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Abstract

Background: Methods which potentially could prevent age-related
loss of muscle mass and function are still being sought. There are
various attempts to use pharmacological agents to prevent loss of
muscle mass, but the effectiveness of many of them still needs to be
confirmed. One of the promising therapeutics are Angiotensin
Converting Enzyme Inhibitors (ACEIs) and lowering of serum ACE
activity. The goal of this study was to assess if taking Angiotensin
Converting Enzyme Inhibitors (ACEI) and other angiotensin system
blocking medications (ASBMs) can modify muscle performance in
older men as well as to assess the association of serum ACE activity
with muscle strength, power, muscle contraction velocity and
functional performance.

Methods: Seventy-nine older men took part in the study. Muscle
function was assessed with hand grip strength, maximum power
relative to body mass (Pmax) and optimal shortening velocity (Uopt) of
the knee extensor muscles. Anthropometric data, ACE activity and
functional performance were also measured.

Results: Negative correlations between ACE activity and Pmax (rho=-
0.29, p=0.04) as well as Uopt (rho=-0.31, p=0.03) in a group of patients
not taking ACEI and between ACE activity and Uopt (rho=-0.22, p=0.05)
in the whole group of men were found. Positive relationship between
age and ACE activity was demonstrated (rho=0.26, p=0.02). Age was
the only selected variable in the multiple regression analyses to
determine both Pmax and Uopt.

Conclusions: Serum ACE activity negatively associates to muscle
power and muscle contraction velocity. The issues related to the
impact of taking ACEI on the maintenance of muscle function and
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functional performance in older man require further studies.
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13747) Amendments from Version 1

All comments of the reviewers have been taken into account

in the new version. The introduction of the article was
supplemented with an attempt to justify the use of ACE inhibitors
to maintain muscle mass and strength, while the discussion was
supplemented with information on potential mechanisms related
to the influence of ACE activity on the level of power and muscle
contraction velocity. In the “Methods"” section we have described
in more detail the measurement of muscle power and muscle
contraction velocity as well as the method of assigning patients
to groups has been added.

We have also added “Limitations of the study” section and
according to the reviewers suggestions we have slightly modified
the conclusions.

Any further responses from the reviewers can be found at
the end of the article

Introduction

Age-related sarcopenia, connected with deteriorating in muscle
mass and function, is one of the most important factors
determining functional status'~’. That is why methods used to
prevent age-related loss of muscle mass and function are still
being sought. Physical activity especially with proper nutri-
tional intervention may be potentially an effective management
for sarcopenia‘, but it is difficult to convince seniors to
follow these recommendations. There are various attempts to use
pharmacological agents to prevent loss of muscle mass, but the
effectiveness of many of them still needs to be confirmed’.
Taking Angiotensin Converting Enzyme Inhibitors (ACEI)
is also being considered. ACEI are traditionally used among
others as anti-hypertensive medications and in cardiovascular
diseases or diabetic nephropathy treatment’, but there are also
some hypotheses that using ACEI may modify muscle aging.
For example, Onder ef al.” in a three-year observational study
in a group of older women with hypertension and without
congestive heart failure have shown that ACEI treatment may
slow age-related decline in muscle strength. The authors of the
article explain this effect with several mechanisms, such as:
direct influence on mechanical and metabolic changes in muscles
(shift of the myosin heavy chains of skeletal muscle toward the
fatigue-resistant forms; increasing insulin sensitivity, glycogen
storage and glucose uptake in skeletal muscle; reduction of kinin
breakdown and, consequently, improved circulation and better
glucose and amino acid uptake), suppression of inflammatory
activation connected with muscle catabobolism, beneficial effect
on the nutritional status (inhibition of interleukin-6, which,
among others, reduces appetite and, consequently, may cause
malnutrition)’.

Taking ACEI as well as the ACE genotype with insertion
(II) of allele in gene, is associated with lower serum ACE
activity®’. There are suggestions that the ACE genotype type
predisposes one to be successful in certain sports'’. ACE is a
basic component of renin-angiotensin system (RAS), which
converts angiotensin I (ang I) in angiotensin II (ang II). Ang
II may in turn influence muscle performance''. Williams
et al."” reported that circulating ACE activity was correlated
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with isometric and isokinetic strength of quadriceps muscle
strength in untrained man.

Even more important than muscle strength factor affecting
functional performance in elderly population are muscle power
and muscle contraction velocity'”. These factors are also
more influenced by aging than muscle strength'’. In addition
to our recent research'’, there are no reports on the effect of
ACEI taking and serum ACE activity on muscle power and
muscle contraction velocity in older population. In that study we
have found association between serum ACE activity with opti-
mal shortening velocity of quadriceps muscles in older women,
but not with muscle strength and power. Because various
sex-related factors can modify age-related muscle changes',
earlier reported sex-related differences in ACE activity'®, as
well as possible differences in absorption of medications
(absorption in women may be slower due to reduced gastric acid
secretion and gastrointestinal motility)'” we conducted similar
study in the group of older men.

