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P ayers1 and employers2 are increasingly turning to high-deduct-
ible health plans (HDHPs) to control rising health care costs. 
Compared with traditional employer-based plans, HDHPs have 

relatively low premiums but subject most services to annual deduct-
ibles of at least $1000.2 HDHPs have shown unprecedented growth1; 
membership tripled between 2006 and 20101 and 27% of workers now 
have HDHPs.2 National health insurance reform could cause an “ex-
plosion”3-5 in HDHP growth.

The effects of HDHPs on healthcare utilization, costs, and health 
are controversial. Some suggest that HDHPs will reduce inappropriate 
medical services, control cost trends, and improve health outcomes.6-10 
Others are concerned that HDHPs will decrease necessary healthcare, 
causing adverse health outcomes and increased longer-term costs.11-15

Prior studies including the RAND Health Insurance Experiment 
suggest that increased cost sharing reduces use of both appropriate and 
inappropriate health services, including hospitalizations,16 essential 
medications,17,18 and preventive services.16,19 These effects may be as-
sociated with worse health outcomes.16-20 In contrast, patients primarily 
reduce discretionary services when emergency department care is sub-
ject to cost sharing, and adverse outcomes have not been detected.21-26

A previous 1-year follow-up study of emergency department and hos-
pital utilization after HMO members were switched into HDHPs found 
that HDHP members primarily reduced low-severity emergency depart-
ment visits after an initial emergency department visit, and hospitaliza-
tions also declined.25 We hypothesized that care patterns among HDHP 
members in their second year of experience would be a better indicator 
of longer term utilization than year 1 patterns because of the “learning 
curve” that occurs under HDHPs.25

METHODS
Setting

Harvard Pilgrim Health Care insures approximately 1 million indi-
viduals in the Northeast. In April 2002, Harvard Pilgrim began offering 
HDHPs with $500 to $2000 individual annual deductibles. Members 
of family plans also have fam-
ily deductibles equal to twice 
their individual deductible. Full 
coverage begins for individu-
als when they exceed their in-
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Objectives: To determine the 2-year impact of 
high-deductible health plans (HDHPs) on high-
acuity, expensive medical care.

Study Design: Retrospective pre-post, with pro-
pensity score–matched comparison group.

Methods: We studied emergency department 
visits, hospitalizations, and related expenditures 
among 15,847 HMO members for 1 year before 
and up to 2 years after an employer-mandated 
switch to HDHPs, compared with 15,847 propen-
sity-matched controls who remained in HMOs. 
Members were aged 1 to 64 years and insured 
between 2001 and 2008.

Results: Emergency department visits among 
HDHP members declined by 15.0% and 15.7% 
from baseline to the first and second follow-up 
years, respectively (95% confidence intervals 
−21.1% to −8.4% and −24.1% to −6.4%, respec-
tively). Rates of nonemergent visits declined 
significantly in both years (−19.6% [−28.2% to 
−9.9%] and −18.1% [−29.8% to −4.4%], respective-
ly), while intermediate-severity visits declined to 
a lesser degree (−13.4% [−23.0% to −2.5%] in the 
first and −10.9% [−24.4% to 5.1%] in the second 
follow-up year). Reductions in emergent visits 
were not detectable in either the first or second 
follow-up year (−9.7% [−26.9% to 11.5%] and 
−15.3% [−36.8% to 13.3%], respectively). Hospital-
ization rates decreased in the first follow-up year 
(−22.8% [−33.8% to −10.0%]), but hospitalization 
and cost reductions were not detectable by the 
second follow-up year (−11.8% [−27.9% to 7.9%] 
and 1.9% [−22.2% to 33.4%], respectively).

Conclusions: HDHP members experienced sus-
tained reductions in emergency department visits 
over 2 years, but reductions in hospital utilization 
and costs were not apparent by the second year. 
Longer-term studies that assess deferred utiliza-
tion and its effects are needed.
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dividual deductible or for family members when 
the family’s combined expenses exceed the fam-
ily deductible. Most institution-based services (eg, 
emergency department and hospital care), labora-
tory studies, and imaging procedures are subject to 
the deductible. Members have a $20 copayment 
for most outpatient visits (independent of reaching 
the deductible). When HDHP member spending 
is below the deductible, healthcare providers bill 
patients directly at health plan–negotiated rates in-
cluding for costs of emergency department care. After mem-
bers exceed the deductible spending level, they have a $100 
copayment for emergency department care that is waived if 
they are hospitalized. Employers purchasing the HDHPs may 
opt to combine them with a Health Reimbursement Arrange-
ment. This allows employers to place money into an account 
to reimburse employees for out-of-pocket health expenses.

The traditional HMO members we included had varying 
in-network emergency department and outpatient copay-
ments (between $30-$100 and $5-$25, respectively). Inpa-
tient copayments ranged from $0 to $1000 with a median of 
$250.

Study Groups
HDHP Group. We identified Massachusetts members 

aged 1 to 64 years insured by Harvard Pilgrim between April 
1, 2001, and February 28, 2008, with 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 health plan and who remained 
with the same employer for the entire period. Members were 
therefore unable to self-select their health plan. We included 
members from employers who bought plans directly from Har-
vard Pilgrim as well as from employers who purchased Har-
vard Pilgrim plans from independent brokers (“association” 
plans). We excluded members from employers that offered 
health plans from other insurers. This left an initial HDHP 
cohort of 16,472 members. We identified an index date for 
each member (the HDHP switch date), a 12-month baseline 
period, and a 6- to 24-month follow-up period.

We excluded 125 members with missing descriptive data 
including geocoded education and poverty levels, family ver-
sus individual insurance plan, employer category, baseline 
copayment levels, and whether the employer offered health 
insurance exclusively through Harvard Pilgrim.

