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Abstract

Background Sarcopenia has been accepted as a new

geriatric syndrome, which will become a common and

important public health challenge. And angiotensin-con-

verting enzyme inhibitors (ACEIs) have been shown to

improve exercise capacity in elderly without heart failure.

Objectives To evaluate the effect of angiotensin-converting

enzyme inhibitors (ACEIs) on physical function in elderly.

Data Sources The Cochrane Library, PubMed, EMBASE

and Web of Science were searched.

Eligibility Criteria All researches included were ran-

domized controlled trials (RCTs) which compared any kind

of ACEIs with placebo or other anti-hypertensives in

elderly, and provided empirical data of grip strength and

6-min walk distance change from baseline.

Study Appraisal and Synthesis Methods Risk of bias was

systematically assessed by using the Cochrane risk of bias

tool. Data of grip strength and 6-min walk distance change

from baseline were collected and mean differences (MDs)

were calculated along with 95 % CI (confidence interval)

by using a random effects model.

Results In 3 RCTs including 337 elderly participants,

ACEIs (n = 178) did not significantly improved 6-min

walk distance (13.45, 95 % CI: -16.71 to 43.61;

P = 0.38) versus placebo or other antihypertensives

(n = 159). In 3 RCTs including 499 elderly participants,

grip strength was not significantly different (-0.67, 95 %

CI: -1.53 to 0.19; P = 0.12) between ACEIs (n = 260)

and placebo or other antihypertensives (n = 239).

Limitations There exists only 4 RCTs and the number of

participants is limited. Pooling of data were from different

trials including different participant characteristics. And

intervention is not strictly consistent.

Conclusion This study shows that ACEIs can not signif-

icantly improve walk distance or the age-related decline of

muscle strength for older participants in clinical trials.

Key Points

Sarcopenia has been accepted as a new geriatric

syndrome and angiotensin-converting enzyme

inhibitors (ACEIs) have been shown to improve

exercise capacity among older patients without heart

failure.

In this work, we evaluated the effect of angiotensin-

converting enzyme inhibitors (ACEIs) on physical

function in elderly subjects without heart failure and

found that ACEIs can not significantly improve walk

distance or the age-related decline of muscle strength

for the elderly in clinical trials.

It remains unclear if ACEIs can be used us an

appropriate treatment for sarcopenia, which needs

more research. This review highlights the need of

more data from studies involving measurements of

muscle mass.

1 Introduction

Initially suggested by Rosenberg in 1989 [1], sarcopenia

has been accepted as a new geriatric syndrome [2], with

definitions of incorporating an age-related decline in
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muscle function (defined by muscle strength or physical

performance) as well as skeletal muscle mass [3, 4]. And

sarcopenia has been reported to affect more than approxi-

mately 600 million elderly individuals C60 years of age in

the year 2000 worldwide. To the year 2050, the number is

estimated to rise to 2 billion [3]. It will become a common

and important public health challenge as the proportion of

aged population rapidly increase in worldwide, associated

with reduced physical capability, subsequent disability,

falls, bone fracture and frailty, which lead to poorer quality

of life, increases morbidity and mortality [1, 5–11]. Sar-

copenia will also become an economic burden to healthcare

services: the healthcare costs attributable to sarcopenia in

the USA in 2000 were estimated to be $18.5 billion [12].

Therefore, identifying interventions that improving physi-

cal function represents one of the primary goals of geriatric

medicine. To date, the therapeutic intervention attempting

to improve muscle function has got progressive exercise

training [13]. there is evidence of a beneficial effect of

progressive exercise training on muscle strength and gait

speed [14, 15]. However, the elderly are more likely to

interrupt an exercise program because of being unwilling to

do exercise training or diseases. So it is limited by the high

attrition rates and low long-term compliance. Therefore,

it’s important to search for other strategies to prevent

sarcopenia.

