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Purpose: One of the factors influencing changes in blood pressure is the age of the examined person. Hence, the aim of this
study is to determine the hemodynamic response during the isometric handgrip test (HGT) in women of different ages.
Methods: The study involved 116 women over 19 and under 80 years of age, divided into 6 age groups, i.e. up to 30
(23.17%2.90) years, 40 (35.89+2.08) years, 50 (45.31+3.17) years, 60 (56.69+3.20) years, 70 (65.24+1.30) years and over
70 (74.07+3.10) years of age. Under these people, somatic and maximum handgrip strength (MVC) measurements were
performed. In resting conditions and in the first, second and third minute of HGT performed with a force of 30% MVC,
systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate (HR) were measured.

Results: Younger individuals were characterized by lower body mass index (BMI) and higher MVC values than older women.
During HGT, higher values of circulatory system variables were observed compared to resting values from the 2nd minute of
the test and the effect size of these changes (n2) ranged from medium (.09) to big (.45). In terms of intergroup differences,
higher HR and lower SBP were observed in younger women compared to older women, with no significant differences in
DBP.

Conclusions: Age and the involutional changes it determines in women are of significant importance for the development of

hemodynamic reactions both at rest and during HGT. The age limit of 50 years is significant in this respect.

Keywords: blood pressure, women, age, hand grip test, baroreceptors

Introduction

A properly functioning human circulatory system is one of
the indicators of health. Therefore, monitoring the functioning
of this system should be systematic, as pathological changes,
including hypertension, often appear in modern civilization.
Due to the lack of characteristic symptoms, many people are
not aware that they suffer from a primary or secondary form
of this disease, which, if left untreated, can lead to serious
health consequences, including: left ventricular hypertrophy,
retinopathy, kidney failure or an increased risk of coronary artery
disease, heart attack and stroke. Risk factors that increase the
incidence of hypertension include age, unhealthy diet, smoking,
alcohol consumption, overweight, exposure to chronic stress,
high cholesterol, diabetes, and lack of physical activity.! Even
without the above factors, hypertension can occur and proceed
asymptomatically for a long time, and its only symptom may
be an occasional headache. The origin of hypertension is still
unknown, and one of its causes is considered to be imbalances
in the autonomic nervous system. Additionally, the age-related
stiffness of blood vessels, especially the aorta, reduces the ability
of the circulatory system to adapt to pressure changes, which
increases the load on the heart and promotes the development of
hypertension.? Hypertension as a disease is often underestimated
and if treated insufficiently aggressively, it causes further
negative health effects.’

Current international guidelines for the prevention of
hypertension recommend that adults engage in physical activity

at least two days per week and engage in at least 150 minutes of
moderate-intensity physical activity or 75 minutes of vigorous-
intensity aerobic activity per week.*® Furthermore, resistance
training has been suggested as an effective method for reducing
resting blood pressure in both normotensive and hypertensive
populations.”

It is estimated that by 2030, people over 65 years of age will
constitute 24% of the population in Europe, which may
contribute to an increase in the number of cases of hypertension.®
Therefore, it is crucial to counteract the negative effects of this
aging, which reduces functional efficiency and negatively affects
the mental sphere of a person. Therefore, monitoring blood
pressure from childhood is of great importance for public health.
Studies conducted in Poland in 2017 showed that as many as
35.3% of the population of 5.834 people over 18 years of age
had hypertension. It was also shown that among overweight
and obese people, both systolic blood pressure (SBP) and
diastolic blood pressure (DBP) were significantly higher
than in people with normal body weight and underweight.’ It
was also shown that hypertension occurs less often in women
than in men, who also have a lower level of awareness of this
condition than women. Also, the population of young people
in their twenties was already characterized by hypertension of
the order of 12% among women and 27% among men. In this
population, a low level of awareness of hypertension was also
demonstrated, reaching 32% among young women and 25%
among men.!? These data emphasize the need for regular and
prompt assessment of blood pressure.
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Hypertension can be diagnosed in adults if the average DBP
values calculated on the basis of two separate measurements
taken during two independent visits to a doctor are equal to or
greater than 90 mmHg and for SBP this value is greater than
or equal to 140 mmHg. Hypertension can be diagnosed during
a single visit when its values are 180/110 mmHg or more
and the presence of other factors that could affect it has been
excluded. Diagnosis of hypertension according to the above
criteria is relatively late and by that time many negative health
complications of this disease may have already occurred.

