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Summary

Study aim: to develop and estimate the validity of non-exercise methods to predict VO,max among young male conscripts
entering military service in order to divide them into the different physical training groups.

Material and methods: fifty males (age 19.7 + 0.3 years) reported their physical activity before military service by IPAQ and
SIVAQ questionnaires. Furthermore, Jackson’s non-exercise method was used to estimate VO,max. Body mass and height
were measured, body mass index calculated and VO,max measured directly in a maximal treadmill test. Subjects were ran-
domly divided into two groups. The results of the Group 1 (N = 25) were used to develop a regression equation to estimate
VO,max. The results of the Group 2 (N = 25) were used to evaluate the validity of the developed non-exercise methods and
Jackson’s non-exercise methods to estimate VO,max by Bland and Altman plot. The validity was further evaluated by compar-
ing the results to 12-minute running test performed by 877 male conscripts (age 19.6 + 0.2 years).

Results: the developed models explained 68—74% of the variation in VO,max. Mean difference between directly measured and
estimated VO,max was not significant, while Jackson’s method overestimated VO,max (p < 0.001). Both developed models
were equally valid to divide conscripts into tertile group of fitness. However, 5% of the conscripts were classified into the high-
est fitness group based on both methods, but they were actually in the lowest fitness group based on a running test.
Conclusion: in practice, these findings suggest that developed methods can be used as a tool to divide conscripts into different

fitness groups in the very beginning of their military service.
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Introduction

The fitness level of young men entering compulsory
military service in Finland has declined, with a concom-
itant increase in body mass during the last 25 years [25].
This fact has made it more challenging for the Finnish
Defence Forces to accomplish their task of training ca-
pable soldiers with an adequate performance capacity
for military units. Finnish military training has been ob-
served to improve aerobic [21, 26] and muscular fitness
[6, 27] and to induce beneficial changes in body com-
position [20, 27]. However, one third of the conscripts
were classified as overreached at the end of an 8-week
military basic training period (BT) [31]. In the second
half of BT, increased somatic symptoms of overreach-
ing and several physiological and biochemical markers
indicated that the training load was not well tolerated by
all the conscripts, 33% of whom were classified as over-
reached [31].

Aerobic fitness, as measured by maximal oxygen up-
take (VO,max), is an important component of the physi-
cal fitness profile [1]. In addition, aerobic fitness has been
found to be an important component of soldiers’ perform-
ance as it can influence an ability to sustain the training
load during BT [13, 30], while poor physical fitness and
overweight increases the risk of injury and illness leading
to limited duty days during BT [13, 15, 31]. In addition,
while the risk of injuries and premature discharge from the
military seems to be highest during the first weeks of mili-
tary training [13, 17, 19, 23], the physical load of training
at this stage has to be relatively low and optimal in rela-
tion to prior physical activity of the conscripts.

In order to enhance physical fitness and to avoid over-
reaching and overtraining syndrome, it has been suggested
that conscripts could be divided into different training
groups according to their aerobic fitness level [31] or
simply based on BMI, rather than aerobic fitness level or
a combination of these parameters [30]. However, measur-
ing VO,max by fitness testing is time consuming and not
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practical for a large group of subjects, for example during
the call-up of new recruits. In addition, dividing to train-
ing groups should be able to do before entering to military
service and the timing of traditionally used 12-minute run-
ning test in the militaries is too late in the practical point of
view. Thus, more alternative methods are needed to esti-
mate aerobic fitness of young male conscripts before they
enter compulsory military service. Previous studies have
suggested that self-reported exercise habits may be useful
in developing non-exercise prediction models to estimate
maximal oxygen consumption among adult population
[12]. Thus, the purpose of the present study was to de-
velop and estimate the validity of non-exercise methods to
predict VO,max among young men.

Material and methods

The study was performed in two phases (Study I and
Study II) among conscripts who entered military service.
In the first phase, Study I, the purpose was to develop
a non-exercise method to predict VO,max. In the second
phase, Study II, the validity of developed non-exercise
methods was evaluated. In both studies, all subjects
were carefully informed of the experimental protocol
and they gave written consent to participate in the study.
They were also advised of their right to withdraw from
the investigation at any time. The study protocol was ap-
proved by the Finnish Defence Forces, and the Ethics
Committees of the University of Jyviskyld and the Kai-
nuu region.

