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Abstract
The objective of this study was to describe a 12-year (1997–2008) observation of substance-related incidents occurring at
rave parties in the Netherlands, including length of visits to first-aid stations, substances used, and severity of the incidents.
During rave parties, specifically trained medical and paramedical personnel staffed first aid stations. Visitors were diagnosed
and treated, and their data were recorded using standardized methods. During the 12-year period with 249 rave parties
involving about 3,800,000 visitors, 27,897 people visited a first aid station, of whom 10,100 reported having a substancerelated problem. The mean age of these people was 22.3+/25.4 years; 52.4% of them were male. Most (66.7%) substancerelated problems were associated with ecstasy or alcohol use or both. Among 10,100 substance-related cases, 515 required
professional medical care, and 16 of these cases were life threatening. People with a substance-related problem stayed
20 min at the first aid station, which was significantly longer than the 5 min that those without a substance-related health
problem stayed. These unique data from the Netherlands identify a variety of acute health problems related to the use of
alcohol, amphetamines, cannabis, cocaine, ecstasy, and GHB. Although most problems were minor, people using GHB more
often required professional medical care those using the other substances. We recommended adherence to harm and risk
reduction policy, and the use of first aid stations with specially trained staff for both minor and serious incidents.
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use was determined to be 1.3%, and the lifetime prevalence of
alcohol use was 84% [14]. In this study, we describe substancerelated health problems that occurred during rave parties.

Introduction
In the early 1990s, a new music culture called dance spread
through numerous countries in the western world. Rave parties or
house parties with DJ-directed, fast-paced electronic music and
light shows were organized [1],[2]. In The Netherlands, rave
parties attract from 500 to 60,000 visitors. Approximately 650,000
youngsters (15–35 year olds) [3] attend these events yearly. Several
studies have indicated that the use of recreational substances
during raves is common, and the majority of visitors use one or
more substances [1],[4–13].
In the Netherlands, rave parties are allowed only if strict
regulations are met. One of these is that a first aid station is
required to take care of rave party attendees with various healthrelated problems. Here we present an overview of substancerelated visits to first aid stations at rave parties in the Netherlands
between 1997 and 2008.

Methods
This was a prospective observational study of rave-party
attendees who presented themselves for help at first aid stations
at rave parties during the period 1997–2008. All persons seeking
first aid were registered, but only those with substance-related
problems were included in this study. Health-related incidents are
described, together with length of medical care, severity of the
incidents, predictability of symptoms, and short-term risks.
Specifically, the following information was collected with regard
to rave party attendees who sought help at first aid stations: (1)
Length of stay, (2) substances used alone or in combination, and (3)
nature of the substance-related problems.
In an unpublished 1996 prospective pilot study of rave-party
attendees, those seeking first aid were divided into two groups. The
first was a self-care group. These people visited a first-aid station
with only minor health-related problems and were not included in
the study. The second group visited the first aid station seeking
help or advice. For this group, a standard questionnaire was
developed to ask about their health-related problems [7]. Each
person’s age and sex and time of arrival at and departure from the
first aid station were recorded. Additional questions asked about
their substance use and referrals that had been made to a general

