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Abstract

Exaggerated post-exercise blood pressure (BP) is considered a risk factor for the
development of cardiovascular disease in older females. Muscle echo intensity (EI)
using ultrasound can be used to evaluate intramuscular fat, one of the risk factors
for cardiovascular disease. This study aimed to determine whether intramuscular
fat assessed by muscle echo intensity is associated with the post-exercise BP re-
sponse in older females. Ten older normotensive (SBP <130 mmHg, 71 +4 years),
eight systolic BP-controlled (78 +4 years), and 17 hypertensive (SBP>130 mmHg,
74 = 6years) females were studied. After obtaining ultrasound images to assess
the EI, participants performed ramp-up exercise until 50% maximal voluntary
contraction (MVC: ~30-s; 3% MVC/s gradually increased knee extension force
from 0% to 50% MVC followed by sustaining the force at 50% MVC for 10-s) and
then five MVCs (~50s; 10-s rest between each contraction). BP was measured
before and immediately after exercise. Mean arterial pressure (MAP) pre- and
post-exercise were significantly lower in normotensive and SBP-controlled, than
in -uncontrolled hypertensive females (PRE: 85+ 5 and 87+ 7 vs. 106 +9; POST:
92+8 and 94+9 vs. 103+ 11 mmHg, respectively, p<0.05). EI was negatively
correlated with Adiastolic BP (ADBP) but not ASBP and AMAP in normotensive
females only (ASBP, r = —0.21, p = 0.56; ADBP, R = —0.73, p = 0.02; AMAP,
R = —0.49, p = 0.15). Greater intramuscular fat as indicated by higher EI is as-
sociated with less BP elevation immediately after exercise in older normotensive
females. Greater intramuscular fat may lead to lower intramuscular pressure, re-

sulting in less post-exercise BP elevation.
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1 | INTRODUCTION

Exaggerated post-exercise blood pressure (BP) is asso-
ciated with cardiovascular disease risk factors, such as
higher arterial stiffness (Costa et al., 2022) and reduced
arterial compliance (Costa et al., 2020) in older hyperten-
sive and normotensive females. On the other hand, post-
exercise hypotension after resistance exercise also occurs
in older females as well as males (Millar et al., 2009). There
is a lack of consensus and understanding of the mecha-
nisms of the post-exercise BP response in older females.
Interestingly, a previous study (Floras & Senn, 1991) re-
ported that BP was decreased after exercise in borderline
hypertensive but not in normotensive individuals. Thus,
hypertension may be associated with the post-exercise BP
response in older females.

Recently, Lee et al. and Notay et al. reported that the
maximal isometric strength during maximal voluntary
contraction (MVC) contributes to BP responses during ex-
ercise (Lee, Lutz, et al., 2021; Lee, Notay, et al., 2021; Notay
etal., 2018) and post-exercise with circulatory occlusion in
young normotensive females as well as males (Lee, Notay,
et al., 2021). However, whether this is also true in older
females remains unclear. Further, the addition of other
populations, such as patients with hypertension, is war-
ranted to better understand individual differences in the
post-exercise BP response in older females.

The muscle quality (i.e., ratio of skeletal muscle) is one
of the contributors to maximal isometric strength during
MVC in older healthy females (Fukumoto et al., 2012).
To evaluate the muscle quality, measurement of mus-
cle echo intensity using ultrasound is a non-invasive,
practical, and reproducible assessment method. Muscle
echo intensity can evaluate one of the non-skeletal mus-
cle components - intramuscular fat (Young et al., 2015).
Numerous reports have stated that intramuscular fat
increases with aging (Pinel et al., 2021) and excessive
intramuscular fat is associated with attenuated muscle
strength (Pinel et al., 2021), increases in metabolic risk
factors and the incidence of hypertension (Therkelsen
et al., 2013), and cardiac events (Yoshida et al., 2022).
However, because greater intramuscular fat is also asso-
ciated with less muscle stiffness (Pinel et al., 2021), and
less muscle stiffness is associated with less intramuscular
pressure (Sadeghi et al., 2019), a reasonable amount of
intramuscular fat may reduce the exercise-induced in-
crease in intramuscular pressure (Gallagher et al., 2001).
Reduced intramuscular pressure may in turn, prevent the
occlusion of peripheral intramuscular circulation which
is partly due to the developed intramuscular pressure. In
this regard, reduced intramuscular pressure around the
veins in the deeper parts of the muscle can be consid-
ered of particular importance (Sadamoto et al., 1983) and

might prevent the increased post-exercise BP response in
older females.

