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PATIENTS EVALUATED AT EMER-
gency departments often pre-
sent with nonemergency con-
ditions, an expensive practice

that contributes to overcrowding and
decreased continuity of care.1-8 Evi-
dence suggests that emergency depart-
ment overcrowding is associated with
adverse clinical outcomes,9-12 and pro-
posed solutions have ranged from
streamlining inpatient admissions to ex-
panding primary care and insurance
coverage.6-8,10 Others regard overuti-
lization as symptomatic of inadequate
consumer engagement in medical de-
cision making, suggesting that pa-
tients will reduce use of discretionary
services if they share a greater propor-
tion of health care costs.13-15

With health care premiums continu-
ing to increase, policy makers,16 public
and private payers,17-19 and employers20

have shown interest in using high-
deductible health plans (HDHPs) to con-
trol costs. These plans have low monthly
premiums but subject most services to
deductibles averaging $2985 to $4008
per year for family plans.20 As a new
health insurance product offering, high-
deductible–associated plans have expe-
rienced rapid expansion; the percent-
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Context Patients evaluated at emergency departments often present with nonemer-
gency conditions that can be treated in other clinical settings. High-deductible health
plans have been promoted as a means of reducing overutilization but could also be
related to worse outcomes if patients defer necessary care.

Objectives To determine the relationship between transition to a high-deductible
health plan and emergency department use for low- and high-severity conditions and
to examine changes in subsequent hospitalizations.

Design, Setting, and Participants Analysis of emergency department visits and
subsequent hospitalizations among 8724 individuals for 1 year before and after their
employers mandated a switch from a traditional health maintenance organization plan
to a high-deductible health plan, compared with 59 557 contemporaneous controls
who remained in the traditional plan. All persons were aged 1 to 64 years and insured
by a Massachusetts health plan between March 1, 2001, and June 30, 2005.

Main Outcome Measures Rates of first and repeat emergency department visits
classified as low, indeterminate, or high severity during the baseline and follow-up pe-
riods, as well as rates of inpatient admission after emergency department visits.

Results Betweenthebaselineandfollow-upperiods,emergencydepartmentvisitsamong
members who switched to high-deductible coverage decreased from 197.5 to 178.1 per
1000members,whilevisitsamongcontrolsremainedatapproximately220per1000(−10.0%
adjusteddifference indifference;95%confidence interval [CI],−16.6%to−2.8%;P=.007).
The high-deductible plan was not associated with a change in the rate of first visits occur-
ring during the study period (−4.1% adjusted difference in difference; 95% CI, −11.8%
to 4.3%). Repeat visits in the high-deductible group decreased from 334.6 to 255.3 visits
per1000membersandincreasedfrom321.1to334.4per1000members incontrols(−24.9%
difference in difference; 95% CI, −37.5% to −9.7%; P=.002). Low-severity repeat emer-
gency department visits decreased in the high-deductible group from 142.5 to 92.1 per
1000membersandincreasedincontrolsfrom128.0to132.5visitsper1000members(−36.4%
adjusted difference in difference; 95% CI, −51.1% to −17.2%; P�.001), whereas a small
decrease in high-severity visits in the high-deductible group could not be excluded. The
percentage of patients admitted from the emergency department in the high-deductible
groupdecreased from11.8%to10.9%and increased from11.9%to13.6%amongcon-
trols (−24.7% adjusted difference in difference; 95% CI, −41.0% to −3.9%; P=.02).

Conclusions Traditional health plan members who switched to high-deductible cov-
erage visited the emergency department less frequently than controls, with reductions
occurring primarily in repeat visits for conditions that were not classified as high severity,
and had decreases in the rate of hospitalizations from the emergency department. Fur-
ther research is needed to determine long-term health care utilization patterns under high-
deductible coverage and to assess risks and benefits related to clinical outcomes.
JAMA. 2007;297:1093-1102 www.jama.com
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age of employers offering HDHPs
increased by 75% between 2005 and
2006,20 and membership in HDHPs has
shown similar increases.18

The effect of HDHPs on enrollee
health and health care utilization is con-
troversial. Some suggest that plans with
high levels of cost sharing will reduce
inappropriate use of medical services,
improve health outcomes or have neu-
tral effects, and engage patients in
shared decision making with clini-
cians.13-16,21 Others are concerned that
HDHPs will decrease utilization of nec-
essary health care, potentially causing
adverse outcomes.22-26

Prior studies have suggested that cost
sharing decreases use of both appro-
priate and inappropriate health ser-
vices, including hospitalizations,27 use
of essential medications,28,29 and
preventive services.30 These effects
may occasionally be associated with
worse health outcomes compared with
plans with lower out-of-pocket obliga-
tions.27,29,31 In contrast, patients pri-
marily reduce discretionary services
when emergency department care is
subject to cost sharing, and adverse out-
comes have not been reported.3,4,32,33

However, these findings may not ap-
ply to the current health care environ-
ment, and no rigorous studies to date
have examined the association of
HDHPs with emergency department use
and related hospital admissions.34

In March 2002, Harvard Pilgrim
Health Care began offering to Massa-
chusetts employers an HDHP that in-
cluded emergency department and hos-
pitalization costs under the deductible.
We studied rates of emergency depart-
ment use and subsequent hospital ad-
missions among members whose em-
ployers switched from offering a
traditional health maintenance organi-
zation (HMO) plan to offering only the
HDHP and we compared rates with con-
temporaneous controls who remained in
the HMO plan.

METHODS
Setting

Harvard Pilgrim Health Care is a health
plan serving approximately 900 000 in-

dividuals in Massachusetts and New
Hampshire who are enrolled primar-
ily through employer-sponsored plans.
On March 1, 2002, Harvard Pilgrim
Health Care began offering an HDHP
product (“Best Buy”) with annual de-
ductibles ranging from $500 to $2000
for individuals and $1000 to $4000 for
families. Members of family plans also
have an individual deductible equal to
half their family deductible. In these
plans, full coverage begins for mem-
bers if they exceed their individual de-
ductible, or for family members if the
family’s combined expenses exceed the
family deductible.