HMO Group. To identify a control group, we first devel-
oped a pool of Harvard Pilgrim members from Massachusetts 
employers who were enrolled in traditional HMO plans dur-
ing the same April 2001 to February 2008 eligibility period 
and whose employers did not offer the choice to enroll in 

an HDHP, any other Harvard Pilgrim benefit type plan, or 
plans from insurers other than Harvard Pilgrim for at least 
18 months during their eligibility. We matched 8 members 
from this control pool to the HDHP member sample (before 
the exclusions above) based on contemporaneous enrollment, 
adult/child status, and whether the member was in an associa-
tion plan. Each matched control member was then assigned 
the same index date and had the same baseline and follow-up 
periods as the matched HDHP member.

From this initial 111,014-member control pool we ex-
cluded 881 members with missing descriptive data and 13,590 
members (12.2%) whose employers added a small deductible 
($50-$100) or increased emergency department copayments 
at the index date. In addition, we censored the experience of 
5810 control members after their first follow-up year because 
their employers added a small deductible or increased emer-
gency department copayments in the second follow-up year. 
After these exclusions, the control pool comprised 96,543 
members. 

Propensity Score Matching. We then created propensi-
ty score models that predicted the likelihood of enrolling in 
an HDHP versus remaining in a traditional HMO after the 
baseline year. Propensity score matching is a well-established 
method for generating a control group with a similar likeli-
hood of being exposed to a given “intervention” (in this case, 
shifting to HDHP coverage) based on measured characteristics 
when individuals have not been randomly allocated into study 
groups.27-30

In preparation for propensity score matching, we deter-
mined the variables that predicted employer choice into an 
HDHP in the overall cohort. We found that all variables we 
tracked (age; sex; Adjusted Clinical Groups morbidity31; fam-
ily vs individual plan; census-block education and poverty 
level; employer type; baseline outpatient, emergency depart-
ment, and hospital copayment levels; year of index date; and 
baseline member and health plan expenditures) predicted the 
choice of an HDHP at a statistically significant level.

We matched HDHP members to HMO members using 1 
to 1 caliper matching without replacement.30 Caliper match-
ing selects the control with the propensity score closest to 

Take-Away Points
This is the first study to examine the longer-term impact of high-deductible 
health plans on high-acuity, expensive medical care. Policy makers should con-
sider closely monitoring enrollees for unintended consequences of cost sharing. 

n	 High-deductible health plans are expanding at unprecedented rates.

n	 High-deductible health plan members who remained enrolled for up to 2 
years had fewer, mostly nonemergent visits to the emergency department.

n	 Initial large reductions in hospital utilization among high-deductible health 
plan members diminished by the second year.
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Control Variables
To estimate comorbidity, we applied the Adjusted Clinical 

Group algorithm to each member’s 12-month baseline period. 
The Adjusted Clinical Group score is based on age, sex, and 
ICD-9-CM diagnostic codes derived from claims. It calculates 
a morbidity weight standardized across a reference population 
of adults and children.31,42 Average morbidity is 1.0 and per-
sons with more comorbidities have higher scores.

To derive proxy measures of socioeconomic status, we 
linked members’ residential addresses to their 2000 US Cen-
sus block group43 and created previously established variables 
measuring education and poverty status.44 We used a principal 
components approach to calculate a neighborhood socioeco-
nomic status index based on census block levels of poverty and 
high school education. This approach creates a single variable 
from correlated variables45 and has been validated as a measure 
of socioeconomic status.46 We calculated baseline year total 
expenditures for each member by summing the amounts paid 
by Harvard Pilgrim and members for all claims. Other covari-
ates included age, sex, employer category (based on number of 
employees and whether members were in association plans), 
and whether members were in individual or family plans.

Statistical Analyses
We compared baseline characteristics of our study groups 

using χ2 tests and t tests. To determine whether longer fol-
low-up duration and differential dropout might bias results, 
we used t tests to compare baseline emergency department 
visits, hospitalizations, and total costs for HDHP and con-
trol members with at least 18 months of follow-up. We used 
a difference-in-differences analytic framework to examine 
changes in the outcomes of interest in the HDHP group com-
pared with the control group from baseline to the first and 
second follow-up years. Difference-in-differences analyses 
subtract the pre-post difference in outcomes in the interven-
tion group from the pre-post difference in outcomes in the 
control group.

In the overall cohort, we analyzed annual rates of emer-
gency department visits as well as those classified as non-
emergent, intermediate severity, and emergent; the 5 most 
common clinical clusters (combined) of classified emergency 
department visits; annual overall and ambulatory care–sensi-
tive hospitalizations; and annual hospitalization days among 
the groups in the baseline, first, and second follow-up year. 
We also examined total annual expenditures for emergency 
department visits and hospitalizations in the overall cohort. 
We calculated lengths of hospital stay among hospitalized 
members.

We then used Poisson regression to model the indepen-
dent association between HDHP status and these outcomes 

that of the case, but only if the control’s score is within a 
predefined distance (caliper) of the case.30 Therefore, cases 
might not be matched to any controls; those cases would be 
dropped from the sample to avoid inappropriate matches. 
Caliper matching “without replacement” does not allow 
selecting the same control as a match more than once.30 
We used a caliper width equal to 0.6 of the pooled standard 
deviation of the propensity score, which has been found to 
eliminate the majority of bias due to measured confounding 
variables.30,32

Our final study group included 15,847 HDHP members 
and their matched controls.