The goal of our study was to assess if taking ACEI can modify
muscle performance in older man as well as to assess the asso-
ciation of serum ACE activity with muscle strength, power,
muscle contraction velocity and functional performance

Methods

Subjects

Seventy-nine community-dwelling older men took part in the
study. Participants were recruited through the local media by
the Medical University of Lodz, Department of Geriatrics. The
study included men aged = 60 years, with the inclusion
criteria of those with the ability to understand and execute
commands, the ability to perform exercise testing, and those
who signed the informed consent to participate in the study.
Exclusion criteria were as follows: recent (<three months)
diagnosis of myocardial infarction, stroke or orthopaedic
surgery, cardiac contraindications to exercise tests, or lack of
ability to perform tests because of motor system dysfunctions
(limited range of motion, pain).

Ethical statement
The study was approved by the Bioethics Committee of the
Medical University of Lodz No RNN/647/14/KB.

Protocol

Participants were asked to report to the Research Center in
the morning (8-9 a.m.) on an empty stomach (at least 12 hours
fasting), after a night’s sleep. They were also asked for avoid
smoking, drinking alcohol and taking heavy physical exertion
for at least 12 hours. After fasting blood drawing and a
light breakfast, a comprehensive assessment was carried out with
each participant. The assessment included: interview (informa-
tion on socio-economic status, current and previous illnesses,
and current medication), anthropometric measurements, evalu-
ation of muscle function (muscle strength, power and shortening
velocity), as well as functional status assessment.

Based on the analysis of medications taken, men were assigned
to the following groups: ACEI - if they were taking any
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medications belonging to the ACEI group (n = 26) and to
the non ACEI group - if they were not taking ACEI (n = 53).
Similarly, if men were taking any drugs from the angiotensin
system blocking medications (ASBMs) group, they were
assigned to the ASBMs group (n = 34), if not, then to the non
ASBMs group (n = 45)

Anthropometric data

Measurements of height, weight, and skinfold thickness (from:
triceps, biceps, sub-scapula, and supra-ileum) were performed
using standard methods. Body mass index — BMI (kg-m?)
was calculated and the percentage of body fat was estimated
according to Durnin & Womersley'®.

Muscle strength

The Jamar® hydraulic hand dynamometer (Sammons Preston
Rolyan, Bolingbrook, Canada) was wused for handgrip
strength evaluation. The test was preceded by a demonstration
of the researcher and performed twice (on both sides), with
30 second pauses between measurements. During the test,
the participant was in a standing position, with shoulder in
neutral position and elbow in flexion (90°) with no radioulnar
deviation, and was encouraged to squeeze the device as hard
as possible. Results were given in kilograms (kg). A better

record for each hand separately was used for analysis'.

Maximum power (Pmax) and optimal shortening
velocity (Uopt) of the knee extensor muscles

Muscle power and optimal shortening velocity evaluations were
performed with especially prepared ergometer (Monark type
818E Stockholm, Sweden), during two 8-second attempts to
pedal at the maximum possible speed with friction loads of
0.25 N-kg' and 0.35 N-kg' of body mass. Instantaneous
pedaling velocity (U), force (F) and power output (P) were calcu-
lated each 5ms and then averaged over each downstroke period.
The highest value of P (maximal short-term power — Pmax)
and optimal shortening velocity (Uopt - velocity at which the
power reaches a maximum value) were calculated from a 3rd
order polynomial function. The methodology used in this meas-
urement has been previously described in detail’”’. Pmax was
presented in relation to body mass (W-kg'). Uopt was given in
number of rotations per minute (rot-min™').

Functional performance

Activities of Daily Living (ADL)’, the Lawton Instrumental
Activities of Daily Living (IADL)”, and Timed Up & Go
test (TUG)” were used to assess functional status of the
participants.

ADL and IADL are scales based on questions concerning
ability to perform basic and complex (instrumental) daily
activities. ADL scale consists of six questions about activi-
ties such as eating, dressing, bathing, continence, toileting, and
transferring. IADL contains questions about more complex
activities enabling independent functioning, such as ability
to use telephones, shopping, food preparation, cleaning, wash-
ing, use of public transport, responsibility for own medications,
and ability to handle finances.
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Timed Up & Go test is a simple and very popular functional
test. It involves standing up from a sitting position, walking
forth and back three meters, and sitting back on time. Time is
given in seconds. After a familiarization test, this was performed
twice and the better result was chosen for further analysis.

ACE activity evaluation

Fasting blood samples were collected from every man at the
Research Center in the morning hours into vacuum tubes. The
blood was centrifuged and then stored at -20 °C until meas-
urement. The reagents used and the method of analysis were
described in our previous work'*. Results were given in U/L.