Many institutional services, includ-
ing emergency department care, are
subject to the deductible, whereas most
preventive services (eg, immuniza-
tions, mammograms, certain labora-
tory tests) have first dollar coverage. A
$20 co-payment applies to most out-
patient visits, including routine physi-
cal examinations, urgent care visits, and
specialist consultations. These co-
payments are independent of the mem-
ber’s deductible status so that they must
be paid whether the member is above
or below the deductible spending level.
When HDHP member spending is less
than the deductible level, the patient is
billed directly for all services subject to
the deductible. After the spending level
exceeds the deductible, members pay
a $100 co-payment for emergency de-
partment care; if they are admitted to
the hospital, the co-payment is waived.
Employers purchasing the HDHPs
may opt to combine them with a health
reimbursement account from Harvard
Pilgrim Health Care. This allows the
employee to place money into an ac-
count to pay for out-of-pocket health
expenses.

All Harvard Pilgrim Health Care
members may seek care from any emer-
gency department. However, the avail-
ability of urgent same-day care is prac-
tice-specific and not uniform across the
provider network.

Members of the traditional HMO
plans we studied had varying levels of
emergency department and outpa-
tient co-payments (between $20-$100

and $5-$25, respectively). Inpatient co-
payments ranged from $0 to $1000,
with a median of $100.

Study Groups

HDHP Study Group. We identified
Massachusetts members aged 1 to 64
years insured by Harvard Pilgrim Health
Care between March 1, 2001, and June
30, 2005, who had at least 1 year of con-
tinuous enrollment in a traditional
HMO plan followed by at least 6 months
in the HDHP. We chose members whose
employers offered only a single choice
of health plan and who remained with
the same employer for the entire pe-
riod. High-deductible health plan mem-
bers were therefore not able to self-
select their health plan. We included
members from employers who pur-
chased plans directly from Harvard Pil-
grim Health Care as well as from those
who purchased Harvard Pilgrim Health
Care plans from independent brokers
(“association” plans). We excluded
members from employers who offered
health plans from other insurance pro-
viders, 34 members with missing cen-
sus data, and members in accounts
that were in nongroup, Medicare, or in-
tegrated federal employee HMO
products.

We identified an index date for each
member (the date the member switched
to the HDHP), a 12-month baseline pe-
riod that preceded the index date, and
a 12-month follow-up period. To maxi-
mize the number of enrollees in the
study, we also included more recent
HDHP switchers if they had at least 6
months of follow-up. Our HDHP group
consisted of 8724 individuals, with
85.9% having a full 12 months of fol-
low-up.

HMO Control Group. We selected
controls from Massachusetts employ-
ers who were enrolled in Harvard Pil-
grim Health Care’s traditional HMO
plans during the same March 2001–
June 2005 eligibility period and who
were not offered the choice to enroll in
an HDHP or any other Harvard Pil-
grim Health Care plan during their eli-
gibility. These members’ employers also
did not offer health plans from insur-
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ers other than Harvard Pilgrim Health
Care. For each HDHP member, we ran-
domly matched 8 contemporaneous
controls based on adult/child status and
whether the member was in an asso-
ciation plan. Each matched control
member was then assigned the same in-
dex date and had the same baseline and
follow-up periods as the matched
HDHP member. We excluded any con-
trols who had emergency department
co-payments that changed between
their baseline and follow-up periods
(12.4% of the matched control pool)
and 57 members with missing census
data. After examining the distribution
of emergency department visits, we re-
moved outliers with more than 12 emer-
gency department visits in the base-
line year (8 control group members).
Our control group consisted of 59 557
members, with 85.4% having a full 12
months of follow-up.

The study was approved by the Har-
vard Pilgrim Health Care Institutional
Review Board.

Emergency Department Use
and Classification of Visits

We used an established algorithm to
identify emergency department claims
from Harvard Pilgrim Health Care’s
claims database. The final date of fol-
low-up for study members was June 30,
2005. For each visit episode, we used
the emergency department physi-
cian’s International Classification of Dis-
eases, 9th Revision, Clinical Modifica-
tion (ICD-9-CM) diagnosis when
available to classify visits. Only 7 vis-
its (0.02%) had missing diagnoses.

To categorize each visit’s primary
ICD-9-CM diagnosis and determine the
probability that a visit required emer-
gency department care, we used an al-
gorithm developed by the New York
University Center for Health and Pub-
lic Service Research.5 New York Uni-
versity researchers, with consultation
from a panel of emergency depart-
ment and primary care physicians, ab-
stracted 5700 emergency department
charts and classified them into 4 cat-
egories: nonemergent (NE); emer-
gent, primary care treatable (EPCT);

emergency department care needed,
preventable/avoidable (EDCNPA); and
emergency department care needed, not
preventable or avoidable (EDCNNPA).
The panel considered a visit to be emer-
gent if care was needed within 12 hours
and preventable/avoidable if an emer-
gency department visit could have been
avoided with timely primary care. The
investigators then linked classified vis-
its to the primary emergency depart-
ment ICD-9-CM discharge diagnosis
from the particular visit. The algo-
rithm thus determines the probability
of an ICD-9-CM diagnosis being in each
of the 4 aforementioned categories, and
together the probabilities sum to 1.0.
Diagnoses also may be categorized as
unclassified if they are not included in
the New York University algorithm.
Eleven percent of visits in our study fell
into the unclassified category.

Based on a validation of this algo-
rithm developed by Hsu et al (unpub-
lished data provided in a written com-
munication by John Hsu, MD, MBA,
November 1, 2006), we defined a visit
as high severity if the probability that
emergency department care was needed
was at least 75% for the visit’s primary
ICD-9-CM diagnosis (EDCNNPA �
EDCNPA �0.75). Likewise, we de-
fined a visit as low severity if the
probability of needing emergency de-
partment care was less than 25%
(EDCNNPA � EDCNPA �0.25) and
as indeterminate severity for those be-
tween 25% and 75%. Hsu et al found a
strong association between visits clas-
sified as low and high severity and fu-
ture hospitalization or death.

To group emergency department di-
agnoses into clinically meaningful clus-
ters, we used the 2006 version of the
Agency for Healthcare Research and
Quality’s Clinical Classifications Soft-
ware.35 This tool has been used to as-
sess trends in health services utiliza-
tion36-38 and was found to provide the
most thorough classification of emer-
gency department–specific ICD-9-CM
codes in comparison with other
systems.39

We hypothesized that when HDHP
members discovered the cost of emer-

gency department care during or after
a first visit, later emergency depart-
ment use might be affected. We there-
fore further classified visits as first vis-
its, defined as the first visit by a member
during the given study period (base-
line or follow-up period), and repeat
visits, defined as any subsequent visit
in that study period. Repeat visits are
not necessarily related to the problem
or diagnosis from preceding visits.

