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E nrollment in high-deductible health plans (HDHPs) is 

increasing rapidly, with 22% of covered workers enrolled in 

a plan with an annual deductible exceeding $2000 in 2019.1 

Proponents of HDHPs argue that higher cost sharing incentivizes 

enrollees to “shop” for care. Detractors argue that cost sharing is a 

blunt instrument and reduces utilization across the board. Indeed, 

HDHPs have been shown to reduce health care spending,2,3 but 

higher deductibles encourage consumers to forgo care in the short 

term,4-6 leading to adverse outcomes in the long term. Previous 

research on HDHPs suggests that vulnerable populations, including 

those with chronic conditions whose health outcomes are tied to 

continuing, uninterrupted care, are at the greatest risk of negative 

consequences in response to higher cost sharing.7

This evidence on HDHPs raises concerns about potential negative 

effects for individuals with substance use disorders (SUDs) because 

these conditions are most effectively managed as chronic conditions 

with longer time in treatment leading to better outcomes,7,8 often 

co-occur with mental illness and other chronic medical conditions,9 

and can be costly.10 Furthermore, given that SUD is vastly under-

treated,11 that only about 10% of individuals with SUD treatment 

needs receive treatment,12 and that access to evidence-based SUD 

treatments (eg, medications for opioid use disorder) is severely 

limited in many communities,13-15 the shift toward HDHPs might 

be creating further barriers to SUD diagnosis and treatment. Prior 

descriptive work has found suggestive evidence that HDHPs are 

associated with lower rates of emergency department and hospital 

use, as well as higher out-of-pocket (OOP) costs for individuals with 

SUD.16,17 However, selection bias makes it difficult to draw causal 

inferences from comparisons of individuals enrolling in HDHPs 

with enrollees of traditional, low-deductible plan choices because 

the decision to enroll may be nonrandom: HDHP enrollees are 

known to be, on average, younger and healthier.18

Importantly, increases in drug- and alcohol-related mortality 

have made connecting individuals with evidence-based SUD 

treatment a national priority. From 1999 to 2017, more than 700,000 

Americans died from drug overdoses,19 and drug-related deaths have 

contributed to declines in life expectancy over the past 3 years.20,21 
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ABSTRACT

OBJECTIVES: Although high-deductible health plans 
(HDHPs) reduce health care spending, higher deductibles 
may lead to forgone care. Our goal was to determine the 
effects of HDHPs on the use of and spending on substance 
use disorder (SUD) services.

STUDY DESIGN: We used difference-in-differences models 
to compare service use and spending for treating SUD 
among enrollees who were newly offered an HDHP relative 
to enrollees offered only traditional plan options throughout 
the study period.

METHODS: We used deidentified commercial claims 
data from OptumLabs (2007-2017) to identify a sample of 
28,717,236 person-years (2.2% with a diagnosed SUD). The 
main independent measure was an indicator for being 
offered an HDHP. The main dependent measures were the 
probability of (and spending associated with) using SUD 
services and specific treatment types.

RESULTS: Enrollees were 6.6% (P < .001) less likely to 
use SUD services after being offered an HDHP relative to 
the comparison group. Reductions were concentrated in 
inpatient, intermediate, and ambulatory care, as well as 
medication use. Being offered an HDHP was associated with 
a decrease of 21% (P < .001) on health plan spending and an 
increase of 14% (P < .01) on out-of-pocket spending.

CONCLUSIONS: Offering an HDHP was associated with a 
reduction in SUD service use and a shift in spending from the 
plan to the enrollee. In the context of the US drug epidemic, 
these study findings highlight a concern that the movement 
toward HDHPs may be exacerbating undertreatment of SUD.

 Am J Manag Care. 2022;28(10):530-536. doi:10.37765/ajmc.2022.89250

MANAGERIAL



VOL. 28, NO. 10  531THE AMERICAN JOURNAL OF MANAGED CARE®

HDHPs and SUD

In this context, it is critical to understand 

how health insurance design choices may be 

facilitating or deterring access to lifesaving 

treatments for SUD. We aimed to evaluate 

whether the decision of an employer to offer 

an HDHP was associated with use of health care 

services to treat SUD and spending on these 

services. Our use of an intent-to-treat design 

to examine how a firm’s decision to offer an 

HDHP affects SUD service use and spending 

(rather than directly examining outcomes for 

those choosing to enroll in HDHPs) minimizes 

concerns about individual nonrandom selection 

into HDHPs vs traditional health plans. We 

also examine whether any changes in SUD spending attributable 

to HDHPs are borne primarily by the health plan or by enrollees in 

the form of OOP payments.

METHODS
Data

We used deidentified administrative claims data from the OptumLabs 

Data Warehouse from 2007 to 2017. The database includes enrollment 

records for commercial enrollees, medical (including behavioral 

health) and pharmacy claims, benefit design information, and a 

blinded firm identifier. Each firm identifier distinguished groups 

within a firm with a shared plan offering. Firms that offered the 

same choice set of plans to all employees had a single identifier, 

whereas firms that offered different choice sets to different groups 

of employees were assigned different identifiers for each group.

Sample Identification

We constructed our sample in several steps. First, we began with 

individuals with a valid deductible and medical, pharmacy, and 

mental health coverage (ie, behavioral health coverage falls under 

the same deductible). We required enrollees to be enrolled for at 

least 11 months of their plan year and limited enrollees to be aged 

between 12 and 64 years. Next, we selected continuous spans of time 

for each firm, eliminating firms with large changes in firm size (ie, 

changed by ± 50% between consecutive years; this resulted in an 

exclusion of 2% person-years) given that large swings in enrollment 

from year to year might indicate that many enrollees switched to a 

different insurance carrier that is unobserved in our data.

To define the treatment group, we categorized 369,239 firms as 

those offering HDHPs by calculating the percentage of enrollees at 

that firm enrolled in an HDHP in that year. Treatment firms were 

characterized by having at least 2 years with less than 5% HDHP 

enrollment immediately followed by having greater than 5% HDHP 

enrollment in all subsequent years (11% of firms). This threshold is 

arbitrary by nature but has support in prior literature.2,5 We chose it 

as a number that would be high enough to signal that a nontrivial 

number of enrollees actually had the opportunity to enroll, but low 

enough not to exclude firms with low uptake. This threshold allows 

us to identify a more plausibly generalizable treatment group, with 

enrollment in an HDHP in the postperiod treatment group ranging 

from 5% enrolled to 100% enrolled. Comparison firms were defined 

as those having 0% HDHP enrollment for all years in which the firm 

is found in the data (35% of firms). We omitted enrollees affiliated 

with other types of firms, such as those always offering an HDHP 

(eAppendix A [eAppendices available at ajmc.com]). 

Identification of Enrollees With SUD

For our spending analyses, we focused on a population coded as 

having an SUD based on having at least 1 medical claim with an SUD 

diagnosis in any of the diagnosis code positions, following prior 

research.22,23 Enrollees having claims meeting this criterion during 

the time in which they were at a treatment or comparison firm 

were designated as having an SUD for the remainder of the study 

period. This particularly sensitive SUD sample selection criterion 

was intended to minimize potential bias due to reduced use of 

services associated with HDHPs.2,24 We identified SUD diagnosis 

codes with International Classification of Diseases, Ninth Revision, 

Clinical Modification codes 291, 292, 303, 304, and 305 (excluding 305.1 

[tobacco use disorder] and 305.8 [antidepressant abuse]) and Tenth 

Revision codes F10-F19 (excluding F17.2x [tobacco use disorder]).

Measures 

The key independent variable in our analysis was a binary indicator 

of whether an enrollee was associated with a firm that offered an 

HDHP. For this measure, we defined a plan as an HDHP if its shared 

medical and pharmacy deductible (or sum of medical and pharmacy 

deductible) met the Internal Revenue Service definition in that 

calendar year. This cutoff changes by calendar year but averaged 

$1232 over the study period for individual plans and $2427 for family 

plans.25 Traditional plans were defined as plans that did not meet 

this threshold.

The main dependent variables were measures of SUD service 

use and spending conditional on use overall and disaggregated 

into specific treatment types including inpatient, emergency 

department, intermediate (inclusive of residential, partial 

TAKEAWAY POINTS

 › Although high-deductible health plans (HDHPs) reduce health care spending, higher 
deductibles may lead to forgone care.

 › This is of concern for individuals with substance use disorders (SUDs) because these condi-
tions are undertreated and often co-occur with other chronic conditions.

 › We find that enrollees were 6.6% less likely to use SUD services after being offered an 
HDHP relative to the comparison group. Reductions were concentrated in intermediate 
care, ambulatory care, and medication use.

 › Being offered an HDHP was associated with a decrease of 21% on health plan spending and 
an increase of 14% on out-of-pocket spending.

 › In the context of the US drug epidemic, these study findings highlight a concern that the 
national movement toward HDHPs may be exacerbating undertreatment of SUD.
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hospitalization, and intensive outpatient), ambulatory, and medi-

cation. Nonmedication services were identified using procedure 

(Current Procedural Terminology and Healthcare Common Procedure 

Coding System), revenue, and American Medical Association place-

of-service codes having an SUD diagnosis code (defined above) 

as the primary diagnosis on the medical claim. SUD emergency 

department use also included overdoses. SUD inpatient use 

required 50% or more of hospital facility claims to have a primary 

diagnosis of SUD or a diagnosis of an overdose. Intermediate and 

ambulatory SUD services were identified if the SUD diagnosis was 

the primary diagnosis or the second diagnosis when accompanied 

by a primary diagnosis for a mental health condition. Ambulatory 

SUD services also included Screening, Brief Intervention, Referral 

to Treatment and medication administration procedure claims, 

agnostic of diagnosis codes. Medication use was identified from 

pharmacy claims for alcohol use disorder (AUD) and opioid use 

disorder (OUD) medications and medical claims for administration 

of AUD and OUD medications.

