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Analyzing the Effect of State Legislation on Health Care
Utilization for Children With Concussion
Teresa B. Gibson, PhD; Stanley A. Herring, MD; Jeffrey S. Kutcher, MD; Steven P. Broglio, PhD, ATC

IMPORTANCE In 2009, Washington State enacted legislation outlining the medical care of
children and adolescents with concussion (ie, the Lystedt Law), with all other states and
Washington, DC passing legislation by January 2014.

OBJECTIVE To evaluate the effect of concussion laws on health care utilization rates from
January 1, 2006, through June 30, 2012, in states with and without legislation.

DESIGN, SETTING, AND PARTICIPANTS For commercially insured children aged 12 to 18 years
from all 50 states and DC from January 1, 2006, through June 30, 2009, we examined the
following: (1) prelegislation trends in concussion-related health care utilization from January
1, 2006, through June 30, 2009, (2) postlegislation trends in states without concussion
legislation, and (3) the effect of state concussion laws on trends in states with concussion
legislation in effect by means of negative binomial multivariable estimation with state and
time fixed effects.

EXPOSURES Concussion diagnosis.

MAIN OUTCOMES AND MEASURES Emergency department and related health care utilization
rates for concussion.

RESULTS Between academic school years 2008-2009 and 2011-2012, states with legislation
experienced a 92% increase in concussion-related health care utilization, while states without
legislation had a 75% overall increase in concussion-related health care utilization during the
same period. In the multivariable fixed-effects models, controlling for differences across
states, rates of treated concussion in states without legislation were 7% higher in the
2009-2010 school year, 20% higher in the 2010-2011 school year, and 34% higher in the
2011-2012 school year compared with the prelegislation trends (2005-2009) (all P < .01).
During the same period, states with concussion laws demonstrated a 10% higher
concussion-related health care utilization rate compared with states without laws (P < .01).

CONCLUSIONS AND RELEVANCE Increased health care utilization rates among children with
concussion in the United States are both directly and indirectly related to concussion
legislation. A portion of the increased rates (60%) in states without legislation is attributable
to an ongoing upward trend demonstrated before enactment of the first state law in 2009.
The remaining 40% increase in these states is thought to have resulted from elevated
awareness brought about by heightened local and national media attention. Concussion
legislation has had a seemingly positive effect on health care utilization, but the overall
increase can also be attributed to increased injury awareness.
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S port- and recreation-related concussions are estimated
to occur between 1.6 and 3.8 million times a year in the
United States.1 It is estimated that more than half these

injuries go unreported,2 leaving the true incidence unknown.3

Following injury, patients show increased rates of self-re-
ported symptoms, impaired motor function, and reduced cog-
nitive functioning.4 When treated properly, most individuals
with concussion will return to a preinjury level of functioning
within 14 days.5 However, the long-term effects of concussion
and noninjurious head impacts remain unclear.6,7 In addition,
in adolescent athletes, there may be a risk for second-impact
syndrome and significant neurological damage when a sec-
ond concussive blow is sustained before resolution of the first.8

The potential for significant worsening of the original
injury, severe disability or death from second-impact syn-
drome, and the concern for chronic neurodegeneration
prompted states to pass legislation outlining the medical care
of children with concussion. Washington State enacted the first
legislation in 2009 (ie, the Lystedt Law). Similar legislation was
passed by more than half the states and Washington, DC by the
end of 2011, and all other states and DC had legislation in place
by January 2014 (Table 1). The intricacies of each law differ by
state, but most concussion legislation includes the following
components: (1) education for coaches, parents, and/or ath-
letes; (2) immediate removal of an athlete from play who has
or is suspected of having a concussion; and (3) clearance from
a health care professional for the athlete to return to activity
no sooner than 24 hours following the injury. Concussion leg-
islation is unique in medicine because no other injury has a
legislative mandate requiring medical attention.

Because this is the first injury with legal guidelines out-
lining a medical intervention before returning to activity, how
injury reporting and health care utilization are affected by such
legislation is unknown. For instance, some have suggested that
mandatory removal from activity and medical clearance be-
fore returning to activity would result in fewer reported cases
because athletes would hide injuries2 to continue playing. Al-
ternatively, the legislation may result in increased interac-
tion with medical professionals for injury diagnosis and/or
clearance to return to activity.9 In addition to state legislative
action, national awareness of sports concussion has in-
creased through heightened media awareness and coverage.10

Therefore, the intent of this investigation was to evaluate health

care utilization rates for concussions from January 1, 2006,
through June 30, 2012, in states with and without legislation.