Hospitalizations and Health
Outcome Measures

We defined emergency department–
related hospitalizations as those occur-
ring within 1 day of the emergency de-
partment visit. We subcategorized these
hospitalizations according to whether
they followed low-, indeterminate-, or
high-severity visits, and we used the
Clinical Classifications Software diag-
nostic categories to group discharge
diagnoses into meaningful clusters.
We hypothesized that the severity of
emergency department visits would be
proportional to rates of associated hos-
pitalization, so we calculated the pro-
portion of emergency department vis-
its resulting in hospitalization and
subcategorized by preceding visit se-
verity. We calculated length of hospi-
tal stay for all emergency department–
related hospitalizations. Multiple
studies have used hospitalization rates
or length of hospital stay as proxy mea-
sures of patient morbidity.4,29,31,33,40-42

To assess whether HDHPs were as-
sociated with delays in needed emer-
gency department care, we analyzed
changes in hospitalizations consid-
ered preventable with timely emer-
gency department visits.4 These “avoid-
able hospitalizations” include asthma
(ICD-9-CM code 493), congestive heart
failure (code 428), pneumonia (codes
480-487), pyelonephritis (code 590),
ruptured appendicitis (codes 540.0 and
540.1), and uncontrolled hyperglyce-
mia in diabetes (codes 250.0-250.3).

Control Variables

We used the Chronic Disease Score to
estimate comorbidity for all individu-
als. Both pediatric and adult algo-

EMERGENCY DEPARTMENT USE IN A HIGH-DEDUCTIBLE HEALTH PLAN

©2007 American Medical Association. All rights reserved. (Reprinted) JAMA, March 14, 2007—Vol 297, No. 10 1095

Downloaded From: http://jamanetwork.com/pdfaccess.ashx?url=/data/journals/jama/5123/ on 02/22/2017



rithms, developed at Group Health Co-
operative of Puget Sound, Seattle, Wash,
use automated ambulatory pharmacy
data for case-mix adjustment.43,44 In pre-
dicting future health service cost or uti-
lization, the adult Chronic Disease
Score performs equivalently to mod-
els using diagnostic or procedural
data.43,45 It has performed as well or bet-
ter than the ICD-9-CM–based ambula-
tory care groups model in HMO set-
tings, predicting 50% to 60% of
variation in health care utilization,
costs, and mortality.43 The pediatric
model has been shown to be superior
to a demographics model and is a vi-

able alternative to the ambulatory care
groups model.44

To derive proxy measures of socio-
economic status, we linked members’
residential addresses to their 2000 US
Census block group, a subdivision of
census tracts containing an average of
1000 individuals.46 We created previ-
ously established categorical variables of
education and poverty status.47 Other co-
variates included age at index date,
sex, employer size (measured by num-
ber of employees), whether members
were in association plans, and whether
members were in individual or family
plans.

Statistical Analyses
We compared baseline characteristics
of the 2 study groups using �² tests, t
tests, or quantile regression.48 We used
a difference-in-differences analytic
framework to examine the outcomes of
interest: changes in emergency depart-
ment visits and hospital admissions in
the HDHP group from baseline to fol-
low-up compared with the control
group. We analyzed total visits, first vis-
its, and repeat visits, as well as low-, in-
determinate-, and high-severity first and
repeat visits. We then examined per-
centages of admissions from the emer-
gency department and length of hos-
pital stay among the groups in the
baseline and follow-up periods. We also
assessed the odds of emergency depart-
ment visits by deductible level, then ex-
amined the odds of visits occurring dur-
ing membership time spans above and
below the deductible. In addition, we
analyzed total expenses paid for emer-
gency department visits, as well as ex-
penses paid by the plan members and
by Harvard Pilgrim Health Care.

All models used generalized estimat-
ing equations49,50 to adjust for cluster-
ing within individuals between the
baseline and follow-up periods. We
used Poisson regression to model the
independent association between high-
deductible status and emergency de-
partment visit rates after controlling for
age, sex, employer size, index date, so-
cioeconomic status, association sta-
tus, individual vs family plan, and mor-
bidity. Because we did not follow up
some members for a full year, we also
adjusted for duration of follow-up. We
used the same Poisson model and co-
variates to analyze changes in odds of
visits by deductible level, expenses paid
for emergency department visits, avoid-
able hospitalizations, hospitalization
rates, and length of stay. For the latter
2 outcomes, we added a term to adjust
for the severity of the emergency de-
partment visit that preceded the hos-
pitalization. In the model examining the
odds of a visit during membership spans
above and below the deductible
amount, we adjusted for the deduct-
ible amount as well as the duration of

Table 1. Baseline Population Characteristics

Characteristics

High-Deductible
Health Plan Group

(n = 8724)
Control Group

(n = 59 557)
P

Value

Age on index date, No. (%), y
1-4 457 (5.2) 3009 (5.1)

5-17 1680 (19.2) 11 625 (19.5)
�.001

18-44 3186 (36.4) 25 108 (42.1)

45-64 3438 (39.2) 19 872 (33.3)

Female, No. (%) 4448 (51.0) 30 159 (50.6) .55

In family plan, No. (%) 6104 (70.0) 43 111 (72.4) �.001

In association plan, No. (%) 4685 (53.7) 34 986 (58.7) �.001

Employer size, No. (%)
Small (2-50 employees) 7000 (80.2) 44 196 (74.2)

Mid (51-250) 1571 (18.0) 4444 (7.5)
�.001

Large (251-999) 41 (0.5) 5872 (9.9)

�1000 112 (1.3) 5045 (8.5)

Diabetes, No. (%) 150 (1.7) 1175 (2.0) .11

Hypertension, No. (%) 405 (4.6) 2788 (4.7) .87

Asthma, No. (%) 88 (1.0) 760 (1.3) .04

Chronic Disease Score
Mean (SD) 1054.2 (1616.1) 1117.2 (1710.9) .001

25th percentile (healthiest) 306.6 306.6 �.99

Median 409.8 409.8 �.99

75th percentile 1049.6 1136.6 �.001

No. (%) living in neighborhoods with
below-poverty levels of

�5% 5068 (58.1) 36 578 (61.4)