To avoid double-counting, nonmedication services occurring 

on the same day were attributed to the highest level of care on that 

day (eg, claims meeting criteria for an ambulatory SUD service but 

occurring on the day of SUD intensive outpatient treatment were 

attributed to the intermediate category). Medication administration 

spending was attributed to the highest level of care on that day, 

whereas pharmacy spending was captured separately (eAppendix B).

Spending was categorized by OOP, health plan, and total spending 

(the sum of OOP and health plan spending) by aggregating values 

within an enrollee-year. Negative dollar amounts were coded as 

zeroes (0.001% of enrollee-years) and spending was top-coded at 

the 99.9th percentile in each calendar year. Spending was examined 

conditional on use in the associated category.

Enrollee-level covariates included age, sex, race/ethnicity (Asian, 

Black, Hispanic, White, or unknown), family size, Census block 

household income (ie, < $40,000; ≥ $40,000 and < $75,000; ≥ $75,000 

and < $125,000; ≥ $125,000 and < $200,000; > $200,000; or unknown), 

Census block–level education (ie, less than high school, high school, 

some college, bachelor’s or more, or unknown), and Census divi-

sion. Income, race/ethnicity, and education were estimated based 

on personal identifying information linked to a mix of proprietary 

sources for OptumLabs. The Chronic Conditions Warehouse was 

used to construct 47 condition indicators included as covariates.26

Statistical Analyses

We analyzed the effects of offering an HDHP on SUD service use 

and spending outcomes using a 2-way fixed effects difference-in-

differences study design. We included preperiod data before a firm 

began offering an HDHP to control for differences in individual 

characteristics that varied across firms but might be correlated 

with our outcome measures. To control for secular trends, we also 

included, as a comparison group, enrollees at firms that never 

offered an HDHP. Our empirical approach compared changes in 

SUD service use and spending over time between treatment group 

enrollees who are offered an HDHP and comparison group enrollees 

who have not yet been offered an HDHP. The unit of analysis was the 

person-year. The HDHP variable indicated whether the enrollee’s 

firm offered an HDHP in a given calendar year and was coded as zero 

for all years in firms that never offered an HDHP. Models included 

the individual-level covariates listed above and calendar year and 

firm fixed effects. For probability of service use outcomes (entire 

sample), we estimated ordinary least squares (OLS) regressions. For 

spending outcomes (SUD sample), we estimated OLS regressions 

on a logged dependent variable, to account for skew. In all models, 

SEs were clustered at the firm level to account for unobservable 

correlations within each firm. All analyses were conducted in Stata 

16 MP (StataCorp LLC). This study was approved by the institutional 

review board of the Johns Hopkins Bloomberg School of Public Health. 

The key assumption for our analyses was that, absent the firm 

offering an HDHP, enrollees at firms in the treatment group would 

have had trends in SUD service use and spending consistent with the 

trends seen in enrollees at firms in the comparison group. Although 

this assumption is ultimately untestable, 3 pieces of evidence gave 

us confidence in this assumption. First, we evaluated differences 

across treatment and comparison groups and across study year 

trends using standardized mean differences (SMDs) and found that 

98% of covariate SMDs fell below 0.1, a commonly used threshold 

for evaluating covariate balance (eAppendix C).27 Firm-level char-

acteristics were also similar across groups (eAppendix D), and we 

observed no differential selection into the sample (eAppendix E). 

Second, unadjusted rates of our outcome variable (SUD service use) 

had fairly similar levels and trends across groups in the preperiod 

(eAppendix F.1). Third, when we explicitly tested for preperiod 

differences in trends prior to HDHP offer, we found no statistically 

significant differences (eAppendix F.2). Given new advances in 

difference-in-differences methodology, we also estimated stratification 

models analyzing treatment heterogeneity over time (eAppendix G).

Our analytic approach relied on discrete changes in the fraction 

of a firm’s enrollees enrolled in an HDHP, requiring a sharp cutoff 

to identify when a firm began offering an HDHP. As described 

above, we used a 5% threshold in our main analyses based on prior 

research.2,5 In sensitivity analyses, alternative thresholds were 

used. As noted above, we restricted our analysis to firms that had 

a stable size year to year, using a greater than 50% turnover cutoff. 

In sensitivity analyses, alternative cutoffs were used.

RESULTS
Table 1 displays unadjusted enrollee characteristics in the treatment 

and comparison groups across the pre- and post periods. Table 2 

shows unadjusted rates of SUD use and spending across service type. 

Overall, unadjusted rates of SUD use and spending increased from 

the preperiod to the post period but at a slower rate in the treatment 

group relative to the comparison group. This is consistent with 

prior evidence showing that HDHPs do not decrease spending but, 

instead, slow the growth in spending.2,3 Mean annual deductibles 
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showed similar trends prior to HDHP offer, with a large, expected 

increase in the treatment group after HDHP offer (eAppendix H).

Table 3 indicates that the adjusted probability of using any SUD 

services increased after treatment group enrollees were offered an 

HDHP; however, this increase was smaller relative to the change 

in the comparison group (–0.04 percentage points [PP]; P < .001), 

implying a 6.6% reduction in the probability of using SUD services 

after the treatment group is offered an HDHP relative to otherwise 

similar enrollees who continued to be offered only traditional health 

plan choices by their employer (full model results in eAppendix I).

Among the study population with an SUD diagnosis, we found 

no differences in mean total spending on SUD services among 

TABLE 1. Unadjusted Descriptive Characteristics of Enrollees Offered and Not Offered an HDHP Across Person-Years, 2007-2017a

Characteristic

Full sample Diagnosed with substance use disorder

Offered HDHP Not offered HDHP Offered HDHP Not offered HDHP

Preperiod Post period Preperiod Post period Preperiod Post period Preperiod Post period

Age in years, mean (SD) 38.3 (14.5) 38.2 (14.7) 38.0 (14.3) 38.0 (14.6) 38.0 (14.1) 38.9 (14.3) 38.0 (14.1) 38.6 (14.3)

Sex, %

Male 47.7 49.0 49.9 50.7 61.1 60.1 62.4 61.8

Female 52.3 51.0 50.1 49.3 38.9 39.9 37.6 38.2

Race/ethnicity, %

White 63.5 60.9 63.1 59.2 67.3 65.5 67.7 63.4

Black 12.1 11.2 9.5 9.6 10.2 10.1 9.2 9.9

Hispanic 9.0 8.8 11.0 11.2 8.2 7.8 8.7 9.3

Asian 4.7 5.5 4.4 5.1 1.7 1.8 1.7 1.8

Missing/unknown 10.7 13.6 12.0 14.9 12.5 14.9 12.7 15.6

Count of chronic conditions, 
mean (SD)

0.6 (1.1) 0.5 (1.1) 0.5 (1.1) 0.6 (1.1) 1.0 (1.6) 1.0 (1.6) 1.0 (1.6) 1.0 (1.6)

Full sample, n 6,343,122 8,188,748 8,154,427 6,030,939 109,506 232,125 160,794 142,031

HDHP, high-deductible health plan. 
aIncludes selected sample characteristics for the treatment group (offered HDHP) and comparison group (not offered HDHP), before and after HDHP offer. To 
construct comparison group means, we took the weighted average of comparison group characteristics across calendar years and weighted by how often those 
calendar years appear in the treatment sample during the pre- and post periods. Chronic conditions are derived from the Chronic Conditions Warehouse. Count 
includes number of chronic conditions, ranging from 0 to 21. Full sample characteristics and covariate balance statistics are available in the eAppendix C Table.

TABLE 2. Unadjusted SUD Service Use and Spending Among Enrollees Offered and Not Offered an HDHP Across Person-Years, 2007-2017a

Use and spending

Offered HDHP Not offered HDHP

Preperiod Post period Preperiod Post period

Probability of SUD service use

Any SUD inpatient use, % 3.9 3.6 3.7 3.9

Any SUD emergency department use, % 7.9 5.3 8.7 6.7

Any SUD intermediate use, % 6.7 4.9 6.7 5.6

Any SUD ambulatory use, % 23.2 15.6 22.2 18.0

Any SUD medication, % 8.8 7.0 8.8 8.0

Annual spending on SUD services conditional on use in $, mean (SD)

SUD spending 4689 (13,058) 6955 (20,136) 4658 (11,444) 6425 (17,618)

SUD inpatient spending 10,740 (15,212) 12,573 (18,447) 10,783 (15,917) 11,661 (16,729)

SUD emergency department spending 1501 (2507) 1960 (2712) 1407 (2116) 1794 (2501)

SUD intermediate spending 6323 (11,786) 10,472 (17,284) 5901 (8557) 9216 (14,674)

SUD ambulatory use spending 619 (1217) 680 (1592) 606 (1289) 678 (1555)

SUD pharmacy spending 1516 (2128) 1736 (2485) 1581 (2073) 1891 (2486)

Diagnosed with SUD, n 109,506 232,125 160,794 142,031

HDHP, high-deductible health plan; SUD, substance use disorder. 
aIncludes outcome measures for probability of SUD service use and average annual spending on SUD services, conditional on use for the treatment group (offered 
HDHP) and comparison group (not offered HDHP), before and after HDHP offer. To construct comparison group means, we took the weighted average of compari-
son group characteristics across calendar years and weighted by how often those calendar years appear in the treatment sample during the pre- and post periods. 
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treatment group enrollees offered an HDHP relative to comparison 

group enrollees who continued to be offered only traditional health 

plan options. However, enrollees in the treatment group had larger 

increases in OOP spending on SUD services ($168 to $215, pre- to 

post) relative to the comparison group ($169 to $190, pre- to post), 

resulting in higher annual OOP spending averaging $24 (P < .01). 