Cardiovascular disease which is common in elderly may

contribute to sarcopenia because of reducing blood supply

to skeletal muscle [16, 17]. And that Renin–angiotensin–

aldosterone system (RAAS) blocking drugs may avoid this

deleterious effect. Angiotensin converting enzyme inhibi-

tors (ACEIs) have been demonstrated to improve in

physical function in patients with congestive heart failure

in a variety of studies [18]. Recent evidence suggests that

ACEIs may improve physical function through the direct

effects on the risk factors for sarcopenia, rather than blood-

pressure-lowering effects. The pathogenesis of sarcopenia

remains to be not fully understood. There are several

identified risk factors that may be involved in the onset and

progression of sarcopenia: inadequate nutrition, hormonal

factors, chronic state of inflammation, oxidative stress,

declines in neural function, apoptosis [19, 20], reduced

protein synthesis [21], loss of mitochondrial function [22],

reduced satellite cell function [23] and telomere length

[24]. And many studies have indicated ACEIs treatment

improved insulin sensitivity [25], protected against age-

related mitochondrial dysfunction [26], decreased the

mRNA expression of markers of inflammation and oxida-

tive damage [27, 28]. So the effect of ACEIs for sarcopenia

is promising. In clinical trials ACEIs have been shown to

improve exercise capacity in elderly [29]. But there are

also reports that ACEIs therapy can not enhance physical

function the among older people. So far, its therapeutic

value has not been widely accepted because conclusions

are inconsistent and even conflicting in clinic [30]. The

current review is aimed at synthetically evaluating the

effect of ACEIs on physical function in elderly subjects by

synthesized and analyzing the results from research papers.

2 Methods

2.1 Inclusion and Exclusion Criteria

Our meta-analysis of randomized controlled trials were

reported in accordance with the PRISMA statement. The

studies included had to meet all the following criteria: (1)

randomized controlled trials which compared any kinds of

ACEIs with placebo or with other anti-hypertensives

(CCBs, b-blockers or diuretics); (2) all the patients in

experiments were more than 60 years old; (3) minimum

period of treatment with ACEIs was more than 4 weeks or

1 month; (4) articles published in English. Studies were

excluded based on any of the following reasons: (1) the

experiment was on the animals, (2) the data of grip strength

and 6-min walk distance change from baseline could not be

obtained in the article, (3) the study had no control group,

(4) the articles were abstracts, letters, editorials and expert

opinions, reviews without original data.

2.2 Literature Search Strategy

Studies published from 2000 to 2015, were mainly sear-

ched in the Cochrane Library, PubMed, EMBASE and

Web of Science in English. The following keywords were

used: ‘‘Angiotensin-Converting Enzyme Inhibitors’’,

‘‘ACEI’’, ‘‘ACE inhibitors’’, ‘‘physical function’’, ‘‘sar-

copenia’’, ‘‘gait speed’’, ‘‘walk distance’’, ‘‘grip strength’’

and ‘‘elderly’’ (see ‘‘Appendix’’).

2.3 Study Selection and Data Abstraction

Two reviewers (Zhou, Xu) reviewed all searched studies

including the title, the abstract then full texts for potentially

eligible studies independently. Different articles with the

same authors were check carefully to avoid overlapping of

patients. The authors of articles would be contacted for full

texts if necessary. To improve reliability of the present

research, two authors (Zhou, Xu) extracted data from

included articles independently. When there was dis-

agreement, the both reviewers discussed with each other or

with third reviewer (Xiao) to reach a consensus. The fol-

lowing data were extracted in each article: first author, year

of publication, country, number of the patients in
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experimental group and control group, age and sex of

participants, ACEIs type and dose, duration of treatment,

controls type and dose, and the data of grip strength and

6-min walk distance change from baseline. The data of grip

strength and 6-min walk distance change from baseline

were presented alone, or derived by calculating the raw

data in articles. If the article showed the data of left and

right hand grip strength respectively, we would get the

weighted average.

2.4 Assessment of Methodological Quality

The methodological quality of the studies included was

assessed by the instructions given in the Cochrane Hand-

book for Systematic Reviews of Intervention which com-

prises 5 domains (7 items): selection bias measured by how

the sequence was generated and the allocation was con-

cealed, performance bias measured by blinding of the

participants, detection bias measured by blinding of the

outcome assessment, attrition bias measured by how dis-

continuations and missing data were handled, and reporting

bias measured by the outcomes reported. In addition, risk

of other bias can be measured including imbalances, con-

flict of interest, etc [31]. The risk of bias in each trial was

assessed as ‘‘high’’ or ‘‘low’’.

2.5 Data Analysis

Mean difference (MD) was measured along with 95 % CI

for continuous variables. The heterogeneity was examined

by both Chi-squared test and I2 statistics. And meta-anal-

ysis were pooled in random-effects models because of the

presence of heterogeneity between studies. The hetero-

geneity was considered statistically significant when

P\ 0.05 or I2[ 50 %. The sensitivity analysis was con-

ducted excluding each study at a time and then detecting

the efficiency. If the results didn’t change significantly, the

results would be considered as robust. The analysis was

performed by using RevMan 5.2.4 software.

