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A B S T R A C T

Participating in forest recreation activities sometimes involves risks that result in illnesses and/or injuries. One
important risk factor is participants’ preexisting medical conditions, which may lead to illness incidents. Little
has been studied about the relationship between participants’ illnesses and their preexisting medical conditions,
and, from a risk management perspective, that is crucial information with which to identify vulnerable groups
for preventing incidents. Finding answers can help the site managers of Xitou Nature Education Area (XNEA) in
Taiwan (R.O.C.) in risk management planning. Therefore, we retrospectively analyzed emergency medical
service records between July 2012 and June 2018 that included each patient’s age, sex, date, time, preexisting
health conditions, and illness contracted. Of the 276 patients assessed, 56.2% were female. More than half
(55.4%) had preexisting medical conditions. The most common symptom was dizziness (47.8%). Most health-
related events occurred in the morning and during summer months. Elderly visitors (≥60 years) were the most
vulnerable to illness. More men than women encountered syncope. Participants with high blood pressure had a
higher risk of dizziness, respiratory problems, and syncope. Individuals with diabetes were vulnerable to
weakness. Visitors with cardiac-related problems were likely to have chest pain or tightness in their chest.
Preexisting medical conditions constitute an inherent risk in visitors, and this association with the occurrence of
illness during forest recreation confirmed higher risks in specific patient groups. This epidemiological study
describes the characteristics of illnesses and identifies the at-risk groups to facilitate future risk management
planning for forest recreation in XNEA.

1. Introduction

Forest recreation is continuously gaining attention with a growing
number of tourists (Gstaettner et al., 2019). Literature highlights en-
gaging in outdoor recreation has a variety of benefits on health and
wellbeing, such as improvement in self-esteem, as well as mental,
physical and social functioning (Hartig et al., 2014; Kaplan, 1995;
Korpela et al., 2017; Plummer, 2005; Swarbrick et al., 2004). Never-
theless, exploring nature and wilderness areas inevitably entails risks
that may threaten health and safety (Kuenzi and McNeely, 2008).
Managing risk to ensure visitor health and safety is considered an ob-
ligation of all outdoor recreation and tourism sites (Keirle, 2002;
Spengler and Hronek, 2011). This is a complicated process because risk
involves the complex interrelationships between humans and between
humans and nature (Brown, 1998; Rayner, 1987). Researchers have
proposed many risk management models in order to maintain the safety

of visitors (Brown, 1998; Spengler and Hronek, 2011). One of the
simplest models containing the basic components of all risk manage-
ment models is composed of four cyclical steps: risk identification (list
of risks), risk evaluation (likelihood of risks), risk treatment (control
measures), and risk implementation (risk monitoring and review)
(Eagles et al., 2002; Spengler and Hronek, 2011). From a risk man-
agement perspective, risk identification and evaluation are funda-
mental steps that rely on past experience and include recognizing po-
tential groups as well as determining a tolerable level of risk for
participants (Barton, 2007; Ewert, 1984; Spengler and Hronek, 2011).
Therefore, it is imperative to learn from the past by obtaining essential
data and analyzing prior events (Dickson and Gray, 2012; Goode et al.,
2016; Spengler and Hronek, 2011).

Incident analysis involving past experience not only enables man-
agers to understand the effects of the context of an incident but also
provides clues regarding risk sources (Dickson and Gray, 2012). These
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risk sources are the interactions of participant characteristics (e.g. sex,
age, health, and fitness), physical environments (e.g. terrain, infra-
structure, and weather), and equipment (e.g. clothing, camping
equipment, and shoes) (Brown, 1998; Haddock, 2013; Haddock et al.,
1993). Visitors with preexisting medical conditions can be classified as
unstable, and their health is at risk of worsening during an excursion
(Greuters et al., 2009; Schutz et al., 2014). Hence, wilderness medical
physicians strongly recommend maintaining good health (Auerbach,
2015). This does not imply that people with chronic illnesses should
avoid natural areas; however, they should recognize their limitations,
including their medical histories, before engaging and should wisely
select their own level of engagement (Auerbach, 2015; Grant et al.,
1996; Haddock, 2013). Forest recreation practitioners should thus first
consider participants’ health in terms of their preexisting medical
conditions for risk management. Furthermore, eliminating all risk from
outdoor recreation is impossible, therefore, sharing responsibility with
visitors is a strategy for risk management (Dickson and Gray, 2012;
Eagles et al., 2002; Sadler, 2004). In conclusion, site managers should
understand visitors’ characteristics that may lead to incidents and
communicate risk information to travelers, who then must assume re-
sponsibility for recognizing the inherent risk and their personal well-
being (Department of Conservation and Land Management, 1998;
Dickson and Gray, 2012; Eagles et al., 2002; Grant et al., 1996; Rickard,
2014). Tourists should be self-reliant and know their own limitations
for a safe and satisfying outdoor recreation experience (Brandenburg
and Locke, 2017; Gstaettner et al., 2018; Haddock, 2013; Skaros, 1998).

