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ABSTRACT
Objective: Estimates of prevalence and burden of
treatment-resistant depression (TRD) vary widely in
the literature. This study evaluated the prevalence and
burden of TRD and the share of TRD in the burden of
medication-treated major depressive disorder (MDD)
using the most commonly accepted definition of TRD
and a novel bottom-up approach.
Methods: Prevalence and health care burden of TRD
were estimated by synthesizing inputs across 4 similarly
designed claims studies in adults covered by Medicare,
Medicaid, commercial plans, and the US Veterans
Health Administration (VHA). Productivity (absenteeism
and presenteeism) and unemployment burden were
estimated based on inputs from a study conducted
with data from the Kantar National Health and Wellness
Survey (NHWS; 2017). A targeted literature search
for additional inputs was performed. A cost model
was developed to estimate the burden of TRD and
medication-treated DSM-5–defined MDD in the United
States. Study outcomes were the 12-month prevalence
of TRD and the annual health care, productivity, and
unemployment burden of TRD and medication-treated
MDD in the United States.
Results: The estimated 12-month prevalence of
medication-treated MDD in the United States was 8.9
million adults, and 2.8 million (30.9%) had TRD. The
total annual burden of medication-treated MDD among
the US population was $92.7 billion, with $43.8 billion
(47.2%) attributable to TRD. The share of TRD was 56.6%
($25.8 billion) of the health care burden, 47.7% ($8.7
billion) of the unemployment burden, and 32.2% ($9.3
billion) of the productivity burden of medication-treated
MDD.
Conclusions: TRD is associated with disproportionate
health care costs and unemployment, suggesting
potentially large economic and societal gains with
effective management.
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ajor depressive disorder (MDD) is a psychiatric condition that
clinically manifests through changes in mood and cognition
as well as a loss of interest or pleasure lasting at least 2 weeks.1,2 Annual
prevalence of a major depressive episode among US adults is 7.1%,
among whom half receive medication treatment for their condition.3
Failure to respond or achieve remission after 2 or more trials of
medication treatment for MDD of adequate dose and duration is
typically referred to as treatment-resistant depression (TRD),4–7 but
a universally accepted definition of TRD is lacking. Estimates of the
prevalence of TRD vary widely in the literature (12%–55%) in part
due to the lack of uniformity in the criteria used to define it.8–11
MDD and, in particular, TRD impose a substantial economic
burden in the United States. Greenberg et al12 estimated the national
economic burden of MDD as $210.5 billion in 2010. In a systematic
literature review that defined TRD as a failure to respond to at least
one adequate trial of a medication treatment, Mrazek et al13 estimated
the national burden of TRD as $29–$48 billion annually, assuming
that 12%–20% among all patients with depression have TRD.13 Based
on that study, TRD accounted for 27%–41% of the total costs of MDD.
Recently, several studies14–17 assessed the per-person economic
burden of adults with TRD from a payer perspective across various
US payer types, including Medicare, Medicaid, commercial plans,
and the US Veterans Health Administration (VHA) and Tricare
(henceforth referred to collectively as VHA). These studies used the
same definition of TRD and a similar approach to economic burden
estimation, which presents an opportunity to derive a single estimate
of TRD prevalence in the United States and to revisit previous
estimates of the national cost burden of MDD and TRD among the
US population. To build a comprehensive cost model, the present
study complemented the information on the per-person health
care cost associated with TRD across US payers14–17 with recently
published data on absenteeism- and presenteeism-related costs as
well as unemployment associated with TRD and medication-treated
MDD.18
METHODS
A cost model was developed to estimate the national economic
burden of TRD and medication-treated MDD in the United States.
Model Inputs
Population inputs. The study population included US adults
with medication-treated MDD and was derived based on the size
of the US adult population (2017),19 the annual prevalence of a
major depressive episode among adults, and the proportion of adults
receiving medication for a Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5)–defined major depressive episode.3
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depression (TRD) vary widely depending on definitions of
TRD and characteristics of patients analyzed.
This study offers new comprehensive estimates obtained
with the most commonly used definition of TRD and data
from all US payer types.
Effective management of TRD, a disproportionately
burdensome condition, may bring large economic and
societal gains.