3 Results

3.1 The Flow of Trial and Characteristics

of Included Studies

The detail flow diagram of articles selection was shown in

Fig. 1. A total of 263 articles were found after duplications

removed, of which 16 potentially eligible articles were for

full-text assessment. Based on the inclusion and exclusion

criteria, 12 articles were excluded [32–43] and the rest 4

articles included in our meta-analysis [29, 30, 44, 45]. The

main characteristics of randomized clinical trials of inclu-

ded articles were shown in Table 1 and characteristics of

participants were shown in Table 2. In total, there are 337

elderly participants for 6-min walk distance while 499

elderly participants for grip strength in the meta-analysis.

The methodological quality of included articles is shown in

Fig. 2.

572 studies identified in data search 
 91 from The Cochrane Library 
124 from Pubmed  
290 from Embase  

 67 from Web of Science 

263 articles screened 
after duplicates

16 potentially eligible 
articles for full-text 
assessment.  

4 articles included in 
the meta-analysis. 

12 articles exclude: 
*not a randomized trial (n=3); 
*elderly patient–related  
outcomes not reported (n=6): 
* no control team (n=1); 
*not elder (n=1); 
*patients with heart 
failure(n=1)

247 articles excluded after 
reading the title and abstract:    
*experimentation on animals; 
* language other than English. 

309 duplicate articles 
excluded.

Fig. 1 Study selection flow

Table 1 Main characteristics of randomized clinical trials

References Country Intervention n (intervention/control) Control Follow-up Exercise (intervention)

Bunout et al. [44] Chile ENalapril 10 mg/day 50/32 Nifedipine 9 months No

Sumukadas et al. [30] UK Perindopril 4 mg/day 83/77 Placebo 20 weeks Yes

Sumukadas et al. [29] UK Perindopril 4 mg/day 45/50 Placebo 20 weeks No

Cesari et al. [45] Italy Fosinopril 40 mg/day 127/130 Placebo 6 months No

n number, UK United Kingdom, mg milligram

Effect of ACEIs on Physical Function in Elderly Subjects 729
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3.2 Risk of Bias Within Studies

As shown in Fig. 2, the quality of articles included was

satisfactory. All studies had detailed description of ran-

domization, allocation concealment methods, double-

blinding and adequate reporting on loss to follow up and

withdraw.

3.3 Effect of ACEIs on 6-Min Walk Distance

and Grip Strength

The forest plots of comparison between ACEIs and no-

ACEIs for 6-min walk distance and grip strength were

shown in Figs. 3 and 4. Overall, 3 trials assessed the effect

of ACEIs for 6-min walk distance compared to placebo or

other antihypertensives [29, 30, 44]. These studies included

337 patients, of which 178 patients received ACEIs while

159 patients received placebo or other antihypertensives. A

random effect model showed that ACEIs could not sig-

nificantly improve 6-min walk distance (13.45, 95 % CI: -

16.71 to 43.61; P = 0.38) versus placebo or other antihy-

pertensives (Fig. 3). In 3 RCTs including 499 elderly

participants, of which 260 patients received ACEIs and 239

patients received placebo or other antihypertensives [30,

44, 45], grip strength was not significantly different (-

0.67, 95 % CI: -1.53 to 0.19; P = 0.12) between ACEIs

and placebo or other antihypertensives.

3.4 Heterogeneity

Study on the effects of heterogeneity is key to know the

possible influencing factors on accurate estimates in

statistics and to evaluate whether merging different studies

is appropriate. I2 of 6-min walk distance and grip strength

Fig. 2 Risk of bias graph:

review authors’ judgments

about each risk of bias item

presented as percentages across

all included studies

Fig. 3 Forest plot of comparison ACEIs with no ACEIs for 6-min

walk distance. The mean of 6-min walk distance is the change in

6-min walk distance with or without ACEIs, and SD represents the

change in 6-min walk distance after therapy. Total represents the total

number of patients. SD standard deviation, IV inverse variance, df

degrees of freedom, CI confidence interval

Effect of ACEIs on Physical Function in Elderly Subjects 731



compared between ACEIs and no-ACEIs were 73, 72 %,

implicating there being significant heterogeneity.

