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SUMMARY

Objectives: Low cardiorespiratory fitness (CRF) is related to higher risk of cardiovascular diseases, increase in all-cause mortality and higher
risk of different tumors. The reverse is also true; improvement in CRF is related to decrease in mortality. Cardiopulmonary exercise testing (CPET)
is a standard and also the most precise test for determination of CRF - the best possibility is the maximal test measuring different parameters
including maximal oxygen consumption. Healthcare professionals throughout the developed world have markedly high rates of sickness absence,
burnout, and distress compared to other sectors and this leads to higher risk factors. The study aimed to assess CRF in a group of nurses in a big
hospital and compare it with population norms and available published results.

Methods: Nurses over 50 years of age working in one faculty hospital were gradually included in the study from the beginning of 2018. These
nurses work in physically demanding positions. A CPET was carried out following the Bruce protocol.

Results: 90 nurses (84 females and 6 males), mean age 55.7 years, were evaluated by CPET. The resting blood pressure was within the norm
in 58 persons (64.44%), maximal oxygen consumption in 61 persons (67.8%), W/kg in 25 persons (46.2%). We detected a hypertension reaction in
28 persons (31.1%), some types of arrhythmia in 17 persons (18.9%) and signs of ischaemia in 8 persons (8.9%). The result of CPET led to further
examination in 42 persons (46.6%). Detailed examination resulted in change of medication in 21 nurses (23.3%). New diseases were diagnosed

in 15 nurses (hypertension, atrial fibrillation, mitral valve prolapse indicated for cardiac surgery, coronary artery stenosis, and lipid disorders).
Conclusions: It was concluded that the usage of CPET during the regular medical check-ups significantly increases detection of hidden diseases

and thus improves the care for nurses.
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INTRODUCTION

Cardiovascular diseases are the leading cause of death in devel-
oped countries. During the last three decades, it has been confirmed
that low cardiorespiratory fitness (CRF) is related to higher risk of
cardiovascular diseases, increase in all-cause mortality and higher
risk of different tumors (1, 2). On the other hand, improved CRF
decreases mortality (3). The American Heart Association published
recommendations for assessing CRF in clinical practice: a case for
fitness as a clinical vital sign (4) with the conclusion that adding this
parameter to the classic risk factors (hypertension, diabetes, lipid
disorders, smoking etc.) improves the risk calculation.

Cardiopulmonary exercise testing (CPET) is a standard and
also the most precise test for determination of CRF — a test meas-
uring upper limits of different parameters including maximum
oxygen consumption (VO,max).

CRF in the general population improved in the 1960s and
1970s but has been progressively declining since the 1980s. All
developed countries experienced declines in CRF with a very

strong negative correlation between CRF trends and obesity (5).
Currently, physical inactivity resulting in both obesity and insuf-
ficient CRF is identified as the fourth leading risk factor for global
mortality (6% of deaths globally) (6). The connection between
physical activity and CRF is self-evident. According to the study
of Davidson et al. (7) performed in adult men, physical inactivity
is associated with all-cause mortality independent of common risk
factors, but not CRF. Conversely, CRF remains a strong predictor
of mortality independent of common risk factors including physi-
cal activity. Healthcare professionals throughout the developed
world have markedly higher rates of sickness absence, burnout,
and distress compared to other sectors. There is evidence that the
prevalence of overweight and obesity among nurses is increasing
with a significant impact on their health and productivity (8).
The most important study — Nurses’ Health Study (9) analyzed
various parameters of nurses’ health without CRF with VO, max.
The aim of this study was to assess CRF in a group of nurses in
a big hospital and compare it with population norms and avail-
able published results.
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MATERIALS AND METHODS

Nurses over 50 years of age working in one faculty hospital
were gradually included in the study from the beginning of 2018
according to the following criteria.

Inclusion criteria: working in a physically demanding profes-
sion, signing an informed consent form. Exclusion criteria: acute
respiratory illness, high rest blood pressure (BP), not achieving
the maximal effort — respiratory exchange ratio (RER) more
than 1.05, VO, max curve in plateau, termination of test for other
reasons than personal maximum.

All subjects underwent clinical examination including casual
blood pressure, pulse rate, oxygen saturation, weight and height
measurements, BMI (weight divided by height squared) calcula-
tions, and ECG.

Maximal testing using the Bruce protocol was performed
(BTL equipment — bicycle ergometry, breath by breath measure-
ment) with measurement of the following parameters in rest and
maximal effort: BP (2-minute interval, manual measurement),
continual monitoring of heart rate, oxygen consumption, carbon
dioxide production, RER, ratio VO,/VCO,, load (Watt and W/kg).
Maximal oxygen consumption and load in W/kg were compared
with population norms (10, 11) for age and sex.

The hypertensive reaction was defined as an increase in
systolic BP more than 10 mm Hg/metabolic equivalent (MET)
(12). The relevant guidelines were used for the definition of
hypertension (13).