In contrast, mean spending on SUD services paid for by health 

plans decreased for treatment group enrollees ($655 to $588, pre- to 

post) relative to comparison group enrollees ($662 to $746, pre- to 

post), resulting in $138 (P < .001) lower mean annual per-enrollee 

spending by HDHPs (full model results in eAppendix I).

Figure 1 shows that there was a decrease in the probability of 

enrollees with SUD diagnoses using inpatient SUD services (–0.30 PP; 

P = .01), intermediate SUD services (–0.50 PP; P = .006), ambulatory SUD 

services (–1.70 PP; P < .001), and guideline-recommended medications 

to treat SUD (–0.38 PP; P = .029) attributable to being offered an HDHP.

Similarly, as shown in Figure 2 (focused on the population with 

SUD diagnoses), both emergency department spending and ambula-

tory SUD spending by health plans decreased by annual means of 

$137 and $23, respectively, in HDHPs relative to traditional plans.

Our key robustness checks found no qualitative changes when we 

varied the HDHP enrollment threshold used to identify the treatment 

group or when we varied the maximum allowed 

change in year-to-year firm size (eAppendix J).

DISCUSSION
Offering an HDHP was associated with a 

0.04-percentage-point lower probability of 

using SUD services, implying a 6.6% reduction 

from baseline service use. These reductions were 

driven by reductions in use of intermediate and 

ambulatory services and medication treatment 

for SUD. Overall, we did not find differences in 

total spending among SUD service users but did 

find a shift in costs from the insurer to the patient. 

These changes in SUD treatment rates and 

spending were consistent with prior literature 

on HDHPs in other clinical contexts.2-6 Although 

small in magnitude, these estimates are clinically 

relevant because SUD is vastly undertreated.11

Our results have several important implica-

tions. First, the financial barriers imposed by 

HDHPs were associated with lowered SUD 

treatment rates. This is especially concerning 

given the already low rates of treatment in this 

population and the high morbidity and mortality 

associated with SUD. When evaluating the 

costs and benefits associated with switching 

employees to an HDHP, individuals should 

consider the potential increased costs for SUD 

treatment, and plan benefit managers should be 

cognizant of the financial implications for their enrollees with SUD.

Second, our results suggest that the effects are driven by reductions 

in inpatient, intermediate, ambulatory, and medication use, with 

no effects on emergency department use. This is not surprising, as 

demand for emergency care is more inelastic than intermediate, 

ambulatory, or medication use. However, these findings are in contrast 

to the public health policy goal for improving SUD care—that is, more 

robust use of ambulatory care (rather than just receiving episodic 

inpatient or emergency care) and also of evidence-based AUD and 

OUD medication.15,28 Thus, even in the context of HDHPs, financial 

and administrative barriers to accessing ambulatory care and SUD 

medications should be as low as possible. For OUD, for example, all 

3 FDA-approved medications should be offered and be included in 

preferred formulary tiers without prior authorization or cost sharing.29-31

Limitations

This study is subject to several important limitations. First, although 

our analysis uses a rigorous analytic approach, our results are still 

based on observational data and not a randomized controlled trial. 

We took steps to mitigate this concern, including taking advantage 

of the exogenous HDHP offer (rather than relying on individual 

selection decisions) and by carefully analyzing preperiod trends 

TABLE 3. Adjusted Probability of SUD Service Use and Spending Conditional on Use Among 
Enrollees With SUD Offered and Not Offered an HDHPa

Probability and spending Preperiod Post period
Change in value 

attributable to HDHP offer

Probability of SUD service use 
(n = 28,724,702) % Percentage points (95% CI)

Probability of use

Employer offered an HDHP 0.65 0.76
–0.04 (–0.07 to –0.02)

Employer did not offer an HDHP 0.68 0.83

SUD spending conditional on use 
(n = 197,155) $ $ (95% CI)

Total spending

Employer offered an HDHP 1052 1258
13 (–52 to 82)

Employer did not offer an HDHP 1060 1249

Out-of-pocket spending

Employer offered an HDHP 168 215
24 (9-41)

Employer did not offer an HDHP 169 190

Health plan spending

Employer offered an HDHP 655 588
–138 (–178 to –96)

Employer did not offer an HDHP 662 746

HDHP, high-deductible health plan; OLS, ordinary least squares; SUD, substance use disorder. 
aResults from the first model (probability of use of SUD services) estimated from an OLS regression 
model and results from the spending models are from an OLS regression model with a logged depen-
dent outcome variable. Changes in spending are computed using percent changes acquired from the 
OLS model multiplied by the adjusted preperiod mean. Plans were defined as HDHPs if their deductible 
met the Internal Revenue Service definition of an HDHP (varies by year; ~$1200). Control firms had 0% 
of enrollees having an HDHP in all years. Treatment firms had less than 5% HDHP take-up in the pre-
period years and greater than 5% HDHP take-up in the postperiod years. SUD treatment service spend-
ing was based on medical (including behavioral) and pharmacy claims. Covariates include age, gender, 
family size, 9-level Census division, race/ethnicity indicators, household income, median education at 
the Census block level, non–behavioral health co-occurring conditions, calendar year fixed effects, and 
firm fixed effects. Data are for years 2007-2017. Full model results are available in eAppendix I.
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(eAppendix F). Second, although the data have broad national 

coverage, they have a higher proportion of enrollees in the South 

and Central regions and thus our results may not be generalizable 

to the broader employer-sponsored market. Although prior studies 

have used similar data to evaluate the effects of HDHPs, this remains 

a limitation.32,33 Our analysis focuses on stable employers with stable 

enrollment over time, but we are unable to observe what happens 

to employees who switch to a plan offered by a different insurer 

and may be missing important variation. Third, our data do not 

include important information about networks or consumer-facing 

tools that may have been rolled out to employees at the same time 

as HDHP adoption. Some studies on the effects of HDHPs have had 

more institutional knowledge about other tools, but the fact that 

they analyze a single employer may limit generalizability.24

CONCLUSIONS
Offering an HDHP led to a 6.6% reduction in the probability of using 

SUD services and a shift in spending from the plan to the enrollee. 

In the context of the US drug epidemic, our findings highlight a 

FIGURE 1. Percentage-Point Change in the Probability of Use of Different Types of SUD Services Attributable to Being Offered an HDHPa

FIGURE 2. Change in SUD Spending Conditional on Use of Specific Types of Services Attributable to Being Offered an HDHPa

HDHP, high-deductible health plan; OLS, ordinary least squares; SUD, substance use disorder. 

*P < .05; **P < .01; ***P < .001.
aResults from OLS regression models. Plans were defined as HDHPs if their deductible met the Internal Revenue Service definition of an HDHP (varies by year; 

~$1200). Control firms had 0% of enrollees having an HDHP in all years. Treatment firms had less than 5% HDHP take-up in the preperiod years and greater than 
5% HDHP take-up in the postperiod years. Spending was based on medical (including behavioral) and pharmacy claims. Covariates include age, gender, family size, 
9-level Census division, race/ethnicity indicators, household income, median education at the Census block level, non–behavioral health co-occurring conditions, 
calendar year fixed effects, and firm fixed effects. Data are for years 2007-2017.

HDHP, high-deductible health plan; OLS, ordinary least squares; SUD, substance use disorder. 

*P < .05; ***P < .001.
aResults from OLS regression models with a logged dependent outcome variable. Plans were defined as HDHPs if their deductible met the Internal Revenue Service 
definition of an HDHP (varies by year; ~$1200). Control firms had 0% of enrollees having an HDHP in all years. Treatment firms had less than 5% HDHP take-up in the 
preperiod years and greater than 5% HDHP take-up in the postperiod years. Spending was based on medical (including behavioral) and pharmacy claims. Covariates 
include age, gender, family size, 9-level Census division, race/ethnicity indicators, household income, median education at the Census block level, non–behavioral 
health co-occurring conditions, calendar year fixed effects, and firm fixed effects. Data are for years 2007-2017. 
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SUD ambulatory spending

Change in service spending, conditional on service use

SUD pharmacy spending

SUD intermediate spending
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concern that the national movement toward enrollment in HDHPs 

may be exacerbating the undertreatment of SUD. n
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APPENDICES 

eAppendix A: Sample Identification 
 

We begin with 69M person-years of data that are associated with plans that have a valid deductible, are non-Medicare primary 
commercial plan with medical, pharmacy, and mental health coverage from 2007 through 2017. 65M of these person-years have full 
years of continuous enrollment and deductible level within a firm-year. Gaps in enrollment within a calendar year are not allowed. 
These person-years are associated with 373,040 firms and 1,036,540 firm-years. We limit the firms to include only enrollees older 
than 11 and younger than 64 years of age. When there are gaps in the time that the firm had plans in this dataset, we select the span in 
which the firm (1) has the greatest number of person-years and (2) is the longest length. When firms have enrollment increases or 
decreases of greater than 50% from one year to the next, we keep the (1) largest and (2) longest span uninterrupted by these large 
changes. This keeps 857,097 firm-years associated with 369,239 firms and 51,216,200 person-years associated with 19,168,554 
people.  
 