US adults with medication-treated MDD included those
with TRD and without TRD (non-TRD MDD). Incident
sample sizes of adults with TRD and non-TRD MDD were
leveraged from the 4 similarly designed insurance claims
studies14–17 that focused on the following major national payer
types in the United States: Medicare, Medicaid, commercial
plans, and VHA. In these studies, MDD was defined based
on ICD-9-CM and ICD-10-CM diagnosis codes in medical
claims data. TRD was defined as the initiation of a third
antidepressant treatment course (including augmentation
therapy) after changing 2 antidepressant courses of
adequate dose and duration; a treatment gap of up to 180
days was allowed between the consecutive antidepressant
treatment courses. Adults with an MDD diagnosis and an
antidepressant treatment were considered to have non-TRD
MDD if they did not meet the aforementioned TRD criteria
within 2 years of the first antidepressant claim.

non-TRD MDD by each payer type were estimated by
multiplying sizes of the incident samples by the mean
duration of a TRD (2.75 years) or non-TRD MDD (1.24
years) episode, as previously reported in the literature.20
The proportions of adults with TRD and non-TRD MDD
were calculated among the total number of adults with
medication-treated MDD in each prevalent sample. Across
payers, the proportion of adults with TRD among those with
medication-treated MDD ranged from 21.4% (Medicare)
to 44.2% (Medicaid) in the calculated prevalent samples.
These proportions were weighted by the prevalence of each
payer type and adjusted for dual coverage based on the US
Census Bureau data21 to obtain weighted estimates of the
prevalence of TRD and non-TRD MDD in the United
States.
Health care cost inputs. Annual per-person health
care costs of adults with TRD, with non-TRD MDD, and
without MDD were obtained from the 4 insurance claims
studies,14–17 each within a major national payer type, that
were used for the population inputs. In these studies,
patients without MDD were selected based on the absence
of an MDD diagnosis. For consistency across studies, all
costs were standardized to 2018 US dollars using the US
Medical Care component of the Consumer Price Index
(CPI; see Supplementary Table 1 for mean health care
costs per payer). Mean costs were obtained in cohorts
matched on demographics (those with TRD to those with
non-TRD MDD and to those without MDD). Incremental

Figure 1. Incremental Annual Health Care Costs of Adults With TRD and Non-TRD MDD Versus Those
Without MDDa,b,c
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aCosts were standardized to 2018 USD using the US Medical Care Consumer Price Index.

bEstimates for Medicare, Medicaid, commercial, and US VHA payer types were from previously published work, ie, Pilon et al,15,16

Amos et al,14 and Szukis et al,17 respectively. Incremental costs were calculated in cohorts matched on demographics using
multivariate ordinary least squares regression, adjusted for baseline total health care costs and Quan-Charlson Comorbidity
Index scores.
cIncremental costs for the US population were calculated by weighting costs across Medicare, Medicaid, commercial, and US VHA
payer types by the prevalence of each payer type in the insured US population.
Abbreviations: MDD = major depressive disorder, TRD = treatment-resistant depression, USD = US dollars, VHA = Veterans Health
Administration.
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been equal.
Abbreviations: MDD = major depressive disorder, PPPY = per person per
year, TRD = treatment-resistant depression.