Emergency Department Utilization
We identified emergency department claims from Har-

vard Pilgrim’s claims database and used a validated25,26 modi-
fication of the emergency department visit classification 
algorithm of Billings and colleages33 to categorize visit sever-
ity as nonemergent, intermediate, or emergent. This algo-
rithm and a method of developing clinically meaningful visit 
clusters using Clinical Classifications Software34 have been 
described in a previous report.25 To determine emergency 
department costs, we summed annual expenditures paid by 
members and Harvard Pilgrim for members’ emergency de-
partment use.

Hospital Utilization
We identified hospitalizations based on health insurance 

claims, and we calculated length of hospital stay. We exclud-
ed hospitalizations with the same admission and discharge 
date because these represent day procedures or surgeries such 
as colonoscopy or hernia repair. Multiple studies have used 
hospitalization rates or length of stay as proxy measures of 
patient morbidity.18,20,22,24,35-37 We calculated mean length of 
stay and summed annual hospitalization days per member. 
To assess whether members deferred needed ambulatory care, 
we measured ambulatory care–sensitive hospitalizations us-
ing the Agency for Healthcare Research and Quality Preven-
tion Quality Indicators algorithm.38,39 Prevention Quality 
Indicators detect International Classification of Diseases, 9th 
Revision, Clinical Modification (ICD-9-CM) codes indicating 
potentially preventable hospitalizations for 14 conditions.38 
Prevention Quality Indicators have been used in multiple 
academic studies.40,41

We calculated annual hospital expenditures by sum-
ming the amounts paid by members and Harvard Pilgrim 
for all claims during members’ hospitalization dates after 
excluding emergency department and outpatient claims. 
We assigned hospitalizations spanning a study year to the 
previous year.
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n Table 1. Baseline Characteristics of the High-Deductible Health Plan and Control Groups

Characteristic HDHP Group (n = 15,847) Control Group (n = 15,847) P

Age on index date, No. (%) .19

1-4 y 764 (4.8) 684 (4.3)

5-18 y 2963 (18.7) 2963 (18.7)

18-44 y 5875 (37.1) 5897 (37.2)

45-64 y 6245 (39.4) 6303 (39.8)

Female, % 8112 (51.2) 8087 (51.0) .78

In family plan, % 10,909 (68.8) 10,919 (68.9) .90

Employer size, No. (%) .05

>1000 employees, nonassociationa 199 (1.3) 191 (1.2)

251-999, nonassociation 1024 (6.5) 906 (5.7)

51-250, nonassociation 3114 (19.7) 3079 (19.4)

2-50, nonassociation 4440 (28.0) 4562 (28.8)

2-9, association 7070 (44.6) 7109 (44.9)

Diabetes, No. (%) 347 (2.2) 310 (2.0) .15

Asthma, No. (%) 302 (1.9) 318 (2.0) .52

Hypertension, No. (%) 902 (5.7) 863 (5.5) .34

Adjusted Clinical Groups score, mean (SD) 0.9 (1.5) 1.0 (1.6) .50

No. (%) living in neighborhoods with <.001

<5% below poverty 8959 (56.5) 9221 (58.2)

5%-9.9% below poverty 4024 (25.4) 3886 (24.5)

10%-19.9% below poverty 2166 (13.7) 1987 (12.5)

≥20% below poverty 698 (4.4) 753 (4.8)

No. (%) living in neighborhoods with .01

<15% with <high school education 12,160 (76.7) 12,040 (76.0)

15%-24.9% with <high school 
education

2401 (15.2) 2406 (15.2)

25%-39.9% with <high school 
education

940 (5.9) 1086 (6.9)

≥40% with <high school education 346 (2.2) 315 (2.0)

Emergency department copayment, No. 
(%)

<.001

$30 1317 (8.3) 1457 (9.2)

$50 12,263 (77.4) 12,334 (77.8)

$75 1214 (7.7) 1068 (6.7)

$100 1053 (6.6) 987 (6.2)

Outpatient copayment, No. (%) <.001

$5 621 (3.9) 719 (4.5)

$10 3212 (20.3) 3347 (21.1)

$15 5662 (35.7) 5232 (33.0)

$20 5551 (35.0) 5865 (37.0)

$25 801 (5.1) 684 (4.3)

Inpatient copayment, $, mean (SD)b 297.60 (220.80) 299.60 (230.40) .43

Mean annual expenses, $, mean (SD) 2681 (10,828.80) 2802.8 (12,585.90) .36

HDHP indicates high-deductible health plan. 
aAssociation plans are sold to employers by independent brokers. 
bFor members who had daily inpatient copayments rather than a single copayment covering an entire hospitalization, we 
multiplied their daily copayment by the median baseline hospitalization duration of 3 days to derive a single hospitalization 
copayment per member.
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after controlling for the aforementioned covariates. Poisson 
regression is used to generate results adjusted for covariates 
when analyzing count outcomes that have skewed distribu-
tions. We included the index date in models to adjust for 
secular utilization trends. Because some members had par-
tial-year follow-up, we also adjusted for follow-up duration. 
Two-part modeling can be used to model the 2-step process 
of deciding whether to use healthcare and how much to use, 
but we used 1-part general linear modeling because of key 
advantages when examining healthcare utilization, includ-
ing predictions that are not biased by heteroscedasticity and 
coefficients that are easier to interpret.47 Therefore, all sta-
tistical models used generalized estimating equations48,49 to 
adjust for clustering of events within individuals between 
the baseline and follow-up years 1 or 2. Analyses were per-
formed using SAS version 9.2 software (SAS Institute Inc, 
Cary, North Carolina).

The study was approved by the Harvard Pilgrim Health 
Care Institutional Review Board.

