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Abstract
Summary Greater bone mineral density was observed after
treating hypertension using angiotensin-converting enzyme
inhibitor (ACEi). We report decreased rate of bone loss in
hypertensive black men using ACEi for 9 years. There may
be a gender- and race-specific effect of ACEi in the prevention
of age-associated bone loss.
Purpose There is evidence of bone mass preservation in pa-
tients receiving ACEis, commonly used to treat hypertension.
However, limitations of previous studies include being cross-

sectional or only including a short-term follow-up of patients
using ACEi and including patients with diabetes, which af-
fects bonemetabolism. None of the previous studies described
effects of ACEi stratified by race. The objective of this study
was to investigate differences in changes in bone mineral den-
sity (BMD) in older adults who suffer from hypertension and
had reported ACEi use during each study visit for at least
9 years during the study, stratified by gender and race.
Methods We used data from the Dynamics of Health, Aging
and Body Composition (HABC) study, which enrolled 3075
community-dwelling older white and black individuals. We
compared changes in femoral neck, total hip, and whole-
body BMD after either no use of ACEi (n = 580) or long-
term use (at least 9 years) of ACEi (n = 239) in HABC par-
ticipants with hypertension and no known diagnosis of diabe-
tes mellitus.
Results Overall, BMD values significantly decreased for all
subgroups over time. In the stratified multivariate analysis,
long-term use of ACEi was associated with a reduced rate of
decline for all three BMD measures among black men, but no
significant effect was observed in the other subgroups.
Conclusion Our findings show a gender- and race-specific
effect of ACEi in the prevention of age-associated bone loss
that warrants further evaluation.

Keywords BMD . ACE inhibitor . Aging . Race/ethnicity .

Men . Hypertension

Introduction

Osteoporosis is a disease predominantly associated with aging
and results in substantial disability and reduction in quality of
life [1–3]. Prevention and management of osteoporotic frac-
tures can be achieved with the combined administration of
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calcium and vitamin D supplements, regular weight-bearing
exercise, and antiresorptive or bone-forming agents. However,
the use of these agents is not devoid of adverse effects [2–4].

Hypertension, a chronic disease that also affects older
adults, is known to be associated with decreased bone mass.
Reduced BMD and increased urinary calcium excretion have
been observed in women with increased blood pressure,
which constitutes a risk factor for the occurrence of fractures
[5–7]. Several studies have pointed to the existence of an
interconnection between bone tissue and the vasculature
through the endocrine renin-angiotensin system (RAS).
In vitro studies revealed that angiotensin II (AngII) receptors
are expressed in osteoblasts and osteoclasts and that AngII
plays a relevant role in the activation of osteoclastogenesis
[8, 9]. AngII is also capable of inhibiting the differentiation
and mineralization of primary osteoblast cultures and stimu-
lating collagen synthesis [10, 11]. Moreover, upregulation of
renin and angiotensin expression in bone tissuewas associated
with bone loss in aging mice, and activation of the RAS sys-
tem in a transgenic mouse model of hypertension resulted in
osteopenia due to increased bone resorption independently of
the elevated blood pressure phenotype, suggesting a role for
RAS activation in hypertension-related osteoporosis [12, 13].
Another study in wild-type rats showed that blocking the
AngII receptor increased BMD, with decreased resorption
and increased formation, further supporting AngII antagonism
as a potential strategy for enhancing bone mass [14]. This led
to the hypothesis that AngII antagonists could be potential
agents to prevent bone loss resulting from a high turnover
state, e.g., in older adults with hypertension.