Substance Use in the Netherlands
In 1997, 2001, 2005, and 2009, surveys of substance use in the
general population in the Netherlands were conducted. Each of
the substances covered in the present study were included in these
surveys. During this period, lifetime prevalence of cannabis use
generally increased (from 19.1% in 1997 to 25.7% in 2009), as did
ecstasy use (from 2.3% to 6.2%) and cocaine use (from 2.6% in
1997, 2.1% in 2001, 3.4% in 2005, to 5.2% in 2009). For the first
time in 2009, lifetime prevalence of c-Hydroxybutyric acid (GHB)
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(N = 27,897; 0.7% of all visitors) of the people visiting a first-aid
station presented with complaints that needed some form of
medical attention. The mean age of all people visiting first-aid
stations was 22.3 years (SD = 5.4), but the age of the visitors
increased significantly from 18.7 years in 1997 to 24.0 years in
2008 (r = .245, p,.01). Visitors seeking help at first-aid stations
were approximately equally divided between males (52.4%) and
females (47.0%).
Across the 12 years, a total of 10,100 people (36.2% of those
seeking first aid), representing 0.3% of all rave party visitors,
experienced a substance-related incident. The incidents were
medical (80%), traumatic (9%), psychological (4%), or miscellaneous (7%). The median overall length of stay at a first aid station
was 10 minutes, but it was 20 minutes for substance-using visitors
and 5 minutes for nonsubstance-using visitors—a difference that is
statistically significant (p,.001) (Table 1).
Most (n = 6912, 64.4%) of the substance-using visitors reported
using only one substance, which was usually ecstasy (n = 3308,
32.8%) or alcohol (n = 2296, 22.7%), but a substantial proportion
(n = 2554, 25.3%) reported using two substances simultaneously.
The most commonly reported combined use was ecstasy with
alcohol (n = 1129, 11.2%) (Table 2).
The most common substance-related health problem was a
general feeling of being unwell/fainting, which was associated with
the use of all substances. Additional minor health-related problems
were associated with the different substances. Using amphetamines
was associated with having cramps (OR = 6.9); cocaine, with
having a high body temperature (.37.5uC) (OR = 29.5) or
palpitations (OR = 6.5); and GHB, with altered consciousness
(OR = 32.7) (Table 3). Although ecstasy is a stimulant, the
combined use of ecstasy and GHB was associated with having a
subnormal body temperature (OR = 5.6). The combined use of
ecstasy and amphetamines were associated with having psychotic
delusions (OR = 9.7), high body temperature (OR = 5.5), cramps
(OR = 4.2), palpitations (OR = 3.4), or a stomachache (OR = 2.8).
The highest odds ratios were found for the association between
altered consciousness and GHB/ecstasy use (OR = 26.2) and
GHB/alcohol use (OR = 25.3) (Table 4).
The number of rave-party visitors who sought first aid
fluctuated during the 12 years of the study. Between 1997 and
2000, 7,136 people (1.0% of the visitors) needed first aid. Between
2001 and 2004, the number rose to 13,755 (0.8% of the visitors).
From 2005 to 2008, 7,006 visitors sought first aid. Across the 12
years, a total of 515 cases were considered serious (i.e., professional
medical care was required; Category 1 and 2 of the Severity Index
[15]), and 262 of these were admitted to a hospital emergency
room. First aid stations, however, were mostly often visited by
people with no substance-related health complaint. Among those
who did use substances, the risk of a serious incident was highest
among ecstasy users in the period 1997–2000 (0.21), but this risk
decreased to 0.06 in 2005–2008. For alcohol users, the risk was
0.06 during 1997–2000, but it increased to 0.09 in 2001–2004 and
2005–2008 (Table 5). In 2001–2004, the relative risk of having a
cocaine-related incident was 21.0. The largest number of serious
incidents occurred with GHB use (N = 55), with relative risk of
31.9 between 2001–2004 and 48.9 between 2005–2008 (Table 5).
Serious incidents also occurred in these periods with GHB/alcohol
use (N = 32; relative risk = 41.4 and 50.5) and GHB/ecstasy use
(N = 47, relative risk = 44.1 and 44.8) (Table 6). The combined use
of alcohol and cannabis was not associated with having a problem.
On the whole, the relative risk of having a serious incident was
higher among substance-using visitors needing first aid compared
to those who were not using a substance (Tables 5–6). Finally, all
severe incidents (life-threatening, Category 1 of the Severity Index

practitioner, dentist, or hospital. Finally, based on the Emergency
Severity Index [15],[16], each health-related incident was
categorized as medical, traumatic, psychological, or miscellaneous,
and each incident was designated as minor, moderate (defined as
requiring professional medical care within six hours), or severe
(defined as life-threatening and needing immediate professional
medical care).
In the present observational study, data were collected
prospectively and anonymously. According to Dutch regulations,
neither medical nor ethical approval was needed to conduct the
study. The study was not supported financially in any way. The
data were obtained from files maintained by Educare, a nonprofit
organization that provides first-aid assistance at large-scale events.
The Educare Board of Directors consented to our using the data
for scientific purposes.

Procedure
Upon entering the first aid station, the person was seen by a
clerical officer, who determined whether medical assistance was
necessary or self-care was sufficient. If aid was required, the person
was referred to a member of the medical staff. This staff included
qualified nurses, paramedics, and physicians, all of whom had
received training in rave-related health risks, including the effects of
psychoactive substances. They had also been trained to use the
standardized questionnaire. An experienced co-worker was appointed to assist the staff in filling out the questionnaires, and this
person coached all of the staff members in using the questionnaires.
After the rave-party attendee had been discharged from the first aid
station, the co-worker checked all of the data to verify their integrity.
The number of visitors to each rave party (i.e., the number of
tickets sold) was obtained from the organizers of the event. Serious
health-related incidents were defined as those rated as moderate or
severe on the Emergency Severity Index [15]. Risk of a serious
incident from each substance was defined as the number of serious
incidents that occurred divided by the number of attendees who
used that substance. Relative risk (RR) of a serious incident from
each substance was defined as risk of a serious incident from that
substance divided by risk of a serious incident for visitors seeking first
aid who did not report using the substance. For each substance, the
likelihood of visiting a first-aid station was calculated by dividing the
number of users of that substance who sought first aid by the total
number of visitor who sought first aid.