Statistical analysis

The descriptive statistics are presented as mean * standard devi-
ation for data with a normal distribution, and for data without a
normal distribution they were additionally shown as median
(lower quartile - upper quartile). After the normality check, the
one-way analysis of variance (ANOVA) or Mann-Whitney test
(for quantitative data) and Chi’> with Yates’ correction test (for
qualitative data - prevalence of diseases) were used for group
comparison. Spearman’s correlation coefficients were calcu-
lated to assess the relationships between numerical variables.
To establish the most important determinants of Pmax and
Uopt, the multiple regression analyses were made. For these
analyses, ACE activity results were transformed logarithmi-
cally due to the non-normal distribution. Significance was set
at a p value of p<0.05.

Results

Baseline characteristics of the men taking and not taking ACEI
as well as taking and not taking angiotensin system blocking
medications (ASBMs) are shown in Table 1. Participants
taking ACEI did not differ in terms of age, anthropometric
indicators, education level, grip strength, muscle power,
contraction velocity, and ADL results. Patients taking ACEI
took more medications and were characterized by lower level
of ACE in blood samples and lower IADL status. Men from
both groups did not differ with regard to the prevalence of most
diseases (ischemic heart disease, stroke, cancer, osteoporosis,
COPD, heart failure, diabetes, myocardial infarction), but
men talking ACEI more often suffered from hypertension
(p=0.0003).

Whereas participants taking ASBMs were more than two
years older than subjects not taking ASBMs, they took more
medications, had greater BMI, and did not differ in terms of
majority of muscles function parameters (Pmax, Uopt, right
handgrip strength), except for the left handgrip strength.

We have found a positive relationship between age and ACE
activity in men not taking ACEI and in all studied patients.
We have also found a negative correlation between ACE
activity and Pmax (Figure 1) as well as with Uopt (Figure 2)
in group of patients not taking ACEI and in the whole group of
men (Table 2). Similar relationships were observed in group
of men not taking any ASBMs - both Pmax (borderline
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Table 1. Comparison of the results of the studied groups (ACEI vs non ACEI and ASBMs vs non

ASBMs).
Characteristics ACEI non ACEI ASBMs non ASBMs
(n=26) (n=53) (n=34) (n=45)
Age (years) 77.6%5.3 76.8+6.2 78.4+5.9 76.07+5.7
78.5(75.0-82.0) 77.0(72.0-80.0)
Body mass (kg) 82.3+13.4 79.6£10.9 82.71£13.4 78.8+10.1
82.0(74.5-86,6) 78.0(72.0-86.5) 81.8(74.5-86.6) 78.0(72.0-86.5)
Body mass index (kg:m-) 28.5+4.4 273435 28.9+45 26.8+3.0 *
27.5(26.2-29.2) 26.8(24.5-28.7) 27.8(26.2-30.9) 26.6 (24.4-28.1)*
Medications (number) 6.312.4 434263 " 6.5+2.2 394257
Fat percentage of body mass (%) 25.3+4.9 24.046.3 25.845.6 23.446.6
Left handgrip strength (kg) 35.3+7.8 38.8+10.21 34.6+8.6 39.9+9.7 *
35.0(29.0-40.0) 36.0(32.0-44.5) 34.0(28.0-39.0) 37.5(32.5-45.5)*
Right handgrip strength (kg) 37.8+9.2 39.8£10.6 37.1£9.1 40.8£10.6
36.5(30.0-45.0) 37.5(32.0-45.5) 35.5(30.0-45.0) 38.5(33.0-47.0)
Pmax (W-kg™) 3.89+1.45 4.31+1.48 3.84+1.40 4.42+1.49
Uopt (rep/min) 76.4£16.7 79.7£13.3 75.7£17.5 80.8£11.4
78.1(66.7-85.7) 81.2(70.6-89.4)
ACE activity (U L) 40.04£22.2 55.0+30.0 * 47.9+28.8 51.6+28.2
39.3(23.8-54.1) 46.1(32.4-66.2)* 44.1(26.0-56.9) 44.0(31.3-65.6)
ADL 5.6+0.8 5.7+0.6 5.6+0.09 5.810.4
6.0 (5.5-6.0) 6.0 (6.0-6.0) 6.0 (5.5-6.0) 6.0 (6.0-6.0)
IADL 7.6£1.1 8.0£0.1 * 7.7+0.9 8.0£0.1
8.0 (8.0-8.0) 8.0 (8.0-8.0) 8.0 (8.0-8.0) 8.0 (8.0-8.0)*
TUG (s) 72814 6.7+1.5 7.2£1.6 6.6+1.3
7.0 (6.0-8.0) 6.43 (5.7-7.4) 6.9 (6.0-8.0) 6.4 (5.7-7.4)

