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Abstract Introduction: Ski touring along ski slopes (slope touring) has increased
in recent years on Austrian ski slopes. Alcohol consumption is proposed to be a risk
factor in winter sports-related accidents. The aim of this study was to evaluate fac-
tors associated with alcohol intake among uninjured slope tourers.

Methods: A total of 328 slope tourers (45% females) with a mean age of
43.8 = 11.8 years were questioned in February and March 2014 in two huts at the
top of two Austrian ski areas. Questionnaires were conducted during daytime
(9.00 a.m.—4.00 p.m.) and nighttime hours (5.00 p.m.—9.45 p.m.) with a following
breath alcohol test. Slope tourers filled in on demographics, skill level, risk-taking
behavior, ski helmet use, and alcohol consumption. In addition, slope tourers who
had consumed alcohol were asked to estimate their individual breath alcohol level.

Results: In total, 187 (57%) of the slope tourers reported that they had consumed
alcohol at the hut. Male sex, a higher BMI, more ski touring experience, and less ski
helmet use were significantly associated with alcohol intake among slope tourers.
Mean-tested breath alcohol level was 0.24 + 0.17%o; this significantly differed from
the mean estimated breath alcohol level of 0.18 + 0.12%0. Male slope tourers had a
significantly higher breath alcohol level than female slope tourers (0.26 + 0.17 vs.
0.22 + 0.15%o0, p = 0.014).

Conclusion: Approximately 60% of interviewed slope tourers, predominantly
males, consumed alcohol in the huts. In addition, male slope tourers had a signifi-
cantly higher breath alcohol level compared to female slope tourers and mean-tested
breath alcohol level was underestimated by approximately 25% on average.
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1 Introduction

In the Austrian mountainous regions alone, there is an estimated number of eight
million ski visitors per year [1]. Slope touring (= the ascending of a ski slope with
ski touring equipment and following downhill skiing on the slope) has increased
throughout the years with an estimated number of 80,000 slope tourers on Austrian
ski slopes per year [2]. The region around the city of Innsbruck hosts approximately
30,000 slope tourers per year [3]. Reasons given for the growing number of slope
tourers include the easy ascent, physical activity-related health promotion, no risk
of avalanches on slopes, and social aspects [3]. This progress, however, often causes
troubles with the lift companies because of safety risks through ascending slope
tourers during daytime hours and descending slope tourers during nighttime hours
[2]. Overall, little is known about injuries and risk factors in slope touring. In a
preliminary study, Ruedl et al. investigated potential factors associated with injuries
in slope touring [2]. More than 450 slope tourers (60.1% males) with a mean age of
39.3 + 14.4 years reported that they perform about 20.6 + 16.0 slope tours per sea-
son mainly with a partner (48%) and during the day (51%) [2]. A total of 57 persons
(12.6%) reported that they have suffered at least one injury during slope touring that
required medical care; this corresponds to a rate of six injuries per 1000 slope tours.
Main causes of injury were falls (78%) and collisions with another person (15%),
and the main injured body part was the knee (36%) [2]. Slope tourers with an injury
history were more likely to report wearing back protectors and to have experienced
more falls during downbhill skiing [2]. They were also more likely to report listening
to music more often during downbhill skiing and to consume alcohol more frequently
in the hut compared to slope tourers without an injury history [2]. In a survey among
slope tourers, participants reported to fear an injury mostly through a collision with
intoxicated, descending skiers while ascending the mountain uphill or an accident
with the cable winch of a snow groomer while skiing downhill on the slope during
night [4]. As alcohol consumption is often associated with winter sports-related
injuries [5], the aim of this study was to evaluate factors associated with alcohol
intake among uninjured slope tourers.