Inlight of the above data, it is crucial to develop effective research
tools that will enable quick and easy monitoring of health status,
including assessment of blood pressure. One of them may be
the measurement of hand grip strength, the results of which, in
addition to the assessment of hand function, are related to many
parameters defining health status, such as: the response of the
circulatory system to isometric exercise, the risk of premature
death, deterioration of physical fitness, estimation of the risk of
postoperative complications or prolonged hospitalization.'!?
The hand grip strength test is a quick and inexpensive way to
measure a person's muscle strength, which has been recognized by
many clinicians as a satisfactory indicator in the epidemiological
study of circulatory system function and is an important element
in the assessment of the risk of occurrence and progression
of diseases of this system.'*!> Ewing et al.'® indicated that the
handgrip test (HGT) was most widely used in the study of
standard cardiovascular reflexes in the assessment of autonomic
neuropathy in patients with diabetes, alongside such simple, non-
invasive and safe tests as: heart rate response to deep breathing,
heart rate response to standing up, blood pressure response to

Table 1. Age, somatic data and hand grip strength.

standing up or circulatory system response during the Valsalva
maneuver. The 10-year experience of these authors has shown
that using only one of these 5 tests does not differentiate the
degree or severity of autonomic system damage in these patients.
Despite these doubts, these tests are still called the gold standard
for the assessment of cardiovascular autonomic neuropathy.!” Of
the above-mentioned, HGT has been recognized as a research
tool, but not a clinical one. It should also be noted that many of
these studies assessing the circulatory system response during
HGT are based on small and homogeneous groups of people.!®*
Therefore, the authors of this study took these limitations into
account, striving for a more diverse analysis.

Hence, the aim of the presented study is to assess the exercise
pressor response of the circulatory system and its modifying
factors occurring during HGT in women of different ages.

Methods

Participants

The study involved 116 healthy, randomly selected women
divided into 6 groups based on their age. Group I consisted of
40 women aged 18-30 years, group II consisted of 19 women
aged 31-40 years, group III consisted of 13 women aged 41-
50 years, group IV consisted of 13 women aged 51-60 years,
group V consisted of 17 women aged 61-70 years, and group VI
consisted of 14 women over 70 years. None of the women had
ever engaged in any physical activity, nor were they addicted
to stimulants. Detailed somatic characteristics of the examined
women and the maximum (MVC) and relative (30% MVC)
strength of the dominant hand are presented in Table 1.

Somatic data

Grip strength

Groups
Age [y] BM [kg] BH [cm] BMI [kg/m?] MVC [kg] 30%MVC [kg]

I (n=40) 23.17 £2.90 63.88 + 13.39 167.90+6.71 22.55+3.97 22.93 +£3.56 6.83 +1.07
II (n=19) 35.89 £2.08 73.17 £ 13.05 165.50 + 6.14 26.73 £4.58 22.56 +6.20 6.77 £ 1.86
III (n=13) 4531 +3.17 69.62 + 8.56 164.23 + 9.85 26.10 £4.74 21.38+£4.17 6.42 +£1.25
IV (n=13) 56.69 +3.20 66.08 £8.17 163.00 + 4.02 24.89 +£3.13 17.31 +4.61 5.19+1.38
V (n=17) 65.24 +1.30 71.06+11.03 161.00 +7.12 27.44 £4.25 18.06 +4.41 542 +1.32

P< .001 .05 .01 .001 .001 .001
IvsII<.05 Ivs V<.05 IvsII1<.01 Ivs IV <.01 IvsIV <01

P<

Ivs VI<.01 Ivs V<.01 Ivs V<.01 Ivs V<.01
Ivs VI<.01 Ivs VI<.01 Ivs VI<.01

Note: For age, all post hoc comparisons were significant (P<.001); BM - body mass; BH - body heigth; BMI - body mass index; MVC — maximum
handgrip strength; all data are expressed as M+SD (mean =+ standard deviation).

