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Antihypertensive Medications and Differences in Muscle Mass in
Older Persons: The Health, Aging and Body Composition Study

Mauro Di Bari, MD, PhD,�wz Lonneke V. van de Poll-Franse, PhD,§ Graziano Onder, MD,�

Stephen B. Kritchevsky, PhD,k Anne Newman, MD, MPH,z Tamara B. Harris, MD, MS,#

Jeff D. Williamson, MD,� Niccoló Marchionni, MD,wz and Marco Pahor, MD�

OBJECTIVES: To evaluate whether older persons using
angiotensin-converting enzyme (ACE) inhibitors have a
larger lower extremity muscle mass (LEMM) than users of
other antihypertensive drugs.

DESIGN: Cross-sectional analysis of data from the Health,
Aging and Body Composition (Health ABC) Study.

SETTING: University of Tennessee, Memphis, and Uni-
versity of Pittsburgh clinics.

PARTICIPANTS: A community-based sample of 2,431
well functioning participants of the Health ABC, aged 70 to
79, who were free of heart failure, were selected according
to use of antihypertensive medications: ACE inhibitors
(n5197), b-blockers (n5169), thiazides (n5216), cal-
cium-channel blockers (n5340), or none (n51,509).

MEASUREMENTS: LEMM, assessed using dual-energy
x-ray absorptiometry, compared by index drug in analysis
of variance models unadjusted and adjusted for demo-
graphics, study site, height, body fat, physical activity,
blood pressure, coronary artery disease, diabetes mellitus,
and chronic pulmonary disease.

RESULTS: LEMM significantly differed across the study
groups, being larger in users of ACE inhibitors than in users
of other drugs (unadjusted and adjusted models). LEMM
was comparable in users of ACE inhibitors and no drug
users. A trend toward larger LEMM was also observed in
sex- and ethnicity-stratified analyses and in the subgroup of
noncoronary hypertensive participants.

CONCLUSION: In older persons, use of ACE inhibitors is
associated cross-sectionally with larger LEMM. This
finding suggests a possible explanation of the benefits of

ACE inhibitors in wasting syndromes. If confirmed in
longitudinal studies, this pharmacological action might
have important implications for the prevention of physical
disability in older patients with hypertension. J Am Geriatr
Soc 52:961–966, 2004.

Key words: muscle mass; ACE-inhibition; antihyperten-
sive medications; body composition

Evidence shows that skeletal muscle mass declines with
aging.1,2 The term sarcopenia has been introduced to

specifically indicate this age-dependent loss in skeletal
muscle mass,1 whose prevalence increases with advancing
age.3 Skeletal muscle mass plays a pivotal role in maintain-
ing functional ability in late life. Muscle mass has been
shown to be directly associated with strength,4,5 and
strength protects older persons from decline in functional
performance.6 Sarcopenia has been associated with dis-
ability independent of sex, age, ethnicity, and health status.3

Thus, interventions that can help maintain muscle mass
with age might confer important public health benefits.7

Recent studies show that the renin-angiotensin system
is involved in skeletal muscle structure and function. Young
military recruits undergoing a 10-week period of intense
physical training had anabolic responses inversely asso-
ciated with the activity of the angiotensin-converting
enzyme (ACE), as determined by their ACE genotype.8

Angiotensin II induces muscle wasting in rats via enhanced
protein degradation.9 Epidemiological evidence suggests
that ACE inhibitors prevent the development of physical
disability in older patients with10 and without11 heart
failure, possibly by improving physical performance as
measured by lower extremity muscle strength.11 Moreover,
in a small, uncontrolled trial of patients with heart failure,
long-term therapy with perindopril improved respiratory
muscle strength.12 It is therefore worthwhile investigating
whether blockage of angiotensin II synthesis with ACE
inhibitors preserves skeletal muscle mass.

To this purpose, the baseline data from the Health,
Aging and Body Composition (Health ABC) Study were
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used to evaluate the hypothesis that older persons using
ACE inhibitors have greater muscle mass than users of other
antihypertensive drugs.

