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Abstract
Objectives Major depressive disorder (MDD) is a common and serious disorder with significant impact on patients and 
families. The goal of this retrospective cohort study was to determine the economic burden among patients with MDD strati-
fied by number of treatment lines needed for episode resolution.
Methods Truven Health Analytics  MarketScan® claims data were used to identify US patients (≥ 18 years) who were diag-
nosed with MDD and started on an antidepressant between 2013 and 2017. A generalized linear model estimated direct and 
employment-related costs for the first 12 months following initiation of treatment across cohorts with increasing number of 
lines of MDD pharmacotherapy. Analyses were adjusted for demographics and clinical factors.
Results A total of 73,597 patients with MDD comprising the commercial (n = 66,459) and Medicare (n = 7138) popula-
tions met selection criteria. Patients who completed treatment for their episode with a single line of antidepressant had the 
lowest total adjusted direct costs (commercial $9975; Medicare $14,628) followed by those who completed with two lines 
(commercial $11,723; Medicare $15,526) and those treated with three or more lines of antidepressant regimens (commercial 
$21,259; Medicare $20,964). Patients who completed treatment with two lines as opposed to one incurred significantly higher 
direct costs (commercial +$1748, p < 0.0001; Medicare +$898, p = 0.0092). Patients who completed treatment with one 
line had the lowest employment-related costs compared to other groups.
Conclusions There was an increased economic burden associated with delay of episode resolution as early as the second 
line compared to the first line in MDD.
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Key Points for decision makers 

This study focuses on the economic burden of incre-
mental treatment in major depressive disorder (MDD) 
with a granular focus on early lines of pharmacotherapy 
treatment.

Direct healthcare costs increase with a single failed 
antidepressant, highlighting the need for rapid and effec-
tive treatment options to achieve remission early after 
diagnosis.

Employment-related costs and healthcare resource 
utilization also increase with the number of pharmaco-
therapy treatments needed for episode resolution.

Early achievement of episode resolution may prevent 
higher total costs of care in patients with MDD.

1 Introduction

Major depressive disorder (MDD) is a brain health dis-
order that is characterized by distinct episodes of at least 
2 weeks in duration and often associated with changes in 
affect, cognition, and function [1]. The American Psychiat-
ric Association (APA) recommends treating MDD initially 
with psychotherapy and antidepressant medication [2]. An 
estimated 17 million adults in the United States experience 
at least one major depressive episode each year, of which 
approximately 7 million receive treatment with pharma-
cotherapy [3–5]. Antidepressants include selective sero-
tonin reuptake inhibitors (SSRIs), serotonin norepineph-
rine reuptake inhibitors (SNRIs), tricyclic antidepressants 
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(TCAs), and monoamine oxidase inhibitors (MAOIs), and 
should be continued for at least 4 months after remission, 
for up to a lifetime depending on patient characteristics, 
according to the APA [2].

However, these existing antidepressant treatment options 
may be associated with delayed onset of response, low 
response and remission rates, and frequent presence of resid-
ual symptoms after remission [6–10]. Since antidepressants 
typically require 1–2 months from the start of treatment for 
effects to be realized [7, 8], this latency in response can 
lead to low adherence by patients, prolonged patient suffer-
ing, and increased healthcare resource utilization [6, 7, 11]. 
Current APA step pharmacotherapy protocols recommend 
modifying treatment if a patient fails to respond to first-line 
pharmacotherapy within 8 weeks [2]. However, remission 
is increasingly difficult to achieve after each treatment fail-
ure—approximately two-thirds of patients do not remit on 
first-line antidepressant, and remission rates decrease with 
each subsequent trial of antidepressant treatment [7].

Failure to treat MDD rapidly and effectively to remission 
may have long-term negative effects [7, 12–16], including 
lasting effects on patients’ brain structure and function [12, 
15], longer depressive episodes and a higher likelihood of 
relapse [7, 13, 14], and worsened functional outcomes [16, 
17]. There is mounting evidence that depression also takes 
a serious toll on physical health [18–29]. MDD is signifi-
cantly associated with increased incidence of many chronic 
disorders, such as dementia and Alzheimer’s disease [30], 
Parkinson disease [31], cardiovascular disease [32], diabetes 
[33], obesity [34], autoimmune diseases [35], back pain and 
osteoarthritis [36, 37], hypertension [38], gastrointestinal 
ulcers [39], HIV/AIDS [40], asthma [39], and drug abuse 
[41]. In addition, depression can worsen the course of pre-
existing comorbid conditions and may make chronic disease 
management more difficult [42–47]. These poor outcomes 
can often lead to higher patient costs associated with these 
chronic conditions in addition to the economic burden of 
MDD [18, 48].