5%-9.9% 2299 (26.4) 14 544 (24.4)
�.001

10%-19.9% 1034 (11.9) 6085 (10.2)

�20% 323 (3.7) 2350 (4.0)

No. (%) living in neighborhoods with
less-than-high-school-education levels of

�15% 6958 (79.8) 47 724 (80.1)

15%-24.9% 1212 (13.9) 7898 (13.3)
�.005

25%-39.9% 404 (4.6) 3112 (5.2)

�40% 150 (1.7) 823 (1.4)

Emergency department co-payment,
mean (SD), $

49.4 (11.3) 47.4 (9.6) �.001

Outpatient co-payment, mean (SD), $ 15.0 (4.6) 12.6 (4.8) �.001

Inpatient co-payment, mean (SD), $ 248.1 (196.5) 151.2 (182.6) �.001
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time before and after exceeding the de-
ductible amount.

We used logistic regression to model
the associations between the same co-
variates and the likelihood of first vis-
its and low-, indeterminate-, and high-
severity first visits. In the subgroup of
members with at least 1 visit, we used
Poisson regression to model the asso-
ciations between the same covariates
and the number of repeat visits, as well
as in low- indeterminate-, and high-
severity repeat visits. We used the same
logistic model and covariates to ana-
lyze the independent association be-
tween HDHP status and percentage of
emergency department visits result-
ing in hospitalization. All analyses were
performed using SAS software, ver-
sion 9.1 (SAS Institute Inc, Cary, NC).

RESULTS
Baseline Characteristics

TABLE 1 shows the baseline character-
istics of the study groups. The average
age was approximately 35 years and the
sample was evenly split by sex. Most
members in both groups were in fam-
ily insurance plans and most were em-
ployed at small or mid-sized compa-
nies. There were no clinically significant
differences in the distributions of the
Chronic Disease Score; in rates of dia-

betes, hypertension, or asthma; or in
measures of socioeconomic status.

Control group members had base-
line emergency department and out-
patient co-payments averaging $47 and
$13, respectively, compared with $49
and $15 for the HDHP group (P�.001
for both comparisons). In the fol-
low-up period, control group mem-
bers faced essentially unchanged co-
payments at $47 and $14, respectively.
The average inpatient co-payment for
HDHP members in the baseline pe-
riod was $248 compared with $151 in
the control group (P�.001). This co-
payment increased to $184 for con-
trols in the follow-up period. Uptake of
health reimbursement accounts was low
among nonassociation HDHP mem-
bers at 1.4%. We could not measure as-
sociation employer health reimburse-
ment account prevalence but expect it
to be lower among these employers,
who have fewer than 10 employees.

Emergency Department Visits

TABLE 2 presents study differences in
emergency department visits. At base-
line, the HDHP group used the emer-
gency department slightly less than the
control group (197.5 vs 219.6 visits per
1000 members; P=.001). After control-
ling for age, sex, employer size, index

date, socioeconomic status, associa-
tion status, individual vs family plan,
and morbidity, there was a 10.0% rela-
tive decrease (absolute change, −20.2
visits per 1000) in emergency depart-
ment visits in the HDHP group com-
pared with controls from baseline to fol-
low-up (95% confidence interval [CI],
−16.6% to −2.8%; P=.007).

For first visits, there was a nonsig-
nificant 4.1% relative decline in emer-
gency department use for HDHP mem-
bers compared with controls (95% CI,
−11.8% to �4.3%). Both low- and high-
severity first visits by the HDHP group
showed little relative change from base-
line to follow-up (−1.9% [95% CI,
−14.6% to �12.6%] and −3.6% [95%
CI, −24.1% to �22.6%], respectively).

However, for all visits that occurred
after the first visit in a given study pe-
riod, there was a 24.9% relative de-
cline (absolute change, −92.6 visits per
1000 among those with a first visit) in
visits in the HDHP group from base-
line to follow-up (95% CI, −37.5% to
−9.7%; P=.002). This reduction was
greatest for repeat visits that were clas-
sified as low (−36.4%; 95% CI, −51.1%
to −17.2%; P�.001) and indetermi-
nate (−25.5%; 95% CI, −43.8% to
−1.2%; P= .04) severity; there was a
small, nonsignificant relative decline in

Table 2. Use of Emergency Department by Types of Visits in HDHP and Control Groups

No. of Visits per 1000 Members (Total No. of Visits)

Change From Baseline to Follow-up,
HDHP Group vs Controls, % (95% CI)

HDHP Group* Control Group*

Baseline Follow-up Baseline Follow-up

Overall visits† 197.5 (1723) 178.1 (1554) 219.6 (13 078) 220.4 (13 125) −10.0 (−16.6 to −2.8)

First visits‡ 148.0 (1291) 141.9 (1238) 166.2 (9899) 165.2 (9836) −4.1 (−11.8 to 4.3)

Low severity 51.7 (451) 51.1 (446) 57.9 (3449) 58.3 (3473) −1.9 (−14.6 to 12.6)

Indeterminate severity 66.9 (584) 60.1 (524) 74.9 (4458) 70.9 (4223) −5.6 (−16.8 to 7.3)

High severity 15.8 (138) 16.9 (147) 16.9 (1006) 18.6 (1110) −3.6 (−24.1 to 22.6)

Unclassified 13.5 (118) 13.9 (121) 16.6 (986) 17.3 (1030) −1.9 (−25.1 to 28.5)

Repeat visits†§ 334.6 (432) 255.3 (316) 321.1 (3179) 334.4 (3289) −24.9 (−37.5 to −9.7)

Low severity 142.5 (184) 92.1 (114) 128.0 (1267) 132.5 (1303) −36.4 (−51.1 to −17.2)

Indeterminate severity 115.4 (149) 84.8 (105) 120.9 (1197) 122.1 (1201) −25.5 (−43.8 to −1.2)

High severity 46.5 (60) 41.2 (51) 37.9 (375) 36.1 (355) −2.2 (−35.7 to 48.9)

Unclassified 30.2 (39) 37.2 (46) 34.3 (340) 43.7 (430) −1.0 (−38.5 to 59.3)
Abbreviations: CI, confidence interval; HDHP, high-deductible health plan.
*Unadjusted rates.
†Adjusted differences in differences are from Poisson models with generalized estimating equations that included age, sex, employer size, index date, socioeconomic status, as-

sociation status, individual vs family plan, and morbidity.
‡Adjusted differences in differences are from a logistic model with generalized estimating equations that included age, sex, employer size, index date, socioeconomic status, as-

sociation status, individual vs family plan, and morbidity.
§Rates for repeat visits are among members with a first visit to the emergency department during the particular study period.