Methods
The MarketScan Commercial Claims and Encounters (USA)
Database11 (Truven Health Analytics) was analyzed from Janu-
ary 1, 2005, through June 30, 2012 (the latest information avail-
able). MarketScan is derived from health insurance claims and
contains deidentified information from all settings of care (in-
patient and outpatient) from various health plans and employer-
sponsored plans, including health maintenance organizations,
fully and partially capitated health plans, preferred provider or-
ganizations, point-of-service plans, and consumer-directed
health plans. In 2012, MarketScan contained information from
approximately 50 million enrollees in the United States.

The study group comprised insured children aged 12 to 18
years, the age group most likely to be affected by concussion
legislation. These children were selected from a continuous co-
hort of 96 employer and health plan data contributors from
January 1, 2005, through June 30, 2012, to minimize changes
in the underlying composition over time. Data collected from
all 50 states and DC were used in the analyses. Claims from
January 1, 2005, through December 31, 2005, were used for prior
utilization and enrollment patterns, while claims and enroll-
ment data for services incurred in the 78 months from Janu-
ary 1, 2006, through June 30, 2012, were used in the analyses.
Exempt status was provided by the University of Michigan In-
stitutional Review Board.

To calculate monthly health care utilization rates for di-
agnosed concussions, we included children enrolled for health
benefits in each month, with at least 12 months of continuous
previous enrollment to enable assessment of prior utiliza-
tion. For these children, a concussion was counted in a par-
ticular month based on the first day of medical service (not time
of injury) and was preceded by at least 90 days without an ad-
ditional concussion diagnosis. Concussions were defined using
the International Classification of Diseases, Ninth Revision, Clini-
cal Modification (ICD-9-CM) codes 850.0 through 850.9 (con-
cussion) in the inpatient or outpatient tables diagnosis code
fields, and we varied the definition in sensitivity analysis.

Health care utilization for concussion-related events in-
cluded outpatient physician office visits, physician office vis-
its to specialists (ie, neurologists), emergency department (ED)
visits, and inpatient admissions. Visits or admissions were con-
cussion related if a concussion diagnosis code was included.
Although not commonly indicated, we also measured rates of
computed tomographic (CT) scans for concussion to assess
trends in imaging services.

We assessed the following: (1) prelegislation trends in con-
cussion-related health care utilization from January 1, 2006,
through June 30, 2009, (2) postlegislation trends from July 1,
2009, through June 30, 2012, in states without concussion leg-
islation in effect in excess of prelegislation trends, and (3) the
effect of state concussion laws on concussion-related health
care utilization trends in states with and without concussion
legislation in effect. Risk ratios and 95% CIs were adjusted for

Table 1. States With Concussion Legislation in Effect
by Year of Implementation

Year State
2009 Oregon, Washington

2010 Connecticut, Idaho, Oklahoma, Rhode Island, Massachusetts,
New Mexico, New Jersey

2011 Alabama, Alaska, Arizona, DC,a Iowa, Illinois, Indiana, Kansas, Louisiana,
Maryland, Missouri, Minnesota, North Carolina, North Dakota, Nevada,
South Dakota, Texas, Utah, Virginia, Vermont, Wyoming

2012 California, Colorado, Kentucky, Wisconsin, Maine, Florida, Nebraska,
New York, Pennsylvania, Hawaii, Delaware, New Hampshire

2013 Ohio, Montana, Michigan, South Carolina, Arkansas, West Virginia

2014 Georgia, Tennessee, Mississippi

a Washington, DC.
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state characteristics, such as median income, percentage un-
employed, and percentage female, by means of negative bi-
nomial multivariable estimation with state and time fixed ef-
fects, including an offset for the number of enrolled individuals
in each month (see eAppendix in the Supplement for model
specification and sensitivity analysis12). In this specification,
dummy variables control for time-invariant state-specific fac-
tors. The adjusted estimates were subtracted from 1 to obtain
the adjusted rate increase or reduction.