Thus, the purpose of this study was to determine the
impact of intramuscular fat on the post-exercise BP re-
sponse in older females. We hypothesized that individual
differences in intramuscular fat are associated with in-
dividual variability of post-exercise BP in older females.
To test this hypothesis, we used muscle echo intensity
assessed by ultrasound as an index of the intramuscular
fat content in older females. Participants were divided
into a normotensive group, a systolic BP well-controlled
hypertensive (SBP<130mmHg) group and uncontrolled
hypertensive (SBP >130 mmHg) group (Bakris et al., 2019)
to clarify the impact of hypertension on post-exercise BP
in older females.

2 | METHODS

2.1 | Participants

Participants were recruited at a health promotion class
held at the Chukyo University. Thirty-five older females
[means+standard deviation: age: 74 +6years, height:
151.9+5.2 cm, body weight: 51.7 + 6.6 kg] were divided
into normotensive and well-controlled SBP hypertensive
groups (n = 10 and 8, SBP<130mmHg, respectively)
and an uncontrolled hypertensive group (n = 17, SBP
>130mmHg) based on the screening and first BP meas-
urement on the testing day. They were all non-smoker.
Exclusion criteria for this study included a history of car-
diovascular, metabolic, or neuromuscular disease. All
participants provided written informed consent, the re-
search ethics committee of Chukyo University approved
the study protocol (approved number: 2021-13), and it
was conducted in accordance with the Declaration of
Helsinki.

2.2 | Experimental protocol

Figure 1a shows the experimental protocol. First, par-
ticipants provided two longitudinal images to assess the
thickness of the vastus lateralis (VL) muscles (Figure 1b)
and 2 transversal images to assess the muscle echo in-
tensity of VL (Figure 1c) using ultrasound after height,
weight, and body mass index (BMI) measurements. After
least 10 min sitting at rest, all participants underwent
resting BP measurement from the wrist and performed
knee extension at MVC twice. Then, participants were
given an explanation about the procedure of the exercise
protocol and practiced a number of times. The exercise
protocol was conducted as ramp-up exercise until 50%
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FIGURE 1 Experimental protocol (a) and ultrasound image to assess the muscle thickness (b) and muscle echo intensity (c). After

ultrasound measurement, all participants underwent resting BP measurement. Then, they performed voluntary muscle contractions twice.

The exercise protocol was the combination of 50% maximal voluntary contraction (MVC) in a static state (~30s) and five MVCs (10-s rest

between each contraction). Immediately after the exercise protocol, all participants underwent post-exercise BP measurement.

maximal voluntary contraction (MVC: ~30-s; 3% MVC/s
with gradually increased knee extension force from 0%
to 50% MVC followed by sustained force at 50% MVC
for 10-s) and five MVCs (10-s rest between each con-
traction), as part of health promotion class held at the
Chukyo University. The exercise protocol was performed
using the dominant leg. Immediately after the exercise
protocol, all participants underwent post-exercise BP
measurement.

2.3 | Measurements

2.3.1 | Ultrasound images

The participants sat on a custom-made chair and their
knee was fixed at 90-degree flexion in a resting position.
Ultrasound images of VL muscle were obtained using a
B-mode ultrasound device (MicrUS EXT-1H, TELEMED,
Atlanta, GA, USA) with a multifrequency linear array
probe (L12-5L40S-3). The equipment settings were as fol-
lows: a frequency of 7.5 MHz, dynamic range of 66dB,
power of —7 dB, gain of 72%, and depth of 70mm. The
measurement location was determined at 50% of the dis-
tance from the greater trochanter to the upper lateral edge
of the patella. An adequate coupling gel was applied to
compensate for depression of the tissues.