Studies have reported numerous instances of illnesses in wilderness
areas (e.g., Forrester and Holstege, 2009; Heggie and Heggie, 2004;
Spano et al., 2018; Stella-Watts et al., 2012). However, few have traced
whether visitors’ medical conditions are related to the medical pro-
blems encountered. In order to develop useful risk management stra-
tegies and plans, further research is required to determine vulnerable
conditions and the contributing factors that result in illness incidents
among participants (Haegeli and Pröbstl-Haider, 2016). To this end,
shifting from descriptive analysis to medical history analysis is neces-
sary for understanding to whom, in what circumstances, and how a
medical problem occurs (Drupsteen and Guldenmund, 2014;
Shanmugam and Maffulli, 2008). Furthermore, as a popular forest re-
creation destination Xitou Nature Education Area’s (XNEA) manage-
ment team expected to have a better understanding of patients’ profiles
for planning risk management planning and reducing incidents in the
future. Located in the middle of Taiwan, XNEA is one of the most
popular forest recreation destinations and visitors can easily visit XNEA
from Taiwan’s second largest city, Taichung, via a 90-minute shuttle
(The Experimental Forest et al., 2018). The suburban forest recreation
destination, XNEA, provides visitors a pleasant natural environment
with well-organized recreation facilities; as a result, the tourist arrivals
are nearly 2 million per year (Wang et al., 2011). A rising need for
ensuring visitors’ health and safety was proposed to XNEA’s manage-
ment team. The analysis of patients’ rescue reports was considered an
approach to identify vulnerable groups. Additionally, understanding
the relationship between visitors’ encountered illnesses and their pre-
existing medical conditions can help destination managers improve
their risk management plan. Therefore, the three objectives of this
study were: (1) to report encountered illness characteristics in the Xitou
Nature Education Area (XNEA), (2) to examine the association between
visitors’ preexisting medical conditions and illnesses encountered in
XNEA by using a retrospective review approach, and (3) to identify
high-risk groups to determine which visitors to target to increase health
awareness and to aid destination managers in improving risk manage-
ment planning.

2. Material and methods

2.1. Study site and the data protocol

XNEA is an experimental forest located in central Taiwan that is
controlled by the College of Bio-Resources and Agriculture of National
Taiwan University. XNEA was Taiwan’s first forest recreation area has
been serving academic research, education, conservation, and demon-
stration of forest management practices since 1970. XNEA is a concave
valley surrounded by mountains at altitudes ranging from 800–2000m.
As a result of an intense humidity ranging from 88–93% as a daily high
and a cool climate that is 16.6 °C on average (the temperature ranges
from 11–28 °C), this forest often exhibits foggy conditions. The im-
portant recreation resources are composed of a well-organized trail
network connecting visitors to many scenic spots throughout the area in
three vegetation zones (coniferous, broad-leaved, and bamboo forests)
which they can enjoy with indoor exhibitions, open air activities, out-
door sightseeing, forest therapy programs and social interaction. (Chiou
et al., 2013; The Experimental Forest et al., 2018; Yu et al., 2019, 2017)

The retrospective review applied in this study was based on patient
rescue reports from XNEAs’ Emergency Medical Service for 6 years,
spanning from July 1, 2012 to June 30, 2018. Incident reports were
well documented by the rescue teams, each of which was composed of a
nurse and rescue specialists. They summarized the details of the in-
cidents from patient or witness narratives, and the details included
symptoms, age, sex, date, time, and preexisting health conditions of
patients. The research was approved by the Research Ethics Office of
National Taiwan University (NTU-REC No. 201906HM013).

2.2. Data analysis

The total number of encountered illnesses was calculated using the
incident rate as a ratio of the number of illness cases to illness exposure
level (Dickson and Gray, 2012). The numerator was the number of
patients over the year, and the denominator was the total number of
visitors in that year. Regarding medical history and its relation with
illnesses encountered by forest visitors, we hypothesized that a visitor’s
chronic disease or disorder is related to the illness experienced. More-
over, the relationship between sex and encountered illness was tested.
Descriptive data were presented and a chi-square analysis was used for
significance testing using SPSS Statistics 22 (IBM Corporation, NY,
USA). A p value less than 0.05 was considered significant.