Non-interventional observational studies in humans also
point to some level of protection against bone loss upon ad-
ministration of antihypertensive agents, including
angiotensin-converting enzyme inhibitors (ACEis). In a large
case-control study conducted in Denmark, which involved
more than 12,400 individuals with a history of fractures, treat-
ment with several non-diuretic antihypertensive drugs, includ-
ing ACEi, resulted in an overall fracture risk reduction of 7%
for any fracture and 14% for hip fracture. No dosage effect or
differences between genders and age groups were observed
[15]. Moreover, hypertensive patients aged ≥ 80 years treated
with a combination of an ACEi and a thiazide-like diuretic in
the randomized controlled Hypertension in the Very Elderly
Trial (HYVET) trial also showed fewer fractures [16]. In a
cross-sectional, community-based study, ACEi use was asso-
ciated with increased femoral neck BMD in Chinese adults
[17]. A cross-sectional analysis of patients from the Health,
Aging and Body Composition (HABC) study showed a pos-
itive correlation between femoral neck BMD and use of
ACEis for men (analysis was not stratified by ethnic/racial
background), but not for women, after 5 years of treatment
[18]. In addition, in a randomized study of hypertensive

patients receiving an ACEi, e.g., enalapril, or quinapril in
combination with hydrochlorothiazide, quinapril maintained
BMD over 1 year [19].

Altogether, these data suggest that RAS-inhibiting antihy-
pertensive medications may have a potential role in the pre-
vention of bone loss and, consequently, debilitating fractures
in the elderly. Thus, ACEis show a potential dual role in car-
diovascular and bone loss prevention in the elderly, which led
to the hypothesis that they could be potential medications to
prevent bone loss resulting from a high turnover state. The few
human observational studies that report bone loss prevention
after use of an ACEi are limited to mostly cross-sectional
designs or short-term follow-up periods of patients. In addi-
tion, the use of ACEis in these studies was not limited to those
with hypertension only and included other diseases known to
alter bone metabolism, e.g., diabetes mellitus. Moreover, none
of these studies investigated whether the effects of ACEis
would vary by race/ethnicity [15–18]. The main objective of
this longitudinal analysis of elderly, hypertensive individuals
receiving long-term (at least 9 years) treatment with ACEis to
control blood pressure was to identify differences in BMD or
bone loss dynamic determined by gender and race/ethnicity in
those with hypertension without any known diagnosis of dia-
betes mellitus.

Methods

Study population

The Health, Aging and Body Composition (HABC) study is
an observational, prospective study sponsored by the National
Institutes of Health that aimed to understand functional de-
cline in community-dwelling elderly individuals by establish-
ing correlations between changes in body composition, dis-
ability, and other age-related conditions. The study was con-
ducted between 1997 and 2016 at two sites in Memphis, TN,
and Pittsburgh, PA, and included 3075 participants aged 70–
79 years who did not report with disability when performing
daily routine activities or any functional limitations. The
HABC study was conducted in accordance with the ethical
principles of clinical research in human subjects and was ap-
proved by the institutional review boards of the University of
Pittsburgh and the University of Tennessee, Memphis [20].

This longitudinal analysis of existing data from the HABC
study included patients with a diagnosis of hypertension, ei-
ther self-reported or confirmed by a physician. Participants
must have had hip total, femoral neck, or whole-body DXA
data from at least two visits in order to calculate change in
BMD. Exclusion criteria for this analysis were diagnosis of
diabetes or reported use of diabetes medication at any follow-
up visit, use of angiotensin II receptor blockers at baseline or
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any follow-up visit, thiazides use at baseline visit, unknown
ACEi use status, or missing baseline clinical or biochemical
parameters (e.g., albumin, creatinine, calcium, 25OHD).
Medications were brought in by patients during data collec-
tion visits and were recorded at the time of the visit. Fig. 1.

Variables

Demographic information and baseline medical history of hy-
pertension andmajor diseases and report of use ofmedications
for bone loss prevention (e.g., bisphosphonates, calcitonin,
steroids, calcium, and vitamin D supplements) were abstract-
ed from the HABC database. Hip total, femur neck, and
whole-body BMD were measured using DXA at baseline
(year 1) and 4 (year 5) and 9 (year 10) years after baseline.
Outcome variables were hip total, femur neck, and whole-
body BMD. History of ACEi use was the independent vari-
able for our analysis. Long-term use of ACEi was defined as
anyone reporting use of ACEis at baseline and at year 5 and
year 10 at the data collection visit. Participants who never
reported any use of ACEis were in the Bnon-long-term ACEi
users^ category.

