
Music Genre as a Predictor of Resource Utilization
at Outdoor Music Concerts

Michael S. Westrol, MD;1,2 Susmith Koneru, MBBS, MPH;3 Norah McIntyre, MD;4

Andrew T. Caruso, AS, EMT;5 Faizan H. Arshad, MD;2 Mark A. Merlin, DO2,3,5,6

1. Department of Emergency Medicine/

EMS, AtlantiCare Regional Medical

Center, Atlantic City, New Jersey USA

2. Department of Emergency Medicine,

Newark Beth Israel Medical Center,

Newark, New Jersey USA

3. Rutgers School of Public Health, Newark,

New Jersey USA

4. Department of Emergency Medicine,

Baystate Medical Center, Springfield,

Massachusetts USA

5. Monmouth Ocean Hospital Service

Corporation (MONOC), Wall Township,

New Jersey USA

6. Jet911 Air Ambulance, Kew Gardens,

New York USA

Correspondence:

Michael S. Westrol, MD

Department of Emergency Medicine/EMS

AtlantiCare Regional Medical Center

Atlantic City, New Jersey USA 08401

E-mail: mwestrol@gmail.com

Conflicts of interest: none

Abstract
Objectives: The aim of this study was to examine the various modern music genres and
their effect on the utilization of medical resources with analysis and adjustment for
potential confounders.
Methods: A retrospective review of patient logs from an open-air, contemporary
amphitheater over a period of 10 years was performed. Variables recorded by the medical
personnel for each concert included the attendance, description of the weather, and a
patient log in which nature and outcome were recorded. The primary outcomes were
associations of genres with the medical usage rate (MUR). Secondary outcomes investi-
gated were the association of confounders and the influences on the level of care provided,
the transport rate, and the nature of medical complaint.
Results: A total of 2,399,864 concert attendees, of which 4,546 patients presented to
venue Emergency Medical Services (EMS) during 403 concerts with an average of
11.4 patients (annual range 7.1-17.4) each concert. Of potential confounders, only the heat
index ≥90°F (32.2°C) and whether the event was a festival were significant (P = .027 and
.001, respectively). After adjustment, the genres with significantly increased MUR in
decreasing order were: alternative rock, hip-hop/rap, modern rock, heavy metal/hard
rock, and country music (P< .05). Medical complaints were significantly increased with
alternative rock or when the heat index was ≥90°F (32.2°C; P< .001). Traumatic injuries
were most significantly increased with alternative rock (P< .001). Alcohol or drug intox-
ication was significantly more common in hip-hop/rap (P< .001). Transport rates were
highest with alcohol/drug intoxicated patients (P< .001), lowest with traumatic injuries
(P = .004), and negatively affected by heat index ≥90°F (32.2°C; P = .008), alternative
rock (P = .017), and country music (P = .033).
Conclusion: Alternative rock, hip-hop/rap, modern rock, heavy metal/hard rock, and
country music concerts had higher levels of medical resource utilization. High heat indices
and music festivals also increase the MUR. This information can assist event planners with
preparation and resource utilization. Future research should focus on prospective validation
of the regression equation.
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Introduction
The adequate, yet cost-effective, staffing of mass-gathering events is a dilemma that is
regularly encountered by event and emergency planners worldwide. A mass-gathering
event has been defined by some as any gathering of more than 1,000 persons at a specific
location for a specific period of time.1-4 An alternative definition by Arbon is, “a mass
gathering is a situation (event) during which crowds gather and where there is the potential
for a delayed response to emergencies because of limited access to patients or other features
of the environment and location.”5 This definition tends to encompass more of the
challenges that mass-gathering planners encounter which may affect resource utilization.

There are inherent properties of events which may result in increased patient encoun-
ters, and planners of these events may rely on anecdotal and historical evidence based on
weather, location, or type of event. Little work, though, has been done on models to predict
patient encounters. Comparisons have been performed on a predictive model versus
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retrospective review.5-9 In addition, various case studies have been
published on patient encounter rates of specific events or venues,
sometimes over the period of several years.10-16 For environmental
factors, Perron et al. investigated the association between heat index
and medical usage rates (MURs) at a college football stadium.17