Because of a small number of men in the group, we did not
investigate the correlation between gender and results. If there
was a pathological finding on CPET (BP, ECG) an additional
examination was done.

Table 1. Basic characteristics of the study sample (N = 90)

Mean (SD)
Weight (kg) 77.3 (15.6)
Height (cm) 166.7 (6.7)
BMI 278 (54)
BP rest systolic (nmHg) 136.5 (18.3)
BP rest diastolic (nmHg) 84.1(9.4)
HR rest 81.8 (11.8)
HR max 153.6 (17.6)
BP max systolic (mmHg) 187.4 (23.4)
BP max diastolic (nmHg) 89.2 (15.1)
VO,max (peak) 1691 (417)
VO,max (peak)/kg/min/mL 21.9(54)
VCO,max (peak) 1927 (657)
Respiratory exchange ratio 1.2(0.14)
VENCO, 29.7 (4.5)
Metabolic equivalent 6.9 (2.1)
w 144.3 (46.7)
Wikg 1.91(0.55)

HR - heart frequency; VO,max — maximum oxygen consumption;
VCO,max — maximal carbon dioxide production; VE — maximal ventilation

RESULTS

Ninety nurses (84 females and 6 males), mean age 55.7 years,
were evaluated by CPET; 28 nurses (31.1%) had BMI in a normal
range, 36 nurses (40.0%) were overweight, 26 nurses (28.9%)
were obese, and 3 nurses had BMI more than 40 (3.33%). The
range of BMI in the sample was 19.55-45.0.

Forty-three nurses (47.8%) suffered from arterial hyperten-
sion on medication, 3 (3.3%) from type 2 diabetes mellitus on
medication, 1 nurse (1.1%) from stable coronary artery disease,
13 nurses (14.4%) from lipid disorders on medication, 15 nurses
(16.7%) from thyroid disorders on medication, 3 nurses (3.3%)
from paroxysmal atrial fibrillation, 3 nurses (3.3%) had a history
of malignant tumor, 3 nurses (3.3%) were treated for asthma,
and 1 nurse (1.1%) had a history of pulmonary embolism. Only
8 nurses (8.9%) had no history of any disease. The description
of the studied parameters is shown in Table 1.

Maximal oxygen consumption was within a normal range in
59 persons (65.6%), under the norm in 29 (32.2%), and above
the norm in 2 persons (2.2%). MET value was in 30 persons
(33.3%) under 6 (tolerance of heavy work). Value of W/kg was
within the norm in 25 persons (46.2%). There were no population
norms available for 36 nurses (40%). The resting BP was within
the norm in 58 persons (64.4%). During the test, we detected
a hypertension reaction in 28 persons (31.1%), of them 18 persons
(20.0%) had a history of hypertension. ECG findings — some types
of arrhythmia (premature supraventricular or ventricular beats)
were noted in 17 persons (18.9%) and ischaemia (horizontal ST
depression > 2mm) in 8 persons (8.9%). The result of CPET led
to further examination of 42 persons (46.6%) (Table 2). More
detailed examination resulted in a change of medication in
21 nurses (23.3%).

New diseases were diagnosed in 15 nurses: 4 nurses (4.4%)
arterial hypertension, 2 nurses (2.2%) masked hypertension,
4 nurses (4.4%) new onset of atrial fibrillation, 1 nurse (1.1%)
severe mitral valve prolapse indicated for cardiac surgery, 1 nurse
(1.1%) coronary artery stenosis, and 3 nurses (3.3%) lipid disorder.
One nurse took anticoagulation with the control of INR one year
ago, 6 nurses did not participate in the recommended evaluation.

DISCUSSION

Our work revealed two important findings. Firstly, CRF
nearly in one third of nurses was under the population norm

Table 2. Overview of subsequent examinations

Number
Ambulatory blood pressure monitoring 26
24 hour ECG monitoring 19
Calcium score 6
Single-photon emission computed tomography 2
CT coronarography 7
Echocardiography 29
Coronarography 2
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which took age and sex into account and their performance
met only requirements of middle work (3—6 MET). It is ques-
tionable whether these persons can continue to work in such
a demanding profession. Secondly, the results of CPET in our
nurses necessitated further examinations of some nurses that
led to new diagnoses.

To the first finding, CRF with VO, consumption measure-
ment is a very important prognostic parameter (3). CRF pro-
tects against stress-related symptoms, burnout and depression
(14). In our group, the poor CRF in one third of nurses can
predict worse cardiovascular prognosis. The results can be
partly influenced by the weight because only one third of the
nurses had BMI under 25 (the normal weight), but the over-
weight and obesity is another risk factor for cardiovascular
morbidity and mortality.