Two longitudinal images (Figure 1b) were acquired
while paying attention to placing the probe with mini-
mal pressure and adjusting its angle so that the bone echo
was brightest and fascia- and bone-muscle boundaries
were parallel. Muscle thickness of VL was measured as

the distance between the superficial and deep fascia of
VL in longitudinal images. Muscle thickness of VL was
also measured as the distance between the superficial
and bone-muscle boundaries. Muscle thicknesses were
determined as the mean value between two longitudinal
images.

Two transversal images (Figure 1c) were also acquired
while paying attention to placing the probe with mini-
mal pressure and adjusting its angle when the bone echo
was brightest. The transversal images were loaded into
software (Image J version 1.53k; National Institutes of
Health, Bethesda, MD, USA), where echo intensity of
VL was measured. The region of interest was set as wide
as possible, excluding the surrounding fascia and bone.
Echo intensity was evaluated by the average grayscale
value of the region of interest, which was calculated by
the standard histogram function. The grayscale values
range from 0 (black) to 255 (white), with a higher value
indicating a greater amount of fat and fibrous tissue
within the muscle (Pillen et al., 2009). The echo intensity
of VL was determined as the mean value between two
transversal images.

2.3.2 | Blood pressure

BP was obtained from the wrist (HEM-6161, OMRON,
Kyoto, Japan) before measuring MVC and immediately
after the exercise protocol. Participants were asked to
raise their wrist to their heart level and keep quiet during
the BP measurement. The mean arterial pressure (MAP)
was calculated as diastolic BP (DBP)+ (SBP-DBP)/3.
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2.3.3 | Maximum isometric voluntary
contraction

The participants were seated in a custom-made dynamom-
eter (Takei Scientific Instruments Co., Ltd., Niigata, Japan)
fixed to a force transducer (LU-100KSE; Kyowa Electronic
Instruments, Tokyo, Japan). The hip and knee were flexed
at 90 degrees. They performed maximum voluntary iso-
metric contraction involving knee extension twice. The
peak force during the contraction was recorded and the
greater value of the two measurements was taken as the
MVC force. The MVC torque was calculated by multiply-
ing the MVC force and arm length, determined as the dis-
tance between the knee joint axis and force transducer.

2.3.4 | Statistical analyses

Values are expressed as means + standard deviation. Two-
way analysis of variance (ANOVA) was used to evaluate
the pre- and post-exercise BP between the normotensive,
SBP-controlled and -uncontrolled hypertensive females
(Group x Time). one-way ANOVA was used to evaluate
all other variables between groups. Bonferroni corrected
post hoc procedures were used when applicable. Pearson
product-moment correlation coefficient was used to eval-
uate the correlation between MVC, muscle thickness, and
muscle echo intensity and changes in SBP, DBP, and MAP

Controlled
Normotensive hypertensive
SBP <130mmHg
Number of participants 10 8
Age, years 71 (4) 78 (4)*
Height, cm 153 (4) 153(2)
Weight, kg 48.1(4.2) 54.9 (5.9)
Body mass index, kg/m? 20.6 (1.6) 23.4(2.3)
Systolic blood pressure, 112 (8) 119 (8)
mmHg
Diastolic blood pressure, 72 (6) 71 (8)
mmHg
Mean arterial pressure, 85(5) 87 (7)
mmHg
MVC, Nm 84.9 (19.0) 66.0 (14.1)
Muscle thickness, mm 19 (5) 18 (9)
Muscle echo intensity, a.u. 61(13) 62 (9)

Note: Means (standard deviation).

One-way ANOVA was used to compare the groups.

Abbreviations: a.u., arbitrary units; MVC, maximal voluntary contraction.
“Indicates the significant difference versus Normotensive, p-value <0.05.

“Indicates the significant difference versus Controlled hypertensive, p-value <0.05.

from pre- to post-exercise. The partial correlation coeffi-
cient adjusted by age and BMI was used when there was
significant association between changes in BP values from
pre- to post-exercise with MVC, muscle thickness or mus-
cle echo intensity. For the purpose of exploratory analy-
sis, the impacts of muscle echo intensity on BP values and
other variables in normotensive females were evaluated
using an unpaired Student's t-test. A p-value of <0.05
was considered significant. Statistical analyses were per-
formed using IBM SPSS v. 25.