METHODS

Participants

The Health ABC Study is a prospective cohort study
sponsored by the National Institute on Aging that
investigates changes in body composition, weight-related
health conditions, and incident disability in older persons
during a 7-year follow-up.

The Health ABC Study participants were selected from
a Medicare-stratified random sample of well-functioning
Caucasian and African-American residents of Memphis,
Tennessee, and Pittsburgh, Pennsylvania, aged 70 to 79. To
be eligible, participants had to report that they had no
difficulty walking a quarter of a mile (400m), walking up
10 steps, getting in and out of bed or chairs, bathing or
showering, dressing, eating, or need for use of a cane,
walker, crutches, or other special equipment to get around.
Participants also had to be free of life-threatening illness
and plan to remain in the area for at least 3 years. A total of
3,075 persons (42% African Americans, 48% men)
completed baseline evaluations and were enrolled. All
participants signed an informed written consent approved
by the institutional review boards of the University of
Tennessee and University of Pittsburgh.

Data Collection

The baseline home visit questionnaire, completed between
April 1997 and May 1998, covered demographic and
socioeconomic characteristics, health status, habitual phy-
sical activity (from which weekly energy expenditure was
calculated), and medical history. The baseline clinic visit
included a drug inventory to assess pharmacological
treatment, evaluation of body composition using dual
energy x-ray absorptiometry (DEXA), blood pressure
measurements, electrocardiogram, physical performance
tests, and strength measures.

An ad hoc committee centrally adjudicated diagnoses
of congestive heart failure, hypertension, diabetes mellitus,
and coronary artery disease (myocardial infarction, angina
pectoris, surgical or percutaneous revascularization) based
on history, findings on examination, and concomitant use of
drugs specifically indicated for that condition. In this study,
a diagnosis of hypertension was attributed to participants
who had an adjudicated diagnosis of hypertension or a
blood pressure value higher than 140/90mmHg at the study
visit.

With the drug inventory, medications taken in the
previous 2 weeks were recorded with their brand name and
a 7-digit numerical code that identifies specific drug
products, strengths, and pharmaceutical forms, following
previously well-established methods.13 Each ingredient in
the drug product was identified with an 8-digit numerical
code, according to the Iowa Drug Information System
(IDIS) code, a four-level hierarchical coding system with
three levels of therapeutic categories and one level of
ingredient category. In several previous studies, this method
for collecting and processing drug information has proven

valid and reliable for obtaining standardized drug classifi-
cation for epidemiological purpose.13,14

Weight was assessed using a balance-beam scale with
the participant wearing lightweight clothing and no shoes.
Standing height was assessed using a stadiometer. Body
mass index (BMI) was calculated as weight (kg) divided by
height squared (m2).

Observers who were unaware of clinical data and
pharmacological treatment assessed body composition
using DEXA. From a whole-body DEXA scan (Hologic
QDR 4500, version 8.21, Bedford, MA), upper and lower
extremity fat- and bone-free mass (kg) was estimated. The
amount of lean soft tissue in both legs was used as an
indicator of lower extremity muscle mass (LEMM). Total
body fat mass was also measured. A whole-body phantom
and human volunteers were used for quality control of the
DEXA scanners. If a shift was detected based on the whole-
body phantom, the DEXA variables were corrected
accordingly.

Categories of Drug Usage

Participants were classified according to their pharmacolo-
gical treatment using the IDIS codes. Index drugs were
considered ACE inhibitors (IDIS code 24080200), calcium-
channel blockers (CCBs, IDIS code 24120400), b-blockers
(IDIS code 12160100), and thiazides (IDIS code
40280100). A group of participants who were taking none
of the index drugs was also considered. Participants who
were takingmore than one index drugs and those with heart
failure as previously defined were excluded from the
analysis.