We define an individual’s total deductible level as the sum of their in-network medical and pharmacy deductible when the deductibles 
are not shared or if they are shared, their single deductible listed. In all cases where it is unknown whether the medical and pharmacy 
deductibles are shared, the pharmacy deductible is $0 so summing and taking the medical deductible is the same amount. Thus, we 
keep these records and assign their total as their medical deductible. Plans having individual deductibles greater than the IRS threshold 
(2007-2008: $1,100; 2009: $1,150; 2010-2012: $1,200; 2013-2014: $1,250; 2015-2017: $1,300) were considered an HDHP. 
 
The percentage of enrollees within a firm-year that are enrolled in an HDHP (i.e. take-up) is used to assign firm-level treatment status. 
We characterize the following types of firms based on their take-up across calendar years in relation to a 5% enrollment threshold: 

• Never Take Up: All of the firm’s years are 0% take-up (Even if just a single year) 
• All Full Take-Up: All of the firm’s years are 100% take-up (Even if just a single year) 
• Low Take-Up: All of the firm’s years are ≤ 5% take-up but is not a Never Take-Up Firm 
• Constant Take-Up: All of the firm’s years are > 5% take-up but is not an All Full Take-Up Firm 
• Unstable Take-Up: Take-up crossed the 5% threshold more than one time across all of the firm’s years 
• Reverse Take-Up: Take-up crosses the 5% threshold once, from > 5% to ≤ 5% 
• Positive Take-Up: Take-up crosses the 5% threshold once, from ≤ 5% to > 5% 

 
Positive Take-Up firms are HDHP treatment firms. Never Take-Up firms are comparison firms. Firms falling into other categories are 
dropped. The 5% enrollment threshold results in a final sample of 383,140 firm-years associated with 151,300 firms and 28,717,236 
person-years associated with 10,095,311 people. 
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eAppendix B: Outcome Measure Construction 
 
Outcome measures are constructed at the person-year level. Only data from person-years at treatment or comparison firms are 
included, from calendar years 2007-2017. Table A1-1 includes relevant ICD diagnosis codes. Tables A1-2 and A1-3 include outcome 
algorithms. 
 
Table B.1: Diagnosis codes for relevant conditions. Diagnosis codes matching their first set of characters on this list qualify. 

 ICD 9 ICD 10 
Substance Use Disorder (SUD) 291, 292, 303, 304, and 305  

[excluding 305.1 tobacco use disorder and 305.8 antidepressant abuse]  
F10-F19 
[excluding F17.2x (tobacco use disorder)] 

Mental Health (MH) 295-302, 306-314 F20-F69, F84, F90-99 
Opioid Use Disorder (OUD) 305.5, 304.0, 304.7 F11.1, F11.2, F11.3 
Alcohol Use Disorder (AUD) 291, 303, 305.0 F10.1, F10.2, F10.3 

 
Table B.2: Probability of Use Outcomes 

Any SUD Service Use Person-years including any of the claims listed below. 
Any SUD Inpatient Stay Person-years having been diagnosed with SUD in a previous or contemporaneous year including at least one day of an 

inpatient stay identified by claims containing a valid tax ID, having relevant revenue codes and AMA Place of Service 
Codes where at least 50% of facility claims within the inpatient stay have an SUD diagnosis in the first diagnosis position 
or an overdose diagnosis in any position. 

Any SUD Emergency 
Department Visit 

Person-years having been diagnosed with SUD in a previous or contemporaneous year including at least one claim that does 
not take place on the day prior to or during any inpatient stay where the first diagnosis position is an SUD diagnosis or any 
diagnosis position is an overdose diagnosis, and contains the relevant AMA Place of Service and revenue codes.  

Any Intermediate Level SUD 
Use 

Person-years having been diagnosed with SUD in a previous or contemporaneous year including at least one claim not 
occurring during an SUD inpatient stay where the first diagnosis position is a SUD diagnosis, or the first diagnosis position 
is a MH diagnosis and the second diagnosis position is a SUD diagnosis of a residential treatment stay, partial 
hospitalization, or intensive outpatient treatment. Residential treatment, partial hospitalizations, and intensive outpatient 
treatment were identified with relevant HCPCS codes.  

Any Ambulatory SUD Service 
Use 

Person-years having been diagnosed with SUD in a previous or contemporaneous year including at least one claim that does 
not occur on days during SUD inpatient stays or intermediate SUD service utilization, where the first diagnosis position is a 
SUD diagnosis, or the first diagnosis position is a MH diagnosis and the second diagnosis position is a SUD diagnosis for 
an ambulatory visit, or having at least one Screening, Brief Intervention, Referral to Treatment (SBIRT) claim, as defined 
by relevant CPT or HCPCS codes, regardless of diagnosis code, or having at least one for AUD or OUD medication 
administration claim meeting (regardless of diagnosis code, as long as the individual had received an AUD or OUD 
diagnosis in a previous or contemporaneous year). Ambulatory Visits, OUD medication administration, and AUD 
medication administration were defined with relevant HCPCS and CPT codes.  

Any SUD Medication Use Person-years having been diagnosed with SUD in a previous or contemporaneous year including at least one pharmacy 
claim OUD (Buprenorphine, Naltrexone) or AUD (Acamprosate, Disulfiram, Naltrexone, Topiramate) medication or 



 3 

having at least one OUD or AUD medication administration claim where the individual has received a OUD or AUD 
diagnosis in the current or contemporaneous year, respectively. OUD and AUD medication administration claims were 
identified using relevant HCPCS and CPT codes. 

 
 
Table B.3: Spending Outcomes 

Total SUD Spending All health plan and out-of-pocket spending associated with non-pharmacy claims where the first diagnosis position is a 
SUD diagnosis, or the first diagnosis position is a MH diagnosis and the second diagnosis position is a SUD diagnosis, or 
the procedure codes meet SBIRT criteria, or the service occurs during an SUD inpatient stay, or the procedure codes meet 
SUD medication administration criteria and the individual has been diagnosed with an applicable AUD or OUD diagnosis 
in a previous or contemporaneous year, or pharmacy claims for SUD medication meeting this same AUD or OUD diagnosis 
criteria.  

SUD Inpatient Spending All health plan and out-of-pocket spending associated with non-pharmacy claims falling within the date range of SUD 
inpatient stays, as defined in table A2-2, plus associated SUD ED visit spending. 

SUD Emergency Department 
Visit Spending 

All health plan and out-of-pocket spending associated with non-pharmacy claims meeting criteria for SUD ED visits as 
defined by Table A2-2. 

Intermediate Level SUD 
Service Spending 

All health plan and out-of-pocket spending associated with non-pharmacy claims meeting criteria for SUD Intermediate-
Level Use as defined by Table A2-2, plus health plan and out-of-pocket spending for SUD Ambulatory claims and SUD 
Medication Administration claims with service dates on the same dates as SUD Intermediate-Level Use. 

Ambulatory SUD Service 
Spending 

All health plan and out-of-pocket spending associated with non-pharmacy claims meeting criteria for SUD Ambulatory Use 
as defined by Table A2-2. 

SUD Pharmacy Spending All health plan and out-of-pocket spending associated with pharmacy claims meeting Any Medication Use criteria as 
defined by Table A2-2.  

 

 

 
 
 
 
 
 



 4 

eAppendix C: Sample Characteristics 
Table C: Unadjusted Descriptive Characteristics of Enrollees Offered and Not Offered a High-Deductible Health Plan (HDHP) Across 
All Person Years, 2007-2017 and Across All Person-Years Prior to HDHP Offer 