Design

This study was approved by the Research Ethics Committee
of the Jan Dlugosz University in Czgstochowa (Poland) —
document KE-U/62/2025 of January 22, 2025. The study
protocol respects principles formulated in the World Medical
Association Declaration of Helsinki — Ethical Principles for
Medical Research Involving Human Subject. After familiarizing

themselves with the procedures, methods, benefits and
potential health risks associated with the study, each participant
familiarized themselves with the conditions of the experiment
and signed an informed consent to participate voluntarily in
accordance with ethical standards. The examinations were
performed in the morning, and women with: (1) cardiovascular
disease, (2) hypertension, (3) neurological disease and (4)
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upper limb injuries were excluded from the study. Individuals
(5) consuming alcohol, nicotine, and psychoactive substances,
and (6) not completing the examination procedures were also
excluded. The inclusion criteria were as follows: (1) normal
blood pressure (resting diastolic blood pressure below 90
mmHg, resting systolic blood pressure below 140 mmHg,
(2) no use of cardiac medication or stimulants, (3) no intense
exercise in the last 24 hours, (4) no chronic diseases. The study
began with determining the age of the women studied, then their
basic somatic data were recorded, i.e. body mass (BM), body
high (BH) and body mass index (BMI) was calculated. At the
beginning, after 10 minutes of sitting in resting conditions, heart
rate (HR) was counted and systolic blood pressure (SBP) and
diastolic blood pressure (DBP) were measured. The grip strength
of the dominant hand MVC was determined in 3 trials using a
hand dynamometer. The maximum handgrip strength (MVC)
was considered to be the highest value obtained in one of these
trials. After a S-minute break, the volunteers maintained the grip
on the hand dynamometer for 3 minutes with an individually
selected force at the level of 30% MVC with the elbow resting
on the table and SBP and DBP measurements were taken on the
opposite arm at the end of each minute. HR was counted using
the auscultatory method.

Methodology

Somatic measurements were taken using a body composition
analyzer Tanita TBF 300A (Amsterdam, the Netherlands), which
measures based on electrical bioimpedance. Blood pressure
was measured with an electronic sphygmomanometer TMA-6
OMEGA (TECH-MED, TECHNIKAMEDYCZNAB. WOJCIK,
Warsaw, Poland). Heart rate was measured electronically using
a chest strap device POLAR H10 (Polar Electro, OY, Kempele,
Finland). Handgrip strength was measured with a dynamometer
KERN MAP, version 1.2. (KERN & SOHN GmbH, Balingen,
Germany).

Statistical analyses

The obtained values were expressed as arithmetic mean (M) and
standard deviation (+SD). The Shapiro-Wilk test was used to
examine the normality of the distribution of the obtained data.
Comparisons at individual time points were made using the

Friedman’s rank test and the Dunn-Bonferroni post hoc formula.
Intergroup analyses were performed using the Kruskal-Wallis
test. P<.05 were considered statistically significant. In addition,
eta-squared (1?) was calculated to investigate the effect size. All
analyses were performed using Statistica, version 13. 3 (TIBCO
Software, Palo Alto, CA, USA).

Results

The volunteers participating in the study differed in age, basic
somatic data and absolute and relative MVC values (Table
1).The main effect of statistical significance between groups for
all variables was P<.001. Post hoc analysis showed significant
differences between all groups with respect to age (P< .001).
Women from group I were lighter than women from group II
(P< .05). However, women from group I were characterized
by greater body height than women from group V (P<.05)
and women from group VI (P< .01). Post hoc analysis showed
the following differences in body mass index (BMI): group I
vs. group II (P < .01), group I vs. group V (P< .001), group I
vs. group VI (P< .01). The groups also differed in maximum
handgrip strength (MVC) and 30% MVC: group I vs. group IV,
group I vs. group V, and group I vs. group VI (P<.01).

It was shown that the hart rate (HR) of the women studied at
rest was within the norm for healthy individuals. The exercise
test used caused a significant increase in these values, with the
most dynamic increase in groups I, II and III, while the HR
increased the slowest in groups IV, V and VI in relation to the
resting values. In relation to HR measured in the 1' of the test,
statistically higher values were obtained for group I in the 2' and
3' of the effort and for groups II, III, IV and VI only in the 3'
minute of its duration. Intergroup comparisons showed that HR
at rest did not differ statistically, while significant differences
occurred at all measurement points of the exercise test (P<
.001). The highest values during the exercise test were achieved
in group II and the lowest in group V. The effect size for this
variable in groups I, III, IV and IV was big, while in groups I
and V it was medium (Table 2).