Note: The results for data with a normal distribution are presented as mean +SD. The results for data without a normal
distribution are presented as mean + SD and additionally as median and quartiles

*p<0.05; Tp<0.01; #p<0.001 - ACEI compared to non ACEI and ASBMs compared to non ASBMs
Abbreviations: Pmax, maximum power; Uopt, optimal shortening velocity of the knee extensor muscles; ACE, angiotensin-
converting enzyme; ACEI, Angiotensin Converting Enzyme Inhibitors; ASBMs, angiotensin system blocking medications;

ADL, Activities of Daily Living; IADL, Instrumental Activities of Daily Living; TUG, Timed Up and Go test; ACEI - men taking
ACEL non ACEI - men not taking ACEI; ASBMs - men taking ASBMs; non ASBMs - men not taking ASBMs
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Figure 1. Correlation between ACE activity and Pmax in patients not taking ACEI.
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Figure 2. Correlation between ACE activity and Uopt in patients not taking ACEI

Table 2. Correlations between ACE activity with anthropometric data, muscle function
characteristics and functional performance in men taking/not taking ACEI and taking/not

taking ASBMs.

Characteristics

Age (years)

Body mass (kg)

Body mass index (kg'm?)

Medications (number)

Fat percentage of body mass (%)

Left handgrip strength (kg)

Right handgrip strength (kg)

Pmax (W-kg™")

Uopt (rep/min)

ADL

IADL

TUG (s)

ACEI
(n=26)

Rho=0.16
P=0.4

Rho=-0.15
P=0.45

Rho=0.01
P=0.95

Rho=0.24
P=0.24

Rho=-0.21
P=0.31

Rho=-0.40
P=0.087

Rho=-0.18
P=0.38

Rho=-0.19
P=0.34

Rho=-0.15
P=0.45

Rho=-0.22
p=0.27

Rho=0.06
P=0.77

Rho=-0.04
P=0.85

non ACEI
(n=53)

Rho=0.38
P=0.006

Rho=0.17
P=0.23

Rho=0.10
P=0.46

Rho=0.09
P=0.50

Rho=0.19
P=0.19

Rho=-0.22
P=0.12

Rho=-0.14
pP=0.32

Rho=-0.29
P=0.04

Rho=-0.31
p=0.03

Rho=-0.04
P=0.76

Rho=-0.07
P=0.60

Rho=-0.12
P=0.39

ASBMs
(n=34)

Rho=0.19
p=0.27

Rho=-0.04
P=0.80

Rho=0.10
P=0.56

Rho=0.17
P=0.33

Rho=-0.07
P=0.70

Rho=-0.29
P=0.10

Rho=-0.08
P=0.64

Rho=-0.14
P=0.42

Rho=-0.16
P=0.35

Rho=-0.18
P=0.31

Rho=0.18
P=0.29

Rho=-0.13
P=0.46

non ASBMs all

(n=45) (n=79)
Rho=0.38 Rho=0.26
P=0.01 P=0.02
Rho=0.12 Rho=0.04
P=0.42 P=0.7
Rho=0.04 Rho=0.02
P=0.81 P=0.84
Rho=0.001  Rho=0.03
P=0.99 P=0.77
Rho=0.14 Rho=0.04
P=0.38 P=0.75
Rho=-0.21 Rho=-0.22
P=0.18 P=0.06
Rho=-0.15 Rho=-0.12
P=0.32 P=0.29
Rho=-0.29  Rho=-0.21
P=0.06 P=0.06
Rho=-0.31 Rho=-0.22
P=0.04 P=0.05
Rho=-0.002 Rho=-0.06
P=0.99 P=0.58
Rho=-0.09 Rho=0.09
P=0.54 P=0.42
Rho=-0.11 Rho=-0.13
P=0.47 P=0.27

Abbreviations: Pmax, maximum power; Uopt, optimal shortening velocity of the knee extensor muscles; ACE,
angiotensin-converting enzyme; ACEI, Angiotensin Converting Enzyme Inhibitors; ASBMs, angiotensin system
blocking medications; TUG, Timed Up and Go test; ACEI - men taking ACEL; non ACEI - men not taking ACEI; ASBMs
- men taking ASBMs; non ASBMs - men not taking ASBMs
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significance) and Uopt were negatively correlated with serum
ACE activity (Table 2).

However, when ACE activity and age were entered into the
multiple regression analyses, age was the only selected variable
to determine both Pmax and Uopt.

Discussion

In this study we have shown that muscle power and mus-
cle contraction velocity were negatively correlated with ACE
activity in patients not taking ACEI and in patients not
taking any ASBMs. However, taking ACEI was not consist-
ently associated with handgrip strength, muscle power, muscle
contraction velocity, and functional performance in older men of
the same age and with comparable anthropometric parameters.