3.5 Sensitivity Analysis for Heterogeneity

We explained this heterogeneity by using sensitivity anal-

ysis. Sensitivity analysis with 6-min walk distance com-

pared between ACEIs and no-ACEIs showed that the result

had marked change from primary analysis when excluding

one study [30] from analysis while the result of grip

strength showed similarity to the primary analysis. when

we excluded this study, I2 of 6-min walk distance between

ACEIs and no-ACEIs changed from 73 to 13 %, which

showed that this study had influence on heterogeneity.

4 Discussion

One report has shown that there is a mean loss of 230 and

500 g/year of fat free mass among healthy women and men

more than 70 years old [46]. It’s important to search for the

way to prevent sarcopenia and improve physical function

in elderly subjects. The current study, derived from 4

randomized studies, is the first meta-analysis to assess the

effect of ACEIs on physical function in elderly. Main

findings of our meta-analysis is that 6-min walk distance

and grip strength were not significantly different between

ACEIs and placebo or other antihypertensives for old

people.

Gait speed and grip strength have been used in EWG-

SOP diagnosis for sarcopenia. In clinic, gait speed is usu-

ally assessed by measuring the time taken to walk a set

distance or the walk distance in a limited time at usual

pace. Older people with slow gait speed have been found to

be at an increased risk of subsequent disability, falls,

cognitive decline, hospitalization, and mortality, as well as

stroke and heart failure [47–50]. Grip strength has been

recommended as the most practical method of measuring

muscle strength which can predict the measured health

outcomes while quadriceps strength can not [51]. Grip

strength showed an association with quality of life, dis-

ability, mortality, hospitalization [51–53]. Many studies

have shown that ACEIs have favorable effect on physical

function. The mechanisms for effects of ACEIs on skeletal

muscle may be concluded as muscle fiber type effect which

determines a shift of the myosin-heavy chains of leg

skeletal muscle from type II toward type I, Anti-inflam-

matory effect, nutritional effect, effects on angiogenesis

and metabolic effect [54]. Our result showed that ACEIs

could not improve gait speed and grip strength signifi-

cantly, indicating that ACEIs could not improve physical

function in elderly, which was inconsistent with the results

from animal experiments [55–58]. The reasons for this

phenomenon may relate to the short tintervening time and

limitations of this meta-analyses.

One report showed that the elderly using ACEIs derived

more functional benefit from a exercise intervention than

nonusers which indicated that exercise might be used to

stimulate certain adaptations to pharmaceuticals [33].

Similarly, it was reported that the ACEIs combined with

exercise improved in physical performance but there was

no effect when used ACEIs alone in rodents [59–61].

However, Sumukadas et al showed that ACEIs did not

enhance the effect of exercise training on physical function

Fig. 4 Forest plot of comparison ACEIs with no ACEIs for grip

strength. The mean of grip strength is the change in grip strength with

or without ACEIs, and SD represents the change in grip strength after

therapy. Total represents the total number of patients. SD standard

deviation, IV inverse variance, df degrees of freedom, CI confidence

interval
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among functionally impaired older people [30]. Whether or

not combination ACEIs with exercise can improve in

physical performance needs more research. Genetic studies

also show that the ACE system may be involved in skeletal

muscle function. People with the II genotype of the ACE

gene have lower ACE activity and have been found to have

a better endurance performance and better anabolic

response to exercise training, as compared with individuals

with the DD genotype which is associated with a higher

ACE activity [62]. In a prospective study, participants with

ACE II genotype showed a significant increase in both fat

and lean mass compared to those with the DD genotype in

response to the same exercise [63]. And it demonstrated

that enhanced responsiveness to exercise among people

with ACE II genotype perhaps was mediated by an increase

in muscle strength. At the same time, it indicated that the

effect of ACE system for physical function might have

some relationship to exercise. Regarding the role of ACEIs

status and intervention in physical performance in elderly

persons, it needs more study.

The strengths of our review include that all researches

included are RCTs only, and we excluded case-control and

cohort studies to guarantee the quality. The methodological

quality was satisfactory which increased the reliability of

the results. As we all know, ACEIs can improve physical

performance of patients with diastolic heart failure. We

excluded the participants with heart failure in order to

assure the reliability of the results. And there are many

limitation of the study. One is the high heterogeneity

among included studies. These may contribute to hetero-

geneity: different drugs used in research, different inter-

vening interval and weather or not combined with exercise.