3 | RESULTS

3.1 | Participant characteristics

Table 1 shows participant characteristics. SBP, DBP, and
MAP were significantly lower in normotensive and SBP-
controlled, than -uncontrolled hypertensive females (all,
p<0.001). There were no significant differences in other
variables.

3.2 | Blood pressure response pre- and
post-exercise

SBP, DBP, and MAP from pre- to post-exercise
were significantly increased in normotensive and

TABLE 1 Participant characteristics
Uncontrolled

hypertensive

SBP >130 mmHg
17

74 (6)

151 (7)

52.2(7.3)

22.9 (3.0)

145 (10)*°

87 (9)*°
106 (9)*°

76.2(23.2)
20 (5)
56 (10)
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SBP-controlled, but not in -uncontrolled hypertensive
females (Figure 2a-c). Post-exercise SBP and MAP but
not DBP were still significantly lower in normotensive,
but not in SBP-controlled compared to -uncontrolled
hypertensive females (normotensive vs. controlled hy-
pertensive vs. uncontrolled hypertensive females: SBP,
122 +13 vs. 128+16 vs. 140+ 17mmHg; DBP, 77+6
vS. 76 +9 vs. 85+10mmHg; MAP, 92+8 vs. 94 +9 vs.
103+ 11 mmHg).

% Physiological Reportgm

3.3 | Association between change in
BP response to exercise and MVC, or
muscle components

Absolute MVC was not associated with change in (A)
SBP, DBP, or MAP from pre- to post-exercise in any group
except for ASBP in the SBP-uncontrolled hypertensive
group (Figure 3a-c. ASBP in -uncontrolled hyperten-
sives, r = 0.51, p<0.05). This relationship between MVC
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FIGURE 3 Association between maximal voluntary contraction (MVC) and changes in systolic blood pressure (ASBP, a), diastolic
blood pressure (ADBP, b), and mean arterial pressure (AMAP, c) from pre- to post-exercise. Circles denote the normotensive females
(SBP <30mmHg; n = 10), squares denote the SBP-controlled hypertensive females (n = 8) and triangles denote the SBP-uncontrolled
hypertensive females (SBP >130 mmHg; n = 17). Pearson's correlation was used to assess the association.
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FIGURE 5 Association between muscle echo intensity of the vastus lateralis and changes in systolic blood pressure (ASBP, a), diastolic
blood pressure (ADBP, b) and mean arterial pressure (AMAP, c¢) from pre- to post-exercise. Circles denote the normotensive females

(SBP <130 mmHg; n = 10), squares denote the SBP-controlled hypertensive females (n = 8) and triangles denote the SBP-uncontrolled
hypertensive females (SBP >130 mmHg; n = 17). Pearson's correlation was used to assess the association.

and ASBP in the -uncontrolled hypertensive group disap-
peared after adjusting for age and BMI (r = 0.45, p = 0.11).
Muscle thickness of VL was not associated with ASBP,
DBP, or MAP from pre- to post-exercise in any group
(Figure 4a—c). Muscle echo intensity was not associated
with ASBP or AMAP from pre- to post-exercise in any
group (Figure 5a,c), but was negatively correlated with
ADBP from pre- to post-exercise in the normotensive, but
not in the SBP-controlled or -uncontrolled hypertensive
groups (Figure 5b). This correlation in normotensives
was still significant even after adjusted for age and BMI
(r=—0.88, p<0.01).