EMERGENCY DEPARTMENT USE IN A HIGH-DEDUCTIBLE HEALTH PLAN

©2007 American Medical Association. All rights reserved. (Reprinted) JAMA, March 14, 2007—Vol 297, No. 10 1097

Downloaded From: http://jamanetwork.com/pdfaccess.ashx?url=/data/journals/jama/5123/ on 02/22/2017



high-severity visits (−2.2%; 95% CI,
−35.7% to �48.9%; P=.93).

TABLE 3 shows the 5 major diagnos-
tic clusters in each category of repeat
visits by severity level. Visits classified
into these clusters represent 38.3%,
62.3%, and 43.8% of repeat visits in the
low-, indeterminate-, and high-
severity categories, respectively. Ag-
gregate changes experienced by the
HDHP group from baseline to fol-
low-up in these subgroups were simi-
lar to changes in overall repeat visits
(−39.8%, −24.1%, and −3.5% adjusted
differences in differences, respectively).

We also examined utilization pat-
terns by income category. High-
deductible health plan members in the
lowest 2 income categories experi-
enced a 25% decline in high-severity
visits from baseline to follow-up com-
pared with HMO members in the same
income categories (95% CI, −59.1% to
36.1%; P=.34). In comparison, there
was a 1.3% decline among members of
the highest 2 income categories (95%
CI, −21.3% to 23.8%; P=.91).

TABLE 4 shows utilization patterns
by deductible level. The percentages of
HDHP members in individual/family
plans who had deductibles of $500/
$1000, $1000/$2000, and $2000/
$4000 were 9.9%/23.3%, 13.9%/
32.3%, and 6.2%/14.3%, respectively.
Of members in individual HDHPs,
28.3%, 18.4%, and 6.3%, respectively,
of members with $500, $1000, and
$2000 deductibles exceeded their
deductible during the follow-up
period. For those in family plans,
41.9%, 22.2%, and 9.9%, respectively,
of members with $1000, $2000, and
$4000 deductibles exceeded their indi-
vidual or family deductible. Eighty-
three percent of all emergency depart-
ment visits by HDHP members in the
follow-up period and 89% of first vis-
its occurred while members were
below their deductible level.

There was little difference in the odds
of a visit in the follow-up period com-
pared with the baseline period by
deductible level. However, members in
individual plans whose spending ex-

ceeded the deductible level had non-
significantly higher odds of visiting the
emergency department compared with
the odds during time spans when mem-
bers remained below deductible levels
(odds ratio, 1.4; 95% CI, 0.95-1.9), with
the highest odds of emergency depart-
ment visits among members with $500
deductibles (odds ratio, 1.5; 95% CI,
0.92-2.4). In contrast, members of fam-
ily plans did not have higher odds of
emergency department visits after ex-
ceeding their deductible (odds ratio,
0.93; 95% CI, 0.72-1.2).

Hospitalization Rates
and Length of Stay

TABLE 5 shows population rates of
emergency department–related hospi-
talization, percentages of emergency de-
partment visits resulting in admis-
sions, and lengths of hospital stay, with
the latter 2 subcategorized by the se-
verity of the emergency department vis-
its they followed. The percentage of
emergency department visits result-
ing in hospitalizations declined by

Table 3. Repeat Visits by Severity Level Showing the 5 Most Frequent Diagnostic Clusters

Visits Classified by Modified CCS
Diagnostic Clusters (No. of Visits in Category)

No. of Repeat Visits per 1000 Members
(Total No. of Repeat Visits)*

Change From Baseline to Follow-up,
HDHP Group vs Controls, % (95% CI)†

HDHP Group‡ Control Group‡

Baseline Follow-up Baseline Follow-up

Low severity: upper respiratory tract infections and
acute bronchitis (375)§; neck and back pain
syndromes (230) �; headache, including
migraine (170); nausea, vomiting, diarrhea, and
gastroenteritis (167)¶; otitis media and related
conditions, otitis externa, otalgia (156)#

58.1 (75) 39.6 (49) 45.7 (452) 53.1 (522) −39.8 (−60.7 to −7.9)

Indeterminate severity: abdominal pain (416); open
wounds of extremities, head, neck, and trunk
(355)**; nonspecific chest pain (313); superficial
injury; contusion (298); sprains and strains (270)

74.3 (96) 53.3 (66) 76.8 (760) 74.2 (730) −24.1 (−46.8 to 8.3)

High severity: asthma (104); renal tract calculus and
renal colic (74)††; fluid and electrolyte disorders
(74); cardiac dysrhythmias (58); depressive
disorder and adjustment reaction with brief
depressive reaction (58)‡‡

20.9 (27) 18.6 (23) 16.1 (160) 16.1 (158) −3.5 (−47.3 to 77.0)

Abbreviations: CCS, Clinical Classifications Software; CI, confidence interval; HDHP, high-deductible health plan.
*Rates for repeat visits are among members with a first visit to the emergency department during the particular study period.
†Adjusted differences in differences are from Poisson models with generalized estimating equations that included age, sex, employer size, index date, socioeconomic status, as-

sociation status, individual vs family plan, and morbidity.
‡Unadjusted rates.
§Includes CCS diagnoses of “other upper respiratory infections” and “acute bronchitis” as well as International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-

9-CM) code for “acute tonsillitis.”
�Includes CCS diagnosis of “spondylosis; intervertebral disc disorders; other back problems” as well as ICD-9-CM codes for “lumbar sprain” and “sprain of unspecified site of

back.”
¶Includes CCS diagnosis of “nausea and vomiting” as well as ICD-9-CM codes for “diarrhea” and “other and unspecified noninfectious gastroenteritis and colitis.”
#Includes CCS diagnosis of “otitis media and related conditions” as well as ICD-9-CM codes for “infective otitis externa” and “otalgia.”
**Includes diagnoses from the CCS categories “open wounds of extremities” and “open wounds of head, neck, and trunk.”
††Includes diagnoses from the CCS category “calculus of urinary tract.”
‡‡Includes diagnoses from the CCS category “other mental conditions.”
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24.7% (with an absolute rate differ-
ence of −2.6%) from baseline to fol-
low-up in the HDHP group compared
with the control group (95% CI, −41.0%
to −3.9%; P=.02). The odds of a visit
resulting in a hospitalization were
greater for high- (odds ratio, 6.1; 95%
CI, 5.4-6.9) and indeterminate- (odds
ratio, 2.9; 95% CI, 2.6-3.2) severity vis-
its than for low-severity visits.