Statistical analysis

The effect of long-term ACEi use on changes in hip total,
femoral neck, and whole-body total BMD from baseline
to 9 years after baseline was assessed using an adjusted

longitudinal mixed model with random intercept and an
autoregressive correlation structure. Data were adjusted
for confounding factors that can potentially affect bone
tissue, such as concomitant medications, history of frac-
tures, and smoking status. Independent two-sample t-tests
were used to assess differences in mean BMD between
ACEi use groups at different time points (cross-sectional).
A stratified analysis was done separately for white men,
white women, black men, and black women [21].
Multiple regression models with absolute BMD changes
as dependent variables and ACEi exposure for 9 years as
the independent variable adjusted for age, gender, and
race, concomitant medications and other demographic da-
ta were developed. The statistical analysis was performed
using SAS 9.4 software.

Results

Of the 3075 participants in the HABC study, 819 met the
eligibility criteria for this study and were included in analyses
(Figs. 1 and Fig. 2); 239 (29.3%) participants were long-term
users (i.e., use for at least 9 years) of ACEi. The demographic
characteristics did not differ overall between the twoACEi use
groups (long-term use and no use). The mean age was approx-
imately 73 years for both groups, and about half (49%) of the
participants were men. Black men and women constituted
approximately one fourth (26%) of the study population. No

Excluded*: 

Diabetes (n = 622) 

Angiotensin II medication (n = 513) 

Thiazide diuretics (n = 564) 

Unknown long-term ACE inhibitor status (n 

= 1481) 

No follow-up for hip total, femoral neck, or 

whole body total BMD (n = 734) 

Missing BMI at 25 (n = 119) 

Missing baseline albumin (n = 28) 

Missing baseline creatinine (n = 28) 

Missing baseline calcium (n = 287) 

Missing baseline 25 OH Vitamin D (n = 

282) 

* Some individuals met more than one exclusion criteria. 

** Not all individuals had baseline, year 5 and year 10 BMD data, but all had data from at least 2 visits 

All participants in the HABC study (n = 3,075) 

Participants included in analysis 

(n = 819) 

Baseline 

813** 

813 

802 

Year 5 

796 

796 

773

Year 10 

776 

776 

716 

N 

Hip total BMD 

Femoral neck BMD 

Whole body BMD 

Fig. 1 Consort diagram for study
population. *Some individuals
met more than one exclusion
criteria. **Not all individuals had
baseline, year 5 and year 10 BMD
data, but all had data from at least
two visits
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significant differences were observed between groups regard-
ing body mass index (BMI) at 25 years old, serum creatinine,
calcium, or vitamin D levels (Table 1). More people started
using bisphosphonates or osteoporosis drugs as the study went
along [43 of 813 (5.3%) in year 1, 100 (12.3%) in year 5, and
138 (17%) at year 10 (data not shown in results)]. However,
after a sensitivity analysis for osteoporosis drug use was done,
our results still held the same.

All three measures of baseline BMD differed signifi-
cantly between all race/gender groups (p < 0.001). In un-
adjusted analyses stratified by race and gender, baseline
BMD was similar in those with and without long-term
ACEi use with the exception of black men (Table 2).
Overall, hip total, femoral neck, and whole-body total
BMD values decreased for all groups over time, except

in black men. BMD measures at each time point were
similar between long-term users (ACEi use for 9 years)
of ACEi and non-users among whites and black women,
whereas they were higher for black men (Table 2).