2 Methods

Slope tourers were assessed at two different skiing huts (>750 m of ascent) in Tyrol,
Austria. Assessments took place during daytime (9.00 a.m.—4.00 p.m.) and night-
time hours (5.30 p.m.—9.45 p.m.) in February and March 2014. The mean duration
of completing the questionnaires was about 15-25 min. Inclusion criterion was the
ascent of the person with skis. Eight persons cancelled the participation at an early
stage and were therefore excluded. Before leaving the hut, participants were asked
to perform an alcohol breath test with the LION FUEL CELL SENSOR 500 to
measure their breath alcohol concentration; to avoid false-positive results, a time
interval of at least 15 min after the last drink was assured before breathalyzing.
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Besides sociodemographic data (age, sex, BMI, education degree), participants
were asked about their subjective skill level (beginner/intermediate, advanced,
expert) according to Sulheim et al. [6] and risk-taking behavior (more cautious vs.
more risky) according to Sulheim et al. [7] and Ruedl et al. [8], years of experience
in ski touring, weekly frequency of ski touring (regularly = minimum one tour per
week vs. irregularly), amount of persons in the group (alone vs. two persons vs.
three and more persons), and ski helmet use. Additionally, participants had to
answer questions about how frequently they consumed alcohol during the last five
ski tours (never vs. once vs. several times vs. always), their perceived alcohol intake
(Do you feel intoxicated?—not at all vs. little vs. moderate vs. strongly), and their
estimated alcohol level (in %o).

3 Statistical Analysis

Data are presented as means and standard deviations and as absolute and relative
frequencies. Chi-square tests were used to compare the groups of slope tourers with
and without alcohol intake regarding sex, education degree, time of the day (day vs.
night), skill level, risk-taking behavior, helmet use, group size, and ski touring fre-
quency. Mann-Whitney-U Tests were used to compare both groups (alcohol vs. no
alcohol intake) regarding age, BMI, and years of experience. In addition, Mann-
Whitney-U Tests were used to compare mean breath alcohol level between male and
female slope tourers. One-way ANOVAs were used to calculate differences between
mean alcohol level and perceived alcohol intake, and between mean breath alcohol
level and alcohol consumption during the last five ski tours. Spearman correlation
analyses were used to show relationships between estimated and measured breath
alcohol level. All p-values were two-tailed and values of p < 0.05 were considered
to indicate statistical significance.

4 Results

A total of 328 slope tourers (45% females) with a mean age of 43.8 + 11.8 years and
amean BMI of 23.0 + 2.9 participated in this study. The majority of the slope tour-
ers were advanced skiers (55%) and performed their sport in a favored group size of
two people (75%).

In total, 187 (57%) of slope tourers stated that they consumed alcohol in the hut.
Mean-tested breath alcohol level was 0.24 + 0.17%o (range: 0-1.32%0) which sig-
nificantly differed from the mean estimated breath alcohol level of 0.18 + 0.12%0
(range: 0-0.5%0) (p < 0.001). Male slope tourers had a significantly higher breath
alcohol level than female slope tourers (0.26 £ 0.17 vs. 0.22 + 0.15%0, p = 0.014).

None of the slope tourers with alcohol intake felt strongly intoxicated. In total,
11 (6%) participants felt moderately intoxicated with a tested mean alcohol level of
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0.45 £ 0.35%0, 50 (27%) participants felt little intoxicated with a tested mean alco-
hol level of 0.29 + 0.17%o, and 126 (67%) participants did not feel intoxicated at all
with a tested mean alcohol level of 0.21 + 0.12%oc. The subjective feeling of intoxi-
cation showed a significant difference between the three groups in terms of the
tested breath alcohol level (p < 0.001). There was a strong, significant correlation
between estimated and measured breath alcohol level (r = 0.854; p < 0.001).

Regarding the alcohol consumption during the last five ski tours, one-way
ANOVA showed that those participants who drank always (N = 44; mean alcohol
level of 0.32 + 0.22%o) or several times (N = 83; mean alcohol level of 0.24 + 0.14%o)
had significantly higher mean alcohol levels than those who drank just once (N = 46;
mean alcohol level of 0.18 = 0.11%0) or never (N = 12; mean alcohol level of
0.20 = 0.12%o0) (p < 0.001).

Table 1 shows two groups of slope tourers divided into an Alcohol Intake Group
(AIG) and a No-Alcohol Intake Group (NAIG). AIG significantly differed from
NAIG regarding sex, BMI, ski touring experience, and ski helmet use (see Table 1).

