD change at total hip
and potential confounders which included race, education
level, chronic kidney disease as defined by eGFR, ankle
brachial index, history of diabetes mellitus, cardiac failure,
hypertension at any visit, and estimated duration of use of
thiazide, loop diuretic, nitrate, statin, beta-blocker, calcium
antagonist, glitazone, and alpha-blocker. Those variables
which showed significant association at P level of <0.05
were included into the final multivariable regression models
examining the independent effects of use of ACE inhibitors
and ARB on bone loss at total hip, femoral neck, and
trochanter. Baseline age, age squared, current smoking,
body weight, percentage weight change, and duration of
use of calcium and vitamin D supplements, androgen,
antiandrogen, oral glucocorticoid, and inhaled steroid were
regarded as recognized factors of bone loss and were
predetermined to be covariates in the final multivariable
regression models. As some patients might have taken
ARBs after developing side effects from ACE inhibitors or
concomitantly with ACE inhibitors, duration of use of ARB

or ACE inhibitor was entered a covariate in the final
multivariable regression models.

Propensity score analysis was also performed. Propensi-
ty scores indicate the likelihood of a participant’s use of
ACE inhibitors or ARB. Significant factors for the use of
ACE inhibitors and ARB use were determined by stepwise
logistic regression. As proportional odds assumption was
not satisfied, generalized logits model was used. Linear
regression was then performed to examine the independent
association between the use of ACE inhibitors or ARB and
rates of bone loss, by adjusting for propensity scores.
Covariates associated with bone loss but not used to
calculate propensity scores were also entered into the
models for adjustment [13].

All statistical analyses were performed using the
statistical package SAS, version 9.1 (SAS Institute, Inc.,
Cary, North Carolina). An α level of 5% was used as the
level of significance.

Results

Five thousand nine hundred ninety-five men were recruited at
baseline. Of these, 5,229 (87.2%) were followed up at year 4.
The average duration of follow-up was 4.6 years. Out of these,
330 participants were excluded from analysis because of use
of osteoporosis-related medications; 1,032 participants were
excluded because of missing drug use and supplement data at
baseline (N=381) or follow-up (N=651); 281 participants
were excluded due to missing serum creatinine data; and 92
participants were excluded because of missing BMD data at
baseline or follow-up. When compared with eligible subjects
with complete data, those who were excluded for the above
reasons were significantly older (mean 75.0 versus 72.8 years
old, P<0.0001), but their proportions of ACE inhibitor or
ARB users were similar.

The clinical characteristics and the 4-year BMD changes
of the remaining participants who used ACE inhibitors or
ARB were compared with those of nonusers in Table 1.
One hundred thirty-nine ever users of ACE inhibitors took
ARB at some stage, 64% of them for less than 2 years.
Twenty-one subjects had taken ACE inhibitors and ARB
concomitantly, but only one did so continuously. ACE
inhibitor and ARB users were heavier, more likely to be
diabetic and have cardiovascular and chronic kidney
disease, and had lower ankle brachial index than nonusers.
Continuous users of ACE inhibitors or ARBs had signifi-
cantly greater femoral neck BMDs than nonusers after
adjustment for age and body weight. Over 4 years, ACE
inhibitor use of any duration was associated with higher
rates of bone loss at all three hip sites, after adjusting for
age and body weight. Only continuous users of ARB use
had significantly greater bone loss at femoral neck.
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In order to further examine the independent effect of the
duration of ACE inhibitor use or ARB use on rates of bone
loss, multiple variable regression models were constructed
using the significant and predetermined confounders as
covariates (listed in footnote of Table 2). The results shown
in Table 2 indicated that on both multivariable and
propensity score analyses, use of ACE inhibitors was
associated with significantly greater bone loss at total hip
and trochanter. The average absolute difference between
continuous ACE inhibitor users and nonusers in total hip
BMD changes over 4 years was approximately 0.004 g/cm2.
Use of ARB was not significantly associated with bone loss
at any site after adjustment for confounders by both methods
of analysis.

Discussion

In this prospective cohort study of older men, use of ACE
inhibitor was associated with a small but significant
increase in rates of bone loss at total hip, independent of
potential confounders. The average absolute difference in
BMD loss associated with continuous use of ACE
inhibitors over 4 years was approximately 0.004 g/cm2.

Consistent with a cross-sectional study of older Chinese
men and women [5], the average femoral neck BMD of
continuous users of ACE inhibitors was significantly
greater than that of nonusers in this study. Similar finding
was also observed in continuous ARB users, but it was
somewhat surprising to observe such group differences in
short-term ARB users as well. This suggests that the cross-
sectional group differences in BMDs might have been
confounded by the associated medical conditions and
concomitant drug use.