Another limitation is that there exists only 4 RCTs and the

number of participants is limited. In addition, pooling of

data were from different trials with different participant

characteristics. Some of the participant in the included

trials are health people while some are disable. Full details

of the characteristics of the elderly participants and the

adverse of drug were not reported. Meanwhile the outcome

indicators in the study were measured by people, which

could produce system bias. The topic is new, and we want

to bring recent researches into the article. We searched the

studies published from 2000 to 2015, which is likely

introducing temporal bias. Diagnostic criteria for sarcope-

nia includes physical performance (such as gait speed),

muscle strength and muscle mass. But only one of the

studies included has the data of muscle mass. The muscle

mass is usually measured by dual energy X-ray absorp-

tiometry (DXA) which may be more objective and reliable.

Further research should include the measurement of muscle

mass in order to show the effect of drugs for sarcopenia

better.

5 Conclusion

The current meta-analysis found that treatments with

ACEIs can not significantly improve 6- min walk distance

and do not work on grip strength compared with placebo or

other antihypertensives. That whether or not ACEIs can be

used as an appropriate treatment for sarcopenia needs more

research. This review highlights the need of more data

from studies involving measurements of muscle mass.

Further studies are required to improve our understanding

of the mechanisms of sarcopenia’s effect.
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Appendix

Search strategy

(‘‘Angiotensin-Converting Enzyme Inhibitors’’ OR ‘‘An-

giotensin Converting Enzyme Inhibitors’’ OR ACEI OR

‘‘ACE inhibitors’’ OR ‘‘antihypertensive’’) AND (‘‘physi-

cal function’’ OR sarcopenia OR ‘‘exercise performance ’’

OR ‘‘gait speed’’ OR ‘‘muscle strength’’ OR ‘‘grip

strength’’) AND (‘‘old people’’ OR elderly OR aged).

(‘‘Angiotensin-Converting Enzyme Inhibitors’’[Mesh])

AND (‘‘physical function’’ OR sarcopenia OR ‘‘exercise

performance’’ OR ‘‘gait speed’’ OR ‘‘muscle strength’’ OR

‘‘grip strength’’) AND (‘‘old people’’ OR elderly OR

aged).

References

1. Hida T, Harada A, Imagama S, Ishiguro N. Managing sarcopenia

and its related-fractures to improve quality of life in geriatric

populations. Aging Dis. 2014;5(4):226–37.

2. Cruz-Jentoft AJ, Landi F, Topinkova E, Michel JP. Understand-

ing sarcopenia as a geriatric syndrome. Curr Opin Clin Nutr

Metab Care. 2010;13(1):1–7.

3. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, et al. Sarcopenia:

European consensus on definition and diagnosis: report of the

European Working Group on Sarcopenia in Older People. Age

Ageing. 2010;39(4):412–23.

4. Fielding RA, Vellas B, Evans WJ, et al. Sarcopenia: an undiag-

nosed condition in older adults. Current consensus definition:

prevalence, etiology, and consequences. International working

group on sarcopenia. J Am Med Dir Assoc. 2011;12(4):249–56.

5. Cesari M, Landi F, Vellas B, Bernabei R, Marzetti E. Sarcopenia

and physical frailty: two sides of the same coin. Front Aging

Neurosci. 2014;6:192.

Effect of ACEIs on Physical Function in Elderly Subjects 733



6. Cesari M, Rolland Y, Abellan Van Kan G, Bandinelli S, Vellas B,

Ferrucci L. Sarcopenia-related parameters and incident disability

in older persons: results from the ‘‘Invecchiare in Chianti’’ Study.

J Gerontol A Biol Sci Med Sci. 2015;70(4):457–63.

7. Isoyama N, Qureshi AR, Avesani CM, et al. Comparative

associations of muscle mass and muscle strength with mortality

in dialysis patients. Clin J Am Soc Nephrol. 2014;9(10):

1720–8.

8. Lang IA, Llewellyn DJ, Alexander K, Melzer D. Obesity, phys-

ical function, and mortality in older adults. J Am Geriatr Soc.

2008;56(8):1474–8.

9. Nishiguchi S, Yamada M, Fukutani N, et al. Differential associ-

ation of frailty with cognitive decline and sarcopenia in com-

munity-dwelling older adults. J Am Med Dir Assoc. 2015;16(2):

120–4.

10. Tanimoto Y, Watanabe M, Sun W, et al. Association between

sarcopenia and higher-level functional capacity in daily living in

community-dwelling elderly subjects in Japan. Arch Gerontol

Geriatr. 2012;55(2):e9–13.

11. Yamada M, Nishiguchi S, Fukutani N, et al. Prevalence of sar-

copenia in community-dwelling Japanese older adults. J Am Med

Dir Assoc. 2013;14(12):911–5.