Milsten et al. published an extensive analysis of multiple types of
events held in three venues in Baltimore (Maryland USA), noting
variables associated with increased MUR, mainly heat index and
type of event (sporting vs concert).18 After the 2002 FIFA World
Cup (Korea/Japan), Morimura et al. performed a retrospective
regression model on the data and found correlations with tempera-
ture, ease of access, and total attendance.19 A similar study per-
formed by Bowdish et al. utilizing data from Indianapolis 500 auto
races (Indiana USA) showed a correlation with dew point but no
correlation with humidity, sunshine, race characteristics, or wind.20

Several of these studies have been very specific in venue or event
type, making generalizability to the mass-gathering medicine realm
difficult. However, the outdoor contemporary amphitheater music
venue is a common location for mass gatherings and concerts, with
over 130 locations across the country, not including open-air sta-
diums with similar characteristics.21 Spectators are subject to envir-
onmental and terrain hazards unlike indoor concerts. Medical usage
rates expected with events at similar venues would be useful for
future event planning across the country. The authors wished to
examine the MUR according to music genre with controls for heat
index, day of the week, presence of precipitation, and whether it was
amusic festival format. Similar studies looking at other variables have
used a comparable study design, as noted above. Grange et al., for
example, studied the effect of music genre as a binary value of rock
music or non-rock music and found a significantly higher patient
presentation rate for rock concerts when compared to non-rock
concerts.22 Using several years of data from an open-air, amphi-
theater music venue, analyses were performed to further examine
which genres of music tend to particularly strain medical resources to
aid in future planning.

Methods
The study was a retrospective review of patient logs from an open-
air, contemporary amphitheater over a period of 10 years, from the
summer of 2005 to 2014. The maximum capacity of the amphi-
theater is approximately 16,500 persons, depending on the set-up
of the show and venue. The amphitheater is located in the New
York (USA) metropolitan area within New Jersey (USA), with
attendees generally residing in New Jersey and New York. Alcohol
is sold within the venue, no outside drinks are permitted, and
tailgating is significantly limited due to restricted parking lot
hours. The Emergency Medical Services (EMS) system of New
Jersey is two-tiered, including Basic Life Support (BLS) and
Advanced Life Support (ALS). Onsite medical resources include a
first aid station staffed by BLS emergency medical technicians
(EMTs) providing general first aid and initial triage of any patients
who present for assistance. The venue also is patrolled by mobile
BLS EMTs able to identify patients and respond to any requests
for aid within the venue and parking lots. In the event of an
anticipated increased need of EMS resources, some concerts may
have had a dedicated ALS unit, additional first aid stations, and
even EMS physicians.

Variables recorded by the medical personnel for each concert
included the attendance, description of the weather, and a patient
log in which nature and outcome were recorded. The primary
outcomes were associations of genres with the MUR. Secondary

outcomes investigated were the association of confounders and the
influences on the level of care provided, the transport rate, and the
nature of medical complaint. All research methodology was
approved by the Institutional Review Board of the host institution
(Newark Beth Israel Medical Center; Newark, New Jersey USA –
Protocol #2014.67) for retrospective chart review.

Study Design
The event medical logs at this venue were created for internal
review and tracking. They evolved over the years to include more
data points for review and future planning. In the event that a log
was not fully filled out, records were reviewed to fill in missing data
whenever possible. Those logs which could not be completed by
the investigators were excluded from data analysis. Those indivi-
duals recording data on event medical logs in the past were never
told of any potential research and were essentially blinded to the
study, as this study was conceived after these internal review/
tracking logs were completed.

Data abstractors were trained in the data review process prior to
beginning, and their progress was monitored by the investigators.
They were not blinded to the hypothesis of the study. Each con-
cert was evaluated by one abstractor, one time; as a result, interrater
reliability was not tested. Data from the event logs were abstracted
and compiled into a spreadsheet with columns for the various
variables defined (Microsoft Excel 2010; Redmond, Washington
USA). Separate data forms were not used. The date of the concert
was utilized to determine the day of the week of the event, which
was coded into the spreadsheet. Weather data was obtained from
the National Oceanic and Atmospheric Administration Climate
Data Online23 for each date to determine the heat index.24 The
heat index was then utilized as a binary value for less than 90°F
(32.2°C) and greater than or equal to 90°F (32.2°C) based on
recommendations from the Occupational Safety and Health
Administration (OSHA; Washington, DC USA) on when to
implement additional measures for heat exposure.25 Finally, the
presence of precipitation during the event was coded as a binary
value. Precipitation data were obtained from weather data, as well
as event logs. Rainfall amounts totaling greater than 0.05 inches
during the course of the event were considered sufficient to be a
nuisance to spectators.