As ACE inhibitors and ARBs are commonly prescribed
for hypertension and cardiac failure, especially in diabetic
people, it was not unexpected that users of these two
classes of drugs had higher BMI and lower ABI, were more
likely to have diabetes and chronic kidney disease, and
were users of antihypertensive drugs, statins, diuretics, and
nitrates. It is essential to adjust for confounding effects of
these factors, as a number of cardiovascular medication,
peripheral vascular disease, and chronic kidney disease
have been reported to be associated with bone loss [14–20].
Noninsulin-dependent diabetes mellitus is associated with
greater fracture risk but not with bone loss [21, 22], though
use of glitazone has been associated with greater bone loss
[23].

In order to adjust for confounding effects by drug
indications, we analyzed the data by both multivariable
analysis and the propensity score method which is an
alternative to the traditional multivariable model, designed
to reduce bias when comparing exposure groups in

observational studies. In this study, both methods yielded
similar results, thus strengthening the validity of the
findings.

The small but significant increases in bone loss at total
hip and trochanter with the use of ACE inhibitors were
unexpected. But with this finding, we could reject our
initial hypothesis that use of ACE inhibitors or ARBs
reduces rates of bone loss in older men. An association
between ACE inhibitor use and increased bone loss has
been similarly found in a cohort study of middle-aged
Japanese people [24]. Whether ACE inhibitors may
marginally increase rates of bone loss warrants further
study as many patients take these drugs for many years.

ACE is the major enzyme for the production of
angiotensin II in humans, and angiotensin II indirectly
stimulates osteoclastic activities by promoting RANKL
production in osteoblasts [25]. It is therefore surprising that
we should find that ACE inhibitor use to be associated with
greater bone loss. Indeed in hypertensive rats, ACE
inhibitor attenuated bone loss after ovariectomy [26]. One
possible explanation is that in the animal studies, the
models were designed to have abnormally high levels of
angiotensin II. On the other hand, the RAS may not
necessarily be activated in normal older people who are
prone to have high salt intakes [27]. It may actually be
suppressed in those with diabetes mellitus and hypertension
because of sodium retention [28]. Another possible expla-
nation is that chronic use of ACE inhibitors is not effective
in lowering local angiotensin II production, because of
reactive increase in plasma rennin and angiotensin I, and
other non-ACE-related mechanisms in which angiotensin I
can be converted into angiotensin II [29].

These observations could explain why ACE inhibitor did
not attenuate bone loss in men as expected from animal
studies but could not explain the observed increase in rates
of bone loss. One possible explanation is that ACE
inhibitors may lower serum sex hormone concentrations.
One prospective study of lisinopril in hypertensive patients
showed a significant decrease in free testosterone over
6 months in men and an increase in sex hormone-binding
globulin in women [30]. In addition, a cross-sectional study
of older Chinese men found that ACE inhibitor use was
associated with lower serum dehydroepiandrosterone [31].

In contrast with ACE inhibitors, ARB was not signifi-
cantly associated with bone loss. The clinical profiles of
users of ACE inhibitors and ARBs were very similar. In the
USA, ARB was usually prescribed when ACE inhibitor
was not tolerated, thus explaining the smaller number of
ARB users. Based on the educational levels, there was no
evidence to suggest that ARB users were economically
better off than ACE inhibitor users. ARBs are designed to
block the actions of angiotensin II on the AT1 receptors but
have none of the peptidase actions of ACE inhibitors. The
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effects of angiotensin II on the vasculature have been
known to mediate through AT1 receptors. But animal and
cell studies suggest that the osteoclastic stimulating effects
of angiotensin II are primarily mediated through AT2 rather
than AT1 receptors on osteoblasts [32–34]. AT1 receptors
on the other hand are mechanoreceptors for the osteoblastic
response to mechanical stress [35]. We have observed that
losartan, an ARB, had no significant effect on BMD in
orchidectomized rats [36]. This study also suggested that
use of ARBs does not have any significant overall effect on
bone loss in older men.

Although prospective, the study is only observational.
The rate of follow-up was high, but a significant number of
subjects were excluded because of incomplete data. The
excluded subjects were significantly older, but their use of
ACE inhibitors or ARB was similar to the subjects included
in the analysis. Unless there is a significant interaction
between age and the potential effects of ACE inhibitors or
ARBs on bone loss, the older age of the excluded subjects
should not have biased our results. Other limitations
include the reliance on self-report for medical conditions
and the imprecise information on drug exposure. In
addition, the number of ARB users was limited. A small
effect of ARB on bone loss can therefore not be ruled out.
On the other hand, the strengths of this study include the
large sample size of community-dwelling older adults from
six different geographic regions and the ability to control
(statistically) for concomitant medications and coexisting
diseases.

In summary, use of ACE inhibitors but not ARB was
associated with significantly greater bone loss at the total
hip over 4 years in older men. But the difference was small
and was unlikely to have a significant impact on fracture
risk in the short term. Whether this marginal difference may
be more significant and consistent in postmenopausal
women who have greater bone loss warrants further study.
With the recent introduction of renin inhibitors [37] and
ARB with coexisting inhibitory effect on ACE [34], there is
a need to evaluate their long-term effects on bone. Better
understanding on how the components of the renin–
angiotensin system influence bone turnover might improve
the choice of antihypertensive therapies which promote
bone health.
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