MDD has significant impacts on healthcare resource uti-
lization and total cost of care [3, 11, 48]. In 2010, the total 
incremental annual economic burden of individuals with 
MDD in the United States was estimated at over $200 bil-
lion [48]. Employed and treated MDD patients had elevated 
direct costs (both MDD and non-MDD related), incurring 
$5988 more than their matched non-MDD patients with 
similar demographics [48]. Previous studies have reported 
that delays in the treatment of MDD can also result in sig-
nificantly higher costs of care [49]. Specifically, lack of 
treatment stability or pharmacotherapy cycling and switch-
ing has been associated with increases in total direct costs 
and depression-related direct and indirect costs [11, 14, 50]. 
In addition, substantial indirect costs, including decreased 
productivity due to illness, sickness absence from work, and 

early retirement, have been reported among MDD patients 
[48, 51, 52].

While the economic burden of treatment-resistant depres-
sion has been well studied [52–57], the direct and indirect 
financial impact of patients across increasing numbers of 
pharmacotherapy treatments in MDD has not been fully 
explored. Namely, the increased total costs associated with 
delayed episode resolution and the potential economic ben-
efit of patients achieving early disease resolution within one 
pharmacotherapy treatment regimen have been overlooked. 
The goal of this retrospective cohort study was to evalu-
ate the direct costs as well as employment-related costs and 
resource use among patients diagnosed and treated for a new 
MDD episode, stratified by the number of pharmacotherapy 
steps needed to meet episode resolution.

2  Methods

2.1  Data Source

In this retrospective cohort study, claims data from the Tru-
ven Health Analytics  MarketScan® database were used. 
These databases contain individual-level healthcare claims 
information including, but not limited to, claims data, 
absence, short-term disability (STD), and workers’ com-
pensation. The MarketScan Medicare Supplemental and 
Coordination of Benefits Database was used for the Medi-
care population with employer-sponsored Medicare Supple-
mental plans and contains mainly fee-for-service beneficiary 
data. The study was exempted from full review by the West-
ern Institutional Review Board (Puyallup, WA) since it did 
not meet the definition of human subject research as per 45 
Code of Federal Regulations 46.102.

2.2  Inclusion and Exclusion Criteria and Cohort 
Classification

We assessed adult patients covered by either commercial 
or Medicare payers, diagnosed with MDD and started on 
antidepressant pharmacotherapy between January 1, 2013 
and September 30, 2017. The index date was defined as the 
first documented prescription fill date for an antidepressant 
after the first MDD diagnosis.

Patients meeting the following criteria were included: 18 
years or older as of the index date; at least one International 
Classification of Disease (ICD) claim for MDD in an inpa-
tient or emergency room (ER) setting, or two ICD claims for 
MDD in an outpatient setting with at least one claim being 
within a 6-month period from index date (Supplemental 
Table 1, see the electronic supplementary material); one or 
more pharmacy claims for antidepressants (SSRIs, SNRIs, 
atypical antidepressants, TCAs, and MAOIs) anytime on 
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the day of or after their first MDD diagnosis (Supplemental 
Table 1).

Patients were excluded based on the following: diagnosis 
codes for bipolar disorder or schizophrenia and/or prescrip-
tions of lithium ≤ 6 months prior to the index date, which 
could indicate treatment for pre-existing bipolar or more 
treatment-experienced MDD; index treatment inconsistent 
with guideline-recommended first-line treatment (atypical 
antipsychotic, perphenazine, or a combination of two or 
more antidepressants). To ensure index treatment captured 
the start of pharmacotherapy treatment for a major depres-
sive episode, patients were excluded if they had received 
antidepressants in the 6 months prior to the first index date. 
To ensure availability of a complete claims history, patients 
were required to have continuous enrollment or medical 
service for the 6 months prior to index and 12 months post 
index.

