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Abstract
The Affordable Care Act aimed to increase use of preventive services by eliminating cost-sharing to consumers. However, 
patients may be unaware of this benefit or they may not seek preventive services if they anticipate that the cost of potential 
diagnostic or treatment services will be too high, both more likely among those in high deductible health plans. We used 
nationally representative private health insurance claims (100% sample of IBM® MarketScan®) for the United States from 
2006 to 2018, restricting the data to enrollment and claims for non-elderly adults who were enrolled for the full plan year. 
The cross-sectional sample (185 million person-years) is used to describe trends in preventive service use and costs from 
2008 through 2016. The cohort sample (9 million people) focuses on the elimination of cost-sharing for certain high-value 
preventive services in late 2010, requiring continuous enrollment across 2010 and 2011. We examine whether HDHP 
enrollment is associated with use of eligible preventive services using semi-parametric difference-in-differences to account 
for endogenous plan selection. Our preferred model implies that HDHP enrollment was associated with a reduction of 
the post-ACA change in any use of eligible preventive services by 0.2 percentage points or 12.5%. Cancer screenings were 
unaffected but HDHP enrollment was associated with smaller increases in wellness visits, immunizations, and screening for 
chronic conditions and sexually transmitted infections. We also find that the policy was ineffective at reducing out-of-pocket 
costs for the eligible preventive services, likely due to implementation issues.
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What do we already know about this topic?
•• Prior studies have assessed how the ACA provision to eliminate cost-sharing has affected preventive service use 

for specific services or types of services, finding mixed results

How does your research contribute to the field?
•• Enrollment in a high deductible health plan was associated with a smaller increase in use of eligible preventive 

services for which cost-sharing was eliminated by the ACA

What are your research’s implications toward theory, practice, or policy?
•• The policy was unsuccessful in reducing out-of-pocket costs for consumers in the early years of implementation, 

creating potential frustration for consumers
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Introduction

Less than one-tenth of adults in the United States aged 35 
and older are up-to-date with all recommended preventive 
services, falling well short of many Healthy People 2020 
goals.1-3 Prevention is often incentivized in alternative pay-
ment models as a way to improve population health and 

reduce spending growth, but the number needed to screen or 
treat to effectively reduce morbidity and mortality through 
prevention can vary widely across conditions, risk profiles, 
and transmission potential.4-9 The Patient Protection and 
Affordable Care Act of 2010 (ACA) aimed to increase use of 
certain preventive services by eliminating cost-sharing for 
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consumers, making eligible services exempt from plan 
deductibles, copayments, and coinsurance.10 Specifically, the 
ACA required all new and “substantially” modified commer-
cial health insurance plans sold after September 23, 2010 
(non-grandfathered plans) to cover certain high-value pre-
ventive services with no out-of-pocket cost to consumers.11 
Grandfathered plans, or plans originally sold before this date 
that did not “substantially cut benefits or increase plan costs” 
were not subject to this requirement, though many such plans 
already included, or were amended to include first dollar 
coverage for some preventive services.12,13

High deductible health plans (HDHP) require consumers to 
pay first dollar up to a certain amount, providing a disincentive 
against the use of preventive services and health care gener-
ally, and have grown to make up more than one-third of the 
commercial health insurance market.14-18 Today, many enroll-
ees in employer-sponsored insurance and the ACA exchanges 
are in HDHPs with large cost-sharing responsibilities before 
their plans actually meet their stated actuarial values.19,20 
HDHPs decrease use of both high- and low-value health care 
and generally do not meet the goal of promoting more engaged 
consumer behavior.15,21-29 If patients were able to discriminate 
in how they reducing health care use, then HDHPs would be 
an effective remedy against moral hazard, but they often delay, 
or forego, both high and low-value care instead.14,27,30-33

Consumer understanding of health insurance terminology 
and benefit design is generally poor so this added benefit 
could get lost in more salient plan features, like deductibles, 
meaning that patients may respond to that incentive not fully 
understanding how they interact.34-39 Prior studies have 
assessed how the ACA provision to eliminate cost-sharing 
has affected preventive service use for specific services, 
finding mixed results.40-45 In this study, we focus on whether 
HDHP enrollment is associated with a differential response 
in the use of eligible preventive services, a previously noted 
gap,16 employing a quasi-experimental approach with a 
national cohort of continuously enrolled non-elderly adults.