Statistics
Descriptive statistics were used to understand the demographic
characteristics of the sample and the nature of their substancerelated visits to first-aid stations. To evaluate the statistical
significance of the results, Person’s r and Mann-Whitney U tests
were used for the parametric and nonparametric data, respectively. A p value of ,0.05 was the cut-off for significance. To explore
relationships between health-related incidents and substance use,
an logistic regression analysis was performed. A stepwise forward
regression model was used, with P(in) = 0.05 and P(out) = 0.10; a
maximum of 20 iterations was specified and a cut-off value of 0.5;
the predictors of health-related incidents were added using a
stepwise procedure. The models were evaluated for acceptable fit
and proportions of variance explained. From each of the specified
models, odds ratios .2 are presented. All analyses were performed
using SPSS version 17.0.

Results
From 1997 to 2008, 3,793,500 visitors attended 249 rave
parties. Most (70%) of the raves occurred at night. Many
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Table 1. Characteristics of visitors at first aid stations.

Year

Nr of
FAA

Substance use
%

Mean Age
(SD)

Stay at FAS
General Stay at Substancerelated* Median
FAS* Median
Sex M %*** Sex F %*** (Range)
(Range)

1997

2044

57.6

18.7 (2.8)

62.0

37.4

12 (294)

15 (294)

7 (137)**

1998

1566

41.4

20.0 (4.2)

52.4

46.4

10 (389)

18 (389)

6 (184)**

1999

1683

39.9

21.0 (4.5)

56.3

43.2

10 (361)

20 (197)

8 (361)**

2000

1843

36.4

22.2 (5.1)

53.0

46.7

7 (359)

15 (264)

5 (359)**

2001

3629

37.8

21.7 (4.8)

50.3

49.1

5 (272)

13 (272)

4 (266)**

2002

2971

37.3

22.0 (5.1)

52.6

47.3

10 (294)

15 (294)

5 (248)**

2003

3337

34.0

22.5 (5.2)

51.8

47.9

10 (269)

20 (269)

6 (163)**

2004

3818

30.5

23.5 (5.8)

53.4

46.3

10 (323)

20 (241)

5 (323)**

2005

2690

34.0

23.3 (5.7)

50.1

48.8

10 (312)

23 (312)

6 (216)**

2006

1249

28.1

23.4 (5.5)

46.1

52.8

10 (364)

25 (293)

8 (364**

2007

1600

27.8

24.0 (6.5)

48.1

51.6

10 (241)

28 (212)

8 (241)**

2008

1467

30.1

24.0 (6.3)

52.3

47.4

10 (554)

30 (274)

7 (554)**

Total

27897
36.2

22.3 (5.4)

52.4

47.0
10 (554)

20 (389)

5 (554)**

Mean
Median

Stay at FAS
Not substancerelated* Median
(Range)

*in minutes.
**p,0.001, compared to substance-related visits to first aid stations.
***missing data.
doi:10.1371/journal.pone.0029620.t001

associated with ecstasy or alcohol use or both. It is noteworthy,
however, that in the Netherlands alcohol use is relatively common,
but ecstasy use is not. It is possible that the willingness of raveparty visitors to present themselves at a first aid station with healthrelated complaints was related to the drug that they used. For
example, ecstasy users’ [9] need for social contact might have
prompted them to seek assistance with minor health-related
problems more readily than users of other substances. Additionally, readiness to report one’s substance use might have varied
according to the social acceptability of using particular illicit drugs.
Unlike what most other recent studies from various countries
have found [17–24], the occurrence of acute substance-related

[15], N = 16) were substance-related; they included four cases of
excited delirium, and three each of circulatory insufficiency,
respiratory insufficiency, hyperthermia, and severe trauma.

Discussion
Approximately one-third of all rave-party visitors who sought
first aid reported having a substance-related problem. Visitors with
substance-related problems stayed longer at first aid stations than
those without a substance-use problem. Altogether, 515 of 10,100
substance-related incidents were classified as serious, and 16 of
these were life-threatening. Most substance-related incidents were

Table 2. Number of individual and multiple substance-using first aid visitors.