12. Janssen I, Shepard DS, Katzmarzyk PT, Roubenoff R. The

healthcare costs of sarcopenia in the United States. J Am Geriatr

Soc. 2004;52(1):80–5.

13. Lee HC, Lee ML, Kim SR. Effect of exercise performance by

elderly women on balance ability and muscle function. J Phys

Ther Sci. 2015;27(4):989–92.

14. Liu CJ, Latham NK. Progressive resistance strength training for

improving physical function in older adults. Cochrane Database

Syst Rev. 2009;3:CD002759.

15. Rhee CM, Kalantar-Zadeh K. Resistance exercise: an effective

strategy to reverse muscle wasting in hemodialysis patients?

J Cachexia Sarcopenia Muscle. 2014;5(3):177–80.

16. Ahimastos AA, Dart AM, Lawler A, Blombery PA, Kingwell

BA. Reduced arterial stiffness may contribute to angiotensin-

converting enzyme inhibitor induced improvements in walking

time in peripheral arterial disease patients. J Hypertens.

2008;26(5):1037–42.

17. Ochi M, Kohara K, Tabara Y, et al. Arterial stiffness is associated

with low thigh muscle mass in middle-aged to elderly men.

Atherosclerosis. 2010;212(1):327–32.

18. Sayer G, Bhat G. The renin–angiotensin–aldosterone system and

heart failure. Cardiol Clin. 2014;32(1):21–32, vii.

19. Mavros Y, Kay S, Simpson KA, et al. Reductions in C-reactive

protein in older adults with type 2 diabetes are related to

improvements in body composition following a randomized

controlled trial of resistance training. J Cachexia Sarcopenia

Muscle. 2014;5(2):111–20.

20. Zembron-Lacny A, Dziubek W, Rogowski L, Skorupka E, Dab-

rowska G. Sarcopenia: monitoring, molecular mechanisms, and

physical intervention. Physiol Res. 2014;63(6):683–91.

21. Churchward-Venne TA, Breen L, Phillips SM. Alterations in

human muscle protein metabolism with aging: protein and

exercise as countermeasures to offset sarcopenia. Biofactors.

2014;40(2):199–205.

22. Calvani R, Joseph AM, Adhihetty PJ, et al. Mitochondrial path-

ways in sarcopenia of aging and disuse muscle atrophy. Biol

Chem. 2013;394(3):393–414.

23. Alway SE, Myers MJ, Mohamed JS. Regulation of satellite cell

function in sarcopenia. Front Aging Neurosci. 2014;6:246.

24. Woo J, Yu R, Tang N, Leung J. Telomere length is associated

with decline in grip strength in older persons aged 65 years and

over. Age. 2014;36(5):9711.

25. Premaratna SD, Manickam E, Begg DP, et al. Angiotensin-con-

verting enzyme inhibition reverses diet-induced obesity, insulin

resistance and inflammation in C57BL/6J mice. Int J Obes

(Lond). 2012;36(2):233–43.

26. de Cavanagh EM, Piotrkowski B, Basso N, et al. Enalapril and

losartan attenuate mitochondrial dysfunction in aged rats. FASEB

J. 2003;17(9):1096–8.

27. de Cavanagh EM, Inserra F, Ferder L, Fraga CG. Enalapril and

captopril enhance glutathione-dependent antioxidant defenses in

mouse tissues. Am J Physiol Regul Integr Comp Physiol.

2000;278(3):R572–7.

28. Chu KY, Lau T, Carlsson PO, Leung PS. Angiotensin II type 1

receptor blockade improves beta-cell function and glucose tol-

erance in a mouse model of type 2 diabetes. Diabetes.

2006;55(2):367–74.

29. Sumukadas D, Witham MD, Struthers AD, McMurdo ME. Effect

of perindopril on physical function in elderly people with func-

tional impairment: a randomized controlled trial. CMAJ.

2007;177(8):867–74.

30. Sumukadas D, Band M, Miller S, et al. Do ACE inhibitors

improve the response to exercise training in functionally impaired

older adults? A randomized controlled trial. J Gerontol A Biol Sci

Med Sci. 2014;69(6):736–43.

31. Higgins JPT, Green S, editors. Cochrane handbook for systematic

reviews of interventions. Version 5.1.0 [updated March 2011].

The Cochrane Collaboration. 2011. http://handbook.cochrane.

org/. Accessed 22 Jun 2014.