unemployment rates of adults with TRD and non-TRD
MDD versus those without MDD were summarized across
US payers, weighted by the prevalence of each payer type21
(adjusted for dual coverage). The weighted per-person health
care costs across US payers were extrapolated to the prevalent
populations of US adults with TRD and non-TRD MDD.
The weighted per-person productivity costs across US payers
were extrapolated to the prevalent populations of employees
with TRD and non-TRD MDD, obtained using the weighted
mean adjusted unemployment rates (see Supplementary Table
3). National incremental health care and productivity costs
of adults with medication-treated MDD versus those without
MDD were obtained as the sum of the incremental TRD and
non-TRD MDD costs per population. National incremental
unemployment costs were estimated by multiplying the
weighted incremental unemployment rates by the weighted
annual median per capita earnings and by the size of the
respective prevalent population in the United States. Median
per capita earnings for the Medicare, commercial, and VHA
cohorts were obtained from the US Census Bureau 2018
data23 based on the mean age of each of these cohorts in
the 4 claims studies.14–17 Median per capita earnings for the
Medicaid cohort were based on the 2018 poverty threshold
as published by the US Census Bureau.24 The weighted
annual median per capita earnings were $39,518 per person.
National incremental unemployment costs of adults with
medication-treated MDD versus those without MDD were
calculated as the sum of the national incremental costs of
TRD and non-TRD MDD. While cost figures are presented
as rounded values for clarity (eg, in billion dollars rounded to
the first decimal or in dollars rounded to the nearest dollar),
cost differences and proportions using these figures were
calculated prior to rounding.
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costs of adults with TRD versus those with non-TRD MDD
and those without MDD were obtained directly from each
study, in which they were estimated using multivariate
regression models adjusted for baseline costs and QuanCharlson Comorbidity Index score.22 Incremental costs of
adults with non-TRD MDD relative to those without MDD
were imputed as the difference in incremental costs of TRD
relative to those without MDD and those with non-TRD
MDD, since this information was not directly available in
the studies. Annual adjusted incremental costs of adults with
TRD versus those without MDD ranged from $3,743 per
person (Medicare) to $12,092 per person (VHA; Figure 1).
Annual adjusted incremental costs of adults with non-TRD
MDD versus those without MDD ranged between $304
(Medicare) and $6,077 (VHA) per person.
Productivity and unemployment cost inputs. Productivity
and unemployment cost inputs were obtained from a
study18 conducted with data from the 2017 Kantar National
Health and Wellness Survey (NHWS). In that survey,
MDD was defined as a self-reported clinician diagnosis of
depression. TRD was defined as treatment with 2 or more
medications (ie, ≥ 2 antidepressants, or ≥ 1 antidepressant
and ≥ 1 antipsychotic indicated for adjunctive treatment of
depression) for ≥ 3 months.
Productivity cost inputs included absenteeism and
presenteeism costs among employees with TRD, those
with non-TRD MDD, and those without MDD; all costs
were standardized to 2018 US dollars using the CPI for
All Urban Consumers (CPI-U), US city mean, all items
(see Supplementary Table 2 for mean adjusted costs of
absenteeism and presenteeism by payer type). Annual
adjusted incremental absenteeism and presenteeism costs
among employees with TRD and non-TRD MDD versus
those without MDD were calculated as the difference in
mean adjusted costs between respective cohorts. These
costs ranged from $6,381 (commercial) to $7,827 (VHA)
per person when comparing adults with TRD versus those
without MDD, and from $5,467 (commercial) to $6,704 per
person (VHA) when comparing adults with non-TRD MDD
versus those without MDD (Figure 2).
Unemployment costs were based on the self-reported
employment status from the NHWS data (see Supplementary
Table 3 for mean adjusted unemployment rates by payer
type). Mean adjusted incremental unemployment rates
among respondents with TRD and non-TRD MDD versus
those without MDD were calculated as the difference in
mean adjusted unemployment rates between respective
cohorts and ranged from 5.2 (Medicare) to 9.3 percentage
points (Medicaid) for the comparison of adults with TRD
versus adults without MDD and from 2.9 (Medicare) to 4.7
percentage points (Medicaid) for the comparison of adults
with non-TRD MDD versus adults without MDD (see
Supplementary Table 3).
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Variable
All US
Medicare
Medicaid
Commercial
US VHA
Incident sample, n (persons)14–17
TRD
3,224
14,170
6,411
10,469
Non-TRD MDD
26,316
39,695
33,068
82,691
Calculated prevalent sample, persons20,a
Total with medication-treated MDD, n
41,457
88,134
58,585
131,198
TRD, n (%)
8,868 (21.4)
38,977 (44.2) 17,635 (30.1) 28,797 (21.9)
Non-TRD MDD, n (%)
32,589 (78.6) 49,157 (55.8) 40,950 (69.9) 102,401 (78.1)
Proportion of persons by payer channel in the US,21,b %
Among the insured in 2017
18.9
21.2
73.7
5.3
Accounting for dual eligibility
15.9
17.8
61.9
4.4
Calculated prevalent 2017 population, persons
Additional input information
2017 US adult population, n19,c
252,100,000
12-month prevalence of MDD in the US, n (% of population)3 17,899,100 (7.1)
12-month prevalence of medication treated MDD in the US, 8,949,550 (50.0)
n (% of all MDD)3
TRD, %
30.9
non-TRD MDD, %
69.1
Final estimates
Total medication treated MDD
8,949,550
1,689,677
1,898,339
6,592,089
471,820
TRD, n (%)
2,763,225 (30.9) 361,446 (21.4) 839,541 (44.2) 1,984,295 (30.1) 103,561 (21.9)
Non-TRD MDD, n (%)
6,186,325 (69.1) 1,328,231 (78.6)1,058,797 (55.8) 4,607,794 (69.9) 368,259 (78.1)
aPrevalent sample was calculated as [prevalent sample = (incident sample) × (mean duration of disease)]. Mean duration of disease was 1.24 years