Methods

Data

This study uses the 100% sample of commercial health 
insurance claims from the IBM® MarketScan® Commercial 
Database for the years 2008 through 2016. These data 

represent a national multi-insurer set of commercially 
enrolled individuals, including tens of millions of covered 
lives each year who are enrolled in either employer-spon-
sored or non-group health insurance plans.46 MarketScan® 
data includes self-insured employers, third party adminis-
trators, and health insurers, providing one of the largest 
samples of privately insured individuals in the United 
States.

We restricted the data to enrollment and claims for non-
elderly adults (18-64 years of age) who were enrolled for the 
full plan year (at least 360 days) as we would not be able to 
observe preventive service use and type of other coverage 
held during out-of-sample periods. Over 70% of age-eligible 
enrollees (71.1%) met this inclusion criterion during the 
study period. We chose not to include children as they are 
subject to varying requirements for immunizations and other 
preventive services for school entry at the state and/or local 
levels that may attenuate any effect of the reduction in out-
of-pocket costs (eg, potential ceiling effects).47,48 Another 
inclusion criterion was consistency of plan type within the 
calendar year to ensure that the benefit design and other cov-
erage characteristics (ie, network, gatekeeping) were con-
stant. Nearly 95% of person-years (94.8%) meeting the age 
and plan days criteria maintained a consistent plan type 
within the plan year. In total, more than two-thirds of age-
eligible person-years (67.4%) in the MarketScan® data for 
the years 2008 through 2016 met all of these inclusion 
criteria.

We created 2 samples from the MarketScan® annual 
enrollment files for use in this analysis, a cross-sectional 
sample and a cohort sample. The cross-sectional sample is 
used to describe trends in preventive service use and costs 
over the years 2008 through 2016, beginning before the ACA 
was passed. Each person-year meeting all of the inclusion 
criteria was included, yielding a sample of nearly 185 mil-
lion person-years. The cohort sample focuses on the time 
period surrounding the exogenous price change, the elimina-
tion of cost-sharing for certain high-value preventive ser-
vices in late 2010, by requiring continuous enrollment across 
2010 and 2011. The elimination of cost-sharing took effect 
on September 23, 2010 but would not apply to anyone in our 
continuously enrolled cohort sample until the 2011 plan year. 
For the cohort sample, the plan consistency criterion was 
extended to cover both years (2010 and 2011) instead of each 
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plan year individually as in the cross-sectional sample. Of 
those age-eligible and enrolled for the full plan years in 2010 
and 2011, nearly 95% had a consistent plan type across both 
years. We also required additional continuous enrollment for 
a 6-month look-back period to quantify comorbidity burden 
prior to observing preventive service use, yielding a cohort 
of over 9 million enrollees.

Measures

Prior studies have tended to focus on a single or narrow set 
of preventive services that were subject to the elimination of 
cost-sharing under the Affordable Care Act. Our goal was to 
be as inclusive as possible among eligible services relevant 
to the non-elderly adult population, focusing on any use and 
use of specific categories of preventive services. Eligible ser-
vices were identified and grouped into categories similar to 
those defined by KFF,12 yielding 5 categories of preventive 
services use: (1) health promotion, (2) cancer, (3) chronic 
conditions, (4) immunizations, and (5) reproductive health 
and pregnancy (Table 1 and Supplemental Appendix Table 
1). Several reproductive health services, such as contracep-
tion, breastfeeding supports, and gestational diabetes screen-
ings, were not covered without cost-sharing until August 
2012 and therefore are not included in our analysis. 
Medications or supplements that are also available over the 
counter (eg, aspirin, folic acid) were not included because 
they do not require a prescription and would not be observed 
in pharmacy claims. Our chosen populations for each service 
in Table 1 broadly reflect the population likely recommended 
to use these services, they are not meant to summarize 
USPSTF recommendations, which have changed over time, 
or reflect specific plan-level guidelines for receiving each 
preventive service without cost-sharing, which vary by age, 
gender, risk factors, etc.