32. Ahimastos AA, Lawler A, Reid CM, Blombery PA, Kingwell

BA. Brief communication: ramipril markedly improves walking

ability in patients with peripheral arterial disease: a randomized

trial. Ann Intern Med. 2006;144(9):660–4.

33. Buford TW, Manini TM, Hsu FC, et al. Angiotensin-converting

enzyme inhibitor use by older adults is associated with greater

functional responses to exercise. J Am Geriatr Soc. 2012;60(7):

1244–52.

34. Cao YJ, Mager DE, Simonsick EM, et al. Physical and cognitive

performance and burden of anticholinergics, sedatives, and ACE

inhibitors in older women. Clin Pharmacol Ther. 2008;83(3):

422–9.

35. Cesari M, Kritchevsky SB, Baumgartner RN, et al. Sarcopenia,

obesity, and inflammation—results from the Trial of Angiotensin

Converting Enzyme Inhibition and Novel Cardiovascular Risk

Factors study. Am J Clin Nutr. 2005;82(2):428–34.

36. Di Bari M, van de Poll-Franse LV, Onder G, et al. Antihyper-

tensive medications and differences in muscle mass in older

persons: the Health, Aging and Body Composition Study. J Am

Geriatr Soc. 2004;52(6):961–6.

37. Gray SL, Aragaki AK, LaMonte MJ, et al. Statins, angiotensin-

converting enzyme inhibitors, and physical performance in older

women. J Am Geriatr Soc. 2012;60(12):2206–14.

38. Gray SL, LaCroix AZ, Aragaki AK, et al. Angiotensin-converting

enzyme inhibitor use and incident frailty in women aged 65 and

older: prospective findings from the Women’s Health Initiative

Observational Study. J Am Geriatr Soc. 2009;57(2):297–303.

39. Han K, Park YM, Kwon HS, et al. Sarcopenia as a determinant of

blood pressure in older Koreans: findings from the Korea

National Health and Nutrition Examination Surveys

(KNHANES) 2008–2010. PLoS One. 2014;9(1):e86902.

40. Maggio M, Ceda GP, Lauretani F, et al. Relation of angiotensin-

converting enzyme inhibitor treatment to insulin-like growth

factor-1 serum levels in subjects [65 years of age (the

InCHIANTI study). Am J Cardiol. 2006;97(10):1525–9.

41. Onder G, Penninx BW, Balkrishnan R, et al. Relation between

use of angiotensin-converting enzyme inhibitors and muscle

strength and physical function in older women: an observational

study. Lancet. 2002;359(9310):926–30.

42. Witham MD, Syddall HE, Dennison E, Cooper C, McMurdo ME,

Sayer AA. ACE inhibitors, statins and thiazides: no association

734 L. Zhou et al.

http://handbook.cochrane.org/
http://handbook.cochrane.org/


with change in grip strength among community dwelling older

men and women from the Hertfordshire Cohort Study. Age

Ageing. 2014;43(5):661–6.

43. Hutcheon SD, Gillespie ND, Crombie IK, Struthers AD,

McMurdo ME. Perindopril improves six minute walking distance

in older patients with left ventricular systolic dysfunction: a

randomised double blind placebo controlled trial. Heart.

2002;88(4):373–7.

44. Bunout D, Barrera G, de la Maza MP, Leiva L, Backhouse C,

Hirsch S. Effects of enalapril or nifedipine on muscle strength or

functional capacity in elderly subjects. A double blind trial.

J Renin Angiotensin Aldosterone Syst. 2009;10(2):77–84.

45. Cesari M, Pedone C, Incalzi RA, Pahor M. ACE-inhibition and

physical function: results from the Trial of Angiotensin-Con-

verting Enzyme Inhibition and Novel Cardiovascular Risk

Factors (TRAIN) study. J Am Med Dir Assoc. 2010;11(1):

26–32.

46. Bunout D, de la Maza MP, Barrera G, Leiva L, Gattas V, Hirsch

S. Assessment of sarcopenia: longitudinal versus cross sectional

body composition data. Aging Clin Exp Res. 2007;19(4):295–9.

47. Stone E, Skubic M, Rantz M, Abbott C, Miller S. Average in-

home gait speed: investigation of a new metric for mobility and

fall risk assessment of elders. Gait Posture. 2015;41(1):57–62.

48. Kutner NG, Zhang R, Huang Y, Wasse H. Gait speed and hos-

pitalization among ambulatory hemodialysis patients: USRDS

special study data. World J Nephrol. 2014;3(3):101–6.