and 2.75 years for non-TRD MDD and TRD, respectively.

bEmployment-based insurance was approximated by any private plan insurance.
cThe 2017 US population (≥ 18 years) was 252.1 million.

Abbreviations: MDD = major depressive disorder, TRD = treatment-resistant depression, VHA = Veterans Health Administration.

Figure 3. Annual Incremental Burden of Adults With
Medication-Treated MDD Versus Those Without MDD at the
National Level, in Billions of USDa
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Health care costs were standardized to 2018 USD using the US Medical
Care consumer price index. Productivity costs were standardized to 2018
USD using the Consumer Price Index for All Urban Consumers (CPI-U): US
city mean, all items.
Abbreviations: MDD = major depressive disorder, USD = US dollars,
TRD = treatment-resistant depression.

RESULTS
Population
The annual prevalent population of individuals with
medication-treated MDD included 8.95 million adults
(Table 1), of whom 2.76 million (30.9%) had TRD and 6.19
million (69.1%) had non-TRD MDD.
Health Care Costs
The weighted mean annual per-person incremental
health care cost across US payers in adults with TRD and
those with non-TRD MDD relative to those without MDD
was $9,323 and $3,197, respectively (Figure 1). Extrapolated
to the corresponding prevalent populations, the annual
incremental health care cost burden of TRD and non-TRD
MDD relative to no MDD was $25.8 billion and $19.8
billion, respectively. The annual incremental health care cost
burden of adults with medication-treated MDD versus those
without MDD was $45.5 billion. TRD contributed 56.6% of
this cost difference, and non-TRD MDD contributed 43.4%
(Figures 2 and 3).
Productivity Costs
The weighted mean annual per-person incremental
productivity cost across US payers in employees with
TRD and those with non-TRD MDD relative to those
without MDD was $6,727 and $5,763, respectively (Figure
4). Extrapolated to the prevalent populations, the annual
incremental productivity cost burden of TRD and non-TRD
MDD relative to no MDD was $9.3 billion and $19.6 billion,
respectively. The annual incremental productivity cost
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aCosts were standardized to 2018 USD using the Consumer Price Index for All Urban Consumers (CPI-U): US city mean, all items

bData for Medicare, Medicaid, commercial and US VHA payer types was from Kantar National Health and Wellness Survey (NHWS)

2017. Productivity costs were measured using the Work Productivity and Activity Impairment questionnaire. For each employed
respondent, the number of hours missed in the previous week because of absenteeism and presenteeism were multiplied by
the hourly wages to arrive at estimated costs. These figures were then multiplied by the mean number of work weeks in a year
to obtain annual estimates. Mean adjusted costs were estimated in matched cohorts subset by payer type, to employees who
provided answers to the questionnaire controlling for sex, age, race, body mass index, Quan-Charlson Comorbidity Index score, and
household income, using negative binomial regression models. Incremental costs were obtained as the difference in mean adjusted
costs between the respective cohorts.
cIncremental costs for the US population were calculated by weighting costs across commercial, Medicaid, Medicare, and US VHA
payer types by the prevalence of each payer type in the insured US population.
Abbreviations: MDD = major depressive disorder, USD = US dollars, TRD = treatment-resistant depression, VHA = Veterans Health
Administration.