The genre of each artist was coded according to 11 categories of
music prior to any data extraction in order to blind the researchers
to any influence genre categorization of an artist may have on the
data. The decision of which genre to assign to an artist was
determined from referencing a common music catalog (iTunes
Version 12; Cupertino, California USA) or the artist’s website
(when possible). Artists were assigned into one of the following
categories: country, hard rock/heavy metal, pop, dance/electronic
dance music (EDM), hip-hop/rap, alternative rock, modern rock,
classic rock, adult contemporary, classical/symphony, and variety/
other (Table 1). In cases of conflicting categorization, the primary
author (MSW) made an assignment based on best available
information. For example, a popular artist from the 1960s may be
categorized as “pop” on a music catalog, but their music in the
modern day may best fit under “adult contemporary.”

Attendance was obtained from concert organizers. The medical
logs for each concert were referenced to provide total numbers of
patients, numbers of patients transported, dispositions, level of
care provided (ALS or BLS), and categories of chief complaint.
Chief complaints were categorized as Medical, Trauma, or Drug/
Alcohol. In cases where an intoxicated individual presented with
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another complaint (eg, head trauma or chest pain), the primary
medical or traumatic complaint requiring assistance was recorded.
Each concert was assigned a binary value according to whether it
was a “music festival” or not. A music festival was defined as an
event with multiple stages spread out over the venue; they often
involve greater walking distances for spectators, increased mobility
of the crowd increasing injury risk, worsened access for medical
personnel, longer duration of the event, and an overall higher
energy atmosphere. Finally, the duration of the event was recorded
in hours. The duration corresponds to when the bulk of the crowd
would be present, including time before the start of performances.

Data Analysis
The number of patients, attendees, and the duration of the event
were utilized to determine the hourly MUR per thousand spec-
tators for each event. The groups were described using estimates of
central tendency (means) for continuous data and frequencies and
percent for categorical data. All univariate analyses were per-
formed using SPSS (IBM Version 22, 2013; Armonk, New York
USA) and considered P value< .05 as significant. All tests were
two-tailed. For normally distributed variables, Student t-test was
used. For non-normally distributed variables, non-parametric tests

were used. Variables with high correlation values were removed
from the model. For multivariate analyses, all the variables were
entered into a regression equation to test the univariate association
P< .10. The likelihood ratio x2 was then used to determine which
model was most appropriate for the data.

Results
A total of 4,546 patients presented over the course of 403 concerts
(Table 2). An average of 11.4 patients (annual range 7.1-17.4)
presented to venue EMS each concert (Figure 1). A total of
2,399,864 concert attendees were included in statistical analyses.
When analyzing transports of patients, a total of 1,697 patients
(37.3%) were transported to area hospitals, resulting in an average
of 4.3 transports per concert (annual range 2.5-7.1). One hundred
five patients (2.3%) required ALS for their medical emergency.
The analysis of the nature of emergency was performed only on the
data from 2006 to 2014 due to missing natures in the 2005 data
set. Of the 3,920 patients from 2006 to 2014, 1,140 (29.1%) were
traumatic, 1,188 (30.3%) were medical, and 1,592 (40.6%) were
alcohol- or drug-related (Figure 2).

For the multivariate regression analysis, a total of 255 concerts
had full data available for examination (Table 3). The years of

Genre Artists

Country Blake Shelton, Brad Paisley, Brooks and Dunn, Dierks Bentley, George Strait, Jason Aldean, Keith Urban, Kenny
Chesney, Luke Bryan, Lynn Anderson, Miranda Lambert, Rascal Flatts, Reba McEntire, Sugarland, Tim McGraw,
Toby Keith, Willie Nelson, and Zac Brown Band.

Hard Rock/ Heavy
Metal

Alice Cooper, Black Crowes, Black Sabbath, Carnival of Madness*, CrueFest*, Deep Purple, Def Leppard, Dream
Theater, Gigantour*, Godsmack, Iron Maiden, Judas Priest, KISS, Korn/Family Values*, Marilyn Manson, Mayhem
Fest*, Meatloaf, Motley Crue, Nine Inch Nails, Ozzfest*, Rob Zombie, Shinedown, Slipknot, System of a Down, Tool,
Uproar Festival*, Velvet Revolver, and WRATfest.*

Pop Ashlee Simpson, Avril Lavigne, Backstreet Boys, Black Eyed Peas, Brian Wilson, Demi Lovato, Duran Duran, Fall Out
Boy, Guster, Gwen Stefani, Jack Johnson, Janet Jackson, Jason Mraz, John Mayer, Jonas Brothers, Julie Budd, Kelly
Clarkson, Kesha, Maroon 5, Miranda Cosgrove, No Doubt, One Republic, Pitbull, Rob Thomas, Selena Gomez, The
Fray, and Train.