In the scope of resting systolic blood pressure (SBP) values, the

Table 2. Changes in heart rate in individual groups of women studied.

HR [bpm] P P P

Groups (rest (restvs (restvs P P n?

Rest  1’[min] 2’[min] 3’ [min] ygp7) 2 3) 1’vs 2’) 1 vs 3’)

I (n=40) 7195416; 81656(2);; 911&529;: 9fé8353i <0l <001 <001  <.05 < 001 11
11 (1=19) 8?5127 5* 9;‘:?; 1%95'(;%* 1221'89? 121 <.001 <.001 085 < 001 37
1T (n=13) 617 (')962; 715 553 4i 8255835; 9;)'7935 345 <001 <.001 111 <01 18
IV (n=13) 712_;,135 Si 715 f_foi 7172835; 8?5797; 998 <.05 <.001 664 <05 18
V (n=17) 6;8721 * 729'215* 738'%7; 7‘;723; <05 <0l <.001 997 944 09

+ + + +
VI (n=14) 619;;‘3 7?34533 715 47293 7?'6271 . 23 <01 <001 746 <.05 19
p< 47 001 001 001
IvsV< TvsV< TvsIl<
05 01 05
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IIvsIV TvsVI< TvsV<
P< <.05 .05 .05

Mvs V< IIvsIV< TIvsIII<
.01 .01 .05

HHvsVI IIvsV< IIvsIV<
<.05 .001 .001

IIvsVI< 1IIvsV<
.001 .001

Mvs VI<
.001

Note: HR - heart rate; all data are expressed as M+SD (mean + standard deviation); n? - effect size: =~ .01 — small effect, ~ .06 — medium effect, ~
.14 — big effect.
accepted norms were not exceeded in the individual groups of highest values of this variable were achieved by group VI in the
women. The exercise test caused a significant increase in SBP,  3rd minute of the test, which exceeded 160 mm Hg. In resting
and this was already in the 1st minute for groups I, III, IV and conditions and in individual measurement time points of the
V, with the fastest increase in group I and the slowest in group exercise test, there were significant intergroup differences. The
IV of women in relation to resting values. On the other hand, effect size for SBP in groups II, III, IV, V and VI was big, while
significantly higher SBP values than in the 1st minute of the in groups I it was medium (Table 3).
test were obtained in the 3rd minute in groups: I, II, V, VI. The

Table 3. Changes in systolic blood pressure in individual groups of studied women.

SBP (mmHg) P P P P P
Groups (rest (rest (rest N (N n?
Rest I’[min]  2’[min] 3’ [min] vs 1) v§s2)  vs3)  vs2)  vs3)
T (n=40) 12132'_11; 131135061 * 131‘;'2* ii%‘; < 001 <001 <001 875 <.001 .13
11 (1=19) 123.'28;’ * 1299_'22§ * 131%_30?; E@g 121 <001  <.001 .08  <.001 45
I (n=13) ”fz'gi 12156'32; 13127'_9525* 5226329 <05 <001 <001 664 136 .19
IV (n=13) 12176992; 1‘:(;"6621 * 1‘;36"3917i i5266'%22 <05 <05 <001 985 242 23
V (=17 1213'.892; 13&7261 * 1‘;25'.‘:;* 151222% <05 <0l <00l 991 <05 28
Vigeiay  L0F R0aE DR O 0o <01 <001 989 <0l 21
P< 01 001 01 001
I'vs VI

Ivs VI< IvsVI< TvsVI< < 001
.05 .01 .01 '
Mvs VI< IvsVI<
P< .05 .01

IMvsVI< IIvsVI<
.01 .01

Note: SBP - systolic blood pressure; all data are expressed as M+SD (mean + standard deviation); n? - effect size: ~ .01 — small effect, =~ .06 —
medium effect, ~ .14 — big effect.
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Resting diastolic blood pressure (DBP) values did not exceed
physiological norms. The exercise test led to a significant
increase in these values already in 1' for groups I and II, in 2" in
groups I, I, V, VI and in 3" in all groups compared to the resting
data. The most dynamic increase in DBP during the exercise test
occurred in group I and the slowest increase of this variable in
groups III and IV in relation to the resting values. In 3' of groups

I, IT and V, higher DBP values were observed than in 1' of the
exercise test. Additionally, in 3' of group I, a significantly higher
value of this variable occurred (P<.05) than in 2' of the exercise
test. No intergroup differences in DBP were observed either in
resting conditions or during the exercise test. For this variable,
the effect size achieved in groups I, III, IV and V was big, while
in groups I and VI it was only medium (Table 4).