The HDHP group experienced a
27.0% relative decline (with an abso-
lute rate difference of −7.7%) in popu-
lation rates of hospitalizations that fol-

lowed emergency department visits from
baseline to follow-up (95% CI, −41.4%
to −9.0%; P=.005). Potentially avoid-
able hospitalizations declined by 29.6%
in the HDHP group compared with the
control group from baseline to fol-
low-up (95% CI, −63.6% to �36.1%).

The most common hospitalization dis-
charge diagnosis clusters included non-
specific chest pain (407 admissions over
the study period in the HDHP and con-
trol groups; data not shown), gastroin-
testinal diagnoses (366 admissions), car-
diac diagnoses (306 admissions),

respiratory diagnoses (284 admis-
sions), and psychiatric conditions (265
admissions).Ourability toanalyzemean-
ingful changes in these clusters was lim-
ited by small absolute numbers of diag-
noses in the HDHP group.

The average length of hospital stay
declined from 4.4 days to 3.6 days
among the HDHP group, representing
a relative reduction of 21.5% from base-
line to follow-up (95% CI, −36.3% to
−3.2%; P=.02). Hospitalization rates
and lengths of stay from baseline to fol-
low-up declined among HDHP mem-

Table 4. Utilization Among HDHP Members Stratified by Individual vs Family Plan and Deductible Level

Deductible Level
HDHP Members
in Plan, % (No.)*

HDHP Members
Exceeding

Deductible, % (No.)*

Odds of Emergency Department
Visit Among HDHP Members

During Follow-up Period
vs Baseline Period (95% CI)†

Odds of Emergency Department
Visit Among HDHP Members

During Above-Deductible
vs Below-Deductible

Time Spans (95% CI)†

Individual plans, $ 1.4 (0.95-1.9)

500 9.9 (863) 28.3 (244) 1.0 1.5 (0.92-2.4)

1000 13.9 (1215) 18.4 (223) 1.0 (0.73-1.4) 1.1 (0.60-2.0)

2000 6.2 (542) 6.3 (34) 1.3 (0.86-2.0) 0.67 (0.11-4.2)

Family plans, $ 0.93 (0.72-1.2)

1000 23.3 (2037) 41.9 (854) 1.0 1.0 (0.75-1.3)

2000 32.3 (2816) 22.2 (626) 0.90 (0.75-1.1) 0.73 (0.48-1.1)

4000 14.3 (1251) 9.9 (124) 1.2 (0.96-1.6) 0.86 (0.31-2.4)
Abbreviations: CI, confidence interval; HDHP, high-deductible health plan.
*Unadjusted values.
†Odds ratios are from Poisson models with generalized estimating equations that included age, sex, deductible level, employer size, index date, socioeconomic status, association

status, and morbidity.

Table 5. Hospitalization Rates and Length of Stay in the HDHP and Control Groups

HDHP Group* Control Group* Change in HDHP Group From
Baseline to Follow-up vs Controls, %

(95% CI)†Baseline Follow-up Baseline Follow-up

Emergency department visits
resulting in hospitalizations, %
(No. of hospitalizations)

11.8 (204) 10.9 (170) 11.9 (1560) 13.6 (1789) −24.7 (−41.0 to −3.9)‡

Low severity 6.0 (38) 5.0 (28) 6.3 (295) 6.5 (312) −13.0 (−48.9 to 48.4)

Indeterminate severity 11.7 (86) 10.8 (68) 11.4 (642) 13.6 (740) −27.7 (−50.0 to 4.7)

High severity 25.8 (51) 22.7 (45) 28.8 (398) 31.3 (458) −28.1 (−55.6 to 16.4)

Unclassified 18.5 (29) 17.4 (29) 17.0 (225) 19.1 (279) 16.1 (−35.9 to 110.3)

Hospitalizations per 1000 members
(total No. of hospitalizations)§

23.4 (204) 19.5 (170) 26.2 (1560) 30.0 (1789) −27.0 (−41.4 to −9.0)

Potentially avoidable hospitalizations� 2.6 (23) 1.9 (17) 3.0 (177) 3.1 (186) −29.6 (−63.6 to 36.1)

Mean duration of hospitalization, d
(No. of hospitalizations)§

4.4 (204) 3.6 (170) 4.1 (1560) 4.3 (1789) −21.5 (−36.3 to −3.2)‡

After low-severity visit 3.2 (38) 3.0 (28) 4.5 (295) 3.9 (312) 17.4 (−21.0 to 74.6)

After indeterminate-severity visit 3.9 (86) 2.9 (68) 3.4 (642) 3.6 (740) −29.5 (−48.3 to −4.0)

After high-severity visit 5.7 (51) 4.1 (45) 4.2 (398) 4.4 (458) −34.4 (−54.5 to −5.5)

After unclassified visit 4.7 (29) 4.7 (29) 5.2 (225) 6.1 (279) −13.2 (−42.1 to 67.9)
Abbreviations: CI, confidence interval; HDHP, high-deductible health plan.
*Unadjusted rates.
†Adjusted differences in differences are from Poisson models with generalized estimating equations that included age, sex, employer size, index date, socioeconomic status, as-

sociation status, individual vs family plan, and morbidity.
‡Model also included a term to adjust for the severity of the preceding emergency department visit.
§Only hospitalizations resulting from emergency department visits are shown.
�Includes all hospitalizations, not only those through the emergency department.
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bers compared with controls whether
they followed first or repeat visits of any
severity (data not shown). We there-
fore chose not to analyze admissions
based on the first-visit/repeat-visit dis-
tinction.