Analytic Procedure

Statistical analysis was performed using SPSS 10.1 for
Windows (SPSS Inc., Chicago, IL). Mean values were
expressed as mean � standard error of the mean (SEM).
The chi-square test was used to compare relative frequen-
cies. Analysis of variance (ANOVA; general linear mo-
dels (GLM) procedure) was used to assess differences in
continuous variables between participants in the index drug
groups. Crude analyses were partially adjusted by entering
age, sex, ethnicity, study site (Memphis vs Pittsburgh), and
annual family income (o$10,000, $10,000–25,000,
4$25,000–50,000, and4$50,000) into the model. Height
and total body fat (derived from the DEXA scan) and
weekly energy expenditure (kcal/kg/wk) were then entered
into the models to adjust muscle mass for body size and
level of physical activity. To minimize the possible
confounding by indication in the association between
LEMM and index drugs, the diagnoses of diabetes mellitus,
coronary artery disease, and chronic lung disease and blood
pressure values (or, alternatively, the diagnosis of hyperten-
sion) were finally entered as covariates in the GLM.

Orthogonal contrasts were used to compare the
adjusted (least square) means between the study groups
within each model of analysis of variance.15 With this
method, preplanned comparisons are conducted to analyze
an independent relationship between means by assigning
coefficients to weight each group mean and by calculating
the appropriate sum of squares. The sum of coefficients
must equal zero. For example, to contrast the mean of one
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group to the mean of the other three groups in an ANOVA
model with four groups, the first group mean will be ass-
igned a coefficient of 3 and each of the other group means a
coefficient of � 1. Similarly, the comparison between the
first and the last group mean will be performed by assigning
coefficients of 1, 0, 0, and � 1 to each group mean,
respectively. Three sets of orthogonal contrasts were
considered in the present study (no drugs vs ACE inhibitors,
no drugs vs other drugs (weighted average of CCB, b-
blockers, and thiazides), and ACE inhibitors vs other
drugs). The comparison between users of ACE inhibitors
and users of other agents was further assessed in subgroups
defined by sex and ethnicity. Finally, to reduce the risk of
confounding by indication, analyses were restricted to
hypertensive participants without coronary artery disease.
A P-value of less than .05 was considered to be statistically
significant.

RESULTS

General Characteristics of the Study Population

After exclusion of participants with heart failure, those who
were taking more than one of the study drugs, and those
with missing DEXA measurements, 2,431 participants
(79% of the original sample) were included in the analysis;
48.9% were men, 39.8% were African Americans, and
49.3% were from the Memphis site. Mean age � SEM was
73.6 � 0.1. Overall, 1,394 participants (57.3%) were

hypertensive, 320 (13.2%) had diabetes mellitus, and 307
(12.6%) had coronary artery disease.

Of the 2,431 participants, 1,509 (62.1%) were not
taking any of the index drugs, 197 (8.1%) were on ACE
inhibitors, 169 (7.0%) were on b-blockers, 216 (8.9%)
were on thiazides, and 340 (14.0%) were on CCB. As
reported in Table 1, significant differences were observed in
sex, ethnicity, and income distribution and in the prevalence
of hypertension, diabetes mellitus, and coronary artery
disease between the index drug groups. The five groups also
differed in height, BMI, total body fat, and blood pressure
values (Table 1).

LEMM and Cardiovascular Drugs in the Entire
Population

As reported in Table 2, mean values of LEMM differed
significantly across the study groups. The differences
remained significant in a partially adjusted model in which
age, sex, ethnicity, and study site were entered as covariates
(P5.001; data not shown). Annual family income, entered
in a further step, was not a significant predictor of LEMM
(P5.140) and did not affect the significance level of the
differences in muscle mass across the index drug groups
(P5.003; data not shown). For these reasons, and because
this variable had many missing values (Table 1), it was not
retained in subsequent analyses. The final, fully adjusted
model, including also height; total body fat; weekly energy

Table 1. Demographic and Clinical Characteristics of the Study Population, by Index Drug: Unadjusted Models of Analysis
of Variance (Continuous Variables) or Chi-Square Test (Categorical Variables)