In 2002, Onder et al.’” published an article suggesting that
treatment with ACEI may be associated with slower decline
in muscle strength and function in older women with
hypertension. During the three-year observation the reduc-
tion in the muscle strength of the knee extensors and in walking
speed was significantly lower in women who continuously used
ACEI than in those who used other or did not used any hyper-
tensives. Buford er al. also reported greater exercise-derived
improvements in physical function for older ACEI users™.
In EELO Project, taking medicines modulating the effect of
angiotensin II (both ACEI and angiotensin receptors blockers)
was connected with better functional capacity and muscle
strength in people over 60 year of age”. In the present
study, despite the fact that patients receiving any ASBMs were
more than two years older than those who did not take ASBMs,
they did not differ in terms of muscle power and Uopt. This
is consistent with our last study in older women'*. Women
taking ACEI were almost two years older, had lower health
status than women not taking ACEIL but these two groups did
not differ in terms of handgrip strength, Pmax, Uopt and
functional performance. These results may suggest effect of RAS
system on muscle performance.

However, there are some studies which do not confirm clearly
the protective effect of ACEI on muscle and functional per-
formance and on improvement of the response to exercises
training. Sumukadas er al”® did not find effects of ACEI
therapy on functional status as well as on improvement in hand-
grip and quadriceps muscle strength in older people under-
going 20-week progressive exercise training in comparison
with placebo. In nine-month follow-ups taking ACEI was
connected with decreasing of ACE activity but there was no
association between the changes in ACE activity and changes
in muscle strength or functional capacity in older commu-
nity dwelling subjects”’. Similarly, in the TRAIN study, the
authors did not observe significant modifications in physical
performance and handgrip strength after six-months of fosino-
pril use in older persons with high cardiovascular risk profile*.
In 4.4 years, a follow-up study” taking any from cardiovascu-
lar drugs (ACEI statins or thiazides) was not associated with
differences in handgrip strength decline in healthy older people.

F1000Research 2021, 10:184 Last updated: 16 JUL 2021

Therefore, the results regarding the relationship between ACEI
and maintaining/improving muscle mass and strength in older
age are still inconsistent. Many additional factors can poten-
tially influence this relationship, like concomitant diseases, the
type and dosage of the drugs, genetic predisposition, lifestyle,
etc. The key point may be the observation time. The longest
period of observations mentioned above was 4.4 years”, but
some of them were shorter - even six months*. Decreasing
muscle mass and function is not a rapid process. It has been
reported that the strength loss in older men is 2-3.4% per year
and is modulated by some other factors*. Moreover, in one
observation 15% of subjects older than 60 did not at all decline
handgrip strength during the average nine-year follow-up®.
Therefore, taking ACEI may be too weak a factor to notice
its impact on maintaining muscle mass and function in a rela-
tively short period of time and a longer follow-up is needed
to confirm the importance of ACEI in this area.

This seems also likely in the context of our research. The main
effect of ACEI use is the decrease of ACE activity®. Our results
show that men with higher serum ACE activity are character-
ized by lower Pmax as well as lower Uopt. These correlations
apply only to groups of patients not taking ACEI, not taking
any ASBMs and all studied men, but not men taking ACEI or
ASBMs. In men taking ACEI or other ASBMs in whom
pharmacotherapy modulated ACE activity, this relationship
is not clear. We also did not observe a similar relationship in
relation to the handgrip strength. Interestingly, even if the
relationships between ACE activity and muscle function
(strength, power, contraction velocity) did not reach statistical
significance, the direction of the association has always been the
same - lower ACE activity was associated with better muscle
function. This observation applies to all indicators of mus-
cle function and to all analyzed patients’ subgroups in both our
latest' and current study. Statistically significant dependence
in our last work in older women was demonstrated only for
ACE activity and Uopt'’. In the current study, in addition to
Uopt also Pmax is negatively correlated with ACE activity, but
handgrip strength is not. Uopt may be a more sensitive indicator
of muscle function than strength and Pmax (force and velocity
indicator), decreases with age faster than strength'’. Our male
group is older than previous group of women. Therefore,
higher ACE activity had a chance to have a longer impact
on the muscles. In both male groups (taking and not taking
ACEI) higher ACE activity was also seen as compared to
women.

This data seems also consistent with studies based on genetic
tests. Serum ACE concentration is genetically determined (an
insertion/deletion — I/D polymorphism in the ACE gene)’, so
depending on the genetic predisposition, reduced or increased
ACE activity has been acting on the studied men for their entire
life. ACE genotype and activity may be not related to muscle
function tests in young subjects”. In contrast, among older
people deletion polymorphism of ACE gene (DD), con-
nected with higher level of angiotensin II, was associated with

Page 7 of 17



low muscle mass™. Similarly, advanced cancer patients with
DD ACE gene polymorphism were characterized by higher
serum ACE activity but lower hand grip strength compared with
ACE insertion group***.