Expenses

The average yearly Harvard Pilgrim
Health Care emergency department ex-
pense per HDHP member decreased
from $75 in the baseline year to $36 in
the follow-up period, compared with an
increase from $81 to $94 for control
members, an absolute decline of $52,
representing a 58.5% relative decline af-
ter adjustment for member character-
istics (95% CI, −64.4% to −51.5%;
P�.001). The average yearly member
out-of-pocket emergency department
payment by HDHP members in-
creased from $8 in the baseline year to
$49 in the follow-up period compared
with $9 for control members in both pe-
riods. This absolute increase of $41 was
a 491% relative increase for HDHP
members after adjustment (95% CI,
441%-547%; P�.001). The average out-
of-pocket cost for a first visit in the fol-
low-up period among HDHP mem-
bers was $304 (SD, $272). Overall, total
emergency department expenses paid
per member (including health plan and
member payments) increased from
$83.3 to $85.5 in the HDHP group and
from $90.1 to $103.0 in the control
group, resulting in a 10% nonsignifi-
cant relative decline (95% CI, −19.5%
to �0.4%) for HDHP members from
baseline to follow-up.

COMMENT
To our knowledge, this is the first study
to examine emergency department vis-
its and hospitalization in a modern
HDHP. Overall, we found that in a co-
hort of HMO members who were of-
fered no choice of employer-based
health plans, transition to an HDHP
was associated with reductions in
emergency department visits, hospital-
izations associated with emergency de-
partment visits, and duration of hos-
pitalization. Specifically, the switch to
high-deductible coverage was associ-

ated with a 10% relative decline in total
emergency department visits. The
HDHP was not significantly associ-
ated with a decreased odds of a first
emergency department visit; rather, the
decrease in total visits was primarily re-
lated to a 25% decrease in repeat visits
by the HDHP group. Among such re-
peat visits, the decline occurred pri-
marily among those classified as low
and indeterminate severity, although
there was a small, nonsignificant de-
crease in high-severity visits.

Among HDHP members with emer-
gency department visits, there was a
25% relative decline in the proportion
admitted to the hospital compared with
controls. Combined with reductions in
emergency department visits, there was
a 27% relative decline in population
hospitalization rates in the HDHP co-
hort from baseline to follow-up. Once
admitted to the hospital, the length of
stay for HDHP members was 21% less
than controls. However, the absolute
magnitude of these differences in the
follow-up period was small, with the
HDHP group having 169 fewer emer-
gency department visits, 34 fewer emer-
gency department–related hospitaliza-
tions, and a 0.8-day shorter length of
hospital stay than in the baseline pe-
riod.

Studies conducted during previous
insurance eras have shown a similar as-
sociation with utilization. Cost shar-
ing has been found to reduce overall
and inappropriate emergency depart-
ment visits while having a lesser im-
pact on appropriate care.3,4,32 In the
RAND Health Insurance Experiment,3

co-payments had a more pronounced
effect on reducing “less urgent” than
“more urgent” emergency department
visits. Similarly, 2 studies have dem-
onstrated that among HMO members,
the introduction of co-payments was as-
sociated with a decline in emergency
department use, mostly for conditions
unlikely to be emergencies. No in-
creases in adverse events such as hos-
pitalizations were detected.4,33

The RAND study also found that
cost-sharing members experienced 24%
fewer hospitalizations compared with

those with free care.27 While similar re-
ductions in “appropriate” and “inap-
propriate” admissions occurred, no ad-
verse events were noted. Studies have
also detected lower admission rates
among patients facing higher out-of-
pocket expenses,27,51,52

Our study indicates that these utili-
zation patterns may hold true in mod-
ern employer-sponsored HDHP ar-
rangements. Most HDHP members did
not forgo high-severity emergency de-
partment visits and seemed able to dis-
tinguish low-severity conditions not re-
quiring emergency department care.
The observed reductions in low- and in-
determinate-severity repeat emer-
gency department visits may imply that
HDHP members who become aware of
their degree of cost sharing (after reg-
istering at the emergency department
or being billed for their initial visit) be-
come less willing to return, though
longer-term behavior is uncertain.

However, the stability of repeat high-
severity visits among HDHP members
from baseline to follow-up suggests that
even after understanding their cost-
sharing obligation, HDHP members
continue to use the emergency depart-
ment appropriately. In contrast, reduc-
tions in indeterminate-severity repeat
emergency department visits may im-
ply some risk of worse outcomes, given
that visits in this category have been
found to have a higher odds of 30-day
mortality and hospitalization than low-
severity visits (unpublished data pro-
vided by written communication from
John Hsu, MD, MBA, November 1,
2006).

Our study had limited ability to de-
tect associations between HDHPs and
morbidity or delays in seeking care. De-
creases that we observed in com-
monly used health outcome proxy mea-
sures (hospitalizations and length of
hospital stay) might suggest the ab-
sence of detrimental health outcomes.
However, this may not hold true in our
study, given that reductions could be
related to cost sharing rather than im-
proved health care. Observed declines
in utilization among the HDHP group
would be worrisome if they reflect
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needed care that was forgone because
of an untenable economic trade-off.

However, we believe that reduc-
tions in hospitalizations and shorter
stays may reflect unnecessary utiliza-
tion among controls, rather than inap-
propriate discharges from the emer-
gency department or hospital among
HDHP members. If patients in HDHPs
were being discharged when they
actually required further care, we
would expect to observe higher rates
of subsequent indeterminate- or high-
severity emergency department visits
as well as higher admission rates and
longer lengths of stay following repeat
visits. The fact that we did not detect
such changes may imply that, in the
short-term at least, HDHP members
may be reducing mostly unnecessarily
excessive utilization.

These data must be interpreted care-
fully when deriving implications about
health outcomes. On average, we fol-
lowed members for slightly less than a
year; longer follow-up would be more
likely to detect adverse outcomes if
members are deferring care, especially
if patients do not fully understand their
cost-sharing levels until after first con-
tact with the health system. Further-
more, we were unable to assess mor-
tality changes. In the comparatively
healthy, working-age population we
studied, such outcomes would be dif-
ficult to detect without a substantially
larger sample size.