3.4 | Exploratory analysis of the
impact of muscle echo intensity on post-
exercise BP response and other variables
in normotensive females

To perform exploratory evaluation of the impacts of
muscle echo intensity on the post-exercise BP response
in normotensive females, the mean of muscle echo in-
tensity (61a.u.) was set as a threshold and was used to

divide normotensive individuals into two subgroups
(Table 2): those with muscle echo intensity >61a.u.
(n = 5) and<61la.u. (n = 5). Table 2 showed that the in-
crease in DBP from pre- to post-exercise was significantly
lower in older normotensive females with greater muscle
echo intensity than in those with lesser echo intensity
(muscle echo intensity, 73+3 a.u. vs. 50+ 6 a.u.; ADBP,
2+2mmHg vs. 9+4mmHg, p<0.01 and p = 0.01, re-
spectively). Other variables were not significant between
groups. These results suggest that normotensive females
with a higher muscle echo intensity (larger amount of in-
tramuscular fat at VL) showed less of an increase in DBP
from pre- to post-exercise.

4 | DISCUSSION

The major findings of this study were as follows: (Costa
et al., 2022) the post-exercise BP response was greater
in older normotensive and SBP-controlled hypertensive
than in SBP-uncontrolled hypertensive females; (Costa
et al., 2020) MVC and muscle thickness were not associ-
ated with the change in BP from pre- to post-exercise in
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Muscle echo intensity

exercise BP response and other variables <6la.u. (n=5) >6la.u. (n=5) p-value
in normotensive females with greater or .. e .
lesser muscle echo intensity Participants characteristics in normotensive females
Age, years 70 (3) 72 (5) 0.38
Height, cm 154 (4) 152 (4) 0.49
Weight, kg 46.7 (4.1) 49.5(4.2) 0.31
Body mass index, kg/m? 19.8 (1.7) 21.5(1.2) 0.10
Maximal voluntary contraction and muscle components
MVC, Nm 76.0 (9.6) 93.8(22.8) 0.15
Muscle thickness, mm 19 (5) 20 (6) 0.76
Muscle echo intensity, a.u. 73 (3) 50 (6) <0.01
Pre-exercise blood pressure
Systolic blood pressure, mmHg 108 (7) 117 (6) 0.06
Diastolic blood pressure, mmHg 72 (6) 71 (6) 0.69
Mean arterial pressure, mmHg 84 (6) 86 (5) 0.60
Post-exercise blood pressure
Systolic blood pressure, mmHg 116 (9) 128 (14) 0.15
Diastolic blood pressure, mmHg 74 (5) 80 (7) 0.18
Mean arterial pressure, mmHg 88 (6) 96 (8) 0.12
Change in (A)blood pressure from pre- to post-exercise
Asystolic blood pressure, mmHg 9(9) 11 (17) 0.75
Adiastolic blood pressure, mmHg 2(2) 9(4) 0.01
Amean arterial pressure, mmHg 4(4) 10(8) 0.19

Note: Means (standard deviation).

Unpaired t-test were used to compare the groups.

Abbreviations: a.u., arbitrary units; MVC, maximal voluntary contraction; n, number of participants.

older females; (Millar et al., 2009) muscle echo intensity
was negatively correlated with the change in DBP from
pre- to post-exercise in older normotensive females only.
Further, exploratory analysis suggested that the increase
in DBP from pre- to post-exercise was smaller in older
normotensive females with greater muscle echo inten-
sity than in those with lower echo intensity. These results
partly support our hypothesis and suggest that non-
skeletal muscle components, possibly intramuscular fat,
affects the post-exercise BP response in older normoten-
sive but not in SBP-controlled and -uncontrolled hyper-
tensive females.

4.1 | Different post-exercise

blood pressure response between

older normotensive, SBP-controlled, and
-uncontrolled hypertensive females

MAP was decreased from pre- to post-exercise in just 1 of
10 normotensives, 2 of 8 SBP-controlled, but in 8 of 17 hy-
pertensive females. (Figure 1c¢). Given muscle components

such as muscle thickness and echo intensity were similar
between normotensive, SBP-controlled and -uncontrolled
hypertensive females (Table 1), it seems unlikely the dif-
ference between groups in the BP post-exercise was due to
the muscle components.