Data on health care utilization rates for bone fractures, an
injury unlikely to be affected by the legislation, were also ex-
tracted from the MarketScan database and analyzed as a fal-
sification test, in which an absence of effects is expected. A
finding of no association between fracture rates and concus-
sion legislation further strengthens the evidence that the es-
timated effects on concussion rates are associated with the leg-
islation and not with unobserved state-specific characteristics.

Results
By the end of the 2011-2012 school year (mid-2012), 35 states
(70.0%) plus DC had laws in effect regarding sports-related con-
cussion in children (Table 1). These states represented 62.0%
of children aged 12 to 18 years who met the study inclusion cri-
teria in the MarketScan database, with the remainder (38.0%)
residing in states without legislation.

As noted in Table 2, before the enactment of state concus-
sion laws, the rate of treated concussions rose from 4.98 per
1000 children (annualized rate) in early 2006 to 7.15 per 1000
children in the 2008-2009 school year. This was a 43.6% in-
crease, or an approximately 9.4% increase per year. In the 2009-
2010 school year, the first with state legislation in effect, the
rate of treated concussions increased to 8.49 per 1000 chil-
dren. In 2010-2011, the rate increased to 10.64 per 1000 chil-
dren, and in 2011-2012, it almost doubled from prelegislation
(2008-2009) levels to 13.27 per 1000 children.

Health care utilization for unadjusted annualized rates of
concussive events followed a cyclical pattern each year, with
the lowest rate of concussions occurring in July (eg, 3.52 per
1000 children in 2008) and the highest rates occurring in Sep-
tember (eg, 8.51 per 1000 children in 2008) and October (eg,
8.92 per 1000 children in 2008) (Figure). Rates of treated con-
cussions were rising by 9% before the enactment of the first
state legislation. After 2009 and the passage of the first state
laws, states without laws in effect demonstrated a 20.9% an-

nual increase in treated concussion rates. In states with leg-
islation in effect, the rates of treated concussions were higher
by an average of 13.1% per year than in states without laws in
effect.

Prelegislation and Postlegislation Trends in Health Care
Utilization for Concussions
In the multivariable fixed-effects models, controlling for dif-
ferences across states, the rates of treated concussions in-
creased 9% per school year (P < .01) before the first concus-
sion law (ie, 2005-2009). Following the implementation of
concussion legislation in 2009, the rates of treated concus-
sions in states without legislation were 7% higher in the 2009-
2010 school year, 20% higher in the 2010-2011 school year, and
34% higher in the 2011-2012 school year (all P < .01) than preleg-
islation trends (2005-2009).

When health care utilization for concussions was evalu-
ated based on the presence of concussion legislation, a 10% in-
crease in health care utilization for concussions was recorded
in states with concussion laws in effect compared with states
without laws in effect (P < .01).

Concussion Event Rates by Sex
The effect on rates of health care utilization for concussion
events after legislative action and in states with safety laws

Table 2. Health Care Utilization for Concussions, January 1, 2006-June 30, 2012a

School Year
Concussions,

No.b
Concussion Rate,

No. per 1000 Enrollees

Enrollment, No.

Male Female
2005-2006c 2919 4.98 598 132 573 089

2006-2007 7699 6.04 650 460 623 310

2007-2008 8555 6.45 676 472 650 444

2008-2009 10 182 7.15 726 263 698 227

2009-2010 12 035 8.49 722 454 694 535

2010-2011 15 072 10.64 722 769 694 288

2011-2012 18 917 13.27 727 244 697 996

a Data were obtained from the
2006-2012 MarketScan Commercial
Claims and Encounters (USA)
Database.11

b Concussions are defined as the first
occurrence of health care utilization
preceded by at least 90 days
without a concussion diagnosis.

c January 1, 2006, through June 30,
2006. All other ranges are from
July 1 through June 30.