N = 10,100

Alc

Amp

Can

Coc

GHB*

Ecs

Total

Single users**

2296
(22.7%)

331
(3.3%)

190
(1.8%)

44 (0.4%)

252
(2.5%)

3308
(32.8%)

6912 (68.4%)

Double users

2554
(25.3%)

Alc

-

70 (0.7%)

384 (3.8%)

47 (0.5%)

123 (1.2%)

1129 (11.2%)

Amp

70 (0.7%)

-

5 (0.0%)

13 (0.1%)

18 (0.2%)

428 (4.2%)

Can

384 (3.8%)

5 (0.0%)

-

8 (0.1%)

61 (0.6%)

6 (0.1%)

Coc

47 (0.5%)

13 (0.1%)

8 (0.1%)

-

6 (0.1%)

66 (0.7%)

GHB

123 (1.2%)

18 (0.2%)

61 (0.6%)

6 (0.1%)

-

190 (1.9%)

Ecs

1129 (11.2%)

428 (4.2%)

6 (0.1%)

66 (0.7%)

190 (1.9%)

-

Alc = alcohol. Amp = amphetamines. Can = cannabis. Coc = cocaine. Ecs = ecstasy.
*GHB was monitored after the year 2000.
**Magic mushrooms (n = 35). Unidentified products from smartshops such as energizers (n = 229), medication (n = 127), and other unidentified substances (n = 223) were
excluded.
doi:10.1371/journal.pone.0029620.t002
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34.8
22.8
1.2
3.5
16.8

Generally unwell/fainting

Nausea

Palpitations

Stomach ache

Vomiting
2.1 (1.7–2.6)

0.4 (0.2–0.8)

1.5 (1.3–1.8)

1.3 (1.0–1.5)

0.3 (0.1–0.8)

0.3 (0.2–0.6)

6.9

6.3

7.5

21.4

40.4

12.3

6.0

19.0

0.3

2.6 (1.6–4.4)

3.6 (2.0–6.3)

1.8 (1.3 2.5)

2.1 (1.6–2.7)

5.3 (3.0–9.2)

6.9 (5.0–9.7)

(CI)

OR

15.8

1.6

3.7

31.6

37.4

27.9

0.0

0.5

1.6

0.5

5.3

N = 190

Can

Alc = alcohol. Amp = amphetamines. Can = cannabis. Coc = cocaine. Ecs = ecstasy.
More than one symptom can occur in combination with each substance.
Reference category for the logistic regression analysis is not reporting use of each of the substances.
95% CI = 95% confidence interval (lower-upper).
ORs are available only for variables included in the forward stepwise model.
doi:10.1371/journal.pone.0029620.t003

15.6

0.3

Delusions

Dizziness

0.3
1.2

Body temperature .37.56C

Cramps

3.3
0.9

2.3 (1.2–4.2)

4.7
2.6

Body temperature ,36.56C

N = 331

(CI)

N = 2296

Altered consciousness

Amp

OR

Alc

1.9 (1.1–3.5)

1.8 (1.1–2.9)

4.1 (2.7–6.3)

(CI)

OR

6.8

4.5

13.6

9.1

34.1

11.4

2.3

4.5

4.5

0.0

0.0

N = 44

Coc

6.5 (1.5–28.4)

29.5 (6.7–130.9)

(CI)

OR

Table 3. Most common individual substance-related incidents and odds ratio (OR) among first aid station visitors (%).

17.5

0.8

0.0

14.3

34.5

6.0

0.8

2.0

0.8

22.2

56.0

N = 252

GHB

3.4 (1.5–7.3)

32.7 (20.7–51.6)

(CI)

OR

10.9

3.1

2.5

25.4

52.8

18.0

2.0

5.3

0.8

1.2

3.8

N = 3308

Ecs

1.6 (1.2–2.1)

1.5 (1.1–2.1)

2.3 (2.0–2.6)

5.1 (4.6–5.6)

1.7 (1.5–2.0)

2 (1.4–2.9)

1.7 (1.4–2.1)

0.2 (0.1–0.5)

0.75 (0.60–0.95)

(CI)

OR
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5
9.1

5.8

6.5

22.9

65.2

13.3

0.9

8.9

2.8 (1.8–4.5)

3.4 (2.1–5.6)

1.6 (1.2–2.0)

5.9 (4.7–7.4)

9.7 (6.3–14.9)

4.2 (3.1–5.9)

5.5 (2.2–13.6)

OR (CI)