One of the main mechanisms underlying the post-
exercise reduction in BP is the centrally mediated de-
crease in sympathetic nerve activity with reduced signal
transduction from sympathetic nerve activation into
vasoconstriction in normotensive (Halliwill et al., 1996)
and hypertensive individuals (Floras & Senn, 1991).
Interestingly, Floras and Senn (Floras & Senn, 1991)
reported that at rest, muscle sympathetic nerve activity
(MSNA) was increased in young borderline hypertensive
individuals compared with normotensive individuals.
However, BP and MSNA were decreased after exercise
in borderline hypertensive but in not normotensive indi-
viduals. Although Halliwill et al. (Halliwill et al., 1996)
reported that this phenomenon occurred in normoten-
sive individuals as well, it may be that hypertensive
individuals, who generally have higher MSNA (Floras
& Senn, 1991), exhibit larger transient suppression of
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augmented central sympathetic outflow post-exercise
than normotensive females.

4.2 | Association between

muscle echo intensity and blood
pressure response to post-exercise in
older normotensive females

In the current study, muscle echo intensity (i.e., intra-
muscular fat) was negatively correlated with ADBP, but
not ASBP or AMAP post-exercise in older normotensive
females only. Increased intramuscular pressure during
exercise may be associated with this phenomenon. For,
Gallagher et al. reported that intramuscular pressure dur-
ing DBP but not SBP was significantly and continuously
elevated during incremental (20W/min) cycle exercise
to fatigue with lower-limb compression created by using
lower body-positive pressure (Gallagher et al., 2001). This
result suggests that intramuscular pressure may be asso-
ciated with DBP, but not with SBP elevation in response
to exercise. Although the association between intramus-
cular pressure and intramuscular fat remains unknown,
a previous study reported that intramuscular pressure
was positively (Sadeghi et al., 2019), whereas intramus-
cular fat was negatively associated with muscle stiffness
(Pinel et al., 2021). In this context, it seems reasonable to
speculate that a higher muscle echo intensity—an index
of greater intramuscular fat—may be associated with
lower muscle stiffness, and so result in less of an increase
in intramuscular pressure during and/or after exercise.
Reduced intramuscular pressure may in turn, contribute
to less pressure on the peripheral intramuscular circula-
tion. Future research will be required to clarify the links
between intramuscular pressure, intramuscular fat, and
muscle stiffness and how they may contribute to differ-
ences in the post-exercise BP response.

4.3 | Lack of association between muscle
echo intensity and blood pressure response
at post-exercise in older blood pressure
hypertensive females

Association between BP and muscle echo intensity was
not present in the older hypertensive females of the pre-
sent study. (Figure 5). At least two mechanisms should
be considered to account for this lack of association. First,
exaggerated sympathetic nerve activity may explain this
phenomenon. Narkiewicz et al. reported that females ex-
hibited a greater increase in MSNA with aging, especially
when post-menopausal women were compared with males
(Narkiewicz et al., 2005). Further, older hypertensive

individuals showed greater MSNA compared with age-
matched normotensive individuals (Yamada et al., 1989).
Because MSNA is strongly associated with BP in older but
not young females (Narkiewicz et al., 2005), exaggerated
MSNA may have a more marked effect on the BP response
than the muscle components do, in older hypertensive
females.

Second, increased arterial stiffness may contribute to
this lack of association. Arterial stiffness increases with
aging, particularly, in postmenopausal-, compared with
premenopausal women (Takahashi et al., 2005), and ar-
terial stiffness has emerged as a prominent marker of car-
diovascular risk in patients with hypertension (Boutouyrie
et al., 2021). Recent research suggests that arterial stiff-
ness mediated the positive association between aging and
BP, and that arterial stiffness may precede elevated BP
in Asian populations (Wu et al., 2019). Thus, we cannot
exclude the possibility that arteries become stiffer, partic-
ularly, in older hypertensive females and that this had a
greater impact on BP post-exercise than muscle compo-
nents in this group.