 All Person Years Year Prior to HDHP Offer 
 Treatment Group 

N=14,531,870 
Comparison Group 

N=14,185,366 SMD Treatment Group 
N=2,294,704 

Comparison Group 
N=1,565,252 SMD  

Age; Mean (SD) 38.3 (14.6) 38.0 (14.4) 0.02 38.5 (14.6) 38.0 (14.4) 0.03 
Gender; N (%)       
Male 7,034,261 (48.4%) 7,117,409 (50.2%) 0.035 1,099,134 (47.9%) 780,998 (50%) 0.043 
Female 7,496,947 (51.6%) 7,066,481 (49.8%) 0.035 1,195,479 (52.1%) 784,084 (49.9%) 0.043 
Unknown 662 (0%) 1,476 (0%) 0.007 91 (0%) 170 (0%) 0.007 
Family Size; N (%)       
1 4,014,698 (27.6%) 4,311,458 (30.4%) 0.061 659,532 (28.7%) 483,944 (30.5%) 0.039 
2 2,886,484 (19.9%) 2,779,244 (19.6%) 0.007 469,238 (20.4%) 310,743 (19.7%) 0.018 
3 2,407,541 (16.6%) 2,198,924 (15.5%) 0.029 375,483 (16.4%) 240,964 (15.5%) 0.024 
4 3,161,539 (21.8%) 2,868,240 (20.2%) 0.038 480,778 (21%) 312,314 (20.1%) 0.020 
5 1,398,810 (9.6%) 1,350,994 (9.5%) 0.003 211,559 (9.2%) 145,913 (9.5%) 0.008 
6+ 662,798 (4.6%) 676,506 (4.8%) 0.010 98,114 (4.3%) 71,374 (4.7%) 0.020 
Race; N (%)       
Asian 748,119 (5.1%) 651,946 (4.6%) 0.026 97,621 (4.3%) 69,022 (4.5%) 0.014 
Black 1,681,060 (11.6%) 1,349,321 (9.5%) 0.067 279,472 (12.2%) 148,212 (9.5%) 0.086 
Hispanic 1,290,096 (8.9%) 1,571,173 (11.1%) 0.073 199,578 (8.7%) 171,814 (11%) 0.078 
White 9,014,628 (62%) 8,784,971 (61.9%) 0.002 1,466,263 (63.9%) 988,955 (62.4%) 0.031 
Unknown 1,797,967 (12.4%) 1,827,955 (12.9%) 0.015 251,770 (11%) 187,249 (12.6%) 0.050 
Census Division Geography; N (%)       
New England 401,985 (2.8%) 465,391 (3.3%) 0.030 62,108 (2.7%) 54,586 (3.4%) 0.039 
Mid Atlantic 1,051,585 (7.2%) 1,378,896 (9.7%) 0.089 143,804 (6.3%) 152,363 (9.9%) 0.136 
East North Central 1,951,807 (13.4%) 2,370,943 (16.7%) 0.092 313,291 (13.7%) 265,298 (17%) 0.093 
West North Central 1,156,495 (8%) 991,879 (7%) 0.037 175,636 (7.7%) 109,820 (6.9%) 0.030 
South Atlantic 5,100,381 (35.1%) 3,742,083 (26.4%) 0.190 853,569 (37.2%) 411,851 (26.2%) 0.235 
East South Central 482,202 (3.3%) 642,516 (4.5%) 0.062 81,113 (3.5%) 69,743 (4.4%) 0.047 
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West South Central 1,907,411 (13.1%) 2,409,779 (17%) 0.108 293,414 (12.8%) 271,042 (17.3%) 0.127 
Mountain 1,129,864 (7.8%) 1,184,063 (8.3%) 0.021 187,036 (8.2%) 126,287 (8.2%) 0.001 
Pacific 1,346,623 (9.3%) 985,138 (6.9%) 0.085 184,060 (8%) 102,817 (6.7%) 0.049 
Other 1,688 (0%) 10,599 (.1%) 0.031 336 (0%) 1,010 (.1%) 0.030 
Unknown 1,829 (0%) 4,079 (0%) 0.011 337 (0%) 437 (0%) 0.009 
Census Block Education; N (%)       
Less Than High School 170,857 (1.2%) 229,053 (1.6%) 0.037 32,253 (1.4%) 29,028 (1.7%) 0.024 
High School 4,457,098 (30.7%) 4,489,052 (31.6%) 0.021 784,577 (34.2%) 514,990 (32.1%) 0.043 
Some College 6,981,042 (48%) 6,661,660 (47%) 0.022 1,071,994 (46.7%) 720,602 (46.6%) 0.002 
Bachelors or more 2,863,412 (19.7%) 2,689,136 (19%) 0.019 395,368 (17.2%) 287,775 (18.8%) 0.041 
Unknown 59,461 (.4%) 116,465 (.8%) 0.053 10,512 (.5%) 12,857 (.8%) 0.039 
Annual Income; N (%)       
< $40K 1,737,284 (12%) 1,548,522 (10.9%) 0.033 283,243 (12.3%) 165,961 (10.9%) 0.046 
>= $40K and < $75K 3,365,254 (23.2%) 3,136,664 (22.1%) 0.025 551,898 (24.1%) 346,280 (22.5%) 0.036 
>= $75K and < $125K 4,134,241 (28.4%) 3,824,551 (27%) 0.033 657,133 (28.6%) 425,581 (27.5%) 0.025 
>= $125K and < $200K 2,483,348 (17.1%) 2,252,556 (15.9%) 0.033 371,966 (16.2%) 250,040 (16.2%) 0.001 
> $200K 1,812,213 (12.5%) 1,673,588 (11.8%) 0.021 258,603 (11.3%) 185,865 (12%) 0.022 
Missing 999,530 (6.9%) 1,749,485 (12.3%) 0.186 171,861 (7.5%) 191,525 (10.9%) 0.124 
Non-Behavioral Health Co-
Occurring Conditions; N (%)       
Acquired Hypothyroidism 736,318 (5.1%) 678,539 (4.8%) 0.013 116,824 (5.1%) 74,111 (4.8%) 0.013 
Acute Myocardial Infarction 13,144 (.1%) 13,716 (.1%) 0.002 2,360 (.1%) 1,509 (.1%) 0.002 
Alzheimer’s Disease 1,464 (0%) 1,411 (0%) 0.000 254 (0%) 160 (0%) 0.001 
Alzheimer’s/Related 
Disorders/Dementia 6,142 (0%) 5,952 (0%) 0.000 922 (0%) 597 (0%) 0.001 
Anemia 477,502 (3.3%) 453,023 (3.2%) 0.005 78,123 (3.4%) 50,354 (3.2%) 0.010 
Asthma 304,023 (2.1%) 302,473 (2.1%) 0.003 49,368 (2.2%) 33,238 (2.1%) 0.002 
Atrial Fibrillation 53,255 (.4%) 53,267 (.4%) 0.001 8,713 (.4%) 5,793 (.4%) 0.001 
Benign Prostatic Hyperplasia 67,350 (.5%) 75,196 (.5%) 0.009 10,970 (.5%) 8,259 (.5%) 0.008 
Cataract 174,242 (1.2%) 170,560 (1.2%) 0.000 28,896 (1.3%) 18,815 (1.2%) 0.005 
Chronic Kidney Disease 139,235 (1%) 131,350 (.9%) 0.003 20,437 (.9%) 12,377 (.8%) 0.006 
COPD and Bronchiectasis 106,912 (.7%) 113,680 (.8%) 0.008 18,678 (.8%) 12,745 (.8%) 0.001 
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Diabetes 647,986 (4.5%) 620,734 (4.4%) 0.004 108,685 (4.7%) 68,115 (4.4%) 0.017 
Glaucoma 235,965 (1.6%) 239,421 (1.7%) 0.005 38,259 (1.7%) 26,726 (1.7%) 0.003 
Heart Failure 63,943 (.4%) 63,844 (.5%) 0.002 10,979 (.5%) 7,089 (.4%) 0.004 
Hip/Pelvic Fracture 3,581 (0%) 3,510 (0%) 0.000 657 (0%) 397 (0%) 0.002 
Hyperlipidemia 1,367,200 (9.4%) 1,353,551 (9.5%) 0.005 231,365 (10.1%) 152,787 (9.7%) 0.014 
Hypertension 1,619,963 (11.1%) 1,555,184 (11%) 0.006 274,580 (12%) 172,504 (11%) 0.030 
Ischemic Heart Disease 282,988 (1.9%) 318,888 (2.2%) 0.021 49,022 (2.1%) 36,405 (2.3%) 0.009 
Osteoporosis 10,310 (.1%) 9,608 (.1%) 0.001 1,846 (.1%) 1,122 (.1%) 0.003 
Rheumatoid Arthritis/Osteoarthritis 411,243 (2.8%) 400,498 (2.8%) 0.000 66,353 (2.9%) 42,665 (2.8%) 0.006 
Stroke/TIA 35,981 (.2%) 36,567 (.3%) 0.002 6,117 (.3%) 4,119 (.3%) 0.001 
Breast Cancer 83,173 (.6%) 75,368 (.5%) 0.006 13,486 (.6%) 8,329 (.5%) 0.007 
Colorectal Cancer 16,600 (.1%) 15,399 (.1%) 0.002 2,763 (.1%) 1,694 (.1%) 0.004 
Prostate Cancer 4,945 (0%) 5,319 (0%) 0.002 823 (0%) 568 (0%) 0.001 
Lung Cancer 6,991 (0%) 7,447 (.1%) 0.002 1,269 (.1%) 838 (.1%) 0.001 
Endometrial Cancer 1,937 (0%) 1,792 (0%) 0.001 319 (0%) 184 (0%) 0.002 
Cerebral Palsy 5,011 (0%) 4,425 (0%) 0.002 775 (0%) 476 (0%) 0.002 
Cystic Fibrosis & Metabolic 
Developmental Disorders 15,431 (.1%) 14,432 (.1%) 0.001 2,387 (.1%) 1,474 (.1%) 0.001 
Epilepsy 40,601 (.3%) 38,363 (.3%) 0.002 6,414 (.3%) 4,125 (.3%) 0.002 
HIV/AIDS 11,918 (.1%) 10,595 (.1%) 0.003 1,454 (.1%) 979 (.1%) 0.001 
Intellectual Disabilities & Related 
Conditions 7,006 (0%) 6,176 (0%) 0.002 1,086 (0%) 641 (0%) 0.002 
Learning Disabilities 5,274 (0%) 4,701 (0%) 0.002 691 (0%) 431 (0%) 0.000 
Leukemias and Lymphomas 24,088 (.2%) 24,250 (.2%) 0.001 3,905 (.2%) 2,639 (.2%) 0.000 
Liver Disease, Cirrhosis & Non-
Hepatitis Liver Conditions 81,513 (.6%) 84,129 (.6%) 0.004 12,801 (.6%) 8,811 (.6%) 0.002 
Migraine/Chronic Headache 191,520 (1.3%) 182,288 (1.3%) 0.003 29,824 (1.3%) 19,187 (1.3%) 0.004 
Mobility Impairments 13,308 (.1%) 12,562 (.1%) 0.001 2,166 (.1%) 1,358 (.1%) 0.002 
Multiple Sclerosis and Transverse 
Myelitis 25,834 (.2%) 25,224 (.2%) 0.000 4,139 (.2%) 2,772 (.2%) 0.001 
Muscular Dystrophy 1,140 (0%) 1,041 (0%) 0.001 162 (0%) 108 (0%) 0.000 
Obesity 349,819 (2.4%) 326,745 (2.3%) 0.007 50,972 (2.2%) 30,345 (2.1%) 0.008 
Other Developmental Delays 2,984 (0%) 2,805 (0%) 0.001 446 (0%) 281 (0%) 0.000 
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Peripheral Vascular Disease 32,724 (.2%) 36,437 (.3%) 0.006 5,670 (.2%) 4,069 (.3%) 0.002 
Pressure and Chronic Ulcers 19,730 (.1%) 19,417 (.1%) 0.000 3,351 (.1%) 2,127 (.1%) 0.003 
Blindness and Visual Impairment 1,131 (0%) 961 (0%) 0.001 162 (0%) 104 (0%) 0.000 
Deafness and Hearing Impairment 45,501 (.3%) 45,996 (.3%) 0.002 7,134 (.3%) 4,908 (.3%) 0.002 
Spina Bifida & Congenital 
Anomalies of the Nervous System 4,744 (0%) 4,471 (0%) 0.001 729 (0%) 481 (0%) 0.000 
Spinal Cord Injury 3,338 (0%) 3,251 (0%) 0.000 500 (0%) 326 (0%) 0.000 
Viral Hepatitis 140,731 (1%) 134,704 (.9%) 0.002 24,427 (1.1%) 15,898 (1%) 0.006 