5 Discussion

The aim of this study was to evaluate factors associated with alcohol intake among
slope tourers who visited mountain top huts in Austria in the winter of 2014. In
total, 57% of the slope tourers stated that they consumed alcohol in the hut. Based
on data collected from self-report questionnaires, male sex, higher BMI, more ski
touring experience, and less ski helmet use were significantly associated with alco-
hol intake among slope tourers. In addition, male slope tourers had a significantly
higher breath alcohol level than female slope tourers and mean-tested breath alcohol
level was significantly higher (about 25%) compared to the mean estimated breath
alcohol level.

The cohort of slope tourers in the current study with a mean age of about 44 years
consisted primarily of males (55%). In comparison, in the study on slope tourers by
Ruedl et al. 60% were males and mean age was about 39 years [2]. Furthermore, the
high number of slope tourers with a self-estimated advanced or expert skiing skill
level and the favored group size of two persons remain comparable throughout vari-
ous studies [2, 4, 9].

The high number of slope tourers with alcohol consumption in this study must be
viewed with caution as it needs to be taken into account that assessments were con-
ducted in the huts. Since not all slope tourers visit the huts, a much lower proportion
of alcohol consumption may be observed if tests were conducted of slope tourers in
the parking area.

In the current study, 66% of slope tourers who consumed alcohol were males and
the mean breath alcohol level was significantly higher among male compared to
female slope tourers. Those sex differences regarding alcohol consumption are
widely known [10, 11] and occur even in adolescence [12]. Schmid stated that in
young adults aged 19-20 years, 62% of males and 32% of females consume alcohol



Factors Associated with Alcohol Intake in Mountain Top Huts Among Slope Tourers 193

Table 1 Characteristics of factors associated with alcohol intake among slope tourers

AIG NAIG P
Sex, N* (%) Female 63 (34) 86 (61) <0.001%#*
Male 124 (66) 54 (39)
BMI (mean + SD) 233+29 22.6+2.38 0.007%*
Age (mean + SD) 445+113 428124 |0.172
Education/degree, N* | Compulsory school 55 (29) 40 (28) 0.152
(%) graduation/apprenticeship
A level 50 (27) 24 (17)
University 66 (35) 50 (43)
Other education 16 (9) 17 (12)
Ski touring frequency, | Regularly: min 1/week 129 (69) 61 (43) 0.116
N (%) Unregularly 58 (31) 80 (57)
Group size*, N (%) Alone 34 (18) 27 (19) 0.561
Two people 100 (54) 82 (59)
Three or more 52 (28) 30 (22)
Skill level, N (%) Beginner/intermediate 24 (13) 27 (19) 0.306
Advanced 142 (76) 104 (74)
Expert 21 (11) 10 (7)
Ski touring experience 15.8+11.8 |10.7+9.2 <0.001%*
[years] (mean + SD)
Time of day, N (%) Day 70 (37) 61 (44) 0.262
Night 117 (63) 79 (56)
Helmet, N (%) Yes 68 (36) 70 (50) 0.019*
No 119 (64) 71 (50)
Risk-taking behavior®, | More cautious 147 (80) 117 (84) 0.347
N (%) More risky 38 (20) 23 (16)

AIG alcohol intake group, NAIG no-alcohol intake group
*p <0.05, *¥p < 0.01
“Due to missing data, the number of participants does not sum up to N = 328

[12]. In accordance, it has been reported that mean blood alcohol concentrations are
significantly higher in a cohort of uninjured male skiers and snowboarders com-
pared to uninjured female skiers and snowboarders [13].