30.9

2.1

1.3

41.3

48.8

25.7

2.6

0.5

1.0

0.3

3.4

2.6

7.8

N = 384

Alc+Can

Alc = alcohol. Amp = amphetamines. Can = cannabis. Coc = cocaine. Ecs = ecstasy.
More than one symptom can occur in combination with the two combined substances.
Reference category for the logistic regression analysis is not reporting the use of each combination of the substances.
95% CI = 95% confidence interval (lower-upper).
ORs are available only for variables included in the forward stepwise model.
doi:10.1371/journal.pone.0029620.t004

2.2
13.4

Stomachache

Vomiting

2.2 (1.4–3.7)

1.7 (1.3–2.1)

24.1
3.5

Nausea

57.2

Generally unwell/fainting

Palpitations

3.5 (2.9–4.3)

16.1

4.1 (2.7–6.1)

Dizziness

1.7
5.4

Delusions

Disorientation

14.3

2.1

1.2
3.0

Body temperature .37.56C

Cramps

0.2

3.1

Body temperature ,36.56C

5.1
10.3

8.1
7.1

N = 428

Amp+Ecs

Anxiety

1.8 (1.3–2.5)

OR (CI)

Altered consciousness

N = 1129

Alc+Ecs

3.2 (2.1–4.8)

2.1 (1.4–3.1)

1.5 (1.1–2.1)

2.3 (1.5–3.3)

2.6 (1.6–4.2)

OR (CI)

13.2

0.5

0.5

11.1

43.7

3.7

7.9

0.5

3.7

2.1

21.1

1.6

52.1

N = 190

GHB+Ecs

Table 4. Most common multiple-substance-use problems and odds ratios (ORs) among first-aid station visitors (%).

0.2 (0.0–0.8)

5.6 (2.7–11.7)

26.2 (16.3–42.2)

OR (CI)

21.1

2.4

1.6

13.0

35.0

6.5

8.9

0.0

0.0

3.3

20.3

0.8

56.9

N = 123

Alc+GHB

4.3 (1.9–9.3)

25.3 (12.7–50.2)

OR (CI)
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Table 5. Number and risk of first-aid visits and serious incidents associated with using different substances individually.

Substance

Period

Nr of FAVs

alcohol

1997–2000

401

0.06

6

1.9 (0.8–4.4)

0.02

2001–2004

1281

0.09

18

2.3 (1.3–3.8)

0.01

2005–2008

616

0.09

8

2.4 (1.1–5.2)

0.01

1997–2000

46

0.01

1

2.7 (0.4–19.4)

0.02

2001–2004

110

0.01

0

0 (0.0–0.0)

0

2005–2008

34

0.01

0

0 (0.0–0.0)

0

1997–2000

12

0

0

0 (0.0–0.0)

0

2001–2004

23

0

3

21 (7.1–62.2)

0.13

2005–2008

9

0

0

0 (0.0–0.0)

0

1997–2000

1487

0.21

15

1.3 (0.7–2.3)

0.01

2001–2004

1405

0.1

10

1.1 (0.6–2.2)

0.01

2005–2008

418

0.06

6

2.6 (1.1–6.3)

0.01

1997–2000

12

0

2

20.8 (5.6–77.1)

0.17

2001–2004

136

0.01

27

31.9 (20.8–48.9)

0.2

2005–2008

104

0.02

28

48.9 (29.9–80.0)

0.27

1997–2000

216

0.03

4

2.3 (0.8–6.5)

0.02

2001–2004

84

0.01

5

9.6 (3.9–23.3)

0.06

2005–2008

32

0.01

0

0 (0.0–0.0)

0

1997–2000

3988

0.56

32

1

0.01

2001–2004

9008

0.66

56

1

0.01

2005–2008

4907

0.7

27

1

0.01

cannabis

cocaine

ecstasy

GHB

amphetamine

no substance

Risk FAVs

Nr of SI

RR SI (CI)

Risk SI

For each substance, the risk of visiting a first aid station was calculated by dividing the number of first aid visits (FAVs) related to that substance by the number of FAVs
for that cohort.
CI = 95% confidence interval. Confidence interval for relative risk (RR) of a serious incident (SI) was calculated using Morris and Gardner’s [46] formula.
The category no substance is the reference category for the SI risk ratios.
doi:10.1371/journal.pone.0029620.t005

Table 6. Number and risk of first aid visits and serious incidents associated with using different combinations of substances.