Study I — development and estimation of non-exercise
methods

Fifty males (age 19.7 £ 0.3 years) reported their physi-
cal activity before military service. During the first week
of military service, their body mass and height were meas-
ured, body mass index (BMI) calculated and VO,max
measured by a treadmill test. They also run a 12-minute
running test.

Physical activity (PA) questionnaires. One month be-
fore military service subjects reported their physical activ-
ity by a) a self-administered short version of international
physical activity questionnaire (IPAQ) covering the previ-
ous seven days [8] and b) Single-Item Question on Lei-
sure-Time Vigorous Physical Activity (SIVAQ) [9, 28].
In addition, Jackson’s non-exercise questionnaire [12, 24]
was used to estimate their VO,max.

IPAQ. TPAQ outcome was reported as MET minutes
per week calculated in five different ways [8]: 1) Light PA:
daily minutes x days per week with walking x 3.3 MET.
2) Moderate PA: daily minutes x days per week with mod-
erate-intensity physical activity x 4.0 MET. 3) Vigorous
PA: daily minutes x days per week with physical vigorous

activity x 8.0 MET. 4) Moderate to vigorous PA (ModVig
PA): Moderate PA + Vigorous PA. 5) Total PA: Light PA +
Moderate PA + Vigorous PA.

SIVAQ. Single-Item Question on Leisure-Time Vig-
orous Physical Activity (SIVAQ) [9, 28] consisted of the
following question: “Think of the previous 3 months and
consider all leisure-time physical activity with duration
of at least 20 minutes. How frequently were you physi-
cally active?” The response alternatives were 1) less than
once a week; 2) no vigorous activities, but light or mod-
erate physical activity at least once a week; 3) vigorous
activity once a week; 4) vigorous activity twice a week;
5) vigorous activity three times a week; 6) vigorous activ-
ity at least four times a week. For further analyses, PA by
SIVAQ was categorised as follows: 1 = no PA or light or
moderate PA at least once a week, 2 = vigorous PA once
a week, 3 = vigorous PA twice a week, 4 = vigorous PA
three times a week and 5 = vigorous PA at least four times
a week.

Jackson's non-exercise questionnaire. Jackson’s non-
exercise questionnaire [12, 24] consisted of a question:
“Use the appropriate number (0—7) which best describes
your general activity level for the previous month”. Do
not participate regularly in programmed recreation sport
or heavy physical activity: 0) avoid walking or exertion,
e.g. always use elevator, drive whenever possible instead
of walking; 1) walk for pleasure, routinely use stairs, oc-
casionally exercise sufficiently to cause heavy breathing
or perspiration. Participate regularly in recreation or work
requiring modest physical activity, such as golf, horse-
back, riding, gymnastic, table tennis, bowling, weight lift-
ing, yard work: 2) 10 to 60 min per week; 3) over one
hour (h) per week. Participate regularly in heavy physical
exercise such as running or jogging, skipping rope, run-
ning in place or engaging in vigorous aerobic activity type
exercise such as tennis, basketball or handball: 4) run less
than 2 km per week or spend about 30 min per week in
comparable physical activity; 5) run 2 to 10 km per week
or spend 30 to 60 min per week in comparable physical
activity; 6) run 10 to 15 km per week or spend in 1 to 3 h
per week in comparable physical activity; 7) run 15 km
per week or spend over 3 h per week in comparable physi-
cal activity. VO,max was estimated according to the fol-
lowing equation: (56.363 + 1.921 * physical activity level
(0-7)—0.381 * age — 0.754 * BMI + 10.987 * 1).

Maximal oxygen uptake (VO,max) and anthropom-
etry. During the first week of military service, VO,max
(mL - kg! - min!) was directly measured by a maximal
treadmill test. The start of the test involved walking for
3-min at 4.6 km - h™! and walking/jogging at 6.3 km - h™!
(1% slope) as a warm-up. Thereafter, exercise inten-
sity was increased every 3-min to induce an increase of
6 mL - kg™! - min~! in the theoretical VO,max demand of
running [1]. This was achieved by increasing the initial
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running speed of 4.6 km - h™! by a mean of 1.2 km - h~!
(range 0.6—1.4 km - h™1), and by increasing the initial grade
of 1 deg by a mean grade of 0.5 deg (range 0.0-1.0 deg)
up to the point of exhaustion [1]. Pulmonary ventilation
and respiratory gas exchange data were measured by
breath-by-breath method (Jaeger Oxygen Pro, VIASYS
Healthcare GmbH, Hoechberg, Germany), and mean
values were calculated at 1-min intervals for statistical
analysis. The analyzer was calibrated before each test ac-
cording to manufacturer’s specifications. Heart rate was
continuously recorded at 5-s intervals using a telemetric
system (Polar810i, Polar Electro Oy, Kempele, Finland).
Blood lactate was determined 1 min after completion of
the exercise from a fingertip blood sample using a lactate
analyser (LactatePro®, Arkray, Japan). The criteria used
for determining VO,max were: VO,max and heart rate did
not increase despite an increase in grade and/or speed of
the treadmill, a respiratory exchange ratio (RER) higher
than 1.1, and a post-exercise blood lactate higher than
8 mmol - I-! [1]. All subjects fulfilled all criteria.