Table 4. Changes in diastolic blood pressure in individual groups of studied women.

DBP (mmHg) P P P P P
Groups (restvs  (restvs (rest vs 1’ vs (2°vs n?
Rest 1’[min] 2’[min] 3’ [min] 1) 2%) 3%) 3%) 3%)
B 75.00 £ 82.49 8344+ 8627+
I (n=40) 9.63 110.44 11.56 12.42 <.001 <.001 <.001 <.05 <.05 13
B 82.17+ 8739+ 9122+ 9450+
II (n=19) 9.43 9.55 10.89 10.46 <.05 <.001 <.001 <.001 272 18
B 7585+  82.08+ 85.08+ 90.23+
I (n=13) 971 1275 15.69 1787 484 242 <.001 11 242 .19
v 7946+  86.62+ 86.85+ 91.77+
(n=13) 10.88 9.54 9.40 12,80 136 .090 <.001 410 568 23
-~ 7759+  84.00+ 8520+  88.60=*
V (n=17) 9.47 9.30 9.83 1059 .080 <.01 <.001 <.05 .623 28
VI 7893+  80.36 + 87.07 89.53 +
(n=14) 217 2220 1761 238 140 <.05 <.001 342 992 A1
P< .100 416 118 .079

Note: DBP - diastolic blood pressure; all data are expressed as M+SD (mean + standard deviation); n? - effect size: ~ .01 — small effect, = .06 —

medium effect, =~ .14 — big effect.
Discussion

During handgrip test (HGT), systolic blood pressure (SBP)
and diastolic blood pressure (DBP) increased, which was a
direct effect of static muscle fiber contraction and exerted tonic
mechanical pressure on muscle blood vessels and sympathetic
nerve fibers located in them? without stimulating metabolic
receptors, especially in the initial phase of the test.?! It should be
added that one of the prerogatives of using HGT is the detection
of hypertension in the early stages of its development.?? A normal
exercise circulatory response during this test is considered to
be an increase in DBP above 15 mmHg, a borderline 11-15
mmHg, and an abnormal one below 10 mmHg."” In the groups
of women studied by us, the increase in DBP during HGT
oscillated around 11 mmHg, which, in accordance with the
above data, allows us to assess the response of the circulatory
system to the performed isometric effort as borderline, i.e.
slightly more efficient than abnormal. The consequence of the
classic vegetative cardiovascular reflex to the increase in blood
pressure and stimulation of high-pressure baroreceptors is a
reduction in blood flow, which is expressed, among others, by a
reduction in hart rate (HR). During the HGT test, such a reaction
is not observed, because despite the reduced blood flow in the
working forearm, no compensatory reduction in HR is observed;
on the contrary, this variable is increased as an expression of
general sympathetic stimulation occurring during the ongoing
exercise test.” It has also been suggested that activation of the
sympathetic nervous system limits muscle-induced vasodilation
regardless of age.*

Reports from other authors suggest that this vegetative
cardiovascular reflex activated during HGT is modified, among
others, by human age. A breakthrough in this respect is the
age limit of about 50 years, after which cardiovagal baroreflex

sensitivity significantly decreases, both in men and women.?
Our data also seem to confirm such a division, with the difference
that the rate of increase of SBP and DBP in individual age groups
during HGT in relation to resting values was greater in older
women over 50 years of age, and the rate of increase of HR
was greater in younger groups of women up to 50 years of age
in relation to people representing another age group. Intergroup
comparisons also indicate that in individual minutes of the test
there was a difference or a tendency to achieve higher pressures
in older groups and in relation to HR in younger groups of
women, with the cut-off also being 50 years of age. These data
suggest that both high-pressure baroreceptor sensitivity and
cardiac sympathetic influences may be different in younger
and older women. The calculated effect size for HR, SBP, and
DBP clearly indicate that the HGT test had a moderate effect
on the hemodynamic responses of the youngest women (group
1), whereas in the other groups, this effect was big. Therefore,
it can be assumed that the functional status of the circulatory
system in the youngest group of women was the best and should
be assessed using a more intense exercise challenge than the
HGT test.