Eligible preventive services were identified using the 
MarketScan® annual outpatient services files. Each outpa-
tient service claim has up to 4 diagnosis codes and a single 
procedure code, all of which were used to identify relevant 
services. We obtained preventive service coding guidelines 
from UnitedHealthcare, Cigna, Kaiser Permanente (of 
Washington), Blue Cross Blue Shield (of North Dakota), 
and the Centers for Disease Control and Prevention, which 
were used to identify the specific underlying preventive ser-
vices using both diagnosis (International Classification of 
Disease [ICD] 9th and 10th edition codes) and procedure 
(Current Procedural Terminology [CPT] and Healthcare 
Common Procedure Coding System [HCPCS]) codes.13,49-52 
A harmonized code set from all 5 sources was developed 
and used to identify preventive services eligible for elimina-
tion of cost-sharing, with individual claims flagged as an 
enrollee having received the service if at least one applica-
ble diagnosis and procedure code were listed (Supplemental 
Appendix Table 2). We excluded preventive services that 
took place during an emergency department (ED) visit 

(approximately 2% of outpatient preventive services) or 
inpatient admission (approximately 7% of non-ED outpa-
tient preventive services included; nearly all of which were 
lipid disorder, diabetes, and obesity screening) as we were 
seeking to identify preventive services used in a primary 
care or outpatient setting, not those incidental to an acute 
event where patients may not be making decisions them-
selves. The out-of-pocket costs for claims occurring on the 
same day (eg, an HPV vaccine without cost-sharing as part 
of an office visit subject to cost-sharing) would not be con-
sidered out-of-pocket costs for preventive care unless they 
also were a preventive service (ie, wellness visit). We also 
identified and aggregated costs for eligible preventive ser-
vices to the person-year level, capturing realized out-of-
pocket costs for these services, by summing across the 
eligible preventive service claims within a given person-
year. A small number of person-years with negative summed 
values for total, plan, or out-of-pocket costs for eligible pre-
ventive services were dropped, representing approximately 
three-tenths of 1% (0.3%) of the observations in each sam-
ple. HDHP enrollment is defined as an indicator equal to 
one if the plan type corresponds to either a high deductible 
plan with or without a saving option, and zero otherwise 
(non-HDHP EPO, HMO, POS, or PPO plan types). We 
excluded those with plan types of “basic/major medical,” 

Table 1. Preventive Services Covered Without Cost-Sharing by 
Non-Grandfathered Plans.

Service
Population included in 
analysis (by sex and age)

Health promotion  
 Wellness visit All
Cancer  
 Breast cancer screening Women, 40 and older
 Breast cancer genetic screening 

and counseling, chemoprevention
Women

 Cervical cancer screening Women, 21 and older
 Colorectal cancer screening All, 50 and older
 Lung cancer screening All, 55 and older
Chronic conditions  
 Lipid disorder screening All
 Diabetes screening All
 Hepatitis B screening All
 Hepatitis C screening All, 40 and older
 Obesity screening and counseling All
 Osteoporosis screening Women
Immunizations  
 Flu All
 Other immunizations All
Reproductive health and pregnancy  
 Sexually transmitted infection 

(STI) screening
All

 Anemia screening Pregnant women
 Bacteriurea screening Pregnant women
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“comprehensive,” and “POS with capitation,” representing 
approximately 3% of the person-years in the cross-sectional 
sample and persons in the cohort sample.

Our models include controls for demographic characteris-
tics, including a cubic spline of age (age, age squared, and 
age cubed each interacted with indicators for being aged 
35-49 and 50-64), sex, relationship to policy holder (self, 
spouse, dependent), employment status of policy holder 
(full-time, part-time, other, or unknown), employment clas-
sification of policy holder (salary, hourly, other, or unknown), 
and geographic location, including living in a metropolitan 
statistical area (MSA) and state fixed effects. Those with 
missing state identifiers and those who moved states were 
excluded (less than 1% of enrollees). We accounted for prior 
health status by deriving several measures of comorbidity 
burden, using diagnoses observed in either inpatient or out-
patient service claims in 2009. We calculated both Charlson 
(17 underlying conditions) and Elixhauser (31 underlying 
conditions) comorbidity indices and defined indicators for 
the underlying conditions within each index.53,54 We tested 
the performance of both indices and sets of condition indica-
tors with our sample, finding that using the set of Elixhauser 
condition indicators provided the greatest explanatory power. 
We also calculated the number of inpatient admissions and 
number of prescriptions (unique generic drug names) in each 
person-year to capture contemporaneous changes in health 
status. We also control for the source of the underlying data, 
from either an employer or health plan. We also created a 
subsample with 3 years of continuous enrollment to construct 
a 12-month comorbidity look-back period for comparison 
with the 6-month measure.