3. Results

Between July 2012 and June 2018, 276 individuals became ill at
XNEA, and the number of rescued people decreased in each of the first 5
years and increased significantly in the final year. This is comparable to
the illness rate, which continually decreased in successive years and
also increased in the final year (Table 1).

The percentage of rescued female patients was 56.2 and male pa-
tients was 43.5%. The age range was 2–93 years, but some patients did
not report their age. Age was classified into five groups, namely: un-
known, ≤17, 18–39, 40–59, and ≥60 years, comprising 8%, 17.8%,
6.2%, 22.5%, and 45.7% of all patients, respectively. Regarding in-
cident time and season, the data did not exhibit a clear difference in the
number of patients. The number of patients rescued was slightly higher
in summer (76; 27.5%) than in autumn (70; 25.4%), winter (66;
23.9%), and spring (64; 23.2%), and slightly more patients were res-
cued in the morning (123 people) than in the afternoon (113 people).
Notably, a majority of patients (55.4%) had at least one chronic disease
or disorder. Most rescued visitors had one chronic disease (124; 44.9%),
followed by no chronic diseases (123; 44.6%), two (17; 6.2%), three (9;
3.3%), and four chronic diseases (3, 1.1%) (Table 2).

Illnesses were broadly classified into 14 groups based on symptoms.
The most prevalent symptom among the 276 patients studied was
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dizziness, accounting for 47.8% (Table 3).
Among the 153 patients diagnosed with preexisting conditions,

hypertension was the most common in their medical histories (Table 4).
The number of illness encountered by cases in these five groups was

also broken down in each year (see Table 5). Most of the illness cases
occurred in the age group ≥60 years, followed by 40−59 years, ≤17

years and 18−39 years.
When considering age distribution of the five groups (unknown,

≤17, 18–39, 40–59, and ≥60 years) across the six types of symptoms,
the senior group (≥60 years) encountered illnesses more frequently
compared to others (Fig. 1). The percentage of elderly groups was re-
latively high for most of the symptoms, typically more than 45%, except
for respiratory problems, for which the percentage of elderly groups
was only 33.3%.

Chi-square analysis indicated statistical significance in five en-
countered illness and chronic disease pairs: (1) dizziness and hy-
pertension, (2) respiratory problems and hypertension, (3) chest pain or
chest tightness and cardiac-related problems, (4) weakness and diabetes
mellitus, and (5) syncope and hypertension (Table 6).

The chi-square test revealed a significant association between sex
and illness only for syncope, X2 (1, N=275)=8.25, p < .01 Although
female participants outnumbered male participants in most cases, the
difference between the two groups was nonsignificant (Fig. 2).

4. Discussion and conclusion

There are 276 cases in the current study. By analyzing these cases,
we found the illness rate was highest during the period from July 2012
to June 2013, with 0.049 incidents per 1000 person-days, and the
lowest rate was during the period from Jul, 2016 to June 2017, with
0.011 per 1000 person-days (Table 1). A decreasing trend of illness rate
was observed at XNEA during the years covered by this study. The
decreasing rate may be due to the risk management process. The tactics
of risk management such as arousing risk awareness (e.g., using signage
to inform visitors of risks), reducing interpersonal risk (e.g., limiting the
number of tourists), or eliminating risks to participants (e.g., closing
dangerous routes and remodeling facilities) were implemented by
XNEA. Moreover, an electric golf cart provides a paid transportation
service to people with mobility impairments, including some elderly,
pregnant, and adolescent visitors, which could reduce illnesses experi-
enced. These potentially vulnerable groups can enjoy nature in a
comfortable manner through technology advancement without produ-
cing high levels of pollution. The development of new technology has
been blended into outdoor recreation, yielding increased levels of
comfort and safety that has played a part in making outdoor recreation
safer than ever (Dickson and Gray, 2012). The percentage of female
patients (56.2%) was greater than males, the most prevalent age group

Table 1
Encountered illness frequencies and rates from July 2012 to June 2018.

Years Total number of person-days Illness number Illness rate (per 1000 person-days)

July 1, 2012–June 30, 2013 (1st year) 1,711,003 83 0.049
July 1, 2013–June 30, 2014 (2nd year) 1,685,697 47 0.028
July 1, 2014–June 30, 2015 (3rd year) 1,996,232 39 0.020
July 1, 2015–June 30, 2016 (4th year) 1,999,008 35 0.018
July 1, 2016–June 30, 2017 (5th year) 1,950,662 21 0.011
July 1, 2017–June 30, 2018 (6th year) 2,202,713 51 0.023

Table 2
Epidemiological characteristics.