Dance/EDM Beatstock*and KTUphoria.*

Hip-Hop 50 Cent, Drake, Lil’ Wayne, Mary J. Blige, Rock the Bells*, Sugar Water Fest*, Wiz Khalifa.

Alternative Rock 3 Doors Down, Blink 182, Coldplay, Counting Crows, Gaslight Anthem, Goo Goo Dolls, Incubus, Linkin Park, OAR,
Projekt Revolution*, Stone Temple Pilots, Sublime, Tori Amos, Warped Tour*, and Weezer.

Classic Rock Aerosmith, Allman Brothers, Boston, Bruce Springsteen, Chicago, Crosby Stills Nash & Young, Don Henley, Doobie
Brothers, Eric Clapton, Foreigner, Huey Lewis & The News, Jethro Tull, Joe Cocker, John Fogerty, John Mellencamp,
Journey, Kenny Loggins, Lynyrd Skynyrd, Peter Frampton, Phil Lesh, Poison, REOSpeedwagon, Rod Stewart, Roger
Waters, Rush, Sammy Hagar, Scorpions, Steely Dan, Steve Miller Band, Sting, Styx, The (New) Cars, The Doors, The
Police, The Who, Tom Petty, and Yes.

Modern Rock 311, Creed, Dave Matthews Band, Kid Rock, Matchbox Twenty (20), Nickelback, Phish, and Santana.

Classical Army Field Band, Canadian Tenors, Celtic Women, Michael Amante, New Jersey Symphony, New York Philharmonic,
Texas Tenors, Westfield Symphony, and Xavier Cugat Orchestra.

Adult Contemporary Al Martino, Barenaked Ladies, Barry Manilow, Bryan Adams, Debbie Boone, Donna Summer, Doo Wop, Earth Wind &
Fire, Frankie Avalon, Hall & Oates, James Taylor, Johnny Maestro, Lionel Richie, Melissa Manchester, Neil Sedaka,
New Kids on the Block, Osmond Brothers, Patti Austin, Paul Simon, Ringo Starr, Sheryl Crow, Stevie Nicks,
Temptations, and Tony Orlando.

Variety and Other BB King, Ben Vereen, Big Time Rush, Bobby Rydell, Bobby Vinton, Bucky Pizzerelli, Charo, George Cohan, Il Volo,
James Darren, Music Builds Festival*, The Cameos, The Rascals, Tony Danza, Wayland Pickard, Weird Al Yankovic,
and Yanni.

Westrol © 2017 Prehospital and Disaster Medicine
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2006 and 2007 were excluded due to missing and unobtainable
attendance data. Eighteen percent of the remaining concerts were
missing at least one item of data. The genres with the most
missing data were, in decreasing order: classical, adult con-
temporary, and variety/other. The years with the most missing
data were 2014, followed by 2013. The most common reason for
an event to be missing data was missing total concert attendance;
without the total attendance, the MUR per 1,000 visitors could
not be calculated.

In an unadjusted univariate analysis of effect of genre onMUR,
the categories of hip-hop/rap, heavy metal/hard rock, alternative
rock, modern rock, and dance/EDM were significantly associated
with an increase in MUR, in order from highest to lowest
(Table 4). In an initial adjusted multivariate analysis of genres and
confounders, only the binary variables of heat index and whether
the event was a festival had a significant effect on MUR (Table 5).
As a categorical value, the day of the week had no significant
influence on the MUR (Figure 3). Furthermore, when the heat
index was plotted as an integer value, an inflection point could be
seen around 95°F (35°C; Figure 4), supporting the use of a binary
value for heat index according to OSHA recommendations.