Notes: Includes characteristics for the treatment (offered HDHP) and comparison group (not offered HDHP) for all person years 2007-2017 (columns 2 & 3) and 
person-years the year prior to HDHP Offer (columns 5 & 6). To construct comparison group means for all person-years, we took the weighted average of 
comparison group characteristics across calendar years and weighted by how often those calendar years appear in the treatment sample. To construct comparison 
group means for the year prior to HDHP offer, we took the weighted average of comparison group characteristics across calendar years and weighted by how 
often those calendar years appear in the treatment sample in the year preceding the HDHP offer year. Standardized mean differences are calculated for each 
characteristic using Hedges’ g. Chronic conditions are derived from the Chronic Conditions Warehouse (CCW). Behavioral health-related CCW conditions are 
excluded.  
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eAppendix D: Additional Firm-Level Attributes  
 Comparison Firms Treatment Firms:  

Pre Period 
Treatment Firms:  

Post Period 
Mean (SD) Firm Size 61 (542) 168 (4003) 178 (4076) 

Mean (SD) Percentage of Enrollees 
at Firm Offered an HRA or HSA 0.7 (7.1) 4.0 (16.2) 11.7 (29.0) 

Mean (SD) Average Deductible at 
Firm 596 (371) 743 (338) 2127 (1013) 

Number (%) Self-Insured 2,313 (0.8) 727 (1.6) 974 (1.8) 
Number of Firm-Years    

2007 51,736 14,426 0 
2008 48,486 11,706 6,199 
2009 40,526 8,133 9,878 
2010 38,108 5,313 11,195 
2011 32,712 2,742 10,998 
2012 20,588 1,204 7,912 
2013 11,687 1,086 2,590 
2014 12,762 850 2,234 
2015 11,900 575 1,989 
2016 10,738 105 1,992 
2017 2,533 0 507 
Total 281,776 46,140 55,494 

Notes: Firm attributes are presented at the firm-year level, not the enrollee-year level. Self-insured firms are indicated to be self-insured if  > 90% of enrollee 
records at the firm indicate they are enrolled in a self-insured plan.  
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eAppendix E: Proportoin of Individuals in SUD Sample Before and After HDHP Offer 

 
 
Notes: Unadjusted means from treatment firms (Offered HDHP) are obtained relative to the year of HDHP offer. Comparison group (Not Offered HDHP) 
unadjusted means are calculated using the weighted average of comparison group means across calendar years, weighted by how often those calendar years 
appear among those in the treatment group year relative to HDHP offer. 
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eAppendix F: Pre-Period Trends 
Figure F.1: Unadjusted Mean Probability of Any SUD Use Prior to HDHP Offer 

 
Notes: Unadjusted means from treatment firms (Offered HDHP) are obtained relative to the year of HDHP offer. Comparison group (Not Offered HDHP) 
unadjusted means are calculated using the weighted average of comparison group means across calendar years, weighted by how often those calendar years 
appear among those in the treatment group year relative to HDHP offer. 
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Table F.2: Event Study Analysis on Probability of SUD Service Use Before HDHP Offer 

 Coefficient 95% Confidence Interval 
Pre1 Reference Reference 
Pre2 0.0000 -0.0001 - 0.0002 
Pre3 0.0002 -0.0000 - 0.0005 
Pre4 0.0002 -0.0002 - 0.0005 
Pre5 0.0001 -0.0004 - 0.0005 
Pre6 -0.0001 -0.0007 - 0.0005 
Pre7 0.0002 -0.0011 - 0.0015 
Pre8 0.0004 -0.0005 - 0.0013 
Pre9 0.0003 -0.0007 - 0.0014 
Pre10 0.0025*** 0.0019 - 0.0032 

Notes: *** p < 0.001, **p<0.01, *p<0.05. Coefficients and 95% confidence intervals are from an ordinary least squares (OLS) regression model estimating 
probability of use of SUD services. Treatment group person-year prior to HDHP offer and all comparison group person-years are included in this model. Pre-
period trends are analyzed by evaluating the model coefficient of an indicator variables representing number of years prior to HDHP offer interacting with 
treatment status. Covariates include age, gender, family size, 9-level census division, race/ethnicity indicators, household income, median education at the 
census-block level, non-behavioral health co-occurring conditions, calendar year fixed effects, and firm fixed effects. Data are for years 2007-2017. 
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eAppendix G: Change in Probability of Substance Use Disorder Service Use Attributable to HDHP Offer, by Treatment Cohort 
 
     

Years of Treament Offer Coefficient 95% Confidence Interval Comparison Firm N Treatment Firm N 
2008-2009 -0.030 * (-0.058 - -0.002) 14,192,832 720,005 
2010-2011 -0.064 *** (-0.088 - -0.040) 14,192,832 2,276,822 
2012-2013 -0.032 (-0.067 - 0.003) 14,192,832 1,350,062 
2014-2015 -0.036 (-0.121 - 0.049) 14,192,832 1,243,496 
2016-2017 -0.070 * (-0.127 - -0.013) 14,192,832 752,737 

Notes: Results from the probability of use of SUD services model are estimated from an ordinary least squares (OLS) regression model. Plans were defined as 
HDHPs if their deductible met the IRS definition of a HDHP (varies by year, ~$1,200). Control firms had 0% of enrollees having a HDHP in all years. Treatment 
firms had <5% HDHP takeup in the pre-years, and >5% HDHP takeup in the post years. SUD treatment service spending was based on medical (including 
behavioral) and pharmacy claims. Covariates include age, gender, family size, 9-level census division, race/ethnicity indicators, household income, median 
education at the census-block level, non-behavioral health co-occurring conditions, calendar year fixed effects, and firm fixed effects. Data are for years 2007-
2017. Models were run seperately using the entire comparison group (2007-2017) vs various treatment cohorts. 
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eAppendix H: Enrollee Deductibles at Treatment and Comparison Firms Over Time Relative to HDHP Offer 

 
Notes: Mean annual deductibles from treatment firms (Offered HDHP, Offered and Enrolled in HDHP, Offered and Not Enrolled in HDHP) are obtained 
relative to the year of HDHP offer. Comparison group (Not Offered HDHP) mean annual deductibles are calculated using the weighted average of comparison 
group means across calendar years, weighted by how often those calendar years appear among those in the treatment group. 
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eAppendix I: Full Model Results for Table 3  
Table I: Full OLS Model Results on Probability of Substance Use Disorder (SUD) Service Use and Spending Conditional on Use 
Among Enrollees with SUD Offered and Not Offered a High Deductible Health Plan (HDHP)  

 Probability of SUD Use Total SUD Spending 
Conditional on Use 

Out-of-Pocket SUD 
Spending Conditional on 

Use 

Health Plan SUD 
Spending Conditional on 

Use 

HDHP Offer -0.00043*** 0.01190 0.13364** -0.23574*** 
(-0.00065 to -0.00020) (-0.05050 to 0.07431) (0.05072 to 0.21657) (-0.31443 to -0.15705) 

Age -0.00015*** -0.00930*** -0.00360*** -0.00911*** 
(-0.00017 to -0.00014) (-0.01055 to -0.00805) (-0.00472 to -0.00247) (-0.01090 to -0.00733) 

Race     
Asian Reference Reference Reference Reference     
Black 0.00266*** 0.01632 0.01236 0.08162 

(0.00231 to 0.00301) (-0.09023 to 0.12287) (-0.09797 to 0.12268) (-0.06589 to 0.22913) 

Hispanic 0.00231*** -0.04108 -0.05313 0.04954 
(0.00197 to 0.00266) (-0.14049 to 0.05834) (-0.16258 to 0.05632) (-0.09311 to 0.19219) 

White 0.00524*** 0.22925*** 0.18814*** 0.35468*** 
(0.00488 to 0.00561) (0.13948 to 0.31902) (0.08719 to 0.28909) (0.22244 to 0.48693) 

Unknown 0.00457*** 0.17736*** 0.16824** 0.27880*** 
(0.00426 to 0.00488) (0.07940 to 0.27533) (0.05606 to 0.28042) (0.14112 to 0.41649) 

Annual Income     
< $40K Reference Reference Reference Reference     
>= $40K and < $75K -0.00077*** 0.03169 0.03927 0.05583 

(-0.00095 to -0.00058) (-0.01974 to 0.08311) (-0.00383 to 0.08238) (-0.00589 to 0.11756) 

>= $75K and < $125K -0.00159*** 0.07633** 0.07002** 0.12698*** 
(-0.00182 to -0.00136) (0.02377 to 0.12888) (0.02753 to 0.11251) (0.05960 to 0.19436) 

>= $125K and < $200K -0.00227*** 0.11486*** 0.10287*** 0.17574*** 
(-0.00259 to -0.00195) (0.05539 to 0.17433) (0.05217 to 0.15358) (0.09872 to 0.25276) 