Treatment success was defined as completion of the mini-
mum APA guideline-recommended duration of antidepres-
sant therapy (8 weeks of pharmacotherapy in the acute phase 
followed by an additional 4–9 months continuation, i.e., a 
minimum of 25 weeks) with no further new antidepressants 
started after the continuation phase or claims with ICD codes 
indicative of continued depressive symptoms. Patients were 
stratified into four cohorts based on treatment patterns. The 
first two cohorts consisted of those who completed guideline-
recommended treatment as defined above on their first anti-
depressant (index) and on their second antidepressant (one 
switch, completed guideline-recommended treatment dura-
tion and predefined success criteria on their second antide-
pressant). The third cohort consisted of patients who received 
three or more lines (two or more switches of antidepressant, 
treatment completion as predefined not required). Lastly, to 
capture the common issue of non-adherence to antidepressant 
pharmacotherapy, the fourth cohort included patients who dis-
continued their first or second antidepressant regimen prior 
to the guideline-recommended minimum treatment duration 
(< 25 weeks), without switching to a different antidepressant 
and with at least one additional MDD inpatient or outpatient 
claim after pharmacotherapy discontinuation, indicating that 
the patient was still suffering from a depressive episode.

2.3  Study Outcomes

The primary outcomes measured were direct costs for the first 
12 months following initiation of antidepressants in each of the 
four treatment cohorts. Direct costs (total cost of care) were 
reported by setting (inpatient, outpatient, ER, and pharmacy) 
and diagnosis (MDD, other depression, non-depression). 
Direct costs were reported separately by payer type given 
underlying differences in baseline demographics and charac-
teristics between the two populations.

Secondary outcomes included employment-related costs, 
number of days with a medical visit, and concomitant medi-
cation use. Employment-related costs included average work-
place absence hours (total and due to sickness/disability) as 
well as STD days and payments, which were only available 
for a subset of commercial patients. Days with any type of 
medical visit were reported for the first 12 months following 
antidepressant initiation in each of the four treatment cohorts. 
The top concomitant medication groups, classified using the 
Veterans Affairs classification [58], were reported in each of 
the four treatment cohorts across three timeframes: 6 months 
prior to index to index date, index date to 6 months post index, 
and 6 months to 12 months post index.

2.4  Statistical Analysis

A generalized linear model (GLM) with a negative binomial 
distribution and log link function was used to model direct 
and employment-related costs for MDD patients stratified 
across the four treatment cohorts. Models were adjusted for 
baseline demographics/characteristics (age, gender, year, 
census regions, plan type, first MDD diagnosis setting) and 
the Charlson Comorbidity Index. All costs were adjusted to 
2019 US dollars based on the Consumer Price Index [59]. 
Descriptive statistics were reported for days with a medi-
cal visit and concomitant medication use. Analyses were 
performed using SAS version 9.4 (SAS Institute Inc., Cary, 
NC).

3  Results

3.1  Study Cohort and Patient Characteristics

A total of 73,597 MDD patients comprising both the 
commercial payer (n = 66,459) and Medicare (n = 7138) 
populations met inclusion/exclusion and cohort definition 
criteria. A total of 26,965 patients completed guideline-rec-
ommended treatment on their first antidepressant, 3370 on 
their second antidepressant, and 23,209 after three or more 
antidepressant regimens, and 20,053 patients exhibited pat-
terns of antidepressant non-adherence (Fig. 1).

Within each payer type, the four treatment cohorts were 
similar in baseline demographics and patient characteris-
tics, with only minor differences between cohorts (Table 1). 
The majority of patients were female, comprising 68–69% 
of patients in the commercial population and 63–65% of 
patients in the Medicare population. The mean age ranged 
between 40 and 43 years in the commercial population and 
75 and 76 years in the Medicare population. Region, plan 
types, and setting of first MDD diagnosis were consistent 
across cohorts.
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3.2  Direct Costs in Commercial and Medicare 
Populations

Unadjusted, descriptive costs are shown in Table 2. After 
adjusting for demographics and the Charlson Comorbidity 
Index, trends of increasing direct costs with additional lines 
of therapy were similar across both payer types. Patients 
who completed treatment on their first antidepressant regi-
men had the lowest total direct costs (commercial $9975; 
Medicare $14,628), followed by patients who completed 
treatment on their second antidepressant regimen (commer-
cial $11,723; Medicare $15,526), patients with non-adher-
ence (commercial $13,015; Medicare $15,585), and finally 
patients receiving three or more antidepressant regimens 
(commercial $21,259; Medicare $20,964) (Table 3, Fig. 2).