burden of employees with medication-treated MDD versus
those without MDD was $28.8 billion. TRD contributed
32.2% of this cost difference, and non-TRD MDD contributed
67.8% (Figures 2 and 3).
Unemployment Costs
The weighted mean annual incremental unemployment
rate across US payers in adults with TRD and non-TRD MDD
versus those without MDD was 8.0 and 3.9 percentage points,
respectively (see Supplementary Table 3). Extrapolated to the
prevalent populations, the annual incremental unemployment
burden of TRD relative to not having MDD was $8.7 billion
and that of non-TRD MDD relative to no MDD was $9.6
billion. The annual incremental unemployment burden of
adults with medication-treated MDD versus those without
MDD was $18.3 billion. TRD contributed 47.7% and nonTRD MDD 52.3% of the overall unemployment burden of
medication-treated MDD (Figures 2 and 3).
Total Costs
The total annual incremental burden incurred by adults
with medication-treated MDD relative to those without
MDD was $92.7 billion, including $45.5 billion (49.1%) in
health care costs, $28.8 billion (31.1%) in productivity costs,
and $18.3 billion (19.8%) in unemployment costs (Figure 3).
Adults with TRD accounted for $43.8 billion (47.2%) of these
incremental costs (Figure 2).

DISCUSSION
In this study, the annual prevalence of TRD was estimated
at 30.9% among adults with medication-treated MDD,
representing 2.8 million adults or 1.1% of the US adult
population. Relative to individuals without MDD, those with
medication-treated MDD were estimated to incur additional
costs of $92.7 billion per year. Nearly half of these costs
were attributable to adults with TRD, despite this group’s
representing less than a third of the total medication-treated
MDD population. Health care costs constituted just under
50% of total costs, while productivity costs represented 31.1%
and unemployment-related costs 19.8%.
Due to the lack of uniformity in defining TRD across
studies, previous estimates of TRD prevalence in the literature
vary greatly, from 12% to 55% of MDD population.8–11 This
study estimated the real-world prevalence of TRD using the
most common definition of TRD7,25 and accounting for the
variability in the prevalence of TRD across adults covered
by commercial and several government-sponsored plans.
The lowest prevalence rates were observed in a Medicare
population (21.4%) and the highest in a Medicaid population
(44.2%). A lower prevalence of MDD has been observed
among older adults26; it is possible that TRD prevalence is
also lower in older adults with medication-treated MDD
or that fewer Medicare-insured patients advance to further
lines of antidepressant therapy due to greater concerns over
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Limitations
Limitations of this study include the extrapolation of the
mean incremental costs of the insured population to the
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quantify several important elements that contribute to
the wider societal burden of MDD, such as quality-of-life
and caregiver burden, life-years lost, and out-of-pocket
costs paid by patients. The components included are most
relevant to payers, employers, and policy makers. Symptom
burden was not available in the claims database studies
used as inputs, and proxy definitions based on treatment
patterns were used. The proxy definitions were consistent
with the most common definition of TRD. In the absence of
a single data source, this study relied on original estimates
from several claims and survey studies, which used different
methodologies, as well as the literature. However, the 4
claims-based studies used similar definitions of TRD. The
relative share of TRD versus non-TRD MDD subgroups
in the population of adults with medication-treated MDD
in the United States was determined assuming that the
ratio of major depressive episode duration in adults with
TRD versus non-TRD MDD is consistent across insurance
channels.
CONCLUSION
This study offers a novel bottom-up approach to the
estimation of the 12-month US prevalence of TRD and
the economic burden of MDD and TRD leveraging realworld data from the 4 major national payer types. With
a commonly used definition of TRD applied consistently
across claims databases, the real-world prevalence of TRD
was estimated as 30.9% of all adults with medication-treated
MDD and about 1.1% of the US adult population. The
national economic burden of TRD was estimated as $43.8
billion annually and accounted for 47.2% of the burden of
medication-treated MDD. The findings of this study suggest
that TRD is a disproportionately burdensome condition,
and its effective management could potentially bring large
economic and societal gains.
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uninsured population.
The estimate
does not