The gender and race were significant predictors of
BMD over time in a multivariate model also including
site, age, BMI at age 25, albumin, creatinine, calcium,
25OHD, and history of fracture (p < 0.001 for both
gender and race for all BMD measures). Adding an
interaction between race/gender group and long-term
ACEi use on BMD was marginally significant (hip total,
p = 0.12; femoral neck, p = 0.17; whole-body total,
p = 0.09). The interaction effect was most strongly
present between black men and the other three race/
gender groups based on pairwise comparisons, and an

Table 1 Baseline characteristics
of patients enrolled in the Health
ABC study who were eligible for
this longitudinal analysis

Non-long-term ACE inhibitor users Long-term ACE inhibitor users

N 580 239

Mean (SD)

Age (years) 73.2 (2.7) 73.4 (2.9)

BMI (at 25) 21.6 (2.9) 22.0 (3.0)

Education (years)a 13.7 (3.1) 13.5 (2.9)

Calcium (at year 2) 8.8 (0.4) 8.8 (0.4)

Creatinine 1.0 (0.2) 1.0 (0.2)

25OH vitamin D (ng/mL) 28.2 (9.9) 27.2 (9.7)

Albumin 4.0 (0.3) 4.0 (0.3)

Hip total BMD (gm/cm2)a 0.9 (0.2) 0.9 (0.2)

Femoral neck BMD (gm/cm2)a 0.7 (0.1) 0.7 (0.1)

Whole-body total BMD (gm/cm2)a 1.1 (0.1) 1.1 (0.1)

N (%)

Gender

Male 270 (46.6) 128 (53.6)

Female 310 (53.5) 111 (46.4)

Race

White 424 (73.1) 179 (74.9)

Black 156 (26.9) 60 (25.1)

Site

Memphis 301 (51.9) 111 (46.4)

Pittsburgh 279 (48.1) 128 (53.6)

Arthritisa 310 (54.1) 126 (53.6)

Heart attacka 36 (6.3) 33 (13.8)

Hypertensiona 126 (21.8) 124 (52.5)

Fracture 78 (13.5) 36 (15.1)

Smokinga

Never smoked 281 (48.5) 115 (48.1)

Former smoker 256 (44.2) 106 (44.4)

Current smoker 42 (7.3) 18 (7.5)

a No. missing: education, 1; hip total BMD, 6; femoral neck BMD, 6; whole-body total BMD, 17; arthritis, 11;
heart attack, 4; hypertension, 6; smoking 1
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interaction term specifically for the effect of long-term
ACEi use in black men compared to long-term ACEi
for all other participants found more significant results
(hip total, p = 0.02; femoral neck, p = 0.08; whole-body
total, p = 0.03), so we proceeded with the planned
stratified analysis by race and gender. In the stratified
multivariate analysis, long-term use of ACEi was

associated with a reduced rate of decline for all three
BMD measures among black men, but no significant
effect was observed in the other subgroups (Table 3).
Long-term ACEi use was associated with a relative in-
crease in total hip BMD of 0.096 g/cm2 per year, an
increase over 9 years of about 9% of baseline BMD
(Fig. 1).

Table 2 Bone mineral density
(gm/cm2) per year by long-term
ace inhibitor use, mean (SD, n)

White men White women Black men Black women

Hip total BMD

Long-term ACEi users

Year 1 0.96 (0.14, 103) 0.76 (0.12, 75) 1.07 (0.12, 23) 0.83 (0.11, 36)

Year 5 0.95 (0.15, 102) 0.75 (0.13, 71) 1.06 (0.13, 24) 0.82 (0.10, 35)

Year 10 0.92 (0.16, 101) 0.73 (0.13, 72) 1.04 (0.14, 23) 0.80 (0.10, 30)

Non-long-term ACEi users

Year 1 0.94 (0.13, 197) 0.76 (0.12, 223) 0.98 (0.13, 70) 0.83 (0.15, 86)

Year 5 0.93 (0.15, 197) 0.76 (0.12, 216) 0.96 (0.14, 70) 0.82 (0.15, 81)

Year 10 0.90 (0.16, 190) 0.73 (0.12, 214) 0.93 (0.15, 66) 0.79 (0.16, 80)

Femoral neck BMD

Long-term ACEi users

Year 1 0.79 (0.13, 103) 0.64 (0.10, 75) 0.89 (0.14, 23) 0.74 (0.09, 36)