Our finding that HDHP members
from lower-income areas experienced
statistically nonsignificant decreases in
high-severity visits deserves particu-
lar attention. The affordability of
HDHPs makes broad uptake within this
demographic group more likely, and the
RAND Health Insurance Experiment
demonstrated detrimental health out-
comes for the poorest and sickest pa-
tients subject to cost sharing com-
pared with free care.27 However, our
results should be interpreted within the
context that, given the rising cost of tra-
ditional plans, employers may forgo
purchasing health insurance alto-
gether without the availability of less
expensive coverage.

Our study has several other limita-
tions. Employers may have chosen
plans based on knowledge of their em-
ployees’ health plan preferences, health
status, or prior expenditures. While this
could have been associated with an ele-
ment of selection bias, we were able to
minimize the larger problem of mem-
ber self-selection by restricting the study
population to individuals who had
only a single choice of plan in the fol-
low-up period. The data do not repre-
sent individuals working for larger em-
ployers or those with choices of health
plans. However, HDHPs are increas-
ingly offered at both small and large em-
ployers,20 so our findings may be rel-
evant to a large segment of the health
insurance industry. Furthermore, we
studied a population with a relatively
high socioeconomic status, typical of
employed, commercially insured popu-
lations. Our data also do not represent
longer-term experiences with emer-
gency department utilization deci-
sions in HDHPs; whether HDHP mem-
bers persist in distinguishing low- and
high-severity conditions when decid-
ing to visit the emergency department
is unknown.

Taken together, reductions in re-
peat emergency department visits, rates
of admission, and lengths of stay fol-
lowing emergency department visits
suggest a strong association between
HDHPs and decisions to reduce utili-
zation. Before entering the health care
system, HDHP members may be mak-
ing decisions with or without assis-
tance from medical professionals; once
within the system, they may be nego-
tiating with medical staff regarding de-
cisions to be admitted or discharged.
Whether these decisions are appropri-
ate remains uncertain, but it suggests
that clinicians may be required to par-
ticipate in greater levels of shared de-
cision making about medical neces-
sity and affordability of care as HDHPs
expand.

CONCLUSIONS
Our findings imply that, at least in the
short term, HDHPs may be associated
with reduced overall emergency

department utilization without signifi-
cantly affecting the highest-severity
visits. Although we did not detect
adverse outcomes, broad decreases in
emergency department and hospital
utilization raise concerns about long-
term effects on health. In addition, we
detected reductions in high-severity
visits among HDHP members living in
low-income areas that could imply
worse outcomes compared with coun-
terparts in traditional plans. Further
study is needed regarding long-term
utilization patterns in HDHPs, the
effect of HDHPs on health outcomes,
and effects on low-income popula-
tions.
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other base credentials but does not provide for license
portability.

There are many important issues pertaining to physician
response during disasters, including licensing, credential-
ing, liability, safety, and compensation. This study focused
strictly on licensure of private-sector physicians during de-
clared states of emergency. The finding that 18 states do not
currently have policies allowing accelerated physician li-
censure indicates the potential for suboptimal medical care
in the event of a large-scale disaster. Although the issuance
of executive orders and “federalization” of physicians may
be useful as reactive measures, a policy of accelerated licen-
sure during states of emergency may enhance the rapidity
and magnitude of physician response.
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CORRECTION

Incorrect Data in Table and Text: In the Original Contribution entitled “Emer-
gency Department Use and Subsequent Hospitalizations Among Members of a
High-Deductible Health Plan” published in the March 14, 2007, issue of JAMA
(2007;297[10]:1093-1102), the third and fifth columns of Table 4 contained mis-
calculated data. The corrected table appears below. In addition, the third and fourth
full paragraphs on page 1098 of the article should read as follows:

“Table 4 shows utilization patterns by deductible level. The percentages of HDHP
members in individual/family plans who had deductibles of $500/$1000, $1000/
$2000, and $2000/$4000 were 9.9%/23.3%, 13.9%/32.3%, and 6.2%/
14.3%, respectively. Of members in individual HDHPs, 32.2%, 19.8%, and 5.7%,
respectively, of members with $500, $1000, and $2000 deductibles exceeded their
deductible during the follow-up period. For those in family plans, 41.4%, 19.4%,
and 8.5%, respectively, of members with $1000, $2000, and $4000 deductibles
exceeded their individual or family deductible. Eighty-four percent of all emer-
gency department visits by HDHP members in the follow-up period and 90% of
first visits occurred while members were below their deductible level.

There was little difference in the odds of a visit in the follow-up period compared
with the baseline period by deductible level. However, members in individual plans
whose spending exceeded the deductible level had a statistically significant higher
odds of visiting the emergency department compared with the odds during time spans
when members remained below deductible levels (odds ratio, 1.8; 95% CI, 1.4-2.4),
with the highest odds of emergency department visits among members with $2000
deductibles (odds ratio, 2.9; 95% CI, 1.1-7.7). Members of family plans showed simi-
lar patterns of utilization after reaching their deductible level compared with mem-
bers in individual plans.”

Table 4. Utilization Among HDHP Members Stratified by Individual vs Family Plan and Deductible Level

Deductible Level
HDHP Members in Plan,

% (No.)*

HDHP Members
Exceeding Deductible,

% (No.)*

Odds of Emergency
Department Visit Among
HDHP Members During

Follow-up Period vs
Baseline Period (95% CI)†

Odds of Emergency
Department Visit Among
HDHP Members During

Above-Deductible vs
Below-Deductible

Time Spans (95% CI)†

Individual plans, $ 1.8 (1.4-2.4)

500 9.9 (863) 32.2 (278) 1.0 1.8 (1.2-2.7)

1000 13.9 (1215) 19.8 (241) 1.0 (0.73-1.4) 1.6 (1.0-2.6)

2000 6.2 (542) 5.7 (31) 1.3 (0.86-2.0) 2.9 (1.1-7.7)

Family plans, $ 1.5 (1.2-1.9)

1000 23.3 (2037) 41.4 (844) 1.0 1.5 (1.1-2.0)

2000 32.3 (2816) 19.4 (547) 0.90 (0.75-1.1) 1.4 (1.0-1.9)

4000 14.3 (1251) 8.5 (106) 1.2 (0.96-1.6) 2.7 (1.4-5.4)
Abbreviations: CI, confidence interval; HDHP, high-deductible health plan.
*Unadjusted values.
†Odds ratios are from Poisson models with general estimating equations that included age, sex, deductible level, employer size, index date, socioeconomic status, association

status, and morbidity.
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