RESULTS
Baseline Characteristics

Study groups had similar age distributions, with 77% 
of members aged 18 to 64 years (Table 1). The sample was 
evenly divided by sex, and most members in both groups 
were in family insurance plans (HDHP group, 68.8%; con-
trol group, 68.9%, P = .90). Cohort members mostly worked 
for small employers receiving health coverage through asso-
ciation plans (HDHP group, 44.6%; control group, 44.9%), 
small nonassociation employers (HDHP group, 28.0%; con-
trol group, 28.8%), or mid-sized nonassociation employers 
(HDHP group, 19.7%; control group, 19.4%, P = .05). There 
were no clinically significant differences in the Adjusted 
Clinical Groups score; in rates of diabetes, hypertension, and 
asthma; or in socioeconomic status measures. HDHP and con-
trol members had mean follow-up durations of 1.44 and 1.31 
years, respectively (P <.001), but there were no differences in 
baseline emergency department visits, hospitalizations, or to-
tal costs among members with at least 18 months of follow-up 
(P = .39, .76, and .41, respectively, data not shown).

Baseline emergency department copayments were $30 and 
$50 for 8.3% and 77.4% of HDHP members, respectively, and 
9.2% and 77.8% of control members (P <.01). The percentages 
of HDHP members with outpatient copayments of $10, $15, 
and $20 were 20.3%, 35.7%, and 35.0%, respectively, compared 
with 21.1%, 33.0%, and 37.0% among controls (P <.01). Be-
tween the baseline and follow-up years, control group members 
had unchanged emergency department copayments while mean 
outpatient copayments were $15.80, $16.40, and $16.50, respec-

tively (data not shown). HDHP members had mean outpatient 
copayments of $15.90 at baseline and $20 in the follow-up years. 
The average inpatient copayment for HDHP members in the 
baseline period was $297.60 compared with $299.60 in the con-
trol group (P = .43). This copayment increased to $324.30 and 
$330.80 for controls in follow-up years 1 and 2, respectively.

Emergency Department Utilization
Table 2 displays unadjusted values for emergency depart-

ment and hospital utilization and related costs for the HDHP 
and control group at baseline and in the follow-up periods. 
It also shows the change in these values in year 1 compared 
with baseline and in year 2 compared with baseline after ad-
justing for differing baseline characteristics of the groups. The 
HDHP and control groups had similar emergency department 
visit rates at baseline (213.6 vs 208.5 visits per 1000 mem-
bers, respectively, P = .44). After adjusting for the covariates 
above, HDHP members experienced significant relative re-
ductions in emergency department visits of 15.0% and 15.7% 
from baseline to the first and second follow-up years, respec-
tively (95% confidence intervals [CIs] −21.1% to −8.4% 
and −24.1% to −6.4%, respectively). These reductions were 
greatest for nonemergent visits (−19.6% in year 1 [−28.2% to 
−9.9%] and −18.1% in year 2 [−29.8% to −4.4%] compared 
with baseline), while intermediate-severity visits dropped 
to a lesser degree (−13.4% [−23.0% to −2.5%] in year 1 and 
−10.9% [−24.4% to 5.1%]) in year 2). Reductions in emer-
gent visits were not detectable in either follow-up year 1 or 2 
(−9.7% [−26.9% to 11.5%] and −15.3% [−36.8% to 13.3%], 
respectively).

Emergency department expenditures among HDHP mem-
bers relative to controls declined significantly by 15.9% (95% 
CI −23.9% to −7.1%) and 16.6% (−27.8% to −3.8%) from 
baseline to the first and second follow-up years, respectively.  

Table 3 shows unadjusted values for the top 5 most com-
mon emergency department visit reasons by severity category 
among HDHP members and control members at baseline and 
in the follow-up periods, as well as adjusted relative changes 
that were experienced by the HDHP group. At baseline, visits 
in the 5 most common diagnostic clusters represented 37.5%, 
58.0%, and 47.7% of visits in the nonemergent, intermedi-
ate-severity, and emergent categories, respectively. Aggregate 
changes experienced by the HDHP group in these visit clus-
ters were similar to changes in overall nonemergent, interme-
diate, and emergent visits (Table 3).

Hospital Utilization
Annual hospitalization rates were similar at baseline in 

the HDHP and control groups (55.2 and 55.0 per 1000, re-
spectively; P = .97, Table 2). After controlling for covariates, 
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the HDHP group experienced a significant 22.8% (95% CI 
−33.8% to −10.0%) relative reduction in hospitalization rates 
in the first follow-up year, but a reduction that was not sta-
tistically significant by the second follow-up year (−11.8% 
[−27.9% to +7.9%]). Hospitalization days also trended down 
in year 1 (−18.6% [−34.8% to 1.7%]) but were unchanged 
by year 2 (−2.8% [−27.1% to +29.7%]). Ambulatory care–
sensitive hospitalizations among HDHP members compared 
with controls decreased by 17.1% (−55.9% to +56.0%) in 
the first follow-up year and 67.8% (−86.0% to −26.1%) in 
the second follow-up year, with the change in year 2 being 
statistically significant. Lengths of hospital stay were statisti-
cally unchanged among HDHP members in both follow-up 
years (5.9% [−8.9% to +23.1%] and 8.7% [−8.9% to +29.8%], 
respectively). HDHP members experienced a statistically 
nonsignificant decrease in hospital expenditures in the first 
follow-up year (−11.8% [−27.8% to +7.8%]); in the second 

follow-up year, hospital expenditures for HDHP members 
were unchanged (1.9% [−22.2% to +33.4%]).