Body mass was measured with an accuracy of 0.1 kg
(Inbody720 body composition analyser, Biospace Co Ltd,
Seoul, Korea). The measurements were performed be-
tween 6:00 and 7:00 a.m. after an overnight fast and af-
ter voiding, with no exercise for 12 hours before the test.
The subjects were barefoot and wore T-shirts and shorts.
Body height was measured to the nearest 0.5 cm using
a wall-mounted stadiometer. Body mass index (BMI) was
calculated as body mass (kg) divided by body height (m)
squared.

Development of the ECAF (Estimate of Conscripts
Aerobic Fitness) non-exercise method. Subjects were ran-
domly divided into two groups. The results of the Group
I (N = 25) were used to develop a regression equation to
estimate conscripts aerobic fitness (ECAF) in terms of
VO,max based on two different physical activity ques-
tions, [IPAQ (ECAF1) and SIVAQ (ECAF2), and anthro-
pometric measures. The results of the Group 2 (N = 25)
were used to evaluate the validity of ECAF1, ECAF2 and
Jackson’s non-exercise methods to estimate VO,max by
Bland and Altman plot [4].

Statistical analysis. Pearson correlation coefficients
were computed between VO,max and 12-min running
test. For the Group 1, Pearson correlation coefficients
were computed to determine the linear relationship be-
tween VO,max (mL - kg™! - min™") and body mass, height,
BMI, Light PA, Moderate PA, Vigorous PA, ModVig PA,
Total PA and SIVAQ PA. To identify the best prediction
model to estimate VO,max from the optimal combination
of independent variables, multivariable linear regression
analysis was used. The independent variables tested for
ECAF1 were body mass and height or BMI and Light PA,
Moderate PA and Vigorous PA or VigMod PA or Total PA.
For ECAF2, the tested independent variables were body

mass and height or BMI and SIVAQ PA. The final model
was computed after the multicollinearity diagnostic and
the assumptions for regression analysis were fulfilled. The
validity of ECAF1, ECAF2 and Jackson’s non-exercise
method was evaluated by comparing the results to directly
measured VO,max by Bland and Altman plot [4] by the
subjects of Group 2 (N =25).

Study II — agreement between estimated and
measured aerobic fitness categories

Subjects were 887 male conscripts of Kainuu Bri-
gade (Group 3) (age 19.6 £ 0.2 years). On the first day of
military service, the subjects filled out a questionnaire for
ECAF1 and ECAF2 to estimate their VO,max. In addi-
tion, body mass and height were measured and the ques-
tion “To which physical training group you would like to
participate, low, moderate or high” was asked. During the
first two weeks of service, the subjects run a 12-minute
running test [7].

Statistical analysis. The validity of ECAF1 and
ECAF2 was further evaluated by comparing the estimated
VO,max to 12-minute running test of Group 3 (N = 887).
Group 3 was divided into tertile groups with equal num-
bers of subjects according to their aerobic fitness meas-
ured by 12-minute running test (low < 2235 m, middle
2236-2499 m, high > 2500 m) and estimated VO,max by
ECAF1 and ECAF2 (low <43.0 mL - kg'! - min~!, middle
43.1-46.0 mL - kg ! - min~!, high>46.1 mL - kg ! - min).
Crosstabs and Pearson’s correlation coefficients were
evaluated between these results. All statistical analyses
were performed using SPSS (16.0.1. 2005; SPSS Inc.,
Chicago, IL). The level of statistical significance was set
atp <0.05.

Results

Characteristics of the subjects are presented in Ta-
ble 1. There were no significant differences between three
study groups in body composition, physical activity level
and aerobic fitness. A strong positive correlation between
measured VO,max and 12-min running test was observed
(r=0.79, p=0.000).