Characteristic
None

Angiotensin-Converting
Enzyme Inhibitor b-Blocker Thiazide

Calcium-Channel
Blocker

P-value(n5 1,509) (n5 197) (n5 169) (n5 216) (n5 340)

Age, mean � SEM 73.6 � 0.07 73.5 � 0.2 73.9 � 0.2 73.4 � 0.2 73.7 � 0.2 .538
Male, % 52.3 52.8 49.7 31.9 42.1 o.001
African American, % 35.6 41.1 29.0 57.4 52.1 o.001
Memphis site, % 51.1 50.3 42.6 54.6 50.9 .208
Annual family income, $, %�

o10,000 11.4 15.8 9.3 18.8 16.7 o.001w

10,000–25,000 35.7 43.9 40.4 40.3 40.5
425,000–50,000 34.3 26.3 31.8 29.6 30.4
450,000 18.6 14.0 18.5 11.3 12.4

Hypertension, % 42.5 90.4 68.0 84.3 81.5 o.001
Diabetes mellitus, % 10.6 25.4 10.1 15.3 17.6 o.001
Coronary artery disease, % 6.0 16.8 36.7 3.7 33.5 o.001
Chronic pulmonary disease, % 3.6 3.0 0.6 5.6 5.6 o.001
Body mass index, kg/m2,

mean � SEM
26.6 � 0.1 27.8 � 0.3 26.7 � 0.3 28.2 � 0.4 27.9 � 0.3 o.001

Height, cm, mean � SEM 166.8 � 0.3 167.7 � 0.7 166.4 � 0.7 164.7 � 0.6 164.6 � 0.5 o.001
Total body fat, kg, mean � SEM 22.8 � 0.2 24.3 � 0.6 23.7 � 0.6 26.6 � 0.7 25.3 � 0.5 o.001
Systolic blood pressure, mmHg,

mean � SEM
132.7 � 0.5 140.6 � 1.5 140.2 � 1.8 134.7 � 1.3 139.2 � 1.1 o.001

Diastolic blood pressure, mmHg,
mean � SEM

70.8 � 0.3 74.1 � 0.8 71.9 � 0.8 71.9 � 0.9 71.6 � 0.6 .003

�n5 1,326, 171, 151, 186, and 299, respectively.
wP for linear trend.
SEM5 standard error of the mean.
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expenditure; systolic and diastolic blood pressure; and the
diagnoses of coronary artery disease, diabetes mellitus, and
pulmonary disease, confirmed the differences in LEMM
across the index drug groups (Table 2).

Orthogonal contrasts between groups, performed
within the unadjusted ANOVAmodel, showed that LEMM
was larger in users of ACE inhibitors than in users of no
drug or users of other drugs. Users of other drugs had a
smaller LEMM than users of no drug. After full adjustment
for covariates, the differences in LEMM between no drug
users and ACE inhibitor users or non-ACE inhibitor users
were nonsignificant. Conversely, the difference between
participants using ACE inhibitors and those using other
drugs remained statistically significant (Table 2). These

results were unchanged when a dichotomous variable
coding for the presence or absence of hypertension was
substituted for blood pressure values.

LEMM tended to be larger in ACE inhibitors users with
a longer duration of exposure than those with shorter
exposure, defined according to a median split of 2 years
(short-time users mean516.3 � 0.3 kg vs long-time
users5 17.4 � 0.4 kg; P5.058). No trend was observed
when a similar comparison was conducted of users of other
index drugs (data not shown).

Stratified and Subgroup Analyses

Analyses were repeated stratifying by sex and ethnicity or
restricted to participants with hypertension and no coronary
artery disease, a subgroup selected to reduce confounding by
indication. LEMM tended to be greater in users of ACE
inhibitors than in users of other drugs after stratifying by sex
and ethnicity (Table 3), and in the subgroup of 1,191
participants with hypertension and no coronary artery
disease (ACE inhibitor users516.5 � 0.2kg vs other drug
users: 16.1 � 0.2 kg; P5.046).

