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Physical activity as a part of the lifestyle is a significant factor influencing health condition. Exercises that require stamina are
of particular importance. Oxygen metabolism, which is a significant part of all longer training processes, has an influence on
cardiovascular and respiratory system functioning as well as all the processes taking part in maintenance of efficient homeostasis.
Presentation of the correlation between exercise test results and MMP-8 (metalloproteinase-8) and TIMP-1 (tissue inhibitor of
metalloproteinases-1) levels was attempted in this work. MMP-8 is a proteolytic enzyme taking part in progression of diseases
related to process of ageing. 62 healthy women in postmenopausal period were qualified for the study (mean age: 54 ± 3.6). There
was exercise test on the treadmill according to Bruce’s protocol performed. MMP-8 and TIMP-1 serum levels were measured.There
was statistically important correlation between increased level ofMMP-8 and increased level of TIMP-1with lower results of exercise
test observed.The conducted study provides further biochemical arguments for prophylactic role of physical activity, which lowers
the risk of noninfectious diseases, typical for middle adulthood, by influencing physical capacity.

1. Introduction

Systematic physical activity improves expression of genes
which influence health condition [1]. Knowledge of these
mechanisms enables considering moderate physical activity
as one of the main means of chronic diseases prevention.
An adequately high level of physical capacity in various age
groups is one of health state indicators [2]. The assessment
of body’s morphological adaptation to physical exertion is a
basis of reliable health-related training planning and physical
rehabilitation. Research on connections between physical
condition and level of chosen biochemical parameters (e.g.,
enzymes) may provide more arguments for thinking of
physical activity as a factor influencing functioning of the
body in various stages of life.

The postmenopausal period is a special time in women’s
life. Aside from frequent occurrence of typical ailments [3, 4],
risk of cardiovascular events, which is significantly lower in

premenopausal period in comparison withmen, significantly
increases [5–9]. Insufficient level of estrogens, which occurs
in women in postmenopausal period, did not turn out to
be influential enough in cardiovascular diseases pathogenesis
to fulfill hopes related to hormone replacement therapy
[10]. In women in this period of life cardiovascular diseases
risk factors, such as hypertension [11–13], psychological
disorders [14–17], overweight and obesity, dyslipidemia, and
low physical activity [18–21], are commonly observed. The
consequence of low physical activity is decreased physical
capacity, which leads to premature involution processes and
occurrence of risk factors, which frequently cause diseases
of affluence. There is a connection between maximal oxygen
consumption, VO

2
max, and chronic diseases [2]. Research

on connections between chosen physiological, structural,
and biochemical parameters and active lifestyle allows the
understanding of this relation.
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2. Aim of the Study

The aim of the study is to assess the connection between
physical capacity measured with exercise test and indicator
of early vascular changes, increasedmatrixmetalloproteinase
(MMP), and its inhibitor activity, in clinically healthy women
in postmenopausal period. Matrix metalloproteinases are
the main proteolytic enzymes responsible for apoptosis and
angiogenesis. They are involved in pathogenesis of diseases
related to the process of ageing, such as arthritis, atheroscle-
rosis, and neoplasms [22]. Assessment of the connection
between physical capacity and level of metalloproteinase
activity could show protective influence of physical activity
on lowered risk of these diseases.

3. Material and Methods

The examined group consisted of 62 Caucasian women in the
postmenopausal period at the age of 54.6 ± 3.6. Patients with
medical history or clinical or laboratory evidence of serious
or unstable disorders, such as coronary artery disease, stroke,
or other cerebrovascular events, peripheral vessels diseases
diagnosed earlier, heart failure, cardiomyopathy, mitral valve
leaflet prolapse syndrome confirmed with echocardiogra-
phy, preexcitation syndrome present in electrocardiography
(ECG) or in medical history, left bundle branch block,
myocardial bridge in medical history, musculoskeletal dis-
eases not allowing the performance of the exercise test,
diabetes or other severe systemic or organs diseases, clin-
ical signs of hyperandrogenism, and thyroid disease, were
excluded from the study. Women treated with hormone
replacement therapy were also excluded from the study.