Commercial patients who completed treatment on their 
second antidepressant reported significantly higher yearly 
adjusted direct costs than those who completed treatment 
with a single antidepressant (cost ratio 1.189, 95% confi-
dence interval [CI] 1.139–1.242, p < 0.0001). These patients 
incurred an additional $1748 in total adjusted healthcare 
costs. Differences in costs were explained by higher outpa-
tient treatment costs (50% of cost differential) for both the 
treatment of MDD and of comorbidities, followed by inpa-
tient costs (27%) and pharmaceutical costs (15%). ER costs 
accounted for 8% of the difference. Pharmacy costs for MDD 
treatment specifically (antidepressants) only accounted for 
5% of the difference in total cost of care between groups 

(Table 3). Commercial patients who received three or more 
antidepressant regimens had a significantly larger total cost 
of care than patients who completed treatment on the first 
line of antidepressant (cost ratio 2.015, 95% CI 1.971–2.060, 
p < 0.0001), incurring an additional $11,285 in total 
adjusted healthcare costs. Differences in costs were driven 
by higher outpatient costs (47% of cost differential), inpa-
tient costs (38%), pharmaceutical costs (10%), and ER costs 
(5%) for patients having undergone three or more treatments. 
Differences in pharmacy costs for MDD accounted for 1% 
of the cost differential. Commercial patients who were non-
adherent also incurred increased costs compared to patients 
who completed treatment on their first-line antidepressant 
(cost ratio 1.230 95% CI 1.203–1.259, p < 0.0001); while 
costs of inpatient, outpatient, and ER care were higher in 
those who did not adhere, pharmacy costs were lower in the 
non-adherent group.

Similarly, in the Medicare patient population, patients 
who completed treatment on their second antidepressant 
incurred significantly higher costs than those who com-
pleted treatment on their first antidepressant (cost ratio 
1.188, 95% CI 1.046–1.356, p = 0.0092). Medicare patients 
who received three or more lines of therapy also incurred 
significantly higher costs than single-line patients (cost ratio 
1.685, 95% CI 1.582–1.795, p < 0.0001). Lastly, patients 
who were non-adherent to antidepressant therapy also 
incurred significantly higher total cost of care than patients 
who resolved on their first-line treatment (cost ratio 1.158, 

Fig. 1  Study design illustration a inclusion/exclusion criteria and b cohort stratification
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Table 1  Baseline demographics and patient characteristics in commercial (a) and Medicare populations (b)

a Commercial population

Patient characteristics Completed treatment 
with 1 ADT
(n = 24,048)

Completed treatment with 
2 ADT regimen
(n =3,073)

Received 3+ ADT regimens
(n = 21,237)

Non-adherent to 
pharmacotherapy
(n =18,101)

Gender
 Female 16,642 (69.20%) 2115 (68.83%) 14,338 (67.51%) 12,234 (67.59%)
 Male 7406 (30.80%) 958 (31.17%) 6899 (32.49%) 5867 (32.41%)

Age group
 18–34 years 7090 (29.48%) 1088 (35.41%) 7996 (37.65%) 6809 (37.62%)
 35–44 years 5327 (22.15%) 711 (23.14%) 4578 (21.56%) 4017 (22.19%)
 45–54 years 5921 (24.62%) 698 (22.71%) 4800 (22.60%) 4049 (22.37%)
 55–64 years 5709 (23.74%) 576 (18.74%) 3863 (18.19%) 3226 (17.82%)
 65+ years 1 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
 Mean age (SD) 42.52 (13.27) 40.32 (13.46) 39.71 (13.67) 39.73 (13.53)