Developed non-exercise methods. The associations
between VO,max and physical activity variables are pre-
sented in Table 2, showing that Light PA was not associ-
ated with VO, max. Table 3 demonstrates the multivariate
regression equations for explaining variation in VO, max.
For ECAF1, the best fitting model included BMI and the
IPAQ’s question of Vigorous PA. The model explained
74% of conscripts’ VO,max with a standard error of esti-
mate (SEE) of 4.0 mL - kg' - min~!. For ECAF2, the best
fitting model included BMI and SIVAQ PA explaining 68%
of the variation in VO,max (SEE 4.2 mL - kg™! - min™").
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Table 1. Anthropometry, physical activity and aerobic fitness (mean + SD) of study groups

Study I Study I
Group 1 (N =25) Group 2 (N =25) Group 3 (N =877)

Body mass (kg) 77.1 £19.8 80.9 +14.2 76.1 £13.2
Height (cm) 176.6 £7.4 179.4+53 178.0+£6.3
BMI (kg - m2) 247+59 25.0+3.5 24.0+3.7
IPAQ

Light PA (MET - min - wk 1) 982 + 1071 1225 £ 1926

Moderate PA (MET - min - wk 1) 1064 + 1159 949 £2011

Vigorous PA (MET - min - wk 1) 2179 + 1831 2000 + 3199 1998 + 2219

ModVig PA (MET - min - wk1) 3243 +£ 2692 2949 + 5023

Total PA (MET - min - wk ') 4225+ 3141 4174 £ 6633
SIVAQ PA 26+1.6 24+1.3 23+13
VO,max (mL™! - kg™! - min") 43.8+7.4 424+738
12-minute running test (m) 2319 +308 2271 £392 2361 £312

Table 2. Pearson’s correlation coefficients between VO,max and BMI, Light, Moderate, Vigorous, ModVig, Total PA and

SIVAQ PA
VO,max (mL - kg™! - min!)
r P
BMI (kg - m2) 071 <0.001
Light PA (MET - min - wk1) 0.09 0.520
Moderate PA (MET - min - wk 1) 0.31 0.029
Vigorous PA (MET - min - wk!) 0.34 0.014
ModVig PA (MET - min - wk ) 0.35 0.013
Total PA (MET - min - wk!) 0.30 0.035
SIVAQ PA (scale 1-5) 036 0.009

Table 3. Multivariate regression models for explaining the variation in maximal aerobic fitness (mL-! - kg~! - min1).

Independent Cocfficients SE p Adjusted R? SEE
ECAF1 <0.001 0.74 4.0
Constant 65.751

BMI (kg'm2) -1.0003 0.14 <0.001 0.62 4.5
Vigorous PA (MET-min-wk!) 0.001 0.00 <0.001 0.74 4.0
ECAF2 <0.001 0.68 4.1
Constant 64.915

BMI (kg'm2) —0.986 0.14 <0.001 0.62 4,5
SIVAQ PA (scale 1-5) 1.214 0.52 <0.001 0.68 4.1

Validity of non-exercise methods. Mean differ-
ence between directly measured VO,max and VO,max
estimated by ECAFI method was not significant

(-1.8 £ 5.7 mL - kg'! - min!, p = 0.13; the 95% limits
of agreement — 12.9 — 9.3 mL - kg! - min™!). There were
no significant correlation (r = 0.22, p = 0.28) between the
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Table 4. The association of measured VO,max and estimated by non-exercise methods of Jackson’s index, ECAF and

ECAF2
ECAF1 ECAF2 Jacksons’ index
Meafll dlffeirlencg bjtween measured and estimated VO,max 18457 17454 5344655k
(mL!-kg! - min')
The 95% limits of agreement (mL~! - kg~! - min~1) -129-93 -124-8.9 -14.2-3.7
Correlation between mean and differences of measured and estimated 0.22 0.54%% 0.64%%%

VO,max

% < 0,01, #*% p < 0.001

mean values and the difference of the ECAF1 and measured
VO,max (Table 4). Similarly, the mean between directly
measured VO,max and VO, max estimated by ECAF2 was
not significant (—1.7 = 5.4 mL - kg™' - min~!, p = 0.12; the
95% limits of agreement — 12.4 — 8.9 mL - kg™ - min!).
However, there was a significant correlation (r = 0.54,
p = 0.005) between the mean values and the difference of
ECAF2 and measured VO, max (Table 4).