Demographics Number (%)

Sex
Male 120 (43.5)
Female 155 (56.2)
Unknown 1 (0.4)

Age
≤17 49 (17.8)
18−39 17 (6.2)
40−59 62 (22.5)
≥60 126 (45.7)
Unknown 22 (8.0)

Season
Spring 64 (23.2)
Summer 76 (27.5)
Autumn 70 (25.4)
Winter 66 (23.9)

Table 3
Frequency of illnesses encountered by tourists from July 2012 to June 2018.

Illnesses Number (%)

Dizziness 132 47.8
Respiratory problems 54 19.6
Nausea or vomiting 53 19.2
Chest pain or chest tightness 46 16.7
Weakness 44 15.9
Syncope 32 11.6
Abdominal pain 29 10.5
Headache 26 9.4
Hyperhidrosis 13 4.7
Seizure 7 2.5
Diarrhea 6 2.2
Fever 5 1.8
Nose bleed 3 1.1
Rash 2 0.7

Table 4
Frequency of chronic diseases and disorders.

Chronic diseases and disorder Number (%)

Hypertension 72 26.1
Diabetes mellitus or hypoglycemia 35 12.7
Other non-orthopedic problems 26 9.4
Cardiac related 26 9.4
Asthmatic and other respiratory related problems 15 5.4
Cancer 10 3.6
Neurological disorders and stroke 9 3.3
Orthopedic or musculoskeletal problems 2 0.7
Hypotension 3 1.1

Table 5
Number of visitors encountering illness by age group.

Years Illness number (people)

Total ≤17
years

18−39
years

40−59
years

≥60
years

Unknown

1st year 83 25 8 12 28 10
2nd year 47 16 0 18 12 1
3rd year 39 1 7 11 17 3
4th year 35 3 1 5 24 2
5th year 21 3 0 3 13 2
6th year 51 1 1 13 32 4
Total 276 49 17 62 126 22
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was ≥60 (45.7%), and most of the patients had a chronic disease or
disorder. By reviewing these cases, we classified the illnesses occurred
in XNEA into 14 groups based on symptoms, and dizziness was the most
common symptom among the patients. We further analyzed patients’
health conditions by reviewing their chronic diseases and disorders and
found hypertension was the most common comorbidity in cases.
Table 5 indicates older adults (≥60 years) visiting XNEA were the most
vulnerable group to illness, whereas young adults (18–39 years) ex-
hibited a smaller number of patients, which is consistent with other
studies that have identified older adults as more vulnerable to illness
(George Washington University & Adventure Travel Trade Association.,
2013; Greuters et al., 2009; Keyes et al., 2016; Martínez-Caballero and
Sierra Quintana, 2019). It should also be noted the illness numbers
increased considerably (from 13 to 32 cases) in the ≥60 years age
group. The XNEA management team indicated the increasing number of
senior visitors (from 553,240–695,494 in the 6th year) may be the
reason the illness frequency increased in the ≥60 years group. Further
analysis (Fig. 1) illustrated the ≥60 group remains the highest for the
six most common symptoms. The causes of vulnerability in this age

group may be their physical and neurological impairment, particularly
their preexisting medical conditions (Ramos-Sesma et al., 2018).

The discussion to this point has collectively indicated the associa-
tion between pre-existing medical conditions and illness encountered in
this study’s sample, therefore we hypothesize that people who experi-
enced an illness during outdoor activities was as a result of their pre-
existing medical conditions. Our results showed that visitors with hy-
pertension may develop dizziness, respiratory problems, or syncope, as
was suggested in other studies (Khan, 2006; Marks, 2017; Moon and
Schaffer, 2011). Visitors with diabetes mellitus may develop weakness
and those with cardiac-related problems may develop chest pain or
chest tightness, and these findings are similar to findings in Auerbach’s
(2015) study. In other words, visitors with high blood pressure had a
higher risk of dizziness, respiratory problems, and syncope than visitors
without high blood pressure did; those who had diabetes were vul-
nerable to weakness; and visitors with a cardiac-related problem were
more likely to have chest pain or chest tightness. But, some of the
significant relationships between preexisting medical conditions and
encountered illness were lacking in our study but some connections

Fig. 1. Percentage distribution of illnesses by age group.

Table 6
Chi-square analysis of visitor chronic diseases according to illnesses encountered (df=1, n=276).