Statistical Analysis

Using the cross-sectional sample, we first described the trend 
in HDHP enrollment over the study period. We then com-
pared trends in use of and real average per capita annual 
costs (total and out-of-pocket) for eligible preventive ser-
vices by plan type (HDHP or not). We inflated nominal dol-
lar values to 2016 dollars using the Consumer Price Index for 
Medical Care. Using the cohort sample, we estimated differ-
ence-in-differences models to isolate whether those enrolled 
in HDHPs have a differential response to the elimination of 
cost-sharing for certain high-value preventive services in late 
2010.

We used both parametric (DID) and semi-parametric 
(SDID) difference-in-differences models to estimate the 
average treatment effect on the treated, the differential 
change in use of preventive services from 2010 to 2011 
among those continuously enrolled in a HDHP versus not. 
We also explored whether heterogeneous treatment effects 
were present by sex or tertiles of the Elixhauser comorbidity 
index. The full cohort sample was used to model any use of 
an eligble preventive service while the appropriate subsam-
ples were used to estimate category- and service-level use (as 

specified in Table 1). The parametric difference-in-differ-
ences model assumes parallel counterfactual trends between 
the treatment and control groups, which can be difficult to 
justify empirically and theoretically, particularly when 
endogenous selection into treatment occurs. Those choosing 
to enroll in and remain in HDHPs, given the option, have 
varying reasons for doing so. Income plays a role, as those of 
higher income may be willing to bear the risk of reaching the 
out-of-pocket maximum and those of low income are often 
forced to risk higher potential out-of-pocket costs in exchange 
for lower premiums. Health status and expected health care 
use also play a role, as both those who expect costs well 
above the out-of-pocket maximum and those who expect 
very low costs may be incentivized to choose HDHPs.30,55-57

As such, our preferred approach in this context is to 
employ a semi-parametric difference-in-differences estima-
tor, which uses a propensity score for the probability of treat-
ment to reweight observations based on the distribution of the 
observable characteristics at baseline within each group.58,59 
The parametric model is identified off of the assumption that 
“average outcomes for treated and controls would have fol-
lowed parallel paths in absence of treatment” and that selec-
tion into treatment is not dependent on “individual-transitory 
shocks,”58 which may not be plausible when selection into 
endogenous treatment is occurring. The semi-parametric 
approach imposes the same distribution of observables across 
groups and thus relaxes the strong parallel trends assumption 
with quasi-random treatment by explicitly accounting for 
selection into treatment. The weights used by the Abadie esti-
mator are different from standard propensity score-based 
inverse probability of treatment weights and the estimation 
explicitly relies on the within-person change in outcome 
rather than treating it as a 2-period cross-section or panel.58,59 
SDID also treats the propensity scores as estimated rather 
than as given, as the latter can potentially result in artificially 
small standard errors.59 Recent work has highlighted issues 
with matching methods used with difference-in-difference 
estimators60-62; however, unlike propensity score matching 
approaches, the Abadie estimator reweights observations 
rather than performing explicit matches of observations 
between groups.

The MarketScan® annual enrollment files and inpatient, 
outpatient, and pharmacy claims data were processed using 
SAS® 9.4 for Linux and analyses were subsequently con-
ducted in Stata® 13.0 for Linux. The Abadie semi-parametric 
difference-in-differences models were estimated using the 
user-written absdid package for Stata® with the sle (logistic 
regression) option specified to force the propensity scores to 
be bounded between 0 and 1.63 We modified the program to 
output the propensity scores generated using our preferred 
specification to test for covariate balance between the 
reweighted treatment (HDHP) and control (non-HDHP) 
groups. We perform multiple comparisons using the same 
sample for multiple outcomes and estimators, which increases 
the likelihood of false positives in terms of statistical 
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significance. Though there is considerable disagreement 
about the need to adjust for multiple comparions,64,65 we indi-
cate statistical significance based on unadjusted p-values and 
note which are no longer significant based on a Bonferroni 
correction, using n = 50 for the number of unique outcome-
estimator combinations. This study was approved as exempt 
by the Non-Biomedical Institutional Review Board at the 
University of North Carolina at Chapel Hill. 

Results

Cross-Sectional Sample

In our cross-sectional sample, consisting of nearly 185 mil-
lion person-years (n = 184 976 384), HDHP enrollment rose 
steadily from 2.9% in 2008 to 21.6% in 2016. Those enrolled 
in a HDHP were approximately 1 year younger on average 
(41.2 vs 42.2) and female representation was slightly lower 
(51.9% vs 52.6%). Policy holders (60.7% vs 62.4%) were 
less prevalent and dependents (12.6% vs 11.1%) were more 
prevalent in HDHPs. Part-time employment (of the policy 
holder) representation in HDHPs was low but approximately 
double that of non-HDHPs (1.7% vs 0.9%). Hourly paid 
employment (of the policy holder) was more prevalent in the 
HDHP group (18.9% vs 14.6%). HDHP enrollees were also 
more likely to live in a metropolitan statistical area (86.5% 
vs 84.5%).