Substances

Period

Nr of FAAs

Risk FAS

Nr of SI

RR SI (CI)

Risk SI

alcohol+cannabis

1997–2000

54

0.01

1

2.3 (0.3–16.6)

0.02

2001–2004

227

0.02

6

4.3 (1.9–9.8)

0.03

2005–2008

99

0.01

4

7.3 (2.6–20.6)

0.04

alcohol+GHB

ecstasy+GHB

ecstasy+amphetamine

no substance

1997–2000

2

0

0

0 (0.0–0.0)

0

2001–2004

66

0.01

17

41.4 (25.5–67.3)

0.26

2005–2008

54

0.01

15

50.5 (28.5–89.4)

0.28

1997–2000

10

0

3

37.4 (13.6–102.4)

0.3

2001–2004

113

0.01

31

44.1 (29.7–65.7)

0.27

2005–2008

65

0.01

16

44.7 (25.4–78.9)

0.25

1997–2000

340

0.05

5

1.1 (0.7–4.7)

0.02

2001–2004

63

0.01

1

0.8 (0.4–18.2)

0.02

2005–2008

22

0

1

2 (1.2–58.2)

0.05

1997–2000

3988

0.56

32

1

0.01

2001–2004

9008

0.66

56

1

0.01

2005–2008

4907

0.7

27

1

0.01

For each combination of substances, the risk of visiting a first aid station was calculated by dividing the number of first aid visits (FAVs) rrelated to that combination by
the number of FAVs for that cohort.
CI = 95% confidence interval. Confidence interval for relative risk (RR) of a serious incident (SI) was calculated using Morris and Gardner’s [46] formula.
The category no substance use is the reference category for the SI risk ratios.
doi:10.1371/journal.pone.0029620.t006
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health problems found in this study was relatively infrequent and
the problems were not severe. From their systematic review of the
harmful effects of ecstasy use, Rogers et al. concluded that this
drug rarely causes death [25], and Chinet et al. reported that
party-goers who use drugs appeared to be particularly receptive to
harm-reduction measures [26]. It might be concluded, therefore,
that harm and risk reduction as practiced in the Netherlands is
effective [7],[8]. It should also be noted that the Dutch generally
use drugs in moderation, and they avoid using highly risky
substances, such as methamphetamine, which are used in many
other countries [27–34].
In the current research, no evidence was found for lifethreatening, acute effects of GHB. Nevertheless, professional
medical care is often required after GHB use and the syndrome
that can occur (altered consciousness, vomiting, and subnormal
body temperature) can be dangerous. Health education should
focus on these secondary effects in addition to the primary effects.
Questions remain about whether the relatively low rate of
severe incidents that occurred was related to the open nature and
legal status of rave parties in the Netherlands. It would, therefore,
be important to replicate this study in other countries. To our
knowledge, there is no other published research on substancerelated incidents that occur during large-scale events. It would be
worthwhile for future research to focus on the causes of these
incidents [21],[35–45]. Finally, we recommend that future
research also address the secondary factors related to substancerelated incidents and the mechanisms involved in them, such as
GHB-related airway threats and hypothermia, ecstasy-related
hyponatremia, excited delirium, and the serotonin syndrome.

not present themselves at a first aid station. In fact, Wijngaart et al.
and de Bruin et al. reported that some rave party visitors sought
help from friends, security personnel, or food-service staff
[5],[11],[12]. Substance use at rave parties might be underreported and hence underestimated because stigmatization or a fear of
legal involvement. For reasons such as these, some visitors with
health complaints may have gone directly to their family physician
or a hospital emergency room, rather than visiting an on-the-scene
first aid station.

Conclusions
Only a small proportion of rave-party visitors (0.3%) reported
substance-related health problems. The problems that were
reported at first aid stations were usually related to ecstasy or
alcohol use. Substance users who sought first aid stayed four times
as long at a first aid station as nonsubstance users. A total of 515 of
the substance-related incidents could be regarded as serious; this
amounts to 0.01% of all party visitors, 1.8% of all visitors who
sought first aid, and 5.1% of all substance users who sought first
aid. Sixteen cases were classified as life threatening. Visitors who
used GHB, with or without alcohol or ecstasy, and those who used
cocaine were highest on relative risk of having a serious incident.
Finally, it should be notes that although lifetime prevalence of
GHB use is low, this substance causes many problems.

Acknowledgments
The writers would like to thank all staff members of Educare for their
dedication, accuracy, loyalty and contribution to this study. Special thanks
to Ludger van Dijk for the statistic support and Attie van der Meulen, Loes
Greiner and Marga Witter for always being there.

Limitations
There were limitations of the current study that should be
acknowledged. For example, long-term effects on substance use or
drug addiction were not addressed. Although the study sample was
large, it included only self-referrals, which might not be
representative of all health-related incidents at rave parties. It is
possible that many people who experienced negative effects did

Author Contributions
Conceived and designed the experiments: JK ARJG MB. Performed the
experiments: JK. Analyzed the data: JK MB. Contributed reagents/
materials/analysis tools: JK MB. Wrote the paper: JK ARJG MB.

