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Abstract
Introduction: Maximum oxygen consumption shows the maximum oxygen rate of muscle oxygenation that is
acceptable in many cases, to measure the fitness between person and the desired job. Given that medical
emergencies are important, and difficult jobs in emergency situations require people with high physical ability
and readiness for the job, the aim of this study was to evaluate the maximum oxygen consumption, to determine
the ability of work type among students of medical emergencies in Qazvin in 2016.
Methods: This study was a descriptive – analytical, and in cross-sectional type conducted among 36 volunteer
students of medical emergencies in Qazvin in 2016. After necessary coordination for the implementation of the
study, participants completed health questionnaires and demographic characteristics and then the participants
were evaluated with step tests of American College of Sport Medicine (ACSM). Data analysis was done by SPSS
version 18 and U-Mann-Whitney tests, Kruskal-Wallis and Pearson correlation coefficient.
Results: Average of maximum oxygen consumption of the participants was estimated 3.15±0.50 liters per
minute. 91.7% of medical emergencies students were selected as appropriate in terms of maximum oxygen
consumption and thus had the ability to do heavy and too heavy work. Average of maximum oxygen
consumption evaluated by the U-Mann-Whitney test and Kruskal-Wallis, had significant relationship with age
(p<0.05) and weight groups (p<0.001). There was a significant positive correlation between maximum oxygen
consumption with weight and body mass index (p<0.001).
Conclusion: The results of this study showed that demographic variables of weight and body mass index are the
factors influencing the determination of maximum oxygen consumption, as most of the students had the ability to
do heavy, and too heavy work. Therefore, people with ability to do average work are not suitable for medical
emergency tasks.
Keywords: Maximum oxygen consumption, Medical emergency, Step test

1. Introduction
Safe work for workers, prevention of work-related illnesses, workers’ participation, and performance improvement
in work are four primary purposes of occupational health. Two of the strategies available to achieve these objectives
are selection of workers commensurate with their jobs and periodic monitoring to quickly identify adverse effects on
their health and properly prevent them. People who work in Emergency Medical Services (EMS), because of the
nature of their jobs, face many dangers that may have adverse effects on their health and the health of others.
Physical and physiological abilities of employees and their selection for a job based on their abilities, are necessary
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for safe performance. The work of paramedics includes physical and psychological demands related to rescue in
emergency situations and health care. Lifting and carrying patients without adequate equipment increases the risk of
musculoskeletal disorders and injuries and due to musculoskeletal, cardiopulmonary, and mentally disorders,
accelerates retirement. During a simulation of paramedics’ tasks, an average range of heart rate was reported as 119
to 161 beats per minute and blood pressure was higher than average (63% of maximum heart rate) that this amount
reached to a higher amount (up to 80%) during carrying of patients (1). Therefore, due to the physical requirements
of paramedics’ work, a certain amount of energy is required to do the job. Therefore, in order that employees can be
commensurate with the job in the terms of higher physiological conditions and more job efficiency and
effectiveness, measuring the amount of power generation capacity in the profession of medical emergencies seems
necessary. Maximum oxygen consumption shows the maximum oxygen rate of muscle oxygenation that is
acceptable in many cases to measure the fitness between the individual and the desired job (2), and is dependent on
factors such as age, sex, physical activity, heart rate, and weight (3). Therefore maximum oxygen consumption in
many cases is used for measuring cardiopulmonary commensuration. Regular physical activity increases maximum
oxygen consumption and subsequently increases a person’s physical fitness (2). Maximum oxygen consumption is
measured in direct and indirect ways. Because of high costs, required equipment, people to carry the equipment, and
the need for sufficient space, direct methods of measuring maximum oxygen consumption are used for investigative
and operational work. If the direct approaches are not practical, varied maximal and sub-maximal exercise tests are
used to measure maximum oxygen consumption (4). The decision to use maximal or sub-maximal exercise tests
depends on the required accuracy, the reasons for testing, risk level, and the availability of appropriate equipment
and related people. When high accuracy is required, the maximal tests are used to determine the maximum oxygen
consumption, but due to continuing the test until volitional exhaustion of participant, medical supervision and
emergency equipment are needed. Therefore, in labor population, due to high risk level, sub-maximal tests are used
(3-5). The purpose of sub-maximal exercise tests is determining heart rate response to one or more workloads, and
using the results to predict maximum oxygen consumption. In sub-maximal exercise tests, the accuracy of
estimating maximum oxygen consumption is mostly determined by heart rate responses. Parameters such as drug
use, excessive intake of caffeine, high stress, illness, and high environmental temperature, influence heart rate.
Usually, in order to estimate maximum oxygen consumption, exercise tests from ergometer bicycle, treadmill, and
step are used. The benefits of step test are its simplicity, minimum requirement of equipment, safety, easy to carry,
short rest periods, need of little practice, and the possibility to do at home. Therefore, the test should be selected
based on the level of physical fitness of subjects (3, 4). Among research studies done in this field on firefighters,
Tierney et al. (2010) mentioned that maximum oxygen consumption was obtained by maximal and sub-maximal
tests 2.89 and 4.85 ml/kg/min respectively (6). In addition, in the study of Vandermissen et al. (2014) the maximum
oxygen consumption was reported by step test as 37.3 ml/kg/min (3). Also, in the study of Davies et al. (2008),
maximum oxygen consumption among male students of emergency care was estimated as 47.9 ml/kg/min (7).
Moreover, in other studies by Greg, Michael, Mark, and Mier maximum oxygen consumption was obtained 37
(ml/kg/min), 48 (ml/kg/min), 1.57 (l/min), and 48.8 (ml/kg/min) respectively (8-11). As the results of these studies
show, only the maximum oxygen consumption among staff has been estimated, and few studies have examined how
individuals are selected commensurate with job. Due to insufficient criteria for the selection of staff in different
professions and the key role of physical capacity of emergency care staff in their ability to perform the essential
duties, conducting this study seemed necessary (7). The aim of this study was to evaluate maximum oxygen
consumption to determine the ability of work type among medical emergency students in Qazvin in 2016. The
findings of this study can be a useful guide for the selection and employment of medical emergency staff and
students to do essential duties that consequently, due to mismatch in this field, many employment problems will be
solved and will have productivity of more employees.