DISCUSSION

The present study shows that LEMM is larger in older
persons using ACE inhibitors than in users of other
antihypertensive medications. This difference was main-
tained when demographic and clinical covariates were
considered in adjusted, stratified, or restricted analyses.
Moreover, longer duration of exposure to ACE inhibitors
tended to be associated with larger muscle mass.

To interpret these findings, it might first be hypothe-
sized that drugs other than ACE inhibitors have some
direct, negative effects on muscle mass. This hypothesis,
suggested by the finding that non-ACE inhibitor users had
lower muscle mass than users of no drug, receives poor
support from previous research. It has been reported that
b2-adrenergic agonists induce a 10% to 20% increase in
muscle mass in rats16 and reduce muscle wasting in
different conditions,17,18 but it is unknownwhether chronic
use of b-blockers can reduce muscle mass. CCBs reduce
short-term strength and endurance of the diaphragm in
preclinical19 and clinical20 models, but whether this action

Table 2. Comparison of Lower Extremity Muscle Mass, by
Index Drug: Unadjusted and Fully Adjusted Models of
Analysis of Variance

Lower Extremity Muscle Mass (kg)

Index Drug Mean � SEM
Least Square
Mean � SEM�

None (n5 1,509) 15.8 � 0.1 15.9 � 0.1
ACEI (n5 197) 16.5 � 0.3 16.1 � 0.2
b–blocker (n5 169) 15.3 � 0.3 15.6 � 0.2w

Thiazide (n5 216) 15.5 � 0.2 15.9 � 0.2w

CCB (n5 340) 15.5 � 0.2 15.7 � 0.1w

P-value for overall F .010 .042
P-value for orthogonal

comparisons
None vs ACEI .010 .144
None vs other drugs .049 .054
ACEI vs other drugs o.001 .011

�Covariates: age, sex, ethnicity, study site, height, total body fat, weekly energy
expenditure, systolic and diastolic blood pressure, coronary artery disease,
diabetes mellitus, and chronic pulmonary disease.
wWeighted least square mean of b–blocker, thiazide, and calcium-channel
blocker (CCB): 15.7 � 0.1.
ACEI5 angiotensin-converting enzyme inhibitor; SEM5 standard error of the
mean.

Table 3. Lower Extremity Muscle Mass in Users of Angiotensin-Converting Enzyme (ACE) Inhibitors as Compared with
Users of Other Drugs, by Sex and Ethnicity

Group

Lower Extremity Muscle Mass (kg)

P-value

ACE Inhibitor Other Drugs

n
Least Square
Mean � SEM n

Weighted Least Square
Mean � SEM

Caucasian men 68 17.9 � 0.3 174 17.4 � 0.2 .049
Caucasian women 48 12.5 � 0.2 201 12.2 � 0.2 .087
African-American men 36 19.1 � 0.5 122 18.8 � 0.3 .318
African-American women 45 14.5 � 0.3 228 14.4 � 0.2 .378

Covariates: age, study site, height, total body fat, weekly energy expenditure, systolic and diastolic blood pressure, coronary artery disease, diabetes mellitus, and
chronic pulmonary disease.
SEM5 standard error of the mean.
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persists long term and is associated with muscle atrophy
remains unproven. Conversely, in rats, high-dose nifedipine
was shown to induce a 7% weight increase of the soleus
muscle, although it had no effect on the gastrocnemius and
plantaris muscles.21 Finally, decreasing insulin sensitivity
secondary to thiazides might have adverse effects on
skeletal muscle,22 but the authors are unaware of any
investigation suggesting such an effect of thiazide diuretics.
Overall, that therapeutic agents from different classes have
a common detrimental action on skeletal muscle remains an
unsupported speculation.