DISCUSSION
We examined emergency department and hospital utilization 

among HDHP members as they continued into their second 
enrollment year. Patients, physicians, and policy makers would 
benefit from understanding whether HDHPs cause deferral of es-
sential care, ultimately increasing morbidity and costs. We found 
that HDHP members reduced emergency department visits and 
expenditures by about 15% and selectively reduced nonemer-
gent visits by approximately 20% in both follow-up years. In 
contrast, initial reductions in hospital utilization among HDHP 
members diminished by the second follow-up year.

Similar to results of this analysis, a previous 1-year follow-
up study reported that HDHP members insured through early 

n Table 2. Emergency Department and Hospital Visit Rates and Expenditures Among HDHP Members and HMO 
Control Members

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

ED Visit or Hospitalization Baseline Year 1 Year 2 Baseline Year 1 Year 2
Year 1 to  
Baseline

Year 2 to 
Baseline

ED visits per 1000 mem-
bers (total No. of visits)

213.6 
(3385)

197.6 
(2977)

185.6 
(1429)

208.5 
(3304)

227.4 
(3391)

215.5 
(1205)

−15.0  
(−21.1 to −8.4)

−15.7  
(−24.1 to −6.4)

Nonemergent
87.1 

(1381)
77.5 

(1168)
72.9 
(561)

84.3 
(1336)

93.5 
(1395)

86.6 
(484)

−19.6  
(−28.2 to −9.9)

−18.1  
(−29.8 to −4.4)

Intermediate severity
80.0 

(1267)
72.9 

(1099)
70.1 
(540)

77.9 
(1235)

82.3 
(1227)

76.7 
(429)

−13.4  
(−23.0 to −2.5)

−10.9  
(−24.4 to 5.1)

Emergent
22.5 
(356)

21.4  
(322)

19.9 
(153)

22.5 
(357)

23.8 
(355)

23.6 
(132)

−9.7  
(−26.9 to 11.5)

−15.3  
(−36.8 to 13.3)

Unclassified
24.0 
(381)

25.8 
(388)

22.7 
(175)

23.7 
(376)

27.8 
(414)

28.6 
(160)

−8.2  
(−25.6 to 13.2)

−21.5  
(−40.6 to 3.6)

Mean ED expenditures per 
member, $ 104.6 109.8 111.8 96.6 120.8 121.7

−15.9  
(−23.9 to −7.1)

−16.6  
(−27.8 to −3.8)

Hospitalizations per 1000 
members (total No. of 
hospitalizations)

55.2  
(874)

48.3 
(728)

51.4 
(396)

55.0 
(872)

62.6 
(933)

58.3 
(326)

−22.8  
(−33.8 to −10.0)

−11.8  
(−27.9 to 7.9)

ACS hospitalizations
3.4  
(54)

3.7  
(56)

1.7  
(13)

2.6  
(41)

3.4  
(51)

3.8  
(21)

−17.1  
(−55.9 to 56.0)

−67.8  
(−86.0 to −26.1)

Hospitalization days per 
1000 members (total No. of 
hospital days)

230.5 
(3652)

205.0 
(3088)

229.3 
(1765)

250.3 
(3966)

273.8 
(4083)

254.0 
(1420)

−18.6  
(−34.8 to 1.7)

−2.8  
(−27.1 to 29.7)

Mean duration of hospital-
ization, dc 4.2 4.5 5.4 4.5 4.6 5.7

5.9  
(−8.9 to 23.1)

8.7  
(−8.9 to 29.8)

Mean hospital expenditures 
per member, $ 722.7 797.2 925.0 754.0 944.2 933.9

−11.8  
(−27.8 to 7.8)

1.9  
(−22.2 to 33.4)

ACS indicates ambulatory care sensitive; CI, confidence interval; ED, emergency department; HDHP, high-deductible health plan. 
aUnadjusted rates. 
bAdjusted differences in differences are from Poisson models with generalized estimating equations that included age, sex, employer category, index 
date, socioeconomic status, individual vs family plan, and morbidity. 
cCalculated among members with overnight hospitalizations.  
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adopting employers experienced reductions in low-severity 
emergency department visits and hospitalizations but not in 
emergent visits.25 A smaller study found large reductions in 
emergency department use among HDHP members in their 
first or second year of experience, although visits were not 
categorized by severity.50 Other studies including the RAND 
Health Insurance Experiment have demonstrated selective 
reductions in low-severity emergency department visits21-26 
and reductions in hospital use16,51-53 related to cost sharing. A 
recent 1-year follow-up study by Beeuwkes Buntin and col-
leagues found that inpatient spending declined among HDHP 
employers although emergency department spending was 
unchanged.54

These longer-term results add several new insights and sug-
gest areas for further investigation. The sustained reductions 
in emergency department visits and selective decreases in 
nonemergent visits indicate that HDHPs might be an effec-
tive tool for curtailing inappropriate emergency department 
use in the longer term. Stability in lengths of hospital stay 
among HDHP members over 2 follow-up years might indi-
cate that morbidity did not increase, but the upward trend in 
hospitalization days between the first and second follow-up 
years could also suggest that HDHP members initially deferred 
needed care and therefore required more hospital care by year 
2. Furthermore, the rebound in hospital utilization calls into 
question whether HDHPs alone will “bend the curve” of 

high-cost utilization and lead to flat or downward cost trends. 
Future studies should determine whether hospital utilization 
among HDHP members continues to climb after the second 
follow-up year. Hibbard and colleagues found that members 
who transitioned from preferred provider organization plans 
to HDHPs experienced an initial decline in outpatient visits 
followed by a rebound in utilization.55

Our results have implications for policy makers overseeing 
the recently enacted Patient Protection and Affordable Care 
Act. This legislation aims to reduce healthcare spending and 
expand insurance coverage,56 and is expected to accelerate 
HDHP adoption.3-5 The HDHP designs and deductible levels 
we examined might not have the desired long-term impact 
on costs, although policy makers might still view “one-time” 
emergency department cost reductions (an initial drop in 
growth that then continues at previous rates) as at least bet-
ter than the continued high growth rates among traditional 
health plans. Alternative benefit designs or additional policies 
among the commercially insured might be needed to control 
healthcare cost inflation. In the meantime, policy makers 
should carefully monitor HDHP populations for evidence of 
deferred care and adverse outcomes.