2. Material and Methods
2.1. Research Design and sampling
This study was a descriptive – analytical, and in cross-sectional type conducted among medical emergency students
in Qazvin (Iran) in 2016. The sample size was estimated by using the results of previous studies (12) with the
confidence level of 95% and margin of error of 5% on 36 people. The samples were selected randomly from all male
students of medical emergencies who had inclusion criteria from Qazvin University of Medical Sciences. Inclusion
criteria were lack of history of cardiovascular, respiratory, and musculoskeletal diseases, avoiding the use of
sedatives and hypnotics, and lack of jobs with high physical activity.

2.2. Measurement Tool
Physical Activity Readiness Questionnaire (PAR-Q) (4) was used including questions such as chest pain, dizziness
and loss of balance, bone or joint problem, etc. in the field of general health awareness, to ensure the complete
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health of the participants. This questionnaire classifies the risk of cardiovascular disorders during exercise into three
levels of low, medium, and high. If one of the participants reported one of the signs and symptoms of cardiovascular
disorders, they would be placed in high risk classification and excluded from the study. The demographic
questionnaire consisted of two parts. The first part was in the form of direct interview with the students about
questions such as age, marital status, education level, risk of certain diseases, smoking, exercise and medication
(certain medicine was not considered by the researchers). The second part includes measurable variables such as
height, weight, body mass index, and pulse rate, etc. which were measured and recorded in the questionnaire by the
researchers. The second part of the questionnaire measured variables such as height, weight, body mass index and
pulse rate, and they too were measured and the data were recorded by researchers. Height of the participants was
measured by using a tape meter with defined and standard conditions, their weight was measured by a digital scale,
and their pulse rate by Beurer’s rate monitor every minute, and recorded on the form. To measure maximum oxygen
consumption by the step test, stairs with height of 40 cm were used for men so that the person who was being tested
went up and down for 5 minutes and every minute 22.5 times, and then the frequency of going up and down was
obtained. After the test, by using the subject’s age and heart rate measured immediately after the test (beats per
minute) (4) maximum oxygen consumption was calculated by the following equation (13):
VO2max = AG (131.5×VO2)/(HR+GF-72)
Where:
VO2-Max: maximum oxygen consumption (l/min)
HR: heart rate (beats per minute)
GF: sex factor (for men 10 and for women zero)
AG: age correction factor obtained by the following equation: AG = 1.12 - 0.0073 age. In this formula age is
person’s age.
VO2 (oxygen consumption) in the above formula is calculated by the following equation (5):
VO2 = (0.35 × f) + (2.395 × f × h)
In this formula:
f: frequency of going up and down the steps (step per minute)
h: step height (m)

Vo2: oxygen consumption at a steady state (ml/ kg/min)

2.3. Data Collection
After justifying the subjects and before starting the work, PAR-Q questionnaire of general health and demographic
characteristics questionnaire were given to participants to complete, and also height, weight, and pulse rate were
measured by the above methods, and recorded. Then, while the person was wearing light clothes, exercise test of
step was taken.