Alternatively, the favorable effects of damped ACE
activity on several aspects ofmuscle metabolism, reported by
previous investigations,8,9,23–26 could be invoked to justify
the larger LEMM observed in Health ABC participants on
ACE inhibitors. One study demonstrated that young humans
with genetically determined low ACE activity have an
enhanced anabolic response to physical training.8 Because
ACE inhibitors can mime this genetic status pharmacologi-
cally, these agents might be expected to exert some anabolic
effect on skeletal muscle. Benefits of ACE inhibitors on
skeletal muscle, demonstrated in previous studies, have been
attributed to improved flow to exercising muscles,27

increased glucose uptake,28 and damped secretion of
inflammatory cytokines.29 These drugs are effective in
conditions characterized by severe muscle wasting, including
congestive heart failure.25 Muscle wasting with underlying
cytokine activation, indeed, is emerging as a major hallmark
of progression and prognosis of this syndrome.30–32 Further-
more, because skeletal muscle mass is the body component
primarily responsible for glucose oxidation, a favorable
effect of ACE inhibitors on muscle mass would preserve
insulin sensitivity, thus improving glucose homeostasis.22

This, in turn, might explain the unexpected finding of a
decreased incidence of diabetes mellitus in hypertensive
patients receiving captopril, reported in a randomized trial of
antihypertensive drugs.33

Assuming that the current findings depend on the
favorable actions of ACE inhibitors on skeletal muscle, this
does not necessarily imply that these drugs actually increase
muscle mass in older, diseased persons more than in
healthier, untreated individuals. Indeed, LEMM was only
marginally, and nonsignificantly after adjustment for
confounders, larger in ACE inhibitors users than in users
of no drug. It makes more sense to hypothesize that
cardiovascular diseaseFonly partially accounted for in
these modelsFexerts a wasting effect on muscle mass,
which can be prevented or limited in individuals who take
ACE inhibitors but remains unopposed in those taking
other drugs. This interpretation is in agreement with
previous studies, in which these drugs proved effective in
slowing the decline in physical performance and preventing
the occurrence of disability observed in older, poorly
functioning subjects with cardiovascular disease, such as
heart failure10 and hypertension.11

The available literature suggests that a skeletal mass
index below two standard deviations of young adult values,
corresponding to differences in total skeletal mass of 0.8 in
men and 1.1 kg in women, is associated with substantial
functional limitations.3 Therefore, the 0.4 kg difference in
adjusted mean values of LEMM between users of ACE
inhibitors and users of other agents in the present study

might be clinically relevant and represent a risk factor for
the future development of physical impairment and
disability. Yet longitudinal observations are required to
verify this hypothesis.

Differences in muscle mass were mainly observed in
Caucasian participants, whereas they were negligible in
African Americans. The reason for this attenuated action of
ACE inhibitors on muscle mass of African Americans is
unclear, but it may be related to the lower activity of the
ACE system observed in African Americans.34

Major strengths of this study include the use of a
community-based sample of older adults and the use of
DEXA to measure body composition. Limitations of this
study include, first, the cross-sectional design that prohibits
definitive causal inferences. Second, several covariates have
been considered to account for possible confounders, and
the main results were confirmed when the analysis was
restricted to hypertensive participants without coronary
artery disease. However, residual confounding by other,
unaccounted, factors cannot be completely excluded.
Finally, it is possible that the process of diagnosis
adjudication in the Health ABC Study leaves unrecognized
some cases of hypertension and congestive heart failure, as
suggested by the fact that only 90.4% of participants on
ACE inhibitors were diagnosed as hypertensive. Yet this
should not substantially affect the results, because actual
blood pressure values, and not a categorical diagnosis of
hypertension, were used as covariates in the final models.

In conclusion, this study suggests that ACE inhibitors,
used as antihypertensive agents, can preserve muscle mass
in older persons, in agreement with previous evidence of
favorable effects of these drugs on skeletal muscle and
physical functioning in the elderly. If confirmed in follow-
up cohort studies and randomized clinical trials, this action
of ACE inhibitors would add to the proven benefits of these
agents in the growing population of older individuals with
hypertension.
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