Plan type
 PPO 13,850 (57.59%) 1766 (57.47%) 12,508 (58.90%) 10,312 (56.97%)
 HMO 2846 (11.83%) 373 (12.14%) 2374 (11.18%) 2491 (13.76%)
 CDHP 2678 (11.14%) 340 (11.06%) 2238 (10.54%) 1837 (10.15%)
 POS 1637 (6.81%) 219 (7.13%) 1735 (8.17%) 1356 (7.49%)
 HDHP 1810 (7.53%) 228 (7.42%) 1262 (5.94%) 998 (5.51%)
 Comprehensive 652 (2.71%) 85 (2.77%) 675 (3.18%) 679 (3.75%)
 EPO 148 (0.62%) 12 (0.39%) 135 (0.64%) 130 (0.72%)
 POS with capitation 111 (0.46%) 14 (0.46%) 92 (0.43%) 108 (0.60%)
 Missing/unknown 316 (1.31%) 36 (1.17%) 218 (1.03%) 190 (1.05%)

Region
 Northeast 4254 (17.69%) 505 (16.43%) 3438 (16.19%) 3439 (19.00%)
 North Central 5309 (22.08%) 728 (23.69%) 4442 (20.92%) 3971 (21.94%)
 South 9953 (41.39%) 1259 (40.97%) 9291 (43.75%) 6939 (38.33%)
 West 4302 (17.89%) 553 (18.00%) 3815 (17.96%) 3619 (19.99%)
 Unknown 230 (0.96%) 28 (0.91%) 251 (1.18%) 133 (0.73%)

Setting of first MDD diagnosis
 Inpatient 868 (3.61%) 104 (3.38%) 1273 (5.99%) 774 (4.28%)
  Surgical 161 (0.67%) 8 (0.26%) 77 (0.36%) 50 (0.28%)
  Medical 244 (1.01%) 25 (0.81%) 229 (1.08%) 144 (0.80%)
  Maternity and newborn 103 (0.43%) 7 (0.23%) 44 (0.21%) 27 (0.15%)
  Psych and substance abuse 360 (1.50%) 64 (2.08%) 923 (4.35%) 553 (3.06%)

 Outpatient 22,925 (95.33%) 2936 (95.54%) 19,737 (92.94%) 17,142 (94.70%)
  ER 255 (1.06%) 33 (1.07%) 227 (1.07%) 185 (1.02%)

Mean Charlson score (SD) 0.37 (0.96) 0.35 (0.97) 0.39 (1.01) 0.40 (1.04)

b Medicare population
Patient characteristics Completed treatment 

with 1 ADT
(n = 2917)

Completed treatment with 
2 ADT regimen
(n =297)

Received 3+ ADT regimens
(n = 1972)

Non-adherent to 
pharmacotherapy
(n =1952)

Gender
 Female 1830 (62.74%) 192 (64.65%) 1271 (64.45%) 1238 (63.42%)
 Male 1087 (37.26%) 105 (35.35%) 701 (35.55%) 714 (36.58%)

Age group
 18–34 years 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
 35–44 years 0 (0.00%) 0 (0.00%) 3 (0.15%) 1 (0.05%)
 45–54 years 8 (0.27%) 0 (0.00%) 16 (0.81%) 10 (0.51%)
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95% CI 1.087–1.235, p < 0.0001). Detailed adjusted costs 
reported in Table 3b.

3.3  Employment‑Related Costs in Commercial 
Population

Employment-related cost data were available for between 
2.2% (absence) and 5.8% (STD) of commercial patients, 
with data unavailable (either due to lack of reporting, no 
information collected, or lack of value greater than zero) for 
the remaining commercial population. Among patients with 
reported absence and STD days, patients who completed 

treatment on the first antidepressant had the lowest adjusted 
employment-related costs (30 total days and 6 days due to 
sickness/disability for 2.1% of the cohort, 71 STD days and 
$9833 STD payment for 2.5% of the cohort), after adjust-
ments for confounders (Table 4). Patients who completed 
treatment with two antidepressant regimens (35 total days 
and 7 days due to sickness/disability for 2.1% of the cohort, 
84 STD days and $10,429 STD payment for 2.9% of the 
cohort) and those who were non-adherent to pharmaco-
therapy treatments (34 total days and 7 days due to sick-
ness/disability for 2.5% of the cohort, 82 STD days and 
$10,676 STD payment for 8.5% of the cohort) followed, with 