2.4. Ethical Consideration
Research Ethics Committee of Qazvin University of Medical Sciences confirmed this study with letter number of
IR.QUMS.REC.1394.236. To avoid occurring physical and psychological harm to participants, following actions
were taken: 1) Considering the inclusion criteria for participants; 2) Filling out the General Health Questionnaire by
participants and in the case of a positive answer to a question, the participant will be excluded; 3) Monitoring the
participant by doctor, in order to avoid any complications while doing the step test, 4) optional participation in the
study and participants' wish to leave at any time; and 5) Confidentiality of subjects’ data.

2.5. Statistical Analyses
Data were analyzed by using SPSS software 18 and statistical test of Pearson correlation, U-Mann-Whitney, and
Kruskal-Wallis.

3. Results
Average of maximum oxygen consumption was estimated as 3.15 ± 0.50 l/min by step test. Demographic
characteristics of the subjects are presented in Table 1. The results of maximum oxygen consumption among
medical emergencies students showed that 91.7% of students selected in terms of maximum oxygen consumption in
this field, have ability to do hard and very hard work (Figure 1). The results of examining the relationship between
dependent variable of maximum oxygen consumption and independent demographic variables, showed that there is
a significant relationship between maximum oxygen consumption with age and weight groups, while there is no
significant relationship with other dependent variables (groups of height, body mass index, exercise per week, and
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smoking) (Table 2). Pearson’s correlation coefficient showed that there is a significant positive relationship between
maximum oxygen consumption with weight and body mass index (Table 3).

Figure 1. Percentage of work ability index based on VO2 max among subjects in the study

Table 1. Demographic data of study sample
Variables Mean  SD

Or Percent
Age (Year) 21.13±1.12
Weight (Kg) 70.05±9.61
Height (Cm) 177.77±5.72
BMI (Kg/m2) 22.13±2.56
Exercise in week (Hour) 6.37±5.36
Smoking 11.1 11.1

88.9 88.9

Table 2. The relationship of population characteristics with VO2 max based on Mann-Whitney or Kruskal-Wallis
tests

Variables n (%) VO2 max Z or k2 p-value
Mean  SD

Age Group (Year) 19-21 22 (61.1) 3±0.53 -2.012 0.045*
22-24 14 (38.9) 3.40±0.39

Weight Group (Kg) <60 6 (16.7) 2.60±0.42 19.128 0.000**
60-70 15 (41.7) 3±0.36
71-80 9 (25.0) 3.60±0.31
>80 6 (16.7) 3.40±0.31

Height Group (Cm) <170 5 (13.9) 3±0.41 1.104 0.576
170-180 20 (55.6) 3.13±0.57
>180 11 (30.6) 3.27±0.42

BMI <18.5 2 (5.6) 2.37±0.42 4.403 0.116
18.5-24.99 32 (88.9) 3.18±0.48
25-29.99 2 (5.6) 3.43±0.40
>30 0 (0.0)  -

Exercise in week (Hour) 0-3.99 12 (33.3) 3.16±0.58 0.901 0.825
4-7.99 15 (41.7) 3.18±0.58
8-11.99 5 (13.9) 3±0.45
12-15 4 (11.1) 3.31±0.18

Smoking No 32 (88.9) 3.16±0.50 -0.503 0.645
Yes 4 (11.1) 3.06±0.21

Z: U- Mann-Whitney test output; K2: Kruskal-Wallis test output; *Significant in level P<0.05
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Table 3. The result of the correlation coefficient between population variables and VO2 max

Variables Pearson correlation(r) p-value
Age (Year) 0.30 0.07
Weight (Kg) 0.61 *0.001
Height (Cm) 0.30 0.06
BMI (Kg/m2) 0.55 *0.001
Exercise in week (Hour) -0.32 0.85