There are several mechanisms that can explain the effects of
ACE activity on Uopt and Pmax. ACE is responsible for the
conversion of angiotensin I (ang-I) to angiotensin II (ang-II).
Ang-1II has vasoconstrictor effect, may decrease muscle blood flow
and impair the delivery of insulin and glucose to skeletal muscle.
The hyper-activity of RAS system may be therefore associated
with tissue insulin resistance’. In addition it may also stimu-
late mitochondrial dysfunction, oxidative stress, and promote
inflammatory processes* what may be connected with muscle
atrophy. Ang-1I also induces protein degradation through reac-
tive oxygen species accumulation®. Thus, lower ACE activ-
ity may limit muscle atrophy and the associated decline in
muscle function (strength, power, contraction velocity). Lower
ACE activity also have a neuroprotective effect’** what is cru-
cial because neural mechanisms are important factors in the
development of sarcopenia™.

Conditions such as heart failure, renal failure, chronic obstruc-
tive pulmonary disease, and cancer are associated with increased
activation of the RAS pathway. These conditions can con-
tribute to muscle atrophy, and thus also the decline in muscle

36

function®.

Since ACE activity in our study was positively correlated with
age, we decided to conduct multiple regression analyses for
determinants of both Pmax and Uopt including ACE activity
and age as independent variables. In these analyses age was the
only selected variable determining Pmax and Uopt. The posi-
tive relationship between ACE activity and age was surpris-
ing, but there were no studies in such advanced age so far. In
a few works on this subject, serum ACE activity increased
with age in children up to 18 years old* but did not vary with
age in adults*** or even decreased in rats*’ and in adult men*".
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Limitation of the study

This study has some limitations. First, the ACEI intake period
was not analyzed. We only recorded taking or not taking ACEI
and other medications. Therefore, it is worth conducting research
taking into account the time of taking medications, because the
duration of the effect of drugs on the muscles may be important
in this case.

When interpreting the data, it should be taken into account
that men taking ACEI took more medications and performed
worse in the assessment of functional status in the IADL scale.
This may indicate the poorer health status of these men and affect
the interpretation of the results related to muscle function (mus-
cle function may be determined by health status not only by ACE
level). On the other hand, the relationship between serum ACE
levels and muscle function occurred only in the non-ACEI
group, i.e. in the group in which the drugs did not modify ACE
levels. Finally, due to the size of the group and the limitations
mentioned above, this work should be regarded as preliminary
results that require further research, given the potential role of ACE
in aging.

Conclusions

Serum ACE activity negatively determines muscle power and
muscle contraction velocity but not muscle strength in older
men. The issues related to the impact of taking ACEI on the
maintenance of muscle function and functional performance in
older man require further studies with long-term follow-up, and
determining the type and dose of the treatment.

Data availability

Underlying data

Zenodo: Quadriceps muscle power and optimal shortening
velocity are inversely related to angiotensin converting enzyme
activity in older men, http://doi.org/10.5281/zenodo0.4493095%.

Data are available under the terms of the Creative Commons
Attribution 4.0 International license (CC-BY 4.0).
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This article focused about the effects of angiotensin Converting Enzyme Inhibitors (ACEI) and
other angiotensin system blocking medications (ASBMs) on the strength and speed capacities of
the skeletal muscle in the elderly. The subject is remarkably interesting in the prevention of
dependence in the elderly because the means of combating sarcopenia and dynapenia are still
poorly understood. Of course, exercise and diet have a significant effect on the muscle mass and
strength and functionality of the elderly, on the other hand it seems interesting to continue to
look for medicinal methods that can help maintain autonomy.

Seventy-nine elderly men took part in the study, which is still an interesting sample and suggests
that the results can be extrapolated to a larger population. Positive relationship between age and
ACE activity was demonstrated and, relatively weak negative correlations were observed between
ACE activity and Maximum Power or optimal speed. However, taking Angiotensin Converting
Enzyme Inhibitors (ACEI) did not modify muscle performance in this population.

This article is well written however, the rationale of taking converting Enzyme Inhibitors (ACEI) to
maintain muscle mass and strength should be reinforced with some mechanistic hypotheses. Even
if the authors previously published an article about the relationship of quadriceps muscle power
and optimal shortening velocity with angiotensin-converting enzyme activity in older women,
there is only indirect evidence generally associating the functional status of the senior and ACE
activity.

The method of constituting the groups of subjects (ACEI vs non ACEI and ASBMs vs non ASBMs) is
not presented and moreover the different categories appear only in the results and not in the
method. This seems to be an important limitation of this work, for interpreting differences in
strength and/or BML. I think it can be improved a lot by better explaining the constitution of
groups in the method part. The fact that patients taking ACEI took more medications and were
characterized by lower level of ACE in blood samples and lower IADL status is a major concern that
should be better discussed in the limitations of the study. Nevertheless, the correlations are
interesting and provide additional evidence about the significance of ACE in ageing.