Methods used in the study included history taking,
physical examination, exercise test, and assessing activ-
ity of metalloproteinase-8 (MMP-8) and tissue inhibitor
of metalloproteinases-1 (TIMP-1) in serum. Women were
defined as postmenopausal according to following criteria:
(1) duration of amenorrhea > 12 months and (2) blood con-
centration of follicle stimulating hormone (FSH) > 30 IU/mL
[23, 24]. Examination was performed in the Department of
Internal Diseases, Medical University of Lublin, Poland.

Medical history data and physical examination results
were registered in a questionnaire. Waist circumference
was measured; body mass index (BMI) and waist-hip ratio
(WHR) were calculated. Waist circumference was taken as
the minimum circumference between the umbilicus and the
xiphoid process andmeasured to the nearest 0.5 cm. BMI was
calculated as weight in kilograms divided by the square of
height in meters.

ECG exercise stress tests were performed with the tread-
mill stress test (GE Medical Systems, Freiburg, Germany)
according to Bruce’s protocol [25]. Test was discontinued
after the pulse limit was reached or in case of chest pain,
vertigo, dyspnoea, changes in ECGwhich indicated ischemia,
dysrhythmia, ventricular or supraventricular tachycardia,
gradual pressure decrease, increase of systolic pressure (SBP)
above 260mmHg, increase of diastolic pressure (DBP) above
115mmHg, and bradycardia. In the exercise test assessment
initial pressure, maximum systolic and diastolic pressure
measured in exertion, increase of systolic and diastolic

Table 1: General characteristics of the examined group (𝑛 = 62)
(mean ± standard deviation).

Age (years) 54.6 ± 3.6

Height (cm) 160.7 ± 4.8

Weight (kg) 71.5 ± 13.0

BMI (kg/m2) 27.7 ± 4.6

Waist circumference (cm) 89.4 ± 13.1

Waist-hip ratio 0.831 ± 0.060

pressure, maximum heart rate, pulse increase, metabolic
equivalent of task (MET), and duration of exertion were
taken into consideration. Test was discontinued according to
common rules; observation also included recovery period.

Metalloproteinase-8 (MMP-8) and tissue inhibitor of
metalloproteinases-1 (TIMP-1) levels in blood serum were
assessedwith immunosorbent tests usingELISAmethodwith
R&D Systems kits (Minneapolis, MN 55413, USA). Blood
samples at rest, before exertion, were taken between 10 a.m.
and 1 p.m. Blood level of metalloproteinase-8 (MMP-8) was
assessed with kit whose catalogue number was DMP800;
tissue inhibitor of metalloproteinase (TIMP-1) level was
assessed with kit with catalogue numberDTM100. Producer’s
instructions were followed. In every case calibration curve
was made. Examination results were assessed with III uni-
versal microplatelets reader Bio-Tek ELX 800. Blood levels of
MMP-8 and TIMP-1 were measured in ng/mL.

Data were processed using Statistica 10 (StafSoft) com-
puter programme. Data are shown as means ± standard
deviation (SD). Correlations between selected parameters
were calculated using nonparametric test (R-Spearman’s rank
correlation coefficient).

The procedures of investigation were in accordance with
the ethical standards of the responsible committee on human
experimentation (Committee on Bioethics, Medical Univer-
sity of Lublin, KE-0254/185/2006) and with the Helsinki
Declaration of 1975, as revised in 1983.

4. Results and Discussion

4.1. Results. The group of 62 women in the postmenopausal
life period, confirmed by FSH level higher than 30 IU/mL,
was examined.Meanmenopause durationwas 4.7± 4.5 years.
The anthropometric data of studied group are presented
in Table 1. None of examined women showed systematic
physical activity. Their BMI values (Table 1) are indirect
evidence of rather low physical activity [26]. In exercise test
performed on treadmill mean exertion load was 9 MET and
mean exertion duration was 7.9min (Table 2). It allowed
reaching average 83.2% of maximal pulse; average pulse
increase from the initial pulse at rest was 68/min.

Mean metalloproteinase-8 level in blood serum in the
examined group was 12.5 ± 7.5 ng/mL and mean tissue
inhibitor ofmetalloproteinases-1 level was 221.7± 57.7 ng/mL.
Concentration of MMP-8 in blood serum was statistically
significantly negatively correlated with increase of heart rate
during exertion test (𝑅 = −0.523; 𝑝 = 0.004) (Figure 1). Pos-
itive correlation between MMP-8 level and diastolic pressure
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Table 2: Exercise test results in examined group of women in postmenopausal period (𝑛 = 62) (mean ± standard deviation).