Jackson’s non-exercise method overestimated VO, max
compared to measured VO, max. The mean difference be-
tween directly measured (42.0 + 7.9 mL - kg'! - min!)
and estimated (47.3 + 5.1 mL-kg!-min~!) VO,max was
~53+46mL-kg! - min! (p <0.001) (95% limits of

agreement — 14.2 — 3.7 mL - kg! - min™!). Furthermore,
there was a significant correlation (r = 0.64, p < 0.001) be-
tween the mean values and the difference of the measured
VO,max and Jackson’s method indicating that Jackson’s
method overestimated VO,max to a higher degree among
males with low aerobic fitness. (Table 4).

Evaluation of developed ECAF1 and ECAF?2 estima-
tions of VO, max in different fitness groups. Both ECAF1
and ECAF2 estimates of VO,max correlated positively
with 12-min running test time (r = 0.49, p <0.001; r=0.53,
p < 0.001, respectively). ECAF1 (Fig. 1) and ECAF2
(Fig. 2) demonstrated to be equally valid to divide conscripts
into tertile group of fitness; among 887 subjects, 461 (52%)
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Fig. 1. Pearson correlation coefficient between VO,max estimated by ECAF1 non-excercise method and 12-minute running
test. Vertical and horizontal lines indicate the tertiles of 12-minute running test (lower < 2235 m, middle 2236-2500 m, upper

> 2500 m) and estimated VO,max by ECAF1 (lower <43.0 mL - kg™!

46.1 mL - kg™! - min!)

-min~!, middle 43.1 — 46.0 mL - kg~ - min~!, upper >
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Fig. 2. Pearson’s correlation coefficient between VO,max estimated by ECAF2 non-exercise method and 12-minute running
test. Vertical and horizontal lines indicate the tertiles of 12-minute running test (lower < 2235 m, middle 2236-2500 m, upper
> 2500 m) and estimated VO,max by ECAF2 (lower <43.0 mL - kg™! - min~!, middle 43.1 — 46.0 mL - kg~! - min~!, upper >

46.1 mL - kg ! - min'!)

and 466 (53%) were correctly classified into the appropri-
ate fitness tertile based on ECAF1 and ECAF1, respectively.
Crosstabs analysis (Table 5) revealed that of the participant
who were estimated to be in the lowest fitness tertile based
on ECAF1, 58% were in the lowest tertile, 29% in middle
tertile and 13% in the highest tertile based on 12-minute
running test. Of the participants who were estimated to be in
the highest fitness tertile based on ECAF1, 57% were in the
highest tertile, 27% in middle tertile and 16% in the lowest
tertile based on 12-minute running test. The crosstabs analy-
ses were very similar for ECAF1 and ECAF?2.

A total of 5% of the conscripts were classified into the
highest fitness group based on both ECAF1 and ECAF2,
but they actually were in the lowest fitness group based
on 12-min running test. Compared to the others in the
beginning of BT, these conscripts had lower body mass
(62.3 £5.5vs. 76.3 £ 12.5 kg, p <0.001) and lower BMI
(19.9 £ 1.3 vs. 24.0 £ 3.5 kg - m2, p < 0.001). They al-
so had less vigorous PA (1347 £1693 vs. 2002 + 2132
MET - min - wk~!, p <0.001), but there were no differences
in SIVAQ PA (2.1 £ 1.3 vs. 2.4 £+ 1.3). Furthermore, 75%
of these subjects expressed their willingness to take a part

Table 5. The Crosstabs between aerobic fitness tertile groups measured by 12-minute running test and estimated by non-

exercise methods ECAF1 and ECAF2

12-min running test

Lower Middle Upper
Lower % within ECAF1 tertile 58% 29% 13%
Estimated VO,max by ECAF1* Middle % within ECAF1 tertile 26% 42% 32%
Upper % within ECAF1 tertile 16% 27% 57%
Lower % within ECAF?2 tertile 60% 31% 9%
Estimated VO,max by ECAF2* Middle % within ECAF?2 tertile 25% 41% 34%
Upper % within ECAF?2 tertile 16% 27% 58%

* Pearson ChiSquare p < 0.001. 12-minute running test tertiles: lower < 2235 m, middle 2236-2500 m, upper > 2500 m. Estimated VO,max by
ECAF1 and ECAF2 tertiles: lower <43.0 mL - kg~! - min~!, middle 43.1 - 46.0 mL - kg™' - min"!, upper >46.1 mL - kg! - min™!
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to the lowest and the rest 25% to the moderate physical
training group. From the all conscripts, only 9% wanted
to participate in the highest physical training group, 37%
in the moderate and the most 54% in the lowest physical
training group.