Year 5 0.78 (0.14, 102) 0.64 (0.11, 71) 0.88 (0.14, 24) 0.73 (0.09, 35)

Year 10 0.76 (0.15, 101) 0.62 (0.11, 72) 0.86 (0.15, 23) 0.70 (0.09, 30)

Non-long-term ACEi users

Year 1 0.76 (0.12, 197) 0.64 (0.10, 223) 0.83 (0.12, 70) 0.71 (0.12, 86)

Year 5 0.75 (0.13, 197) 0.65 (0.11, 216) 0.81 (0.12, 70) 0.70 (0.12, 81)

Year 10 0.73 (0.14, 190) 0.63 (0.11, 214) 0.78 (0.13, 66) 0.67 (0.13, 80)

Whole-body total BMD

Long-term ACEi users

Year 1 1.17 (0.11, 100) 0.98 (0.10, 71) 1.25 (0.11, 24) 1.01 (0.08, 36)

Year 5 1.14 (0.12, 98) 0.96 (0.11, 68) 1.22 (0.10, 24) 0.99 (0.08, 36)

Year 10 1.15 (0.12, 92) 0.97 (0.10, 62) 1.24 (0.09, 22) 0.99 (0.09, 30)

Non-long-term ACE inhibitor users

Year 1 1.15 (0.11, 196) 0.98 (0.10, 220) 1.20 (0.11, 69) 1.03 (0.10, 86)

Year 5 1.12 (0.12, 191) 0.96 (0.10, 207) 1.17 (0.11, 68) 1.01 (0.11, 81)

Year 10 1.12 (0.12, 176) 0.95 (0.10, 197) 1.16 (0.12, 59) 1.01 (0.11, 78)

ACEi ACE inhibitor

Table 3 Adjusted expected change in BMD (gm/cm2) per year associated with long-term ACE inhibitor use versus non-long-term use, β (95% CI)

Caucasian men Caucasian women African-American men African-American women

N 304 299 94 122

Hip total BMD

Long-term ace inhibitor users 0.013 (− 0.022–0.048) − 0.0001 (− 0.031–0.032) 0.096 (0.033–0.159)* − 0.003 (− 0.057–0.052)

Femoral neck BMD

Long-term ace inhibitor users 0.017 (− 0.014–0.050) − 0.003 (− 0.031–0.024) 0.071 (0.011–0.131)* 0.030 (− 0.015–0.075)

Whole-body total BMD

*Statistically significant at 0.05 level in the multivariate model

Multivariate model was adjusted for year, site, age, BMI at 25, albumin, creatinine, calcium, 25OH vitamin D, and history of fracture
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Fig. 2 Mean (95% CI) BMD for long-term ACEi users and non-users at years 1, 5, and 10 by race and sex
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Discussion

We report a significant increase in total hip, femur, neck, and
whole-body BMD in black men with long-term ACEi intake
(for 9 years). This is the first long-term analysis of ACEi
effects on bone loss taking race/ethnicity and gender into con-
sideration. According to the literature, ACEi administration
seems to induce beneficial changes in bone mass, although
there are some conflicting data and apparent gender-specific
effects [22, 23]. A community-based study revealed higher
BMDmeasures for Chinese elderly men [17], but a protective
effect was not seen in this patient population in a more recent
cohort study [24]. Older Japanese men also did not benefit
from treatment with ACEis in regard to bone health [25],
and a large prospective study ofAmericanmen aged≥ 70years
showed that continuous use of ACEi actually induced a small-
er increase in total hip and femur neck BMD loss over a period
of 4 years [23].