Our study has several limitations. Employers might have 
chosen plans based on knowledge of employees’ health plan 
preferences, health status, or prior expenditures. Our use of 
propensity score matching that included employer and em-

n Table 3. Top 5 Most Common Emergency Department Visit Reasons by Severity Category Among HDHP  
Members and HMO Control Members

ED visits per 1000 Members (Total No. of Visits)a
Change From Baseline to Follow-up, 

HDHP Group vs Controls, % (95% CI)bHDHP Group Control Group

 Reason for ED Visit Baseline Year 1 Year 2 Baseline Year 1 Year 2
Year 1 to  
Baseline Year 2 to Baseline

Top 5 nonemergent conditions 
(upper respiratory tract infec-
tions, joint pain and swelling, 
low-severity injuries, back and 
neck pain, pain and swelling in 
limbs)

34.1 
(541)

29.1 
(439)

27.3 
(210)

32.0 
(507)

35.8 
(534)

34.8 
(219)

−23.5  
(−36.0 to −8.6)

−26.5  
(−41.9 to −7.2)

Top 5 intermediate-severity 
conditions (chest pain, external 
open wounds, abdominal pain, 
superficial injuries, sprains and 
strains)

46.9 
(743)

39.2 
(591)

40.8 
(314)

45.1 
(714)

45.1 
(672)

38.8 
(244)

−16.2  
(−28.2 to −2.%)

0.9  
(−18.8 to 25.4)

Top 5 emergent conditions 
(asthma, urinary tract stones 
and renal colic, cardiac arrhyth
mias, open head wounds,  
high-severity injuries)

10.9 
(173)

9.7 
(146)

8.3 
(64)

10.0 
(158)

9.8 
(146)

9.4 
(59)

−9.2  
(−34.0 to 25.0)

−18.2  
(−47.9 to 28.3)

CI indicates confidence interval; ED, emergency department; HDHP, high-deductible health plan. 
aUnadjusted rates. 
bAdjusted differences in differences are from Poisson models with generalized estimating equations that included age, sex, employer category, index 
date, socioeconomic status, individual vs family plan, and morbidity.   
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ployee characteristics, however, should have minimized this 
bias. Furthermore, we reduced the larger problem of member 
self-selection by restricting the study population to individ-
uals who had only a single choice of plan in the follow-up 
period. Sample size limited our ability to examine key sub-
groups that might be driving utilization patterns in the second 
follow-up year, such as members with low socioeconomic sta-
tus and high morbidity. The data do not represent individuals 
working for larger employers, many of whom self-insure, or 
those with choices of health plans. However, HDHP uptake 
is increasing especially rapidly among small employers,2 so our 
findings are relevant to a major segment of the health insur-
ance industry. Finally, we did not have an accurate method 
of determining whether employers offered Health Reimburse-
ment Arrangements, but uptake was likely quite low among 
these small employers.

CONCLUSIONS
Our longer term results demonstrate that decreases in 

emergency department use persist but that first-year reduc-
tions in hospital utilization diminish by the second year of 
HDHP experience. It will be important to determine whether 
the reduced impact on hospital use might be due to deferred 
emergency department care in the first follow-up year.

Policy makers and health insurance decision makers 
should monitor for adverse utilization patterns under HDHPs 
and proactively identify patients at risk of deferring appropri-
ate care. Future studies should follow HDHP members into 
their third year of experience and examine utilization among 
large employers.

Acknowledgments 
Dr Wharam had full access to all the data in the study and takes respon-

sibility for the integrity of the data and the accuracy of the data analysis. The 
authors would like to acknowledge the helpful assistance with data collection 
by Irina Miroshnik, MS, of the Harvard Medical School and Harvard Pilgrim 
Health Care Institute Department of Population Medicine.

Author Affiliations: From Department of Population Medicine (JFW, FZ, 
SBS, DR-D), Harvard Medical School and Harvard Pilgrim Health Care Insti-
tute; Department of Healthcare Policy (BEL), Harvard Medical School.

Funding Source: This study was funded by a grant from the Harvard Pil-
grim Health Care Foundation, Wellesley, MA.

Author Disclosures: Drs Wharam, Ross-Degnan, Soumerai, and Zhang re-
port being employed by the Harvard Pilgrim Health Care Institute. Dr Landon 
reports no relationship or financial interest with any entity that would pose a 
conflict of interest with the subject matter of this article.

Authorship Information: Concept and design (JFW, BL, SBS, DR-D); ac-
quisition of data (JFW); analysis and interpretation of data (JFW, BL, FZ, SBS, 
DR-D); drafting of the manuscript (JFW); critical revision of the manuscript 
for important intellectual content (JFW, BL, FZ, DR-D); statistical analysis 
(JFW, FZ, SBS); and obtaining funding (JFW, DR-D).

Address correspondence to: J. Frank Wharam, MB, BCh, BAO, MPH, 
Department of Population Medicine, Harvard Medical School and Harvard 
Pilgrim Health Care Institute, 133 Brookline Ave, 6th Floor, Boston, MA 
02114. E-mail: jwharam@partners.org.