Preexisting medical conditions Encountered illnesses

Dizziness Respiratory problems Chest pain/Chest tightness Weakness Syncope

No Yes No Yes No Yes No Yes No Yes

Hypertension χ2 = 11.890 χ2 = 4.424 χ2 = 0.000 χ2 = 2.867 χ2 = 8.112
p = 0.001* p = 0.035* p = 1.000 p = 0.090 p = 0.004*

No 119 85 158 46 170 34 176 28 187 17
Yes 25 47 64 8 60 12 56 16 57 15
Diabetes mellitus χ2 = 0.670 χ2 = 0.710 χ2 = 1.106 χ2 = 7.174 χ2 = 1.204

p = 0.413 p = 0.399 p = 0.293 p = 0.007* p = 0.273
No 128 113 192 49 203 38 208 33 215 26
Yes 16 19 30 5 27 8 24 11 29 6
Cardiac related χ2 = 0.350 χ2 = 0.225 χ2 = 13.588 Expected frequency Expected frequency

p = 0.554 p = 0.635 p < 0.001* < 5 < 5
No 129 121 202 48 215 35
Yes 15 11 20 6 15 11

Note: * statistically significant.
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have been noted in medical education texts. Marks (2017), for example,
stated that high blood pressure symptoms may include nausea or vo-
miting but we did not observe a significant relationship between people
with hypertension and nausea or vomiting in our cohort. This variation
may be caused by characteristics of visitors themselves, such as their
physical fitness, or it may come from external factors, such as ambient
temperature. Haddock (2013) also highlighted that alterations in mood,
anxiety, fear, experience, confidence, or knowledge of the situation can
lead to an unfavorable outcome for outdoor participants. Consistent
with prior studies by Heggie and Heggie (2004) that explained illness in
nature-based tourism emanated from misperceptions of tourists in re-
gards to the potential of risk they were assuming. Certainly, effective
risk management is necessary to understand and deal with a user’s
health and fitness, physical environment, and their psychological state
(Angert and Schaff, 2010).

In the context of recreation in nature, effective risk management is
crucial (Saunders et al., 2019; McIntosh et al., 2007). Identifying the
high-risk groups is really helping destination managers to precisely and
powerfully plan. Managers must make data-driven decisions, such as
focusing more attention on preventing illness and injury for seniors,
who are the highest-illness group based on descriptive analysis. Another
vulnerable group is people with preexisting conditions. People in this
group are more likely to develop an illness, and this includes people
who have hypertension, diabetes mellitus, and cardiac-related problem.
Our finding is consistent with those of other studies that demonstrated
many elderly tourists traveling to natural areas had these common
diseases (Keyes et al., 2016; Martínez-Caballero and Sierra Quintana,
2019). Based on all available research we can broadly say elderly
visitors are a high-risk group in the study context. Apart from this, we
hypothesized and tested the relationship between sex and illness

encountered. The only major association we found was the association
between men and syncope. Consistent with Forrester and Holstege
(2009) and Martínez-Caballero and Sierra Quintana (2019), syncope is
more common in males than females during outdoor activities. Our
study, also, provided empirical evidence of the significant relationship
between sex and syncope development.

From a risk management perspective, both outdoor practitioners
and participants should share responsibility by using an effective
communication approach. This approach, suggested by Skaros (1998)
in relation to emergency medical management in an outdoor-setting,
could be implemented especially for high-risk groups. This study pro-
vides the XNEA management team scientific evidence which should be
presented with precaution regarding the symptoms that visitors may
experience that are related to preexisting medical diseases or disorders.
Various methods can be used to communicate this message to potential
visitors such as websites, videos, photographs, booklets, safety signs, or
educational activities. In this way, visitors will be able to assess their
level of fitness and prepare themselves before embarking on an excur-
sion (Heggie, 2006).

This research may be the first study of outdoor safety reporting in
Taiwan using retrospective analysis on illness cases in the forest re-
creation context. This provides an approach to outdoor recreation site
managers for risk management. There are a few limitations in this
study. This report does not include data from any environment except
for the one we explicitly studied, so the results may not be applied to
other forest recreation sites. Our results and research implementation
are based on general outdoor activities most tourists can complete, such
as walking, hiking, and picnicking, in suburban forest environments.
Studying other activities or environments may offer different conclu-
sions and further studying the relationship between environmental

Fig. 2. Distribution of illnesses encountered by male and female patients rescued.
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conditions and preexisting medical conditions of visitors which may
increase odds of experiencing illness is necessary for an effective risk
prevention program.
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