Exercise test duration (min) 7.9 ± 1.8

MET 9.0 ± 2.1

HR at rest (beats/min) 76.6 ± 11.8

SBP at rest (mmHg) 127.4 ± 14.1

DBP at rest (mmHg) 81.8 ± 10.5

HR reached during exercise (beats/min) 143.7 ± 17.4

HR increase during exercise (beats/min) 69.3 ± 23.0

HR max (beats/min) 172.8 ± 21.4

HR during exercise/HR max (%) 83.6 ± 12.3

SBP reached during exercise (mmHg) 165.4 ± 17.1

DBP reached during exercise (mmHg) 89.9 ± 9.0

SBP increase during exercise (mmHg) 38.6 ± 18.0

DBP increase during exercise (mmHg) 10.6 ± 8.9

SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; MET: metabolic equivalent of task.
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Figure 1: MMP-8 and TIMP-1 in relation to exertional heart rate increase. MMP-8: matrix metalloproteinase-8; TIMP-1: tissue inhibitor of
metalloproteinases; HR: heart rate.

at rest was on the border of statistical significance (𝑅 = 0.343;
𝑝 = 0.074). There were no statistical correlations between
MMP-8 in serum and other exertion test parameters, MET,
duration, and blood pressure (BP) in exertion and at rest
(Table 3). TIMP-1 concentration in serum was significantly
negatively correlated with heart rate increase (𝑅 = −0.587;
𝑝 = 0.004) as well as maximal heart rate in exertion test
(𝑅 = −0.432; 𝑝 = 0.045). Other parameters of exertion test
were not significantly correlated with TIMP-1 level in serum.

4.2. Discussion. Research on connection between active
lifestyle and chosen physiological, structural, and biochem-
ical parameters contributes to recognizing mechanisms of
chronic diseases, such as cardiovascular diseases, which are
the main cause of death and disability in group over 50 years

old. Physical training improves the endothelium function
[27] and is one of the most important cardioprotective means
[28].

Clinical course of ischemic heart disease in women in
postmenopausal period is specific. More often there are
microcirculatory abnormalities, whose sign is positive elec-
trocardiographic exercise test with no significant hemody-
namic changes in the epicardial arteries. What is more, false
positive and false negative results of the exercise test are
more frequent, what limits usefulness of this examination
in diagnostics of ischemic heart disease among women in
postmenopausal period [29]. Exertion test may be a useful
tool in planning health-related training; thus, it may be used
in cardiovascular diseases primary prevention, particularly in
groups with increased risk. One of these groups is women
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Table 3: Exercise test parameters correlationwithMMP-8 andTIMP-1 concentration in examined group ofwomen in postmenopausal period
(𝑛 = 62).

MMP-8 (ng/mL) TIMP-1 (ng/mL)
𝑅 𝑝 𝑅 𝑝

Exercise test duration (min) −0.237 0.226 −0.138 0.551
MET −0.103 0.601 −0.326 0.138
HR at rest (beats/min) 0.187 0.340 0.120 0.594
HR reached during exercise (beats/min) −0.047 0.814 −0.432∗ 0.045
HR increase during exercise (beats/min) −0.523∗ 0.004 −0.587∗ 0.004
SBP at rest (mmHg) 0.224 0.252 −0.074 0.744
DBP at rest (mmHg) 0.343 0.074 −0.262 0.239
SBP reached during exercise (mmHg) −0.090 0.650 −0.076 0.738
DBP reached during exercise (mmHg) 0.306 0.113 0.074 0.744
SBP increase during exercise (mmHg) −0.225 0.270 0.203 0.379
DBP increase during exercise (mmHg) 0.074 0.718 0.153 0.508
SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; MET: metabolic equivalent of task.
∗Statistically significant.

in postmenopausal period, independently from discussions
about hormonal changes influence on the circulatory system.
Physical capacity can be determined in the exertion tests
using several measured parameters: heart rate at rest, its
increase during exercise, blood pressure at rest and during
exercise, and, finally, calculated metabolic equivalent of task.