It should also be noted that the age limit of 50 suggested above,
indicating differences or tendencies to different intensities of
hemodynamic reactions during HGT, may coincide with the
onset of menopause in these women. During this period, risk
factors for circulatory system diseases begin to become more
apparent, which may be an important modulator of the response
of this system to static load.?® Another factor related to the age
difference of the studied women may be changes in the nervous
system consisting in the loss of motor neurons belonging to the
fast motor units of skeletal muscles. This unfavourable process
begins after the age of 30 years. The resulting changes, called
sarcopenia, are also associated with a decrease in skeletal
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muscle mass and strength, as well as with the intensification of
pathological changes in the circulatory system.?” These changes
may modify the extent of the hemodynamic response during
HGT, especially since in the volunteers we studied there were
significant intergroup differences in maximum handgrip strength
(MVC) and relative strength developed at a load of 30% of
MVC in this test. It should be noted that the MVC value, apart
from expressing handgrip strength, may be an indirect indicator
of vitality, physical fitness and a number of risk factors in the
aging process,” an indicator of upper and lower body strength,
or muscle mass, ¥as well as informing about blood pressure and
hypoaglesia.*

Indirectly, somatic changes expressed, among others, by
the body mass index (BMI) are also related to the age of the
subjects, which in our studies increased with the age of the
subjects and was parallel to the resting and exercise changes in
blood pressure. Confirmation of the changes in the increased
hypertensive reaction during HGT is also provided by other
studies, which showed that healthy people with obesity are
characterized by an increased response of systolic and diastolic
blood pressure to moderate physical activity.”’?' The above-
described hemodynamic reactions of the circulatory system
developed during HGT and the factors determining them may
be related to the age of the women studied, despite the fact that
in recent years it has been shown that hemodynamic reactions
occurring during HGT are not a reliable parameter in the
diagnosis of cardiovascular autonomic neuropathy in people
with diabetes. Hence, HGT began to be treated not as a clinical
tool but only as a screening test detecting the occurrence of
hypertension in the early stages of its development.?2?3-#2
Another factor modifying the hemodynamic reactions during
HGT, unrelated to the age of the subjects but modifying the
cardiovascular reflex, is the respiratory activity, which was not
controlled in our studies.”** It is therefore unknown to what
extent the possible differentiation of the respiratory activity
during HGT among the women studied could modify the
hemodynamic response in the test performed.

It is important to recognize that the number of factors that can
modify hemodynamic responses during HGT is significant. It
should be noted that the number of volunteers in groups III, IV,
and VI was small, which could have somewhat compromised
the reliability of the hemodynamic response during HGT. To
avoid this negative factor, the number of participants should
be increased in future studies. Because the studies discussed
included women of varying ages, their physical fitness levels,
medication intake, and changes in blood hormone Ievels
show significant variation, future studies should consider
these variables, which may interfere with achieving correct
hemodynamic results during this type of exercise.

To sum up, it should be stated that the amount of force developed
during HGT, dependent on the age of the studied women, was
the main factor generating the hemodynamic response and had
the least impact in the youngest group of women.

Practical applications

Hypertension is a serious disease that is currently widespread
among various social groups and even among the population
enjoying excellent health, such as athletes. The HGT described
in the presented article makes it possible to detect an abnormal
pressor response of the circulatory system to the load of static
effort of a small muscle group. Such an abnormal pressor
response may occur even before the appearance of increased
pressure in resting conditions of the body. This extremely

valuable information allows for taking preventive or therapeutic
actions at an early stage to reduce or prevent the development
of hypertension and its negative effects in the body. Because
the described HGT is cheap and easy to perform, even in home
conditions it can play an important role in maintaining public
health.

Conclusions

The hemodynamic differences occurring during rest and during
the provocation caused by the use of HGT are related to the
age of the studied women, and the boundary differentiating
the occurrence of these reactions oscillates around the age of
50(y). Derivative factors in relation to the age of the studied
women that generate the described hemodynamic differences
may be degenerative changes in the nervous system, hormonal
changes related to the phenomenon of menopause or sarcopenia
progressing with age, causing somatic changes and reduced
muscle strength.
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