Discussion

The present study indicates that among large groups
of young male conscripts, VO,max can be estimated with
reasonable accuracy by body weight, height and self-re-
ported participation in physical activity at the vigorous in-
tensity. In practice, these findings suggest that developed
ECAF1 and ECAF2 methods can be used as a tool to di-
vide conscripts into different fitness groups either in the
call-up or in the very beginning of the military service.
ECAF1 and ECAF?2 predicted 74% and 68% of the varia-
tions in VO, max, respectively, being very close to earlier
findings.

Several previous studies have also evaluated a predic-
tion of maximal aerobic fitness by using physical activity
questionnaire data [2, 5, 10—12, 18, 32]. In these studies,
subjects have been men and women between 18 to 79 yr.
of age. The variables affecting VO,max have been gen-
der, age, BMI as well as volume and intensity of physical
activity during a certain time period. Four of these stud-
ies had also evaluated the validity of non-exercise mod-
els to predict maximal aerobic fitness [11, 12, 18, 32]. In
a study of Whaley et al. (1995) [32], the average age of
participating men and women was 40 years, of whose age,
gender, BMI and physical activity status explained 70% of
the variation in VO,max. However, this regression model
was unable to categorise subjects into the fitness groups.
Also in a study by Ainsworth et al. (1992) [2] age, gender,
BMI and frequency of vigorous exercise per week explain
75% of the variations in VO,max for men. Recently, Nes
et al (2011) [22]_have further demonstrated that age, waist
circumference, leisure time physical activity and resting
heart rate together explained 61% of variance in VO,max
for men.

The strength of the present study was that the study
population represents well the physical fitness charac-
teristics of young Finnish men [25]. Secondly, the study
included both validation and evaluation of the developed
non-exercise method for predicting maximal aerobic fit-
ness both in the laboratory and field. Earlier studies have
suggested that non-exercise models can be valid predic-
tors of VO,peak for heterogeneous samples [11] and can
give relatively accurate results conveniently [5]. Recently,
Aspenes et al. (2011) [3] have further suggested that “val-
id and reliable physical activity questionnaires that predict
cardiorespiratory fitness may be valuable instruments for

monitoring physical fitness in a population, when more
costly and time-consuming techniques are not feasible”.

The non-exercise prediction model developed by
Jackson et al. [12] has also been shown to be an accurate
method for measuring VO,max in all except the most fit
subjects (VO,max > 55 mL - kg™! - min™!). The present
study indicates that Jackson’s method overestimated
VO, max to a higher degree among young males with low
aerobic fitness and underestimated among young males
with good aerobic fitness. One explanation for this could
be rather complicated nature of PA questionnaire. The par-
ticipant might have had difficulties to find an appropriate
PA category from the questionnaire [24] used in Jackson’s
method. The present simple SIVAQ and IPAQ vigorous
PA questionnaires have been shown to have positive as-
sociations with aerobic and muscular fitness [9].

Classification into fitness groups is, however, challeng-
ing while only 52% of the conscripts are matched to the
right class, but this is still higher when compared to the
accuracy of 36% reported in a previous study [18]. On
the other hand, only 5% of the conscripts were classified
into the highest fitness group based on both ECAF1 and
ECAF2, but they were actually in the lowest fitness group
based on their running test result. Nevertheless, caution
should be taken especially among those conscripts who
report low physical activity and low body mass. Thus,
willingness of the physical fitness group can be used as
additional criteria.

Each year almost 25 000 20-year old males enter Finn-
ish compulsory military service. The present developed
non-exercise fitness test method can be used as a part of
an integrated internet based data system during the call-
up phase of the conscripts, when it is not possible to have
practical fitness tests due to the limited time resources. The
rate of premature discharge from the military service in
Finland has increased during the last decade mainly due to
mental disorders or muscular skeletal diseases [19]. Sev-
eral studies have demonstrated that a high level of physi-
cal fitness including adequate muscle strength and mus-
cle endurance is essential for soldiers, not only in order
to perform their daily duties, but also for the prevention
of injuries [14-16, 19, 29]. Therefore, it is important that
conscripts have participated in physical training before
military service. One way to increase conscripts’ physical
activity before the military service might be the promotion
of physical training during the call-up.