> $200K -0.00243*** 0.11549** 0.09247** 0.15875*** 
(-0.00278 to -0.00208) (0.04553 to 0.18544) (0.03711 to 0.14782) (0.06908 to 0.24842) 

Missing 0.00041** 0.11803*** 0.07907** 0.11328** 
(0.00011 to 0.00071) (0.05591 to 0.18015) (0.02515 to 0.13299) (0.03203 to 0.19453) 

Census Block Education     
Less Than High School Reference Reference Reference Reference     
High School 0.00092*** 0.10578 0.12463 0.08728 

(0.00055 to 0.00128) (-0.03650 to 0.24805) (-0.02070 to 0.26995) (-0.08013 to 0.25470) 
Some College 0.00196*** 0.17517* 0.18741* 0.16906* 
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(0.00161 to 0.00231) (0.03143 to 0.31891) (0.04298 to 0.33184) (0.00002 to 0.33810) 

Bachelors or more 0.00269*** 0.24244*** 0.24390*** 0.23046** 
(0.00230 to 0.00308) (0.09983 to 0.38505) (0.10141 to 0.38640) (0.06010 to 0.40081) 

Unknown -0.00048 0.13539 0.16849 0.12926 
(-0.00114 to 0.00018) (-0.08690 to 0.35768) (-0.07031 to 0.40729) (-0.19197 to 0.45049) 

Gender     
Male Reference Reference Reference Reference     
Female -0.00351*** -0.00444 -0.12095*** 0.06484* 

(-0.00371 to -0.00331) (-0.03838 to 0.02949) (-0.15404 to -0.08785) (0.00843 to 0.12126) 

Unknown 0.00050 -0.07879 0.03744 0.29165 
(-0.00489 to 0.00589) (-0.97722 to 0.81964) (-0.85427 to 0.92914) (-0.79616 to 1.37946) 

Census Division Geography     
New England Reference Reference Reference Reference     
Mid Atlantic -0.00127*** 0.17330** 0.14317** 0.14617 

(-0.00176 to -0.00078) (0.05278 to 0.29382) (0.05731 to 0.22903) (-0.03724 to 0.32958) 

East North Central -0.00266*** -0.07865 -0.02404 -0.22926** 
(-0.00316 to -0.00216) (-0.17536 to 0.01807) (-0.10383 to 0.05574) (-0.36858 to -0.08994) 

West North Central -0.00216*** -0.25554*** -0.23860*** -0.37173*** 
(-0.00280 to -0.00152) (-0.36256 to -0.14851) (-0.33831 to -0.13888) (-0.54452 to -0.19894) 

South Atlantic -0.00354*** 0.00205 0.02164 -0.04743 
(-0.00429 to -0.00280) (-0.11230 to 0.11641) (-0.07045 to 0.11374) (-0.21019 to 0.11532) 

East South Central -0.00314*** 0.16252* 0.04511 0.21992* 
(-0.00375 to -0.00253) (0.02884 to 0.29620) (-0.07018 to 0.16041) (0.03302 to 0.40682) 

West South Central -0.00352*** 0.16916** 0.01524 0.24220*** 
(-0.00409 to -0.00294) (0.06513 to 0.27318) (-0.07857 to 0.10906) (0.10195 to 0.38244) 

Mountain -0.00216*** 0.04694 -0.04041 0.04102 
(-0.00274 to -0.00158) (-0.05767 to 0.15156) (-0.13425 to 0.05343) (-0.10984 to 0.19187) 

Pacific -0.00286*** 0.14660* -0.04567 0.13928 
(-0.00358 to -0.00214) (0.01511 to 0.27809) (-0.13457 to 0.04323) (-0.03612 to 0.31469) 

Other -0.00426** -0.64606 -0.10345 -1.39901 
(-0.00749 to -0.00103) (-1.57640 to 0.28428) (-1.02420 to 0.81730) (-3.55799 to 0.75997) 

Unknown -0.00191 -0.17723 -0.13976 -0.08109 
(-0.00527 to 0.00145) (-1.16718 to 0.81272) (-0.95222 to 0.67269) (-1.10097 to 0.93878) 

Calendar Year     
2007 Reference Reference Reference Reference     
2008 0.00062*** 0.03487 0.05523* -0.01052 

(0.00048 to 0.00076) (-0.01829 to 0.08802) (0.00462 to 0.10584) (-0.09011 to 0.06907) 

2009 0.00098*** 0.14552*** 0.17862*** 0.11769* 
(0.00082 to 0.00113) (0.08011 to 0.21093) (0.09331 to 0.26393) (0.01184 to 0.22354) 

2010 0.00145*** 0.23643*** 0.27480*** 0.20428*** 
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(0.00126 to 0.00163) (0.17637 to 0.29649) (0.18838 to 0.36123) (0.12130 to 0.28726) 

2011 0.00240*** 0.37933*** 0.31415*** 0.38861*** 
(0.00219 to 0.00261) (0.31487 to 0.44379) (0.21358 to 0.41471) (0.30177 to 0.47545) 

2012 0.00292*** 0.44441*** 0.41111*** 0.39613*** 
(0.00267 to 0.00316) (0.37664 to 0.51218) (0.32972 to 0.49251) (0.29439 to 0.49787) 

2013 0.00319*** 0.45417*** 0.48447*** 0.36584*** 
(0.00279 to 0.00359) (0.36748 to 0.54086) (0.38130 to 0.58764) (0.25092 to 0.48077) 

2014 0.00335*** 0.45039*** 0.41256*** 0.29954*** 
(0.00296 to 0.00374) (0.35418 to 0.54660) (0.31240 to 0.51271) (0.16161 to 0.43747) 

2015 0.00362*** 0.46261*** 0.39284*** 0.28200*** 
(0.00327 to 0.00397) (0.34884 to 0.57638) (0.28244 to 0.50325) (0.12284 to 0.44117) 

2016 0.00402*** 0.43853*** 0.33387*** 0.26350** 
(0.00365 to 0.00439) (0.31615 to 0.56091) (0.22138 to 0.44636) (0.07483 to 0.45217) 

2017 0.00418*** 0.42805*** 0.38982*** 0.20598* 
(0.00366 to 0.00470) (0.30983 to 0.54627) (0.24670 to 0.53295) (0.04259 to 0.36937) 

Non-Behavioral Health Co-Occurring 
Conditions 

    

Acquired Hypothyroidism 0.00123*** 0.11779*** 0.00317 0.17597*** 
(0.00101 to 0.00146) (0.06309 to 0.17249) (-0.05470 to 0.06104) (0.10910 to 0.24285) 

Acute Myocardial Infarction -0.00019 0.30665* 0.15939 0.37904* 
(-0.00179 to 0.00140) (0.00927 to 0.60403) (-0.18188 to 0.50066) (0.06128 to 0.69680) 

Alzheimer’s Disease -0.05204*** -0.79722 -0.43697 -0.96864 
(-0.06063 to -0.04345) (-1.67831 to 0.08388) (-1.26571 to 0.39178) (-1.99121 to 0.05394) 

Alzheimer’s/Related Disorders/Dementia 0.06223*** 0.76667*** 0.26519* 0.94136*** 
(0.05492 to 0.06954) (0.57312 to 0.96023) (0.03354 to 0.49685) (0.71974 to 1.16299) 

Anemia 0.00511*** 0.24030*** -0.04421 0.33505*** 
(0.00460 to 0.00562) (0.18659 to 0.29400) (-0.10648 to 0.01807) (0.27537 to 0.39473) 

Asthma 0.00554*** 0.32913*** 0.10925*** 0.44955*** 
(0.00480 to 0.00628) (0.27266 to 0.38560) (0.05099 to 0.16750) (0.37916 to 0.51994) 

Atrial Fibrillation 0.00047 0.14423 -0.08964 0.17744* 
(-0.00037 to 0.00130) (-0.00195 to 0.29041) (-0.26678 to 0.08750) (0.01514 to 0.33974) 

Benign Prostatic Hyperplasia -0.00108* -0.04506 -0.10771 -0.02476 
(-0.00196 to -0.00019) (-0.18602 to 0.09590) (-0.25616 to 0.04074) (-0.21573 to 0.16622) 

Cataract -0.00097*** -0.10566 -0.15879** -0.09841 
(-0.00127 to -0.00067) (-0.21713 to 0.00582) (-0.27514 to -0.04245) (-0.25225 to 0.05544) 

Chronic Kidney Disease 0.00476*** 0.32037*** -0.18336*** 0.43308*** 
(0.00423 to 0.00530) (0.23321 to 0.40754) (-0.28328 to -0.08345) (0.32791 to 0.53826) 

COPD and Bronchiectasis 0.01380*** 0.28162*** 0.08671* 0.36681*** 
(0.01299 to 0.01461) (0.19593 to 0.36731) (0.00660 to 0.16683) (0.25644 to 0.47718) 

Diabetes -0.00263*** -0.10982** -0.23332*** -0.09588* 
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(-0.00286 to -0.00239) (-0.17764 to -0.04199) (-0.29758 to -0.16906) (-0.18123 to -0.01053) 

Glaucoma -0.00150*** -0.30135*** -0.22472*** -0.32027*** 
(-0.00173 to -0.00127) (-0.40371 to -0.19899) (-0.33167 to -0.11777) (-0.44472 to -0.19582) 

Heart Failure 0.00309*** 0.08248 -0.24532** 0.08995 
(0.00206 to 0.00412) (-0.02947 to 0.19444) (-0.39469 to -0.09595) (-0.03690 to 0.21680) 