We used Czech population norms — reference values for
the study because there are not any globally used norms. In
a recent systemic review of 29 studies (15) (87,256 subjects)
on reference values for CPET parameters (14 studies using
bicycle ergometry, 14 using a treadmill, 1 both), no single set
of ideal reference values was found. Authors concluded that
the harmonization of CPET data is still urgently needed and
recommend FRIEND as an excellent source for CPET refer-
ence values (16).

When comparing our results with the literature, the largest
study which evaluated the state of health of nurses is the Nurses’
Health Study (9). This study confirmed decreasing mortality in
persons with moderate physical activity which obviously relates
to CFR, but they did not measure the CRF. Similarly, Fair et al.
(17) compared the occurrence of risk factors in nurses work-
ing in prevention care with the results of the abovementioned
study and they confirmed fewer risk factors in the preventive
care nurse group. The Baptist Health South Florida study (18)
is one of the biggest studies of the health status in healthcare
professionals, but this study did not use the VO, max parameter
to measure CRF. They used the American Heart Association
(AHA) score system. The study included 34,746 employees
between 2011 and 2014. The ideal cardiovascular health was
determined in only 0.3% of employees in 2011 and 0.6% of
employees in 2014.

Apropos CRF examination in other professions, Khazraee
et al. (19) studied a group of 115 fire-fighting personnel, but
the average age in this group was 32 years and thus we could
not compare the results with our group. The same was true for
Lyytikdinen et al. (20) who studied rescuers (average age 34,
VO,max 51 mL/kg/min). Kettunen et al. (21) did a submaximal
exercise testing with an estimation of VO,max in a group of
371 workers. The average age was 45 years and the average
estimated value of VO,max was 32.1 mL/kg/min. Considering
the age differences, we were unable to use the figures for com-
parison with our group. Jirak et al. (22) observed CRF in mining
rescuers. One third did not meet the population VO,max norms
which confirms our results but there were only male persons
participating in this study.

Genin et al. studied CRF in a group of sedentary office
workers (23) without measurement of VO,max. The resting
heart rate in the group of 193 office employees (mean age 44.2
years) in the active group was 67 beats/min and in the inactive
group 71 beats/min. In our group, the resting heart rate was

81.8 beats/min. This difference could be explained by chronic
stress in our group.

The second finding is, that the results of CPET in our nurses
necessitated further examinations of some nurses that led to new
diagnoses. We found no comparable research and we assume
that the reason is that if a problem is determined during CPET,
further examination is carried out in various other departments
whose statistical data are not available. Further medical prob-
lems in our nurses may be caused by a high level of stress (24),
shift work (25), a higher number of smokers compared to the
general public (26), and sickness (27).

Many nurses display unhealthy eating and physical activity
behaviours resulting in an increasing rate of overweight. As an
example, half of nurses in Canada do not meet current recom-
mendations for physical activity. Obesity in nurses has been
associated with a wide range of negative outcomes, such as
productivity loss, occupational injuries, and musculoskeletal
disorders (8, 28). In our study, the average BMI was in the
overweight range and the higher rest heart rate does not suggest
that it is a sample of individuals engaged in regular physical
activity. However, a physical activity questionnaire was not
a part of the study.

In our sample, several observed persons did not return for
a medical check, one nurse even used anticoagulation for one
year without any control. People who were diagnosed with
new diseases mostly reported that they have had problems for
a long time.

What is the relationship of health professionals to their
health? We do not have much data on this problem. Sickness
presenteeism is a behaviour in which an employee is physi-
cally present at work with reduced performance due to illness
or other reasons. Hospital doctors and nurses are more inclined
to exhibit presenteeism than other professional groups, result-
ing in diminished staff health, reduced team productivity and
potentially higher indirect presenteeism-related medical costs
than absenteeism (27).

In our work, we compared the incidence of risk factors in
hospital staff and insurance company staff some time ago (29).
Comparison of these two groups of professionals showed that
all the insurance company employees came to have the medical
check contrast to hospital staff.

How to help improve the situation? One possibility is
“physical activity programme”, but the literature describes
success (21) as well as a very low adherence, e.g. Genin et al.
(23) report adherence in 45% of office workers. The influence
of lifestyle modification on cardiometabolic risk factors was
described by Das et al. in a group of healthcare employees with
2 type diabetes (30). The intervention improved the values of
weight, BP, lipid profile and HbA. Kelly et al. (8) in their review
focused on primary studies concerning lifestyle interventions
to address obesity in nurses. All 11 available studies reported
positive changes in participants’ health behaviours, albeit small
in some cases. A significant reduction of BMI was noted only in
4 studies and a significant positive change in physical activity
appeared in 5 studies.

A limitation of the study may be an insufficient focus on the
sample characteristics in terms of evaluating the personal level
of free-time physical activity and also of activity intensity at
the workplace.
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CONCLUSIONS

CREF nearly in one third of the study sample was under the

population norm. It was concluded that the usage of CPET during
the regular medical check-ups of staff significantly increases the
detection of hidden diseases and thus improves the care for nurses.
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