In summary, non-exercise fitness tests can be useful
tools for dividing conscripts into different physical train-
ing groups. However, willingness of the physical fitness
group can be used as additional criteria. Optimal physical
training load in the beginning of the military service could
contribute to decrease the rate of discharge from the mili-
tary service as well as injuries during service



Estimation of VO,max without exercise test

107

References

10.

11.

12.

13.

ACSM (2001) Guidelines for exercise testing and pre-
scription. Baltimore: Lippincott Williams & Wilkins.
117 p.

Ainsworth B.E., M.T. Richardson, D.R. Jacobs Jr,
A.S. Leon (1992) Prediction of cardiorespiratory fitness
using physical activity questionnaire data. Med. Exerc.
Nutr. Health, 1: 75-82.

Aspenes S.T., J. Nauman, T.I. Nilsen, L.J. Vatten, U. Wis-
loff (2011) Physical Activity as a Long-Term Predictor of
Peak Oxygen Uptake: The HUNT Study. Med. Sci. Sports
Exerc., 43: 1675-1679.

Bland J.M., D.G. Altman (1986) Statistical methods for
assessing agreement between two methods of clinical
measurement. Lancet, 1: 307-310.

Bradshaw D.I., J.D. George, A. Hyde, M.J. LaMonte,
P.R. Vehrs, R.L. Hager, F.G. Yanowitz (2005) An accu-
rate VO2max nonexercise regression model for 18—65-
year-old adults. Res. Q. Exerc. Sport, 76: 426-432.
Cederberg H., 1. Mikkola, J. Jokelainen, M. Laakso,
P. Harkonen, T. Ikaheimo, S. Keinanen-Kiukaanniemi
(2011) Exercise during military training improves cardio-
vascular risk factors in young men. Atherosclerosis, 216:
489-495.

Cooper K.H. (1968) A means of assessing maximal oxy-
gen intake. Correlation between field and treadmill test-
ing. Jama, 203: 201-204.

Craig C.L., A.L. Marshall, M. Sjostrom, A.E. Bauman,
M.L. Booth, B.E. Ainsworth, M. Pratt, U. Ekelund,
A. Yngve, J.F. Sallis, P. Oja (2003) International physical
activity questionnaire: 12-country reliability and validity.
Med. Sci. Sports Exerc., 35: 1381-1395.

Fogelholm M., J. Malmberg, J. Suni, M. Santtila,
H. Kyroldinen, M. Mantysaari, P. Oja (2006) Interna-
tional Physical Activity Questionnaire: Validity against
fitness. Med. Sci. Sports Exerc., 38: 753-760.

George J.D., W.J. Stone, L.N. Burkett (1997) Non-ex-
ercise VO2max estimation for physically active college
students. Med. Sci. Sports Exerc., 29: 415-423.

Heil D.P., P.S. Freedson, L.E. Ahlquist, J. Price,
J.M. Rippe (1995) Nonexercise regression models to esti-
mate peak oxygen consumption. Med. Sci. Sports Exerc.,
27:599-606.

Jackson A.S., S.N. Blair, M.T. Mahar, L.T. Wier,
R.M. Ross, J.E. Stuteville (1990) Prediction of func-
tional aerobic capacity without exercise testing. Med. Sci.
Sports Exerc., 22: 863-870.

Jones B.H., J.J. Knapik (1999) Physical training and
exercise-related injuries. Surveillance, research and in-
jury prevention in military populations. Sports Med., 27:
111-125.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Knapik J.J., M. Canham-Chervak, K. Hauret, E. Hoede-
becke, M.J. Laurin, J. Cuthie (2001) Discharges during
U.S. Army basic training: injury rates and risk factors.
Mil. Med., 166: 641-647.

Knapik J.J., M.A. Sharp, M. Canham-Chervak, K. Hau-
ret, J.F. Patton, B.H. Jones (2001) Risk factors for train-
ing-related injuries among men and women in basic com-
bat training. Med. Sci. Sports Exerc., 33: 946-954.
Knapik J.J., K.G. Hauret, S. Canada, R. Marin, B. Jones
(2011) Association between ambulatory physical activ-
ity and injuries during United States army basic combat
training. J. Phys. Act. Health, 8: 496-502.

Larsson H., L. Broman, K. Harms-Ringdahl (2009) Indi-
vidual risk factors associated with premature discharge
from military service. Mil. Med., 174: 9-20.