49. Donoghue OA, Jansen S, Dooley C, De Rooij S, Van Der Velde

N, Kenny RA. Atrial fibrillation is associated with impaired

mobility in community-dwelling older adults. J Am Med Dir

Assoc. 2014;15(12):929–33.

50. Abellan van Kan G, Rolland Y, Andrieu S, et al. Gait speed at

usual pace as a predictor of adverse outcomes in community-

dwelling older people an International Academy on Nutrition and

Aging (IANA) Task Force. J Nutr Health Aging. 2009;13(10):

881–9.

51. Chan OY, van Houwelingen AH, Gussekloo J, Blom JW, den

Elzen WP. Comparison of quadriceps strength and handgrip

strength in their association with health outcomes in older adults

in primary care. Age. 2014;36(5):9714.

52. Legrand D, Vaes B, Mathei C, Adriaensen W, Van Pottelbergh G,

Degryse JM. Muscle strength and physical performance as

predictors of mortality, hospitalization, and disability in the

oldest old. J Am Geriatr Soc. 2014;62(6):1030–8.

53. Cooper R, Kuh D, Hardy R. Objectively measured physical

capability levels and mortality: systematic review and meta-

analysis. BMJ. 2010;341:c4467.

54. Onder G, Della Vedova C, Landi F. Validated treatments and

therapeutics prospectives regarding pharmacological products for

sarcopenia. J Nutr Health Aging. 2009;13(8):746–56.

55. Murphy KT, Chee A, Trieu J, Naim T, Lynch GS. Inhibition of

the renin–angiotensin system improves physiological outcomes in

mice with mild or severe cancer cachexia. Int J Cancer.

2013;133(5):1234–46.

56. Morales MG, Cabrera D, Cespedes C, et al. Inhibition of the

angiotensin-converting enzyme decreases skeletal muscle fibrosis

in dystrophic mice by a diminution in the expression and activity

of connective tissue growth factor (CTGF/CCN-2). Cell Tissue

Res. 2013;353(1):173–87.

57. Marzetti E, Calvani R, DuPree J, et al. Late-life enalapril

administration induces nitric oxide-dependent and independent

metabolic adaptations in the rat skeletal muscle. Age.

2013;35(4):1061–75.

58. Carter CS, Giovannini S, Seo DO, et al. Differential effects of

enalapril and losartan on body composition and indices of muscle

quality in aged male Fischer 344x Brown Norway rats. Age.

2011;33(2):167–83.

59. Minami N, Li Y, Guo Q, et al. Effects of angiotensin-converting

enzyme inhibitor and exercise training on exercise capacity and

skeletal muscle. J Hypertens. 2007;25(6):1241–8.

60. Kanazawa M, Kawamura T, Li L, et al. Combination of exercise

and enalapril enhances renoprotective and peripheral effects in

rats with renal ablation. Am J Hypertens. 2006;19(1):80–6.

61. Guo Q, Minami N, Mori N, et al. Effects of estradiol, angio-

tensin-converting enzyme inhibitor and exercise training on

exercise capacity and skeletal muscle in old female rats. Clin Exp

Hypertens. 2010;32(2):76–83.

62. Williams AG, Rayson MP, Jubb M, et al. The ACE gene and

muscle performance. Nature. 2000;403(6770):614.

63. Montgomery H, Clarkson P, Barnard M, et al. Angiotensin-con-

verting-enzyme gene insertion/deletion polymorphism and

response to physical training. Lancet. 1999;353(9152):541–5.

Effect of ACEIs on Physical Function in Elderly Subjects 735


	Effect of Angiotensin-Converting Enzyme Inhibitors on Physical Function in Elderly Subjects: A Systematic Review and Meta-Analysis
	Abstract
	Background
	Objectives
	Data Sources
	Eligibility Criteria
	Study Appraisal and Synthesis Methods
	Results
	Limitations
	Conclusion

	Introduction
	Methods
	Inclusion and Exclusion Criteria
	Literature Search Strategy
	Study Selection and Data Abstraction
	Assessment of Methodological Quality
	Data Analysis

	Results
	The Flow of Trial and Characteristics of Included Studies
	Risk of Bias Within Studies
	Effect of ACEIs on 6-Min Walk Distance and Grip Strength
	Heterogeneity
	Sensitivity Analysis for Heterogeneity

	Discussion
	Conclusion
	Appendix
	Search strategy

	References