Use of any of the preventive services covered under this 
Affordable Care Act provision increased from 2008 to 2016 
(Figure 1). Those in HDHPs had lower rates of using any of 

the eligible preventive services than those in non-HDHPs at 
the beginning (56.6% vs 58.8%) and end (62.1% vs 63.6%) 
of the study period with the difference in use between the 
groups narrowing somewhat from 2008 (2.1 percentage 
points lower) to 2016 (1.5 percentage points lower). 
Similarly, real average annual per capita total (Supplemental 
Appendix Figure 1) and out-of-pocket costs (Supplemental 
Appendix Figure 2) incurred for eligible preventive services 
also increased during this time period. HDHP enrollees 
incurred lower real average annual per capita total costs for 
eligible preventive services initially ($435.08 vs $509.41 in 
2008) than those not in a HDHP and the difference increased 
by one-third during the study period ($615.39 vs $714.67 in 
2016). The groups incurred very similar out-of-pocket costs 
initially ($62.47 for HDHP and $65.49 for non-HDHP in 
2008) but cost-sharing grew faster for the HDHP group dur-
ing the study period ($103.21 for HDHP vs $79.83 for non-
HDHP in 2016). These results show that at a population 
level, any use of eligible preventive services increased dur-
ing this time period with a corresponding increase in average 
per capita total costs. There were no obvious changes in use 
or total costs coincidental with the timing of the policy 
change between 2010 and 2011. Our conclusions about the 
effect, or lack thereof, of the policy in substantially reducing 
or eliminating out-of-pocket costs for eligible preventive ser-
vices do not change if we condition on any use of a preven-
tive service. However, changes in the composition of the 
MarketScan® sample over the study period and endogenous 
plan selection make drawing strong conclusions from cross-
sectional findings difficult.

Figure 1. Use of Any Eligible Preventive Service by HDHP Enrollment, Cross-sectional Sample.
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Cohort Sample

In our cohort sample, consisting of 9 253 241 non-elderly adults 
continuously enrolled from the second half of 2009 through 
2011, approximately 6% (6.3%) were enrolled in HDHPs. This 
is slightly lower than the prevalence of HDHP enrollment in 
the cross-sectional sample during these years (7.8% in 2010 
and 8.1% in 2011) as the continuous enrollment required tends 
toward higher representation of more generous employer spon-
sored coverage as a result of lower churn in group versus non-
group markets.66 Table 2 contains unweighted and weighted 
baseline (2010) descriptive statistics for the cohort sample by 
HDHP enrollment. In the unweighted results, the average age 
and distribution of sex were similar across groups. Spouses 
were present at a higher percentage in the HDHP group 
(30.3%vs 28.4%), indicating that spousal and family coverage 
may be more prevalent in that group. Part-time employment (of 
the policy holder) representation in HDHPs was nearly than 
fivefold that of non-HDHPs (3.9% vs 0.8%). Hourly paid 
employment (of the policy holder) was also overrepresented in 
the HDHP group (17.4% vs 16.7%) with the caveat of a large 
other or unknown group. HDHP enrollees were slightly less 
likely to live in a metropolitan statistical area (85.5% vs 86.4%). 

HDHP enrollees used fractionally more unique prescriptions 
(11.3 vs 11.0) but showed only small differences in number of 
inpatient admissions (0.05 vs 0.06) and Elixhauser comorbidity 
index (0.26 vs 0.29). From this, we observe weak evidence of 
possible advantageous selection into HDHPs on average but 
also that price sensitivity on premium costs may be driving 
selection (ie, higher spousal representation and part-time 
employment). In comparing the performance of 6- and 
12-month Elixhauser comorbidity indices in the subsample 
with both available, we find a wider gap between the HDHP 
(0.41) and non-HDHP (0.48) groups that maintains the same 
rank order of the 6-month measure (0.26 for HDHP and 0.30 
for non-HDHP), again indicating potentially slightly healthier 
individuals on average sorting into the HDHP group. After 
weighting, the differences in distributions of employment sta-
tus of the policy holder (ie, full-time, part-time), employment 
classification of policy holder (ie, salary, hourly), data from 
health plan, and number of inpatient admissions narrowed con-
siderably between groups.