drug-drug interactions or interactions between antidepressant
adverse effects and comorbidities.27
The national incremental economic burden of medicationtreated MDD reported in this study is lower than the
previous estimate by Greenberg et al12 ($210.5 billion in
2012 US dollars). The discrepancy may be due to a number
of methodological differences between the two studies. First,
Greenberg et al estimated the burden of all patients with MDD
in the United States, while the present study focused on patients
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SUPPLEMENT
Supplementary Table 1. Mean Annual Healthcare Costsa,b
Medicare

Medicaid

Commercial

US VHA

TRD

$25,522

$17,388

$18,704

$19,624

Non-TRD MDD

$20,313

$12,667

$10,608

$13,157

Without MDD

$14,676

$6,068

$5,182

$5,301

MDD = major depressive disorder; TRD = treatment-resistant depression; US VHA = United States Veterans Health
Administration.
Notes:
a

Costs were standardized to 2018 USD using the US Medical Care Consumer Price Index
Estimates for Medicare, Medicaid, commercial and US VHA payer types were from previously published
work: Pilon, D., et al. (2019). PLoS One, Pilon, D., et al. (2019). J Comp Eff Res, Amos et al. 2018. J Clin
Psychiatry, and Szukis et al. 2018. Poster presented at US Psych Congress, October 25-28, 2018, Orlando,
F, respectively. Mean costs were obtained in cohorts matched on demographics (TRD to non-TRD MDD
and to those without MDD)

b

Supplementary Table 2. Mean Annual Adjusted Productivity Costsa,b
Medicare

Medicaid

Commercial

US VHA

TRD

$13,795

$13,195

$11,916

$14,614

Controls without MDD,
matched to TRD

$6,407

$6,129

$5,535

$6,787

Non-TRD MDD
$12,348
$11,811
$10,665
$13,080
Controls without MDD,
$6,019
$5,756
$5,199
$6,376
matched to non-TRD MDD
MDD = major depressive disorder; TRD = treatment-resistant depression; US VHA = United States Veterans Health
Administration.
Notes:
a

b

Costs were standardized to 2018 USD using the Consumer Price Index for All Urban Consumers (CPI-U):
US city average, all items
Data was from Kantar National Health and Wellness Survey (NHWS) 2017. Productivity costs were
measured using the Work Productivity and Activity Impairment questionnaire, a 6-item validated
instrument that includes and presenteeism. For each employed respondent the number of hours missed in
the last week because of absenteeism and presenteeism were multiplied by the hourly rates to arrive at
estimated costs. These figures were then multiplied by the average number of workweeks in a year to
obtain annual estimates. Mean adjusted costs were estimated in matched cohorts subset by payer type, to
employees who provided answers to the questionnaire controlling for sex, age, race, body mass index,
Charlson comorbidity index, and household income, using negative binomial regression models.
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Supplementary Table 3. Adjusted Unemployment Ratesa

TRD
Controls without
MDD, matched to
TRD

Overall
US populationb
50%
-

Medicare

Medicaid

Commercial

US VHA

87%

67%

34%

70%

82%

58%

26%

62%

Non-TRD MDD
45%
84%
62%
29%
65%
Controls without MDD,
81%
57%
25%
61%
matched to non-TRD MDD
MDD = major depressive disorder; TRD = treatment-resistant depression; US VHA = United States Veterans Health
Administration.
Notes:
a

b

Data was from Kantar National Health and Wellness Survey (NHWS) 2017. Employment status was selfreported. Cohorts with TRD and non-TRD MDD matched separately to respondents without MDD were
subset by payer type. Mean adjusted unemployment rates were then estimated by payer type for
respondents with TRD, non-TRD MDD and without MDD controlling for sex, age, race, body mass index,
Charlson comorbidity index, and income, using logistic models
Unemployment rate for US population was calculated by weighting unemployment rates across Medicare,
Medicaid, commercial, and US VHA payer types by the prevalence of each payer type in the insured US
population
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