A modified multivariate analysis was performed utilizing only
the significant confounders of heat index ≥90°F (32.2°C) and
whether the event was a festival. The analysis was performed with
the intention of developing an equation for predicting the MUR.
When adjusting for only these confounders, the genres with
significantly increased MUR in decreasing order were: alternative
rock, hip-hop/rap, modern rock, heavy metal/hard rock, and
country music (Table 6). These values can be utilized in the
following formula:

MUR = genre +Fð0:223Þ +H ð0:125Þ
In this equation, the MUR per hour per 1,000 patients is

determined by entering the corresponding genre values. If the
concert was a festival format, F = 1; if the heat index was ≥90°F
(32.2°C), H = 1. Of course, those variables are zero if those
conditions are not met.

The genres were compared against each other to determine
relative risk ratios. Because many of the adjusted values were not
statistically significant, adjusted relative risk ratios were unable to
be obtained. For comparison, unadjusted risk ratios were calcu-
lated using the median genre, modern rock, as the reference
(Table 7).

The secondary outcome investigations analyzed finer points of
resource utilization at concerts. Only a heat index ≥90°F (32.2°C)
was associated with an increase in ALS resource utilization
(P = .023). Also, as the overall number of patients increased, the
likelihood of requiring ALS also increased (P< .001). Medical
complaints were significantly increased when the heat index was
≥90°F (32.2°C; P< .001) or the genre of music was alternative
rock (P< .001). Traumatic injuries were significantly increased
when the genres were alternative rock (P< .001), heavy metal/
hard rock (P = .001), modern rock (P = .025), and dance/EDM
(P = .038). Heat index had no impact on traumatic complaints.
Patients presenting with a chief complaint of alcohol or drug
intoxication were significantly more common, in decreasing order,
when the genre was hip-hop/rap, alternative rock, dance/EDM,
modern rock, pop, country (P< .001 for all preceding genres), and
heavy metal/hard rock (P = .003).

In a multivariate analysis of transport rates, intoxicated patients
were more likely to be transported to the hospital when compared
to medical or trauma patients (P< .001). Traumatic injuries were
the least likely to be transported (P = .004). The genres with
significant effect on transport rates were alternative rock and
country, both of which were negatively associated with patient
transport (P = .017 and .033, respectively). The remainder of
genres trended positively and negatively, but none were sig-
nificant. A heat index ≥90°F (32.2°C) was associated with a
decrease in transport rates (P = .008). Music festivals did not
affect the transport rate significantly.

Discussion
To the authors’ knowledge, this is the largest and most in-depth
study looking at individual music genres and their effect on the
MURs at concerts. It is also the first study to use the data to
perform a regression model to form a predictive equation. Prior
studies have looked at music genres in a rock music versus non-
rock music manner.22 The analysis of non-rock genres previously
had been limited, as have investigations into the effect of pre-
cipitation. The regression analysis provided an equation that could
be used to predict numbers of patients in advance based on concert
characteristics, expected attendance, and heat index.

Year
Number of
Concerts

Total
Patients

Average No. of
Patients per Concert

2005 36 626 17.4

2006 49 492 10.0

2007 44 474 10.8

2008 44 323 7.3

2009 33 233 7.1

2010 43 385 9.0

2011 41 448 10.9

2012 36 438 12.9

2013 40 637 17.2

2014 38 490 13.2

Total 404 4546 11.4
Westrol © 2017 Prehospital and Disaster Medicine
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Figure 1. Patients per Concert by Year.
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Not surprisingly, the confounders of heat index and whether
the concert was a festival-type of event were associated with
increased numbers of patients. Heat index has been correlated
previously with increased patient presentation rates at various
types of mass gatherings; its association here was necessary to
adjust for confounding effects. A possible limitation is the fact that
the actual heat index at the time of the concert was ascertained
from a combination of weather databases and employee-recorded
event logs. It is possible that the heat index recorded for the day
may not have been the actual heat index at the start of the event.
Furthermore, the heat index would typically drop as the sun would
set for evening concerts. High heat index also increased the
number of medical-related patient presentations, as well as the
need for ALS. Perhaps not surprisingly, the transport rate
decreased significantly when the heat index increased. This is

likely due to many patients improving with simple hydration
and cooling measures, with subsequent refusal of transport to a
hospital. This knowledge could be used to better allocate resour-
ces, such as additional workers for cooling stations without
concomitant increases in expensive transport units.

For event planners, festival-style music events seem to require
additional resources, and these results confirm the increase in
MUR. Though impossible to determine the reason why the
number of patients does not simply increase accordingly to
attendance, it is likely that the crowd energy may be increased, the
distance travelled within the venue is increased (leading to
increased exhaustion or falls), and the increased duration of the
event may result in increased fatigue and environmental exposure.