REFERENCES
1.Yoo H; Center for Policy and Research, America’s Health Insurance 
Plans. January 2010 Census Shows 10 Million People Covered by 
HSA/High-deductible Health Plans. http://www.ahipresearch.org/pdfs/
HSA2010.pdf. Published May 2010. Accessed September 29, 2010. 
2. The Kaiser Family Foundation and Health Research and Educational 
Trust. Employer Health Benefits 2010 Annual Survey. http://ehbs.kff.
org/pdf/2010/8085.pdf. Accessed September 27, 2010.
3. Kerber R. Advocates see growth for health savings accounts. http://
www.reuters.com/article/idUSTRE62M4AY20100323. Accessed March 
13, 2010.
4. Fronstin P. Employers may move by 2018 to avoid tax. http://health-
care.nationaljournal.com/2010/05/a-future-for-consumerdirected.php. 
Published May 24, 2010. Accessed August 12, 2010.
5. Globe Staff. Study: high deductible health plans may proliferate. 
http://www.boston.com/business/ticker/2010/07/high_deductible.html. 
Published July 29, 2010. Accessed August 12, 2010.
6. Herzlinger RE. Let’s put consumers in charge of health care. Harvard 
Business Review. 2002;80(7):44-50, 52-45, 123.
7. Bush GW. Ensuring access to health care: the Bush plan. JAMA. 
2004;292(16):2010-2011.
8. Palmisano DJ, Emmons DW, Wozniak GD; American Medical Asso-
ciation. Expanding insurance coverage through tax credits, consumer 
choice, and market enhancements: the American Medical Association 
proposal for health insurance reform. JAMA. 2004;291(18):2237-2242.
9. Cogan JF, Hubbard RG, Kessler DP. Making markets work: five steps 
to a better health care system. Health Aff (Millwood). 2005;24(6):1447- 
1457.
10. Cannon MF. Health savings accounts: do the critics have a point? 
Cato Institute. Policy Analysis No. 569. https://www.cato.org/pub_dis-
play.php?pub_id=6395. Published May 30, 2006. Accessed July 7, 2006. 
11. Davis K. Will consumer-directed health care improve system perfor-
mance? Issue Brief (Commonw Fund). 2004(773):1-4. 
12. Ginsburg PB. Controlling health care costs. N Engl J Med. 2004;351 
(16):1591-1593.
13. Shearer G. Commentary—defined contribution health plans: at-
tracting the healthy and well-off. Health Serv Res. 2004;39(4, pt 2):1159- 
1166.
14. Lee TH, Zapert K. Do high-deductible health plans threaten quality 
of care? N Engl J Med. 2005;353(12):1202-1204.
15. Rubin RJ, Mendelson DN. Cost sharing in health insurance. N Engl 
J Med. 1995;333(11):733-734.
16. Newhouse JP. Free for All? Lessons From the RAND Health Insur-
ance Experiment. Cambridge, MA: Harvard University Press; 1996.
17. Roblin DW, Platt R, Goodman MJ, et al. Effect of increased cost-
sharing on oral hypoglycemic use in five managed care organizations: 
how much is too much? Med Care. 2005;43(10):951-959.
18. Tamblyn R, Laprise R, Hanley JA, et al. Adverse events associated 
with prescription drug cost-sharing among poor and elderly persons. 
JAMA. 2001;285(4):421-429.
19. Blustein J. Medicare coverage, supplemental insurance, and the 
use of mammography by older women. N Engl J Med. 1995;332(17): 
1138-1143.
20. Soumerai SB, Ross-Degnan D, Avorn J, McLaughlin T, Choodnovs-
kiy I. Effects of Medicaid drug-payment limits on admission to hospi-
tals and nursing homes. N Engl J Med. 1991;325(15):1072-1077.
21. O’Grady KF, Manning WG, Newhouse JP, Brook RH. The impact of 
cost sharing on emergency department use. N Engl J Med. 1985;313 
(8):484-490.
22. Selby JV, Fireman BH, Swain BE. Effect of a copayment on use of 
the emergency department in a health maintenance organization. N 
Engl J Med. 1996;334(10):635-641.
23. Magid DJ, Koepsell TD, Every NR, et al. Absence of association 
between insurance copayments and delays in seeking emergency care 
among patients with myocardial infarction. N Engl J Med. 1997;336 
(24):1722-1729.
24. Hsu J, Price M, Brand R, et al. Cost-sharing for emergency care and 
unfavorable clinical events: findings from the Safety and Financial 
Ramifications of ED Copayments Study. Health Serv Res. 2006;41(5): 
1801-1820.
25. Wharam JF, Landon BE, Galbraith AA, Kleinman KP, Soumerai SB, 
Ross-Degnan D. Emergency department use and subsequent hospital-
izations among members of a high-deductible health plan [published 
correction appears in JAMA. 2008;299(2):171]. JAMA. 2007;297(10): 
1093-1102.



e418	 n  www.ajmc.com  n	 OCTOber 2011

n  policy  n

26. Ballard DW, Price M, Fung V, et al. Validation of an algorithm for 
categorizing the severity of hospital emergency department visits. 
Med Care. 2010;48(1):58-63.

27. Cook EF, Goldman L. Performance of tests of significance based on 
stratification by a multivariate confounder score or by a propensity 
score. J Clin Epidemiol. 1989;42(4):317-324.

28. D’Agostino RB Jr. Propensity score methods for bias reduction in 
the comparison of a treatment to a non-randomized control group. 
Stat Med. 1998;17(19):2265-2281.

29. Rubin DB. The design versus the analysis of observational studies 
for causal effects: parallels with the design of randomized trials. Stat 
Med. 2007;26(1):20-36.