In this longitudinal analysis, overall bone loss occurred
over a period of 9 years, which is expected considering the
advanced age of these participants. The protective effect of
ACEi was more pronounced in men than in women, regard-
less of race/ethnicity (Table 3); however, this effect was small,
which is in agreement with prior studies. The HABC dataset
includes interim data from year 8, which we have not included
in the presented analyses. However, sensitivity analysis using
only data from baseline (year 1) and 5 years after baseline and
an analysis incorporating data available from year 8 generated
similar results and did not change the conclusions for the
relationship between time of ACEi use and BMD in any stra-
tum. A gender and race-/ethnicity-specific bone protective
effect was observed in black men only, but further evaluation
is needed. Presence of specific ACE polymorphisms could
potentially point to genetic differences with impact in bone
health and response to ACEi treatment. In fact, the ACE de-
letion (D) polymorphism in the homozygous state (DD) has
been associated with osteoporosis in postmenopausal women,
and ACEis, e.g., quinapril and enalapril, showed efficacy in
increasing BMD in DD hypertensive female carriers, who
show increased plasma and tissue AngII levels, in a 1-year
randomized trial [19, 26]. Although our analysis is limited in
doing any genetic analysis, the study reporting polymorphism
does not provide information on variations by racial/ethnic
differences. A future analysis for polymorphism by gender
and race/ethnic background may be helpful in deciphering if
the difference in effects of ACEi between black and white men
and women observed in our study could be due to such vari-
ations due to polymorphism.

Increased osteoprotegerin (OPG)/receptor activator of nu-
clear factor-kappa B ligand (RANKL) ratio was reported after
ACEi in ovariectomized rats [27]. Antiresorptive effects of
ACEi through antiosteoclastogenic activities reported in other
[8, 9] along with the increased OPG/RANKL ratio explains

why use of ACEi would be associated with decreased bone
loss, as observed in our study. Whether there are variations of
these biomarkers between men and women from different
racial/ethnic background is unknown. Further analysis of bio-
markers including OPG and RANKL is recommended for
confirming our findings and help policy makers to determine
if a recommendations for ACEi use for treating hypertension
in men at risk of bone loss could potentially help preventing
osteoporosis in men in old age.

Differences in plasma renin activity (PRA) between black
and white men women has been discussed as reasons for pre-
scribing ACEi for treating hypertension in them [28]. Overall,
ACEi was found to be useful in limiting organ damage due to
long-term hypertension and was encouraged to use in both
black and white men and women with a focus on individual-
izing treatment plan for each patient [28]. While we see more
pronounced effects with significant improvement in BMD in
black men, our results indicate that ACEi could be useful in
older adults at risk of age-related bone loss and, therefore,
could be helpful in individualizing cardiovascular and bone
health care in older patients, specifically black men.

This observational study is the first study to look into
ACEi use and differences in BMD potentially determined
by race and provides a unique opportunity to assess changes
over time in elderly white and black individuals at risk of
bone loss. Limitations of the study include a small sample
size; a significant number of participants in the HABC study
were excluded because of missing data, presence of diabetes
or because they were receiving other antihypertensives (thi-
azide and/or ARBs). Another limitation of the study is its
reduced racial/ethnic representation beyond races/ethnicities
of black and white. Absence of spine scans limits us from
interpreting effects of ACEis on vertebral trabecular bone.
Additionally, lack of detailed information on ACEi dosing
makes it difficult to discuss if specific doses could be asso-
ciated with our results. Information about adherence to treat-
ment for hypertension or dietary habits and other lifestyle
factors influencing bone health was not available and may
have affected the results.

In summary, long-term ACEi intake corresponded in
general to higher cross-sectional BMD in black men at
all data points. Change in BMD did not differ by ACEi
use except in black men, who had gains in BMD associ-
ated with long-term ACEi use. This is the first long-term
analysis of ACEi effects on bone loss taking race/ethnicity
into consideration; further evaluation of the influence of
other racial/ethnic groups and genetic background in
ACEi protective action is warranted. Knowledge of the
specific long-term effects of these agents on bone will
ultimately lead to improved treatment plans tailored to
older hypertensive adults at risk of developing osteoporo-
sis. This dual beneficial role of ACEi in the cardiovascu-
lar and bone tissues may help reduce pill burden and
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consequently contribute to improved treatment conve-
nience and adherence among elderly patients with multi-
ple comorbidities.
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