I think it is necessary to do a paragraph on the limitations of the study and better discuss the fact
that these results are a bit like preliminary results that require further study given the potential
role of ACE in aging. I would have liked the authors to touch very lightly on the mechanistic
assumptions that might explain the effects of ACE on optimal speed and maximum power. These
hypotheses are they neuromuscular, systemic, cardiovascular or else indirect because of the
improvement in the quality of life and spontaneous activity. I do not think the authors can
conclude on the ineffectiveness of taking ACEI in maintaining functional performance in older
men.
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Dear Reviewer,

We would like to thank you for the analysis of this manuscript and your valuable remarks.
The manuscript has been corrected according to the comments. All changes are described
below:

1: "This article is well written however, the rationale of taking converting Enzyme Inhibitors (ACEI)
to maintain muscle mass and strength should be reinforced with some mechanistic hypotheses.
Even if the authors previously published an article about the relationship of quadriceps muscle
power and optimal shortening velocity with angiotensin-converting enzyme activity in older
women, there is only indirect evidence generally associating the functional status of the senior
and ACE activity."

Answer: We supplemented the Introduction section with suggested information:

The authors of the article explain this effect with several mechanisms, such as: direct
influence on mechanical and metabolic changes in muscles (shift of the myosin heavy
chains of skeletal muscle toward the fatigue-resistant forms; increasing insulin sensitivity,
glycogen storage and glucose uptake in skeletal muscle; reduction of kinin breakdown and,
consequently, improved circulation and better glucose and amino acid uptake), suppression
of inflammatory activation connected with muscle catabolism, beneficial effect on the
nutritional status (inhibition of interleukin-6, which, among others, reduces appetite and,
consequently, may cause malnutrition).

2: "The method of constituting the groups of subjects (ACEI vs non ACEI and ASBMSs vs non ASBMs)
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is not presented and moreover the different categories appear only in the results and not in the
method. This seems to be an important limitation of this work, for interpreting differences in
strength and/or BML. I think it can be improved a lot by better explaining the constitution of
groups in the method part."

Answer: Suggested information has been added to the “Methods” section:

Based on the analysis of medications taken, men were assigned to the following groups:
ACEI - if they were taking any medications belonging to the ACEI group (n = 26) and to the
non ACEI group - if they were not taking ACEI (n = 53). Similarly, if men were taking any
drugs from the angiotensin system blocking medications (ASBMs) group, they were
assigned to the ASBMs group (n = 34), if not, then to the non ASBMs group (n = 45).

3. "The fact that patients taking ACEI took more medications and were characterized by lower
level of ACE in blood samples and lower IADL status is a major concern that should be better
discussed in the limitations of the study."

Answer: This problem is discussed in the section “Limitation of the study” as suggested.

4. " think it is necessary to do a paragraph on the limitations of the study and better discuss the
fact that these results are a bit like preliminary results that require further study given the
potential role of ACE in aging."

Answer: A "Limitation of the study" section was added to the discussion.

Limitation of the study

This study has some limitations. First, the ACEI intake period was not analyzed. We only
recorded taking or not taking ACEI and other medications. Therefore, it is worth conducting
research taking into account the time of taking medications, because the duration of the
effect of drugs on the muscles may be important in this case.

When interpreting the data, it should be taken into account that men taking ACEI took more
medications and performed worse in the assessment of functional status in the IADL scale.
This may indicate the poorer health status of these men and affect the interpretation of the
results related to muscle function (muscle function may be determined by health status not
only by ACE level). On the other hand, the relationship between serum ACE levels and
muscle function occurred only in the non-ACEI group, i.e. in the group in which the drugs
did not modify ACE levels. Finally, due to the size of the group and the limitations
mentioned above, this work should be regarded as preliminary results that require further
research, given the potential role of ACEs in aging.

5. "I would have liked the authors to touch very lightly on the mechanistic assumptions that
might explain the effects of ACE on optimal speed and maximum power. These hypotheses are
they neuromuscular, systemic, cardiovascular or else indirect because of the improvement in the
quality of life and spontaneous activity."

Answer: We slightly modified and expanded part of the discussion on this topic:

There are several mechanisms that can explain the effects of ACE activity on Uopt and Pmax
potentially affecting muscle function that are associated with an increased ACE activity, and
thus with the hyper-activity of the RAS system. ACE is responsible for the conversion of
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angiotensin I (ang-I) to angiotensin II (ang-II). Ang-II has vasoconstrictor effect, may
decrease muscle blood flow and impair the delivery of insulin and glucose to skeletal
muscle. The hyper-activity of RAS system may be therefore associated with tissue insulin
resistance3®, muscle atrophy, and fibrosis. RAS In addition it may also stimulate
mitochondrial dysfunction, oxidative stress, and promote inflammatory processes 36 what
may be connected with muscle atrophy. Ang-II also induces protein degradation through
reactive oxygen species accumulation3®. Thus, lower ACE activity may limit muscle atrophy
and the associated decline in muscle function (strength, power, contraction velocity). Lower
ACE activity may also have a neuroprotective effect 37- 38 what is crucial because neural
mechanisms are important factors in the development of sarcopenia 37 .