Figure. Average Rate of Concussions per 1000 Enrollees in States
With and Without Legislation Regarding Sports-Related Concussion
in Children in Effect

First state laws in effect

0
May 2005 Feb 2008 Jul 2009 Nov 2010 Apr 2012 Aug 2013

30

25

Co
nc

us
si

on
 R

at
e,

 N
o.

 p
er

 1
00

0 
En

ro
lle

es

15

20

10

5

Oct 2006

Without legislation
With legislation

Rates are annualized. Data were obtained from the 2006-2012 MarketScan
Commercial Claims and Encounters (USA) Database11 for enrollees aged
12 to 18 years.
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regarding concussion in children did not differ by sex, and rates
were similar to the aggregate trend.

Office Visits
Concussion-related office visit rates increased by 20% per
school year before the first concussion legislation (P < .01)
(Table 3). When compared with the prelegislation trends, a
15% increase in office visits was seen in 2009-2010, a 43%
increase in 2010-2011, and a 78% increase in 2011-2012 (all
P < .01) relative to the 2008-2009 school year. From 2009
through 2012, the rate of office visits for concussion was
17% higher in states with laws in effect than in states with-
out (P < .01).

Neurologist Visits for Concussion
The rate of neurologist visits during the prelegislation period
from 2006 through 2009 remained unchanged (P = .26). How-
ever, relative to the 2008-2009 school year, a 36% increase in
neurologist visits was noted in 2009-2010, an 84% increase in
2010-2011, and a 150% increase in 2011-2012 (all P < .01). The
rate of neurologist visits for concussion were no different in
states with and without laws in effect (P = .26).

ED Visits and CT Scans
Trends in ED visits and CT scans for concussion followed a simi-
lar pattern at each time point. The rates of concussion-
related ED visits rose 9% per school year before the first con-
cussion legislation, while concussion-related CT scans
increased 7% during the same time (P < .01). Following the pas-
sage of concussion legislation, trends for ED visits and CT scans
remained unchanged relative to the prelegislation time points
(ED, P = .09; CT, P = .72). Similarly, ED visit and CT scan rates
were no different in states with and without laws in effect (ED,
P = .73; CT, P = .16).

Inpatient Admissions With Concussion
Prelegislation and postlegislation hospital admissions with con-
cussion were stable over time (prelegislation trend, P = .66;
postlegislation trend, P = .94; states with and without laws,
P = .58).

Fracture Falsification Test
Before 2009, monthly trends in fracture and concussion rates
were highly correlated (Pearson correlation coefficient, 0.93).
Results of a falsification test of all bone fractures showed no
change in fracture rates in all states after the first laws were in
effect (postlegislation trend P = .23) and no difference be-
tween states with and without laws in effect (P = .054) (Table 3).

Discussion
During the previous decade, there has been a growing inter-
est in the management of concussions, and beginning July 1,
2009, every state has enacted treatment legislation for the
injury. This investigation sought to evaluate how legislative
action and overall concussion awareness have altered utiliza-
tion of medical services. Postestimation analysis indicated a
92% increase in health care utilization in states with concus-
sion legislation between the 2008-2009 and 2011-2012 school
years in children aged 12 to 18 years (eAppendix in the
Supplement). In states without laws in effect, health care uti-
lization for concussions increased 75% between the 2008-
2009 and 2011-2012 school years. We estimate that slightly
more than half (60%) the increase in states without laws in
effect resulted from the continued trend of increasing health
care utilization established before the first law was passed.
The sources leading to the remaining 40% increase in utiliza-
tion above the prelegislative trend were not evaluated, but it
is not unreasonable to believe that general media coverage of
laws from other states and/or the injury in general played a
role. Indeed, a search of news articles from 2006 through
2012 using LexisNexis13 with the search terms sports AND
concussion AND athlete showed a 6-fold increase during that
time, which likely affected the health care utilization findings
reported here.

While the absolute injury rate for concussions was lower
in women, the rate of increase in health care utilization for con-
cussions in women in the prelegislative period was twice (10%)
the rate of increase in men (5%) (Table 4). Interestingly, the ef-
fect of legislation was similar by sex, despite data supporting

Table 3. Effect of Legislation on Concussion-Related Utilization and Eventsa

Heath Care Received

Monthly Concussion
Rate, No. per

1000 Enrollees

Concussion Rate Increase, % (95% CI)
Average Annual

Prelegislation Trend
Average Effect on States

With Legislationb Trend in States Without Legislationc

2005-2008 2006-2009 2009-2012 2009-2010 2010-2011 2011-2012
Concussion visits

Office 3.71 20 (15 to 26) 17 (10 to 24) 15 (6 to 23) 43 (30 to 56) 78 (56 to 100)