Somewhat surprisingly, the presence of precipitation during
the event did not significantly affect the MUR, nor did the day of

Genre

Total No.
of

Concerts

No. of Concerts
with Full Data
Available for
Regression
Analysis

Total
Attendees

Total
Patients

Mean
Patients

per
Concert

Patients
per 10,000
Attendees

Transport
(n)

Mean
Patient

Transports
per

Concert

Country 46 32 375,759 506 15.8 13.5 185 (46) 4.0

Hard Rock/ Heavy Metal 49 34 312,621 924 27.2 29.6 286 (49) 5.8

Pop 43 30 344,620 418 13.9 12.1 196 (43) 4.6

Dance 8 6 57,690 232 38.7 40.2 117 (8) 14.6

Hip Hop 13 9 78,987 348 38.7 44.1 212 (13) 16.3

Alternative 37 26 278,068 971 37.3 34.9 309 (37) 8.4

Classic Rock 78 52 449,877 520 10.0 11.6 166 (76) 2.2

Modern Rock 25 21 240,888 393 18.7 16.3 180 (25) 7.2

Classical 21 6 20,000 34 5.7 17.0 8 (21) 0.4

Adult Contemporary 49 22 154,298 124 5.6 8.0 29 (48) 0.6

Variety/Other 34 17 87,056 76 4.5 8.7 9 (32) 0.3

Total 403 255 2,399,864 4546 17.8 18.9 1697 (398) 4.3

Westrol © 2017 Prehospital and Disaster Medicine

Table 3. Genre Analysis Study Characteristics
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Figure 2. Nature of Medical Emergency by Year.
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the week. Though the coefficient trended towards a negative value,
the data were not significant. This may be related to the relative
paucity of concerts with precipitation present. In addition, specific
precipitation data were difficult to obtain due to the lack of hour-
by-hour precipitation logs available in online weather databases.
In addition, event logs were not always fully completed for
the weather description. The decision to utilize 0.05 inches of
precipitation as a cutoff was based on local climatologist expert
opinion due to lack of research on such a topic; this may result in
data adversely affected. Finally, it was a binary value; a light rain
carried the same weight as a torrential downpour.

The study found that, after adjustment, the music genres with
the highest utilization of resources were alternative rock, hip-hop/
rap, modern rock, heavy metal/hard rock, and country music.
Alternative rock was prominent amongst all subgroup analyses for
the nature of the complaint as well, indicating that no specific type
of complaint was particularly pronounced for alternative rock or
responsible for its high MUR. Interestingly, these genres are also
particularly diverse in their typical spectator demographics.
Though the MUR was affected by genres, the transport rate was
relatively unaffected across the board, with the exception of
country music and alternative rock having slightly lower
transport rates.

Limitations
There are some additional limitations with this study and its data.
In particular, the data recorded for each event grew and changed
over the years as more emphasis was placed on mass-gathering
medicine. Initial logs were very basic; later logs had additional data
points as attempts to internally analyze variables were beginning.
Because of this, earlier concert logs were often incomplete, lacking
attendance or natures of encounters. All attempts were made to
complete the logs according to venue concert records or EMS
agency records, but those logs which remained incomplete were
excluded from data analysis. The cause of incomplete logs could
not be ascertained. Generally, patients were recorded, but impor-
tant details such as attendance (needed to calculate the MUR)
might have been forgotten. Due to changes in the venue operator,
records going back far enough to obtain the attendance in the early
years were not available.

Confounder Effect on MUR P

Festival 0.224 .001

Heat Index ≥90°F (32.2°C) 0.123 .027

Presence of Precipitation -0.025 .649

Day of the Week 0.003 .955
Westrol © 2017 Prehospital and Disaster Medicine

Table 5. Analysis of Confounders
Abbreviation: MUR, medical usage rate.

Genre MUR P

Country 0.141 .108

Heavy Metal/Hard Rock 0.347 <.001

Pop 0.080 .351

Dance/EDM 0.196 .002

Hip-Hop/Rap 0.350 <.001

Alternative Rock 0.341 <.001

Classic Rock 0.059 .551

Modern Rock 0.296 <.001

Classical/Symphony 0.043 .501

Adult Contemporary -0.015 .848

Variety/Other -0.037 .551
Westrol © 2017 Prehospital and Disaster Medicine

Table 4. Unadjusted Medical Usage Rate (MUR) by Genre
Note: MUR = number of patients per hour per 1,000 attendees.