Hip/Pelvic Fracture 0.01792*** -0.03797 -0.42734* 0.00840 
(0.01339 to 0.02244) (-0.33003 to 0.25408) (-0.84715 to -0.00754) (-0.35312 to 0.36992) 

Hyperlipidemia -0.00151*** -0.12452*** -0.13858*** -0.09894*** 
(-0.00168 to -0.00135) (-0.17084 to -0.07821) (-0.18424 to -0.09291) (-0.15317 to -0.04471) 

Hypertension 0.00538*** 0.44336*** 0.22479*** 0.59441*** 
(0.00500 to 0.00576) (0.38591 to 0.50081) (0.17976 to 0.26982) (0.50346 to 0.68537) 

Ischemic Heart Disease 0.00015 0.04067 -0.14455*** 0.07650 
(-0.00018 to 0.00048) (-0.03121 to 0.11255) (-0.22563 to -0.06347) (-0.00539 to 0.15840) 

Osteoporosis -0.00035 -0.08408 -0.23994 -0.10827 
(-0.00183 to 0.00112) (-0.46861 to 0.30045) (-0.68735 to 0.20748) (-0.60479 to 0.38824) 

Rheumatoid Arthritis/Osteoarthritis 0.00842*** -0.06144* -0.36704*** 0.05876* 
(0.00794 to 0.00890) (-0.11156 to -0.01132) (-0.43176 to -0.30232) (0.00150 to 0.11602) 

Stroke/TIA 0.00480*** 0.05174 -0.12095 0.07437 
(0.00359 to 0.00600) (-0.11664 to 0.22011) (-0.25693 to 0.01502) (-0.13847 to 0.28721) 

Breast Cancer -0.00065* 0.08609 -0.17941 0.09144 
(-0.00116 to -0.00014) (-0.11509 to 0.28726) (-0.38484 to 0.02602) (-0.14439 to 0.32728) 

Colorectal Cancer -0.00306*** -0.22246 -0.44639* -0.06293 
(-0.00432 to -0.00180) (-0.57775 to 0.13284) (-0.79976 to -0.09301) (-0.45810 to 0.33224) 

Prostate Cancer -0.00143 0.19505 -0.01088 0.28789 
(-0.00365 to 0.00080) (-0.29956 to 0.68966) (-0.52097 to 0.49922) (-0.26100 to 0.83678) 

Lung Cancer -0.00491*** -0.21123 -0.75384** -0.22305 
(-0.00707 to -0.00276) (-0.62399 to 0.20154) (-1.25423 to -0.25346) (-0.74858 to 0.30248) 

Endometrial Cancer -0.00056 1.16480*** -0.67783 1.39633*** 
(-0.00445 to 0.00334) (0.55526 to 1.77434) (-1.62601 to 0.27035) (0.77553 to 2.01714) 

Cerebral Palsy -0.01303*** -0.06892 -0.09659 0.00559 
(-0.01522 to -0.01085) (-0.81732 to 0.67947) (-0.93320 to 0.74002) (-0.92082 to 0.93200) 

Cystic Fibrosis & Metabolic Developmental 
Disorders 

0.00573*** 0.33772** -0.20856 0.51425*** 
(0.00419 to 0.00727) (0.09173 to 0.58371) (-0.51040 to 0.09327) (0.24350 to 0.78500) 

Epilepsy 0.02951*** 0.77919*** 0.32865*** 0.94019*** 
(0.02786 to 0.03115) (0.68941 to 0.86898) (0.23535 to 0.42195) (0.82697 to 1.05342) 

HIV/AIDS 0.01672*** 0.15400 0.00358 0.25569 
(0.01301 to 0.02043) (-0.06385 to 0.37185) (-0.19166 to 0.19883) (-0.04606 to 0.55743) 

Intellectual Disabilities & Related Conditions -0.00669*** -0.08959 -0.42620 0.21982 
(-0.00860 to -0.00478) (-0.73715 to 0.55796) (-1.05793 to 0.20553) (-0.54277 to 0.98240) 
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Learning Disabilities 0.00046 0.34208 0.16616 0.57064 
(-0.00211 to 0.00302) (-0.14965 to 0.83381) (-0.32630 to 0.65863) (-0.00420 to 1.14549) 

Leukemias and Lymphomas -0.00175** 0.16268 -0.23681 0.29475 
(-0.00282 to -0.00068) (-0.09164 to 0.41699) (-0.53696 to 0.06333) (-0.00295 to 0.59246) 

Liver Disease, Cirrhosis & Non-Hepatitis 
Liver Conditions 

0.03315*** 0.79035*** 0.40933*** 0.96154*** 
(0.03139 to 0.03490) (0.70735 to 0.87335) (0.32694 to 0.49172) (0.84996 to 1.07312) 

Migraine/Chronic Headache 0.01153*** 0.03612 -0.14241*** 0.08223 
(0.01093 to 0.01212) (-0.03990 to 0.11214) (-0.21612 to -0.06870) (-0.00486 to 0.16932) 

Mobility Impairments -0.00020 -0.12611 -0.53844*** -0.04652 
(-0.00224 to 0.00183) (-0.35687 to 0.10464) (-0.77610 to -0.30077) (-0.30693 to 0.21390) 

Multiple Sclerosis and Transverse Myelitis 0.00148** -0.11010 -0.48013*** -0.00663 
(0.00050 to 0.00245) (-0.35734 to 0.13714) (-0.76295 to -0.19731) (-0.29593 to 0.28267) 

Muscular Dystrophy 0.00242 0.07422 -0.72045 0.30894 
(-0.00349 to 0.00832) (-0.93011 to 1.07855) (-1.91277 to 0.47186) (-0.72224 to 1.34012) 

Obesity 0.00022 -0.07405* -0.20066*** -0.00268 
(-0.00025 to 0.00070) (-0.13872 to -0.00938) (-0.27445 to -0.12688) (-0.07625 to 0.07088) 

Other Developmental Delays 0.00935*** 0.45150* 0.03911 0.59161* 
(0.00499 to 0.01370) (0.00498 to 0.89801) (-0.44625 to 0.52448) (0.02961 to 1.15361) 

Peripheral Vascular Disease 0.00004 -0.11760 -0.17035 -0.14410 
(-0.00100 to 0.00109) (-0.30693 to 0.07172) (-0.35220 to 0.01149) (-0.39215 to 0.10396) 

Pressure and Chronic Ulcers 0.00499*** 0.04801 -0.34172** 0.08273 
(0.00317 to 0.00681) (-0.15503 to 0.25105) (-0.56597 to -0.11746) (-0.15492 to 0.32038) 

Blindness and Visual Impairment 0.01530** 0.82520* 0.33237 1.09412* 
(0.00597 to 0.02462) (0.05881 to 1.59159) (-0.49662 to 1.16135) (0.24177 to 1.94646) 

Deafness and Hearing Impairment 0.00127*** 0.07681 -0.01186 0.08564 
(0.00055 to 0.00200) (-0.12088 to 0.27450) (-0.21948 to 0.19577) (-0.14704 to 0.31833) 

Spina Bifida & Congenital Anomalies of the 
Nervous System 

-0.00075 -0.01053 -0.60556* 0.25204 
(-0.00342 to 0.00192) (-0.48045 to 0.45939) (-1.11215 to -0.09897) (-0.30378 to 0.80785) 

Spinal Cord Injury 0.01777*** -0.01770 -0.25913 0.06369 
(0.01353 to 0.02201) (-0.41212 to 0.37671) (-0.62653 to 0.10827) (-0.37268 to 0.50006) 

Viral Hepatitis 0.00086** 0.37858*** 0.28289*** 0.46231*** 
(0.00033 to 0.00138) (0.24232 to 0.51484) (0.16203 to 0.40374) (0.29625 to 0.62837) 

Notes: *** p < 0.001, **p<0.01, *p<0.05. Coefficients and 95% confidence intervals from the first model (probability of use of SUD services) estimated from an 
ordinary least squares (OLS) regression model. Coefficients and 95% confidence intervals from the spending models are from OLS regression models with a 
logged dependent outcome variable. Coefficients for firm fixed effects are not included in this table but were included in the OLS model. Standard errors are 
clustered at the firm level. 
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eAppendix J: Sensitivity Analyses 
Table J: Sensitivity of Change of Probability of SUD Service Use Attributable to HDHP Offer in Response to Changes to HDHP 
Enrollment Threshold and Firm Size Change Maximum 

 Sample Size Percentage Point Change (95% CI) 
Main Specifications N=28,717,236 -0.043*** (-0.065 - -0.020) 
HDHP Enrollment Threshold to 3% N=28,483,966 -0.043*** (-0.066 - -0.020) 
HDHP Enrollment Threshold to 20% N=21,384,087 -0.057** (-0.092 - -0.021) 
HDHP Enrollment Threshold to 50% N=19,575,793 -0.042*** (-0.059 - -0.025) 
HDHP Enrollment Threshold to 99% N=16,393,827 -0.036* (-0.065 - -0.008) 
Firm Size Change Maximum to 25% N=24,933,107 -0.037** (-0.062 - -0.012) 
Firm Size Change Maximum to 75% N=29,681,338 -0.046*** (-0.068 - -0.024) 

Notes: *** p < 0.001, **p<0.01, *p<0.05. Coefficients and 95% confidence intervals are from an ordinary least squares (OLS) regression model estimating 
probability of use of SUD services. HDHP enrollment threshold in main specification is 5%. Firm size swing maximum in main specification is 50%. Covariates 
include age, gender, family size, 9-level census division, race/ethnicity indicators, household income, median education at the census-block level, non-behavioral 
health co-occurring conditions, calendar year fixed effects, and firm fixed effects. Data are for years 2007-2017. 
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