4.4 | Comparison with previous studies
In contrast to previous research (Lee, Notay, et al., 2021),
absolute MVC was not associated with ABP after adjusting
for age and BMI in older normotensive, SBP-controlled
or -uncontrolled hypertensive females. Loss of muscle
strength with aging may have led to this disparity The de-
crease in muscle strength with aging is due not only to loss
of muscle volume (Mitchell et al., 2012) and reduced mus-
cle quality (Pinel et al., 2021), but also to attenuated neural
activation properties (Watanabe et al., 2016). Watanabe
et al. demonstrated that decreased motor unit firing/re-
cruitment properties were associated with age-related loss
of muscle strength (Watanabe et al., 2016). Attenuation
of muscle strength due to age-related loss of motor unit
activation may also result in insufficient muscle strength
to affect the BP response during and post-exercise, in con-
trast to that previously described in young individuals
(Lee, Notay, et al., 2021). Whether loss of muscle strength
itself, or some other aspect of muscle strength, such as
motor unit activation properties, are associated with the
BP response remains unknown.

Differences between the exercise protocols may also ex-
plain the lack of association between BP and absolute MVC
in the present study. A previous study employed 10 and 30%
MVC static (120-s) and isokinetic dynamic (180-s; 1:2 work-
to-rest ratio; angular velocity, 60°s_1) knee extensor exercise
(Lee, Lutz, et al., 2021). By contrast, in the present study,
the exercise was ramp-up exercise until 50% MVC with 50%
MVC static exercise (~30-s) and five repeated MVCs (10-s
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intervals between each contraction). This may have been
too small as an exercise stimulus to reveal an association
between absolute MVC and the BP response to exercise. It
is also important to note that we measured BP immediately
after exercise, whereas previous studies measured BP during
exercise (Lee, Lutz, et al., 2021; Lee, Notay, et al., 2021; Notay
et al., 2018) and in post-exercise with circulatory occlusion
(Lee, Notay, et al., 2021).

4.5 | Study limitations

The current study had several limitations. First, as noted
above, we conducted a very short-lasting exercise pro-
tocol, ramp-up exercise until 50% MVC with 50% MVC
static exercise (~30-s) and five repeated MVCs (~50-
s). This protocol may be too short and/or too weak to
show relationships between MVC and BP reported in a
previous study (Lee, Lutz, et al., 2021). However, even
with our short-lasting exercise protocol, we could ob-
serve differences between groups for BP post-exercise.
(Figure 2). Second, although the sample size was too
small for exploratory analysis of the potential effects of
muscle echo intensity on some aspects of post-exercise
BP values in normotensives, we did have sufficient ef-
fect size (d, 4.85 and 2.21) and enough power (1-f, 0.999
and 0.86) to detect a significant difference in our pri-
mary outcome—muscle echo intensity and change in
DBP from pre- to post-exercise. Nevertheless, we ac-
knowledge that small sample size could have biased our
results. Therefore, our findings need to be confirmed in
future studies with a larger sample size.

We accept that wrist BP measurement has several limita-
tions of measurement accuracy. In general, SBP increases
in more distal arteries, whereas DBP decreases. However,
MAP falls by only 1-2mm Hg between the aorta and pe-
ripheral arteries (O'Rourke, 2002). Moreover, we focused
on changes in BP relative to pre-exercise rather than on
differences in absolute BP values between groups. It is also
the case that wrist BP measurement depends on whether
location of wrist is heart level or not (Pickering et al., 2005).
Thus, we were very careful to ensure that participants main-
tained their wrist at heart level during BP measurement.

It is also a limitation that we did not ask participants
about their daily physical activity or control the partici-
pant's fasting prior to the protocol. Finally, although we
have speculated on how sympathetic nerve activity may
have affected our results, we did not assess heart rate vari-
ability or MSNA to assess the impact of sympathetic neu-
ral response. Thus, a future study is warranted to assess
the mechanisms underlying the post-exercise BP response
in older normotensive, SBP-controlled and -uncontrolled
females.
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5 | CONCLUSION

In conclusion, the findings of our pilot study suggest that
intramuscular fat assessed by muscle echo intensity, but
not muscle size assessed by muscle thickness is negatively
associated with the BP response immediately after exercise
in older females. We propose that greater intramuscular
fat associates with less muscle stiffness and less intramus-
cular pressure, resulting in less pressure on the peripheral
intramuscular circulation post-exercise. Further research is
needed to clarify the impact of intramuscular fat on BP regu-
lation during and after exercise in a larger cohort of women.
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