Matthews C.E., D.P. Heil, P.S. Freedson, H. Pastides
(1999) Classification of cardiorespiratory fitness without
exercise testing. Med. Sci. Sports Exerc., 31: 486-493.
Mattila V.M., M. Niva, M. Kiuru, H. Pihlajamaki (2007)
Risk factors for bone stress injuries: a follow-up study
of 102,515 person-years. Med. Sci. Sports Exerc., 39:
1061-1066.

Mikkola I., J.J. Jokelainen, M.J. Timonen, P.K. Harko-
nen, E. Saastamoinen, M.A. Laakso, A.J. Peitso, A.K. Ju-
uti, S.M. Keinanen-Kiukaanniemi, T.M. Makinen (2009)
Physical activity and body composition changes during
military service. Med. Sci. Sports Exerc., 41: 1735-1742.
Mikkola I., S. Keinanen-Kiukaanniemi, J. Jokelainen, A.
Peitso, P. Harkonen, M. Timonen, T. Ikaheimo (2012) Aer-
obic performance and body composition changes during
military service. Scand. J. Prim. Health Care, 30: 95-100.
Nes B.M., L. Janszky, L.J. Vatten, T.I. Nilsen, S.T. Aspe-
nes, U. Wisloff (2011) Estimating V.O 2peak from a non-
exercise prediction model: the HUNT Study, Norway.
Med. Sci. Sports Exerc., 43: 2024-2030.

Rosendal L., H. Langberg, A. Skov-Jensen, M. Kjaer
(2003) Incidence of injury and physical performance ad-
aptations during military training. Clin. J. Sport Med.,
13: 157-163.

Ross R.M., A.S. Jackson (1990) Estimating VO,max
from submaximal exercise protocols. Exercise concepts,
calculations and computer applications. Carmel, IN:
Benchmark Press, Inc.

Santtila M., H. Kyrdldinen, T. Vasankari, S. Tiainen,
K. Palvalin, A. Hakkinen, K. Hikkinen (2006) Physical
fitness profiles in young Finnish men during the years
1975-2004. Med. Sci. Sports Exerc., 38: 1990-1994.
Santtila M., K. Héakkinen, W.J. Kraemer, H. Kyroldinen
(2010) Effects of basic training on acute physiological
responses to a combat loaded run test. Mil. Med., 175:
273-279.

Santtila M., K. Hékkinen, B.C. Nindl, H. Kyroldinen
(2012) Cardiovascular and neuromuscular performance



108

M. Tanskanen et al.

28.

29.

30.

31.

responses induced by 8 weeks of basic training followed
by 8 weeks of specialized military training. J. Strength
Cond. Res., 26: 745-751.

Suni JH., S.I. Miilunpalo, T.M. Asikainen, R.T.
Laukkanen, P. Oja, M.E. Pasanen, K. Bos, .M. Vuori
(1998) Safety and feasibility of a health-related fitness
test battery for adults. Phys. Ther., 78: 134-148.

Swedler D.I., J.J. Knapik, K.W. Williams, T.L. Grier,
B.H. Jones (2011) Risk factors for medical discharge
from United States Army Basic Combat Training. Mil.
Med., 176: 1104-1110.

Tanskanen M., A.L. Uusitalo, K. Hikkinen, J. Nissild,
M. Santtila, K.R. Westerterp, H. Kyréldinen (2009) Aero-
bic fitness, energy balance, and body mass index are as-
sociated with training load assessed by activity energy
expenditure. Scand. J. Med. Sci. Sports, 19: 871-878.
Tanskanen M.M., H. Kyr6ldinen, A.L. Uusitalo,
J. Huovinen, J. Nissild, H. Kinnunen, M. Atalay, K. Hak-
kinen (2011) Serum Sex Hormone-Binding Globulin

32.

and Cortisol Concentrations are Associated With Over-
reaching During Strenuous Military Training. J. Strength
Cond. Res., 25: 787-797.

Whaley M.H., L.A. Kaminsky, G.B. Dwyer, L.H. Getch-
ell (1995) Failure of predicted VO2peak to discriminate
physical fitness in epidemiological studies. Med. Sci.
Sports Exerc., 27: 85-91.

Received 17.06.2015
Accepted 12.07.2015

© University of Physical Education, Warsaw, Poland

Acknowledgments

The authors thank the conscripts who participated in this
study.

The study was granted by the Finnish Ministry of Education
and the Scientific Advisory Board for Defence.