30. Coca-Perraillon M. Local and Global Optimal Propensity Score 
Matching. Paper 185-2007. SAS Global Forum 2007. Statistics and Data 
Analysis. http://www2.sas.com/proceedings/forum2007/185-2007.pdf. 
Accessed December 19, 2009.

31. Johns Hopkins University. The Johns Hopkins ACG Case-Mix 
System Reference Manual, Version 7.0. Baltimore, MD: Johns Hopkins 
University; 2005.

32. Austin PC. Optimal caliper widths for propensity-score matching 
when estimating differences in means and differences in proportions 
in observational studies. Pharm Stat [published online ahead of print 
April 27, 2010].

33. Billings J, Parikh N, Mijanovich T. Emergency department use in 
New York City: a substitute for primary care? Issue Brief (Commonw 
Fund). 2000(433):1-5. 

34. Cowen ME, Dusseau DJ, Toth BG, Guisinger C, Zodet MW, Shyr Y. 
Casemix adjustment of managed care claims data using the clinical 
classification for health policy research method. Med Care. 1998;36(7): 
1108-1113.

35. Wuerz RC, Meador SA. Effects of prehospital medications on mor-
tality and length of stay in congestive heart failure. Ann Emerg Med. 
1992;21(6):669-674.

36. Zhan C, Miller MR. Excess length of stay, charges, and mortality 
attributable to medical injuries during hospitalization. JAMA. 2003;290 
(14):1868-1874.

37. Schneeweiss S, Seeger JD, Maclure M, Wang PS, Avorn J, Glynn 
RJ. Performance of comorbidity scores to control for confounding in 
epidemiologic studies using claims data. Am J Epidemiol. 2001;154(9): 
854-864.

38. Agency for Healthcare Research and Quality. Prevention quality 
indicators overview. http://www.qualityindicators.ahrq.gov/Modules/
pqi_overview.aspx. Accessed August 30, 2011. 

39. Agency for Healthcare Research and Quality. Refinement of the 
HCUP Quality Indicators. Technical Review 4. AHRQ publication 01-
0035. http://aspe.hhs.gov/pic/reports/ahrq/7671.pdf. Published May 
2001. Accessed August 30, 2011. 

40. Pappas G, Hadden WC, Kozak LJ, Fisher GF. Potentially avoidable 
hospitalizations: inequalities in rates between US socioeconomic 
groups. Am J Public Health. 1997;87(5):811-816.

41. Chang CF, Pope RA. Potentially avoidable hospitalizations in Ten-
nessee: analysis of prevalence disparities associated with gender, race, 
and insurance. Public Health Rep. 2009;124(1):127-137.

42. Parente ST, Feldman R, Christianson JB. Evaluation of the effect of 
a consumer-driven health plan on medical care expenditures and 
utilization. Health Serv Res. 2004;39(4, pt 2):1189-1210.

43. US Bureau of the Census. Geographical Areas Reference Manual. 
Washington, DC: US Bureau of the Census; 1994.

44. Krieger N, Chen JT, Waterman PD, Rehkopf DH, Subramanian SV. 
Race/ethnicity, gender, and monitoring socioeconomic gradients in 
health: a comparison of area-based socioeconomic measures—the 
public health disparities geocoding project. Am J Public Health. 
2003;93(10):1655-1671.

45. Vyas S, Kumaranayake L. Constructing socio-economic status 
indices: how to use principal components analysis. Health Policy Plan. 
2006;21(6):459-468.

46. Bonito AJ, Bann C, Eicheldinger C, Carpenter L. Creation of New 
Race-Ethnicity Codes and Socioeconomic Status (SES) Indicators for 
Medicare Beneficiaries. Final report. AHRQ publication 08-0029-EF. 
http://www.ahrq.gov/qual/medicareindicators/medicareindicators.pdf. 
Published January 2008. Accessed January 8, 2011.

47. Buntin MB, Zaslavsky AM. Too much ado about two-part models 
and transformation? comparing methods of modeling Medicare ex-
penditures. J Health Econ. 2004;23(3):525-542.

48. Liang KY, Zeger SL. Longitudinal data analysis using generalized 
linear models. Biometrika. 1986;73(1):13-22.

49. Zeger SL, Liang KY. Longitudinal data analysis for discrete and 
continuous outcomes. Biometrics. 1986;42(1):121-130.

50. Waters TM, Chang CF, Cecil WT, Kasteridis P, Mirvis D. Impact of 
high-deductible health plans on health care utilization and costs. 
Health Serv Res. 2011;46(1, pt 1):155-172.

51. Ruger JP, Richter CJ, Lewis LM. Association between insurance 
status and admission rate for patients evaluated in the emergency 
department. Acad Emerg Med. 2003;10(11):1285-1288.

52. Sox CM, Burstin HR, Edwards RA, O’Neil AC, Brennan TA. Hospital 
admissions through the emergency department: does insurance status 
matter? Am J Med. 1998;105(6):506-512.

53. Pearson SD, Lee TH, Lindsey E, Hawkins T, Cook EF, Goldman L. The 
impact of membership in a health maintenance organization on hospi-
tal admission rates for acute chest pain. Health Serv Res. 1994;29(1): 
59-74.

54. Beeuwkes Buntin M, Haviland AM, McDevitt R, Sood N. Healthcare 
spending and preventive care in high-deductible and consumer-direct-
ed health plans. Am J Manag Care. 2011;17(3):222-230.

55. Hibbard JH, Greene J, Tusler M. Does enrollment in a CDHP stimu-
late cost-effective utilization [published correction appears in Med 
Care Res Rev. 2008;65(6):764]? Med Care Res Rev. 2008;65(4):437-449.

56. Connors EE, Gostin LO. Health care reform—a historic moment in 
US social policy. JAMA. 2010;303(24):2521-2522.  n