Neurologist 0.86 −7 (−18 to 6) 9 (−6 to 25) 36 (8 to 64) 84 (38 to 130) 150 (64 to 236)

Emergency Department 4.16 9 (5 to 13) 1 (−4 to 6) 2 (−3 to 7) 5 (−1 to 12) 9 (−1 to 18)

Concussion treatment

Computed tomographic scan 3.42 7 (3 to 21) −4 (−16 to 10) −1 (−7 to 5) −1 (−7 to 6) 0 (−10 to 10)

Inpatient admissions 0.32 5 (−7 to 18) 0 (−17 to 21) −17 (−32 to −1) −14 (−33 to 4) −12 (−39 to 14)

Fractures 40.43 −1 (−3 to 0) −2 (−4 to 0) 0 (−2 to 2) 1 (−2 to 4) 2 (−2 to 6)

a Data were obtained from the 2006-2012 MarketScan Commercial Claims and Encounters (USA) Database11 for enrollees aged 12 to 18 years.
b Compared with states without laws in effect.
c Rate in excess of the prelegislation 2005-2008 trend.
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the notion that women sustain concussion more frequently
than their male counterparts.14

One of the major concerns in treating athletes with con-
cussion, particularly child athletes, is a premature return to play
that leads to an additional head impact while still recovering
from an injury. Indeed, a national investigation of sport-
related concussion reported that more than 90% of individu-
als who received a repeated injury did so within 10 days of the
first concussion.15 Certainly most of these individuals re-
turned to play before full resolution of the first injury. Al-
though it was beyond the scope of this investigation to evalu-
ate the effects of state legislation on repeated concussions, we
would expect that the increased use of physicians through of-
fice (78% increase) and neurologist (150% increase) visits has
resulted in better management and longer recovery times be-
fore returning to participation. Encouragingly, the rate of con-
cussions managed through the ED remained unchanged fol-
lowing the implementation of state laws, suggesting that those
who seek medical care for the injury are doing so through the
appropriate channels. Use of CT scans for concussion manage-
ment also remained unchanged. This finding is consistent with
clinical algorithms for CT use16 and epidemiological studies that
show low rates of vomiting17 and loss of consciousness.18

This study is not without limitations. Most important, the
cause of injury is not reported in the insurance claims. While
we assume that most of the injuries and the subsequent in-
crease starting in 2009 are associated with sporting activity,
some may have resulted from other activities (eg, automobile
accidents). However, we have no reason to believe concus-
sion reporting rates not associated with sports increased dur-
ing the same period. There is also no reason to believe that the
true incidence or injury rates for concussion have increased
since 2009—results of a falsification test of fractures, for which
the absence of an effect is anticipated, showed no postlegis-

lation change in rates in states with or without concussion laws.
Since then, there have been no substantial changes to sport-
ing rules that would result in increased concussion rates.
Rather, sporting organizations have placed increased empha-
sis on reducing concussions through athlete education, rule
changes, and increased penalties for actions that place play-
ers at risk for concussion. Second, the effective dates we ana-
lyzed represent the latest date the legislation was deter-
mined to be effective. In many states, the legislation was
effective shortly after enactment; however, several states had
a phased implementation of the legislation and provisions of
the law could unfold over several months. We believe that se-
lecting a later date is likely to bias our results downward. Third,
our study focuses on trends for children with employer-
based health insurance, representing about half the children
in the United States19; however, similar trends may not occur
in children with public sources of insurance (eg, Medicaid) or
uninsured children. Fourth, sports medicine physicians and
physiatrist specialty codes can be unevenly populated in ad-
ministrative data, so we reported utilization of neurologist vis-
its. This is likely to underestimate the rate of concussion-
related specialist visits.

Conclusions
The implementation of legislation dictating the treatment of
concussions is unprecedented in the medical field. The imple-
mentation of legislation regulating concussive injury manage-
ment appears to have been effective in increasing medical at-
tention devoted to concussive injuries in children in the United
States. From 2009 through 2012, states with legislation had a
92% increase in treated concussion-related health care utili-
zation and states without legislation had a 75% increase.
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