Westrol © 2017 Prehospital and Disaster Medicine

Figure 3. Influence of Day of the Week on MUR.
Abbreviation: MUR, medical usage rate.

Westrol © 2017 Prehospital and Disaster Medicine

Figure 4. Impact of Heat Index on MUR.
Abbreviation: MUR, medical usage rate.
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Furthermore, categorizing some artists proved particularly
difficult, as many musicians do not fit nicely into a single box.
Determinations on which category to assign some artists came
down to consensus agreement of the researchers after consultation
with numerous music catalogs. Among artists within the same
genre, there may be significant variation in style of music or
spectator demographics. This likely resulted in some effects on the
data. For example, Pop Artist #1 may have a more mellow style
with a low MUR, but Pop Artist #2 may be a bit more rowdy,

which may translate into a higher MUR. The authors were
somewhat surprised that popmusic did not have a larger impact on
MUR, but it was likely affected by the large variability of artists
within that genre.

Some year-to-year variations may be the result of changes to
policies, particularly alcohol and tailgating policies. Even within
concert seasons, a particularly disorderly concert event may result
in a curtailing of alcohol consumption and tailgating by law
enforcement for the next few concerts. This was a random and very

Variable Effect on MUR P

Genre

Country 0.175 .040

Heavy Metal/Hard Rock 0.304 .001

Pop 0.121 .149

Dance/EDM 0.100 .148

Hip-Hop/Rap 0.327 <.001

Alternative Rock 0.347 <.001

Classic Rock 0.103 .287

Modern Rock 0.313 <.001

Classical/Symphony 0.064 .297

Adult Contemporary 0.008 .916

Variety/Other 0.248 .296

Festival 0.223 .001

Confounder Heat Index ≥90°F (32.2°C) 0.125 .023
Westrol © 2017 Prehospital and Disaster Medicine

Table 6. Multivariate Analysis of Adjusted MUR by Genre with Significant Confounders
Abbreviation: MUR, medical usage rate.

Genre Risk Ratio 95% CI P

Adult Contemp. 0.49 0.40-0.61 <.0001

Variety/Other 0.53 0.42-0.68 <.0001

Pop 0.74 0.65-0.85 <.0001

Country 0.83 0.72-0.94 .0043

Modern Rock 1.00 reference reference

Classical 1.04 0.73-1.48 .82

Hard Rock 1.81 1.61-2.04 <.0001

Alternative 2.13 1.9-2.4 <.0001

Classic Rock 2.13 1.9-2.4 <.0001

Dance 2.47 2.1-2.9 <.0001

Hip Hop 2.7 2.34-3.12 <.0001
Westrol © 2017 Prehospital and Disaster Medicine

Table 7. Unadjusted Risk Ratios of MUR by Genre
Abbreviation: MUR, medical usage rate.
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infrequent occurrence as far as effects on the MUR of the sub-
sequent concerts, and it could not be controlled for in the data.
Tailgating was generally limited at this venue by the fact that the
parking lots did not open until shortly before the start of the event.
Finally, these results may not be generalizable to all venues. While
the outdoor concert amphitheater concert venue is common, it
may not apply to other outdoor venues, such as stadiums or parks.
Moreover, variations in local laws and policies may affect alcohol
consumption, which has a large impact on MUR.

Conclusion
The data largely confirmed anecdotal reports and assumptions of
factors affecting the MURs at outdoor concerts. Alternative rock,
hip-hop/rap, modern rock, heavy metal/hard rock, and country
music are genres of music that tend to produce higher numbers of
patients. A heat index≥90°F (32.2°C) and a festival format further
increase the utilization of medical resources at these outdoor

concerts. Event planners should anticipate and plan for larger
numbers of patients in these situations. Accordingly, the organizer
of an alternative rock music festival with an anticipated heat index
≥90°F (32.2°C) should plan for large numbers of patients. Future
research efforts should be focused on comparisons between the
predicted MUR according to the regression model and observed
MUR. In addition, further validation with other venue types
would be beneficial. As the knowledge base of mass gathering and
event medicine grows, those individuals tasked with planning for
such incidents will have more data and tools available to them for
efficient preparation and resource utilization.
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