References
15. de Boer J. Rampengeneeskunde (2001) Een samenvattend overzicht. Spoedeisende en rampengeneeskunde 179–91, Amsterdam: VU Uitgeverij.
16. Tanabe P, Gimbel R, Yarnold PR, Kyriacou DN, Adams JG (2004) Reliability
and validity of scores on The Emergency Severity Index version 3. Acad Emerg
Med 11: 59–65.
17. Rogers G, Elston J, Garside R, Roome C, Taylor R, et al. (2009) The harmful
health effects of recreational ecstasy: a systematic review of observational
evidence. Health Technol Assess 13: iii–xii, 1.
18. Reuter-Rice K (2009) Ecstasy in the emergency department: MDMA ingestion.
J Pediatr.Health Care 23: 49–53.
19. Archer T (2008) Ecstasy toxicity and the cooling factor. Emerg Med J 25: 534.
20. Galicia M, Nogue S, To-Figueras J, Echarte JL, Iglesias ML, et al. (2008)
[Poisoning by liquid ecstasy (GHB) in hospital emergency departments of
Barcelona: a 2-years study]. Med Clin (Barc.) 130: 254–8.
21. Reingardiene D (2006) [Ecstasy toxicity]. Medicina (Kaunas.) 42: 519–23.
22. Hall AP, Henry JA (2006) Acute toxic effects of ‘Ecstasy’ (MDMA) and related
compounds: overview of pathophysiology and clinical management. Br J Anaesth
96: 678–85.
23. Liechti ME, Kunz I, Kupferschmidt H (2005) Acute medical problems due to
Ecstasy use. Case-series of emergency department visits. Swiss Med Wkly 135:
652–7.
24. White SR (2002) Amphetamine toxicity. Semin Respir Crit Care Med 23:
27–36.
25. Rogers G, Elston J, Garside R, Roome C, Taylor R, et al. (2009) The harmful
health effects of recreational ecstasy: a systematic review of observational
evidence. Health Technol Assess 13: iii–xii, 1.
26. Chinet L, Stephan P, Zobel F, Halfon O (2007) Party drug use in techno nights:
a field survey among French-speaking Swiss attendees. Pharmacol Biochem
Behav 86: 284–9.
27. Schifano F, Oyefeso A, Webb L, Pollard M, Corkery J, et al. (2003) Review of
deaths related to taking ecstasy, England and Wales, 1997–2000. BMJ 326:
80–1.

1. Benschop A, Nabben T, Korf DJ (2009) Antenne 2008. Amsterdam: Rozenberg
Publishers.
2. Wikipedia contributors (2009) ‘‘Rave’’. Accessed 2009 Dec 9. Available: http://
en.wikipedia.org/wiki/Rave.
3. Gram H, Jongedijk S, Olthof S, Reinders A, van Schubert D (2002) Dance in
Nederland. De betekenis en impact van dance op de Nederlandse economie en
maatschappij: Een verkenning. Amstelveen: KPMG.
4. Abraham MD, Kaal HL, Cohen PDA (2002) Licit and illicit drug use in the
Netherlands 2001.
5. de Bruin D, Maalste NJM, van de Wijngaart GF (1998) Goed fout gaan. Eerste
hulp op grote dansevenementen. Utrecht: CVO.
6. Engels RC, ter Bogt T (2004) Outcome expectancies and ecstasy use in visitors of
rave parties. The Netherlands European addiction research 10: 156–62.
7. Krul J, Girbes ARJ (2009) Experience of Health-Related Problems during House
Parties in the Netherlands: Nine years of Experience and Three Million Visitors.
Prehospital Disast Med 24: 133–9.
8. Pijlman FTA, Krul J, Niesink RJM (2003) Uitgaan en veiligheid: Feiten en fictie
over alcohol, drugs en gezondheidsverstoringen. Utrecht: Trimbos.
9. ter Bogt TFM, Engels RCME (2005) Partying Hard: Party style, motives for and
effects of MDMA use at rave parties. Substance Use and Misuse 40(9–10):
1479–502.
10. ter Bogt TFM, Engels RCME, Dubas JS (2006) Party people: Personality and
MDMA use of house party visitors. Addictive Behaviors 31: 1240–4.
11. van de Wijngaart GF, Braam R, de Bruin D, Fris M, Maalste N, et al. (1997)
Ecstasy in het uitgaanscircuit. Utrecht: CVO.
12. van de Wijngaart GF, Braam R, de Bruin D, Fris M, Maalste NJM, et al. (1999)
Ecstasy use at large-scale dance events in the Netherlands. Journal of Drug Issues
29: 679–702.
13. van Laar M, Cruts G, van Gageldonk A, Croes E, van Ooyen-Hoeben M, et al.
(2008) The Netherlands Drug Situation 2007. Utrecht: Trimbos-instituut.
14. van Laar M, Cruts AAN, van Ooyen-Hoeben M, Meijer R, Croes E, et al.
(2011) Nationale Drug Monitor. Jaarbericht 2010. Utrecht: Trimbos-instituut.