Conditions such as heart failure, renal failure, chronic obstructive pulmonary disease, and
cancer are associated with increased activation of the RAS pathway. These conditions can
contribute to muscle atrophy, and thus also the decline in muscle function3®.

6. "I do not think the authors can conclude on the ineffectiveness of taking ACEI in maintaining
functional performance in older men."

Answer: We modified the conclusions (also in the abstract):

The issues related to the impact of taking ACEI on the maintenance of muscle function and
functional performance in older man require further studies with long-term follow-up, and
determining the type and dose of the treatment.

Best regards
Joanna Kostka

Competing Interests: No competing interests were disclosed.
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v

Ida Wiszomirska
Faculty of Rehabilitation, J6zef Pitsudski University of Physical Education, Warsaw, Poland

Review of the article “Quadriceps muscle power and optimal shortening velocity are inversely
related to angiotensin-converting enzyme activity in older men.”

The topic undertaken in this article is important. Aging is associated with a gradual loss of muscle
function and, consequently, deterioration of functional efficiency. Identification of factors that
could slow down this process may contribute to the improvement of the functioning of the elderly.
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Introduction

The introductory part contains a factual and correct justification of the topic undertaken in the
study, taking into account correctly selected items of the literature. The objectives of the work
formulated correctly.

One sentence requires an explanation:
"Taking ACEI as well as the ACE genotype with insertion (II) of allele in gene, is associated with
lower serum ACE activity and with predispositions for practicing some sports." - there is no
evidence, that taking ACEI is associated with predispositions for practicing some sports (in
fact, there are some reports about the ACE genotype) - this sentence suggests such a
relationship. Please formulate this sentence in a different way.

Methodology

Methodology is generally well described, but it is worth supplementing some information:
Please add "for each hand separately" to the sentence "A better record was used for analysis"
(last sentence of the section "Muscle strength”).

Despite the reference to the literature, in this part it is worth describing the measurement
of Pmax and Uopt in a little more detail.
Results are shown as a text, in tables and in 2 figures. This section is presented clearly.

In the discussion, the results of own research were compared to the current literature. In this
section, it is worth discussing the limitations of the study. Correctly formulated conclusions.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Physiotherapy, Physical Rehabilitation, Muscle Function

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.
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Joanna Kostka, Medical University of Lodz, Lodz, Poland

Dear Reviewer,

We would like to thank you for the analysis of this manuscript and your valuable remarks.
The manuscript has been corrected according to the comments. All changes are described
below.

1. One sentence requires an explanation:

"Taking ACEI as well as the ACE genotype with insertion (II) of allele in gene, is associated with
lower serum ACE activity and with predispositions for practicing some sports." - there is no
evidence, that taking ACEI is associated with predispositions for practicing some sports (in fact,
there are some reports about the ACE genotype) - this sentence suggests such a relationship.
Please formulate this sentence in a different way.

Answer: This sentence was modified to:

“Taking ACEI as well as the ACE genotype with insertion (II) of allele in gene, is associated
with lower serum ACE activity®2. There are suggestions that the ACE genotype type
predisposes one to be successful in certain sports'0.”

2. Methodology
Please add "for each hand separately" to the sentence "A better record was used for analysis"
(last sentence of the section "Muscle strength”).

Answer: We have added this sentence in line with the Reviewer's comment.

3. Despite the reference to the literature, in this part it is worth describing the measurement of
Pmax and Uopt in a little more detail.

Answer: The description of the Pmax and Uopt measurement methodology has been
supplemented:

“Muscle power and optimal shortening velocity evaluations were performed with especially
prepared ergometer (Monark type 818E Stockholm, Sweden), during two 8-second attempts
to pedal at the maximum possible speed with friction loads of 0.25 N-kg~! and 0.35 N-kg 1
of body mass. Instantaneous pedaling velocity (U), force (F) and power output (P) were
calculated each 5ms and then averaged over each downstroke period. The highest value of
P (maximal short-term power - Pmax) and optimal shortening velocity (Uopt - velocity at
which the power reaches a maximum value) were calculated from a 3rd order polynomial
function. The methodology ..."

4. Discussion
In this section, it is worth discussing the limitations of the study.

Answer: A "limitation of the study" section was added to the discussion.

Best regards
Joanna Kostka
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