One of the cardiovascular risk factors is low physical
activity, which may modify exercise test results by influenc-
ing physical capacity of women after menopause. That is
why the question regarding whether there is a correlation
between exercise test results and early biochemical indica-
tors of pathological process within the arteries remains to
be answered. These indicators include metalloproteinases,
enzymes which take part in extracellular matrix remodeling.
They are secreted as proenzymes and activated by proteinases,
plasmin, trypsin, chymotrypsin, kallikrein, cathepsin, and
some MMPs. The main sources of all metalloproteinases are
inflammatory cells [30, 31]. Metalloproteinases include cell
membranemetalloproteinases which are related to cell mem-
brane (MMP-14, MMP-15, MMP-16, and MMP-17), gelati-
nases (MMP-2 and MMP-9), stromelysins (MMP-3, MMP-7,
MMP-10, MMP-11, and MMP-12), and collagenases (MMP-1,
MMP-8, andMMP-13). Metalloproteinases take part inmany
physiological and pathological processes and they are respon-
sible for remodeling and degrading the connective tissue [32].
MMP-8 is elevated in periodontal diseases in humans [33]. It
is not specific and can be considered as general inflammation
marker. However, there is a growing evidence suggesting a
link between periodontal state and coronary heart disease
[34].Thus, a potential role ofMMP-8 as amarker of increased
risk of myocardial ischemia can be hypothesized.

Metalloproteinases activity may be moderated by tissue
inhibitors, which include TIMP-1. Metalloproteinases inacti-
vation is based on forming complexes which consist of active
forms of MMP or some proenzymes and tissue inhibitor,
complexes MMP-TIMP [35, 36]. TIMP-1 inhibits activity
of majority of MMPs by forming irreversible complexes.

ComplexesMMP-TIMP take part in inflammatory processes,
cardiomyocytes damage, forming aneurysms of the aorta,
blood pressure regulation by influencing tension of arteries
walls, vessels remodeling, coagulation, and angiogenesis
processes [35–37].

In the atherosclerotic lesions MMP-8 expression was
found. MMP-8 inactivation in experiments conducted on
mice causes significant decrease of atherosclerotic lesions
formation. Genetic knockout of MMP-8 in mice also results
in lower angiotensin II concentration, lower blood pressure,
anddecrease of adhesivemolecules number in atherosclerotic
plaque, which lowers leucocytes adhesion to the endothe-
lium. These data indicate an important role of MMP-8
in atherosclerosis process [37, 38]. That is why increased
expression of MMP-8 along with decreased expression of
its tissue inhibitor is disadvantageous and may be a sign
of forming vessels changes of atherosclerotic nature, which
is not necessarily clinically noticeable. In the studied group
of women in postmenopausal period there was statistically
significant correlation ofMMP-8 increase in serum and small
heart rate increase in exertion found. What is more, the
disadvantageous changes in TIMP-1 were observed in the
same group of patients. It is possible that higher heart rate at
rest naturally resulting in lower difference between heart rates
at rest and in exertion, which is characteristic for persons
with lower physical activity and is one of atherosclerosis
risk factors, causes tendency towards MMP-8 and its tissue
inhibitor level increase in serum. What is more, disadvanta-
geous changes inMMP-8 level seem to occur in patients with
higher diastolic pressure at rest, though this correlation is on
border of statistical significance, 𝑝 = 0.074. Hence, MMP-8
level seems to be a potential candidate to a novel marker of
cardiovascular risk among postmenopausal women.

To our best knowledge, there have not been any
researches indicating correlations between exercise test
results andmetalloproteinases and their inhibitors blood lev-
els in clinically healthywomen in postmenopausal period yet.
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Confirmation of results of this study and their practical use-
fulness demand further research on bigger group of women.

5. Conclusions

(1) Increased level of MMP-8 in serum is correlated with
lower heart rate increase in exercise test in women in
postmenopausal period.

(2) Tissue inhibitor of metalloproteinases activity is
higher amongwomen in postmenopausal periodwho
present lower maximal heart rate and lower heart rate
increase in exertion.

(3) These changes may constitute evidence of pathologi-
cal process within the arteries in women with lower
than common for this group physical capacity.
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[22] D. Lipka and J. Boratyński, “Metalloproteinases. Structure and
function,” Postępy Higieny i Medycyny Doświadczalnej, vol. 62,
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