PLoS ONE | www.plosone.org

7

December 2011 | Volume 6 | Issue 12 | e29620

Substance-Related Health Problems

37. Gillman PK (1999) The serotonin syndrome and its treatment. J Psychopharmacol
13: 100–9.
38. Hsu YJ, Chiu JS, Lu KC, Chau T, Lin SH (2005) Biochemical and etiological
characteristics of acute hyponatremia in the emergency department. J Emerg
Med 29: 369–74.
39. Martin TG, Serotonin syndrome (1996) Ann Emerg Med 28: 520–6.
40. Mason PJ, Morris VA, Balcezak TJ (2000) Serotonin syndrome. Presentation of
2 cases and review of the literature. Medicine (Baltimore) 79: 201–9.
41. Pedal I, Zimmer G, Mattern R, Mittmeyer HJ, Oehmichen M (1999) Fatal
incidents during arrest of highly agitated persons. Arch Kriminol 203: 1–9.
42. Pollanen MS, Chiasson DA, Cairns JT, Young JG (1998) Unexpected death
related to restraint for excited delirium: a retrospective study of deaths in police
custody and in the community. Can Med Ass J 158: 1603–7.
43. Rosenson J, Smollin C, Sporer KA, Blanc P, Olson KR (2007) Patterns of
ecstasy-associated hyponatremia in California. Ann Emerg Med 49: 164–71.
44. Ross DL (1998) Factors associated with excited delirium deaths in police
custody. Mod Pathol 11: 1127–37.
45. Sampson E, Warner JP (1999) Serotonin syndrome: potentially fatal but difficult
to recognize. Br J Gen Pract 49: 867–8.
46. Morris JA, Gardner MJ (1995) Calculating confidence intervals for relative risk,
odds ratios and standardized ratios and rates. In: Gardner MJ, Altman DG, eds.
Statistics with confidence -confidence intervals and statistical guidelines.
London: British Medical Journal. pp 50–63.

28. Schifano F, Corkery J, Naidoo V, Oyefeso A, Ghodse H (2010) Overview of
Amphetamine-Type Stimulant Mortality Data - UK, 1997–2007. Neuropsychobiology 61: 122–30.
29. Bonell CP, Hickson FC, Weatherburn P, Reid DS (2009) Methamphetamine use
among gay men across the UK. Int J Drug Policy 21(3): 244–6.
30. Degenhardt L, Roxburgh A, Black E, Bruno R, Campbell G, et al. (2008) The
epidemiology of methamphetamine use and harm in Australia. Drug Alcohol
Rev 27: 243–52.
31. McKetin R, McLaren J, Lubman DI, Hides L (2006) The prevalence of
psychotic symptoms among methamphetamine users. Addiction 101: 1473–8.
32. Yui K, Ikemoto S, Ishiguro T, Goto K (2000) Studies of amphetamine or
methamphetamine psychosis in Japan: relation of methamphetamine psychosis
to schizophrenia. Ann N Y Acad Sci 914: 1–12.
33. Weich L, Pienaar W (2009) Occurrence of comorbid substance use disorders
among acute psychiatric inpatients at Stikland Hospital in the Western Cape,
South Africa. Afr J Psychiatry (Johannesbg) 12: 213–7.
34. Topolski JM (2007) Epidemiology of methamphetamine abuse in Missouri. Mo
Med 104: 82–8.
35. Di Maio T, Di Maio VJM (2006) Excited Delirium Syndrome; cause of death
and prevention. New York: Taylor & Francis.
36. Dunkley EJ, Isbister GK, Sibbritt D, Dawson AH, Whyte IM (2003) The Hunter
Serotonin Toxicity Criteria: simple and accurate diagnostic decision rules for
serotonin toxicity. QJM 96: 635–42.

PLoS ONE | www.plosone.org

8

December 2011 | Volume 6 | Issue 12 | e29620