Mean breath alcohol level of slope tourers was 0.24 + 0.17%o with a range from
0-1.32%0. In comparison, Li et al. stated that in biking, a blood alcohol concentra-
tion of 0.02 g/dL (£ 0.16%o) raises the risk of a fatal or serious injury about 5.6
times and a blood alcohol concentration of 0.08 g/dL (£ 0.65%o) increases the risk
of a fatal or serious injury about 20.2 times [14]. Gaudio et al. detected in a cohort
of 200 skiers and snowboarders with a major injury trauma that a high blood con-
centration was present in 43% of patients [5]. In addition, in the study by Ruedl
et al., slope tourers with an injury history reported greater alcohol consumption in
the hut compared to slope tourers without an injury history [2]. Therefore, one could
assume that alcohol consumption would be a major risk factor for injuries on ski
slopes. However, to evaluate the impact of alcohol consumption on injury risk
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among winter sport participants, a case-control study design comparing the breath
or blood alcohol levels of injured to uninjured persons would be necessary. Earlier
studies using such a study design, however, found no significant differences with
respect to mean blood alcohol concentration between injured and uninjured winter
sport participants [13, 15, 16]. In contrast, Burtscher et al. stated that alcohol con-
sumption on the skiing day was a risk factor for falls in skiers and snowboarders
[17]. This might be due to the fact that alcohol consumption impairs the central
nervous system function, resulting in decrements in cognitive function and motor
skills [18]. Although a fall does not imply an injury, self-inflicted falls are the major
cause for injuries during skiing and snowboarding [17].

The present study found that slope tourers significantly underestimated their
breath alcohol level considering that the mean-tested breath alcohol level was about
25% higher compared to the mean estimated breath alcohol level. Underestimation
of alcohol intoxication might be a risk factor for a fall causing an injury on the ski
slope.

Regarding participants’ perceptions of alcohol consumption, none of the slope
tourers with alcohol intake reported feeling strongly intoxicated, and a decreasing
perception of the individual alcohol level was significantly associated with a
decreasing mean-tested breath alcohol level. This result implies that many of the
slope tourers may be unaware of the fact that there is sufficient alcohol in their sys-
tem to potentially cause impairments. Even low doses of alcohol significantly pro-
duced more incorrect reactions during a peripheral vision test [19] and might have
further impacts on athletic and cognitive performance [18, 20].

In this study, a higher frequency of alcohol consumption during the last five ski
tours was significantly associated with a higher mean breath alcohol level indicating
a possible association between drinking frequency during ski tours and level of
alcohol intoxication. In addition, slope tourers with alcohol consumption reported
significantly higher BMIs compared to those without alcohol intake. This might be
due to the fact that studies reported positive findings between alcohol intake and
weight gain [21, 22].

Slope tourers with and without alcohol consumption did not differ in this study
with regard to age, group size, educational degree, self-reported skill level, and risk-
taking behavior. Group size or peer group are likely to influence alcohol consump-
tion as studies have shown that team athletes consume more alcohol than individual
athletes [10, 23, 24]; however, this result was not reflected in the present study.

Slope tourers with alcohol intake showed a significantly higher mean ski touring
experience (16 vs. 11 years) compared to those who did not drink alcohol in the hut.
Although studies indicate that sport participation is associated with alcohol use
[25], to our knowledge, no literature is available concerning the years of sport par-
ticipation and alcohol intake.

Slope tourers with alcohol intake were significantly less likely to report wearing
a ski helmet compared to tourers with no alcohol intake (36 vs. 50% helmet use).
This might be the result of the duration in sport participation because AIG slope tour-
ers have engaged in their sport over a longer period of time (16 years vs. 11 years).
Since helmet use rates have increased significantly over the last decade, the NAIG
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might have started slope touring with helmet right from the beginning. As Rued]l
et al. presented, the head was involved in 14% of injuries among slope tourers [2]. A
helmet would be a meaningful safety equipment to reduce head injury risk [7].

In conclusion, about 60% of the interviewed slope tourers consumed alcohol in
the hut. Male sex, a higher BMI, a longer ski touring experience, and less ski helmet
use were significantly associated with alcohol intake among slope tourers. In addi-
tion, male slope tourers had a significantly higher breath alcohol level than female
slope tourers and mean-tested breath alcohol level was significantly higher com-
pared to the mean estimated breath alcohol level by about 25%.

Obtained results require preventive interventions to reduce alcohol consumption
among slope tourers. The interventions should be especially addressed to the group
of male slope tourers with over 10 years of experience in ski touring and an age of
about 40 years.
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