Any use of eligible preventive services among the cohort 
sample shows that HDHP enrollees were somewhat more 
likely than the non-HDHP group to use preventive services 
in 2010, and that gap widened slightly in 2011 from 1.3 to 

Table 2. Unweighted and Weighted Baseline (2010) Sample Characteristics by HDHP Enrollment, Cohort Sample.

Mean or %
(SE)

Characteristic

Unweighted Weighted

Not in HDHP HDHP Not in HDHP HDHP

Age 43.6 (0.004) 43.7** (0.02) 43.7 (0.004) 42.2** (0.05)
Female 52.7% (0.02%) 53.3%** (0.1%) 52.8% (0.02%) 51.9%** (0.2%)
Relationship to policy holder
 Self 65.7% (0.02%) 63.5%** (0.1%) 65.5% (0.02%) 63.2%** (0.2%)
 Spouse 28.4% (0.02%) 30.3%** (0.1%) 28.5% (0.02%) 30.1%** (0.2%)
 Dependent 6.0% (0.01%) 6.2%** (0.03%) 6.0% (0.01%) 6.6%** (0.1%)
Employment status of policy holder
 Full-time 53.9% (0.02%) 85.0%** (0.05%) 55.9% (0.02%) 47.9%** (0.2%)
 Part-time 0.8% (0.003%) 3.9%** (0.03%) 1.0% (0.004%) 1.1%** (0.01%)
 Other, unknown 45.3% (0.02%) 11.1%** (0.04%) 43.1% (0.02%) 51.0** (0.2%)
Employment classification of policy holder
 Salary 18.6% (0.01%) 53.9%** (0.1%) 21.1% (0.01%) 22.2%** (0.1%)
 Hourly 16.7% (0.01%) 17.4%** (0.05%) 16.7% (0.01%) 18.5%** (0.1%)
 Other, unknown 64.7% (0.02%) 28.7%** (0.1%) 62.2% (0.02%) 59.4%** (0.2%)
 In MSA 86.4% (0.01%) 85.5%** (0.05%) 86.4% (0.01%) 92.1%** (0.1%)
Data from health plan
 (versus employer)

40.6% (0.02%) 2.7%** (0.02%) 38.1% (0.02%) 46.3%** (0.2%)

Number of unique
prescriptions

11.0 (0.01) 11.3** (0.02) 11.0 (0.01) 8.2** (0.1)

Number of inpatient admissions 0.06 (0.0001) 0.05** (0.0004) 0.06 (0.0001) 0.06 (0.002)
Elixhauser comorbidity index
 (6-month lookback, 2009)

0.29 (0.001) 0.26** (0.002) 0.29 (0.001) 0.26** (0.01)

HDHP = high deductible or consumer-driven health plan, MSA = metropolitan statistical area.
** P < .01.
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1.6 percentage points (Supplemental Appendix Table 3). Any 
use increased significantly among both groups from 2010 to 
2011 with a slightly larger absolute increase for the HDHP 
group. Real average annual per capita total costs incurred for 
eligible preventive services grew during this time period 
(Supplemental Appendix Table 3). Real per capita total costs 
increased on average by $51 for the non-HDHP group (from 
$628.08 to $678.61, P < .01) and by $58 for the HDHP group 
(from $562.99 to $621.44, P < .01). HDHP enrollees had 
higher average real per capita out-of-pocket costs for poten-
tially eligible preventive services in both years and experi-
enced a larger year-over-year increase than the non-HDHP 
enrollees (Supplemental Appendix Table 3). The increases in 
preventive service use, whether caused by the policy or inci-
dental to the policy change as part of a secular increasing 
trend, were not met with the promised elimination or even a 
reduction in average out-of-pocket costs realized for the ser-
vices targeted by the provision.