*Significant in level P<0.01

4. Discussion
Medical emergencies are jobs in emergency situations that, because of the nature of the work, require high physical
ability and fitness to perform tasks in difficult conditions. In the present study, the mean and standard deviation of
maximum oxygen consumption were obtained 3.15 ± 0.50 (l/min) by step test among students of medical
emergencies, and this amount is approximately close to the results of studies conducted on firefighters by Tierney et
al. (4.85 l/min), Vandermissen et al. (37.3 ml/kg/min), and Farhadi et al. (3.65 l/min). Mier et al. obtained 48.8
ml/kg/min in the studied sample and DeRisi et al. 3.21 l/min, and also in maximum oxygen consumption had
approximately similar results. Given that climatic conditions of study place affect maximum oxygen consumption;
lack of the situation control could be a contributing factor to having different amounts in different studies (3, 6, 11,
14-16). This study showed a significant relationship between maximum oxygen consumption and age groups of
studied samples. The findings are consistent with the results of the study by Daneshmandi et al. (17) but are not
consistent with other studies (12, 15, 18-20). In some studies, such as Betik and Hepple (21), it was concluded that
oxygen consumption will be decreased as you grow older, and the reason is based on decrease of maximum heart
rate in older age. As you grow older, maximum heart rate will be decreased and this is an important factor in
reducing oxygen consumption, the findings are not consistent with the results of the present study. The significant
relationship between age groups are variable, and maximum oxygen consumption in this study may be related to the
point that most of the selected people were in the age range of 19-24. Therefore, the relationship between maximum
oxygen consumption and age groups is due to young age range of the studied people. Pearson correlation test
showed a positive and significant relationship between maximum oxygen consumption and weight and body mass
index. In other words, in this study, by increase of weight and body mass index, maximum oxygen consumption has
been increased. The study conducted by Atomi et al., on two groups of lean and obese women, revealed that weight
is an influencing factor in maximum oxygen consumption (22). This could be the result of expanding
cardiopulmonary and musculoskeletal systems and consequently, increasing absorption of oxygen and glucose, or
more food delivery to muscles through the bloodstream. In this case, the muscle will is to do more mechanical work
by spending more energy (18). The findings of studies conducted by Heydari et al. (18), DeRisi et al. (23), Nazem et
al. (24), and Choobineh et al. (19), confirm the findings of this research. However in other studies, weight variable
has had no effect on increase or decrease of maximum oxygen consumption in individuals (17). But the findings of
studies conducted by Farhadi et al. (15) and Rafiee-Pour et al. (25) showed that the amount of maximum oxygen
consumption will be decreased by the increase of weight and body mass. In the studies of Gaeini et al. and Grassi et
al. there was a significant negative correlation between BMI index and oxygen consumption. In other words, by
increasing BMI index, oxygen consumption was decreased significantly (23, 26). According to Table 2, it can be
stated that there is no significant relationship between maximum oxygen consumption and smoking that this finding
is not consistent with the results of studies conducted by Choobineh et al. (19) and Habibi et al. (27). The average of
maximum oxygen consumption in smokers is less than nonsmokers and one reason for this may be blood saturation
of carbon monoxide (CO) existing in cigarette smoke, which subsequently decreases oxygen carrying capacity of
blood (28). Also, due to deposition of nicotine existing in cigarettes into the inner lining of arteries, and decreasing
oxygen, absorption capacity in muscles reduces the oxygen consumption in smokers (16). Lack of relationship
between maximum oxygen consumption and smoking in this study may be due to the remarkable low number of
smokers compared to nonsmokers. This imbalance makes smoking effectless on maximum oxygen consumption,
and the studies conducted by Hosseinabadi et al. (29) and Rafiee-Pour et al. (25) have confirmed the lack of
relationship. It should be noted that the insufficient number of samples in the present study, may be a factor of
inconsistency between these findings and findings of other studies. Therefore, it is suggested that further studies on
more non-uniform populations are done, in terms of smoking, to obtain more definitive results about the effects of
smoking on oxygen consumption.

The results of the present study, showed that there is no significant relationship between maximum oxygen
consumption and hours of exercise per week. The reason may be more exercise of studied subjects during the week.
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This finding is consistent with the results of studies conducted by Farhadi et al. (15), Matlabi et al. (16), and DeRisi
et al. (23) but is not consistent with other studies (19, 27). By increasing the hours of exercise per week, oxygen
consumption will be increased and in justification of this issue, can be said that physical exercise makes heart
muscles stronger and thus increases stroke volume and a person’s aerobic capacity (30).

5. Study limitations
Among the limitations of this study, we can mention the selection of medical emergencies personnel, merely based
on maximum oxygen consumption and lack of considering other aspects of physical fitness such as health-related
physical fitness (cardiovascular endurance, body composition, muscular endurance, muscular strength, flexibility)
and skill-related physical fitness (speed, power, balance, agility, reaction time, and coordination), because one
person may be determined appropriate and selected for medical emergencies job, in terms of oxygen consumption,
but he or she has weakness in others aspects of physical fitness. Therefore, wrong selection of people merely based
on one aspect of fitness, may endanger a person’s health in the long term.

6. Conclusions
The results showed that maximum oxygen consumption has no significant relationship with the groups of height,
body mass index, hours of exercise per week, and smoking, but there is a significant relationship between maximum
oxygen consumption and age and weight group of medical emergency students. With regards that medical
emergency is among the most important and hard jobs, it requires people with high ability and physical fitness for
the job. According to the results, 91.7% of those surveyed in terms of oxygen consumption, have been selected
appropriately for medical emergency jobs. Therefore, in order to select people more accurately for medical
emergency jobs, it is recommended performing oxygen consumption tests and selecting those whose test results are
in the range of ability to do hard and very hard work. In the case of wrongly selecting people to enter the job,
appropriate training programs can be used to increase people’s oxygen consumption.
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