Table 3 shows the difference-in-difference estimates of 
the average treatment effect on the treated with the DID and 
SDID estimators. Our preferred SDID results imply that 
HDHP enrollment was associated with a reduction in the 
post-ACA change in any use of eligible preventive services 
by 0.2 percentage points, which corresponds to 12.5% of the 
observed year-over-year change of 1.6 percentage points 
among HDHP enrollees (Supplemental Appendix Table 3) 
and an 11.1% decrease based on the implied counterfactual 
year-over-year change (of 1.8 percentage points). This 0.2 
percentage point effect is 33.3% of the implied policy effect 
of a 0.6 percentage point increase in any use year-over-year 
from the full DID model (Table 3, column 4). We find sig-
nificant heterogenous treatment effects of HDHP enrollment 

by age (50-64: +0.5 percentage points) and sex (female: 
+0.3 percentage points), but not by tertiles of the Elixhauser 
comorbidity index in the SDID model for any use (not 
shown). Category-specific estimates (health promotion, can-
cer, chronic conditions, immunizations, reproductive health, 
and pregnancy) of the average treatment effect on the treated 
are shown in Supplemental Appendix Table 4. Our SDID 
estimates imply negative effects of HDHP enrollment on 
responsiveness to the policy change for 4 of the 5 categories, 
including health promotion (−0.2 percentage points), chronic 
conditions (−0.5 percentage points), immunizations (−0.6 
percentage points), and reproductive health and pregnancy 
(−0.4 percentage points), relative to non-HDHP enrollees. 
Service-specific estimates are shown in Figure 2 and 
Supplemental Appendix Table 5, with negative estimated 
effects of HDHP enrollment indicated for 11 of 17 services 
included compared to 4 null and 2 positive effects. We ran 
several alternate sets of models to confirm the robustness of 
our findings (not shown), including dropping those aged 18 
to 26 (those potentially eligible for the dependent coverage 
provision that was implemented coincident to this policy 
change) and using the subsample with a 12-month comorbid-
ity look-back period (36 months of continuous enrollment 
rather than 30), yielding qualitatively similar findings. We 
also used 2 subsamples of our cohort—1) those with at least 
one claim of any kind during first 6 months of 2010 and 2) 
those with at least one claim during first 6 months of 2010 
and none for preventive care—to assess how this relation-
ship changes when focusing on those with known interac-
tions with the health care system (Supplemental Appendix 
Table 6). We found that our results generally got larger in 
magnitude (negatively) and maintained or gained statistical 

Table 3. Difference-In-Differences Estimates of the Effect of HDHP Enrollment on Any Use of Eligible Preventive Services.

Model, b (SE)

 (1) (2) (3) (4)

Any preventive service use
DID  
 HDHP −0.004** (0.001) −0.007** (0.001) 0.001*^ (0.001) 0.003** (0.001)
 Post 0.004** (0.0002) 0.004** (0.0002) 0.003** (0.0002) 0.006** (0.0002)
 HDHP × Post 0.002**^ (0.001) 0.002**^ (0.001) 0.001 (0.001) 0.002 (0.001)
 Adjusted R2 0.123 0.127 0.173 0.194
SDID  
 HDHP × Post 0.001 (0.001) −0.0001 (0.001) −0.002*^ (0.001) −0.002*^ (0.001)
Demographic controls X X X X
Geographic controls X X X
# of inpatient admissions and unique prescriptions X X
Comorbidity indicators
  (6-month lookback)

X

N (persons) 9253 241 9253 241 9253 241 9253 241

DID = parametric difference-in-difference (OLS); SDID = semi-parametric difference-in-differences (Abadie).
*P < .05. **P < .01.
^No longer statistically significant after Bonferroni correction for multiple comparisons.
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significance, indicating that the depressive association of 
HDHPs with use of preventive care was more even 
pronounced.

Discussion

Our results suggest that enrollment in a high deductible 
health plan was associated with a smaller increase, by 
approximately one-eighth, in use of eligible preventive 
services for which cost-sharing was eliminated by the 
ACA. These findings build upon prior research showing 
that consumers respond to higher cost-sharing burdens by 
reducing use of all care, regardless of its inherent clinical 
value,14 which only becomes more meaningful as enroll-
ment in HDHPs continue to rise.14-18 Unlike prior research, 
which has focused on a single or smaller set of preventive 
services,41-45 we incorporate nearly all of the billable ser-
vices that were subject to the late 2010 provision. Other 
studies have found null or positive effects of the cost-shar-
ing exemption for cancer screening among HDHP enroll-
ees after the policy change and encouragingly,41,42,45 we 
also find that cancer screenings were seemingly unaffected 
by the disincentive imposed by higher deductibles to not 
use medical care. We do, however, find that high deduct-
ible health plan enrollment was associated with smaller 
increases in use of wellness visits, immunizations, and 
screening for chronic conditions and sexually transmitted 
infections.

Our study has several limitations. Though our approach can 
arguably support causal claims, the potential for residual con-
founding in this specific context is not trivial and therefore we 
are choosing to describe our findings as associations. The 

potential endogeneous selection into HDHPs, assuming sev-
eral plan options were available, is problematic given that we 
do not observe income, plan choice set, and other characteris-
tics that could be used to model plan choice.67 Others have 
addressed this problem by using forced switches into a HDHP 
at the employer level with similar non-switching employers 
serving as a control group.33,45,68,69 We chose a more generaliz-
able sample with a semi-parametric approach that does not 
assume quasi-random group assignment, estimating an under-
lying propensity score for selection into treatment and using 
these to reweight the sample for estimation.58 With only state 
identifiers available, we were unable to account for local dif-
ferences in primary care provider availability that could play a 
role as a supply constraint. We are, however, able to isolate the 
utilization response conditional on the physician supply envi-
ronment that each enrollee faces by using a cohort of adults 
continuously enrolled before and after the policy change who 
do not move between states. We are also unable to identify 
which plans were modified to comply with this and other ACA 
provisions versus those that were grandfathered for the 2011 
plan year, as this information is not provided in the 
MarketScan® data. Grandfathered plans have largely disap-
peared from the individual (non-group) market, now estimated 
to be less than 7% of total enrollment.70 In the group market, 
there is a similar downward trend with grandfathered plan 
enrollment falling from a base of just over half (56%) in 2011 
to just over a third (36%) just 2 years later.71 As long as grand-
fathered plan status was not associated with whether a plan 
had a high deductible or not (eg, plan modification decisions 
being made at the insurer-rating area level or employer level), 
this concern is minimized for our analysis. Also, insurers were 
responsible for creating their own coding guidelines to 

Figure 2. Difference-In-Differences Estimates of the Effect of HDHP Enrollment on Use of Eligible Preventive Services.
Blue: P < .05, red: not significant; reflecting SDID average treatment effects on the treated shown in Supplemental Appendix Table 5.
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operationalize the ACA provision that eliminated cost-sharing 
for eligible preventive services, with providers needing to 
adhere specifically in order for enrollees to be billed (or not, in 
this case) appropriately. Consumers and providers alike ended 
up being confused by this, with patients receiving surprise 
bills for so-called “free” preventive services.72-74 As we cannot 
identify specific insurers in our data, it is not possible to match 
the applicable coding guidelines exactly to each enrollee. 
Therefore, we created a comprehensive list of covered diagno-
sis and procedure code combinations provided by the federal 
government and several large insurers to capture the services 
that were supposed to be exempt from cost-sharing. The small 
amount of revenue involved also calls into question whether 
providers would be quick to adapt to coding changes given 
that prior evidence found that only about half of hospitals 
responded to a change in Medicare coding that would have 
resulted in a 2% revenue gain.75,76 Also, MarketScan® skews 
heavily toward large employer plans in its composition, which 
may have been more likely to cover preventive care at zero 
out-of-pocket cost before the ACA, meaning our results may 
be conservative relative to all commercially insured Americans 
generally.

Plan choice and understanding the nuances of benefit design 
is challenging for consumers, often resulting in less than opti-
mal choices of plans (eg, choosing dominated plans), and use 
of care (eg, failing to use high-value preventive care available 
without cost-sharing), suggesting that more can be done during 
open enrollment and early in the plan year to support decision 
making.75,77-84 There are also potential mismatches between ex 
ante and ex post expectations of cost-sharing for preventive 
services. An extreme but common example is that a patient 
goes in for a screening colonoscopy, not subject to cost-shar-
ing, but a polyp is found and removed causing the service to be 
billed as a diagnostic colonoscopy instead, now subject to cost-
sharing. This change in cost-sharing based on the outcome of 
the preventive service itself is far from consumer-friendly and 
has yielded a lot of confusion.85-87 Unfortunately, our results 
also suggest that the provision of the ACA that eliminated cost-
sharing for eligible preventive services was unsuccessful in 
reducing out-of-pocket costs for consumers, the linchpin incen-
tive for consumers to increase their use of preventive services. 
Future research can help us understand whether there is hetero-
geneity in the out-of-pocket cost experience with specific ser-
vices covered by this ACA provision. If use of preventive 
services is less than optimal and out-of-pocket costs continue to 
be a barrier, then how the policy is operationalized may need to 
be reconsidered.
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