Data are n (%), unless otherwise noted. Sample size in each cohort indicates patients who met inclusion/exclusion and cohort definition criteria. 
Treatment stability was used as a proxy for episode resolution
ADT antidepressant, CDHP Consumer Directed Health Plan, EPO exclusive provider organization, ER emergency room, HDHP high deductible 
health plan, HMO health maintenance organization, MDD major depressive disorder, POS point-of-service plan, PPO preferred provider organi-
zation, SD standard deviation

Table 1  (continued)

b Medicare population
Patient characteristics Completed treatment 

with 1 ADT
(n = 2917)

Completed treatment with 
2 ADT regimen
(n =297)

Received 3+ ADT regimens
(n = 1972)

Non-adherent to 
pharmacotherapy
(n =1952)

 55–64 years 46 (1.58%) 8 (2.69%) 101 (5.12%) 122 (6.25%)
 65+ years 2863 (98.15%) 289 (97.31%) 1852 (93.91%) 1819 (93.19%)
 Mean age (SD) 76.09 (8.29) 76.23 (8.37) 75.37 (8.90) 74.95 (8.64)

Plan type
 PPO 1000 (34.28%) 105 (35.35%) 817 (41.43%) 759 (38.88%)
 HMO 402 (13.78%) 37 (12.46%) 172 (8.72%) 201 (10.30%)

 CDHP 11 (0.38%) 1 (0.34%) 7 (0.35%) 8 (0.41%)
 POS 153 (5.25%) 13 (4.38%) 140 (7.10%) 71 (3.64%)
 HDHP 7 (0.24%) 1 (0.34%) 2 (0.10%) 2 (0.10%)
 Comprehensive 1264 (43.33%) 135 (45.45%) 782 (39.66%) 853 (43.70%)
 EPO 0 (0.00%) 1 (0.34%) 0 (0.00%) 2 (0.10%)
 POS with capitation 56 (1.92%) 4 (1.35%) 33 (1.67%) 46 (2.36%)
 Missing/unknown 24 (0.82%) 0 (0.00%) 19 (0.96%) 10 (0.51%)

Region
 Northeast 638 (21.87%) 66 (22.22%) 396 (20.08%) 387 (19.83%)
 North Central 990 (33.94%) 96 (32.32%) 635 (32.20%) 785 (40.22%)
 South 970 (33.25%) 97 (32.66%) 743 (37.68%) 571 (29.25%)
 West 310 (10.63%) 37 (12.46%) 189 (9.58%) 202 (10.35%)
 Unknown 9 (0.31%) 1 (0.34%) 9 (0.46%) 7 (0.36%)

Setting of first MDD diagnosis
 Inpatient 292 (10.01%) 19 (6.40%) 232 (11.76%) 129 (6.61%)
  Surgical 77 (2.64%) 3 (1.01%) 27 (1.37%) 21 (1.08%)
  Medical 166 (5.69%) 12 (4.04%) 129 (6.54%) 75 (3.84%)
  Maternity and newborn – – – –
  Psych and substance abuse 49 (1.68%) 4 (1.35%) 76 (3.85%) 33 (1.69%)

 Outpatient 2600 (89.13%) 274 (92.26%) 1728 (87.63%) 1813 (92.88%)
  ER 25 (0.86%) 4 (1.35%) 12 (0.61%) 10 (0.51%)

Mean Charlson score (SD) 1.98 (2.14) 2.00 (2.16) 2.17 (2.31) 1.69 (2.11)
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Table 2  Annual unadjusted direct costs across treatment cohorts in commercial (a) and Medicare populations (b)

(a) Commercial population

Unadjusted costs
[mean (SD) median]

Completed treatment with 
1 ADT
(n = 24,048)

Completed treatment with 2 
ADT regimen
(n =3,073)

Received 3+ ADT 
regimens
(n = 21,237)

Non-adherent to 
pharmacotherapy
(n =18,101)

MDD costs
 Inpatient costs $329.99

($4588.49)
$0.00

$555.83
($5686.49)
$0.00

$1431.94
($9299.36)
$0.00

$485.87
($6425.17)
$0.00

 ER costs $16.45
($244.08)
$0.00

$37.94
($539.81)
$0.00

$53.66
($458.95)
$0.00

$31.47
($362.26)
$0.00

 Outpatient costs $677.02
($1855.40)
$297.02

$912.38
($2359.96)
$401.97

$1,804.54
($4770.34)
$623.94

$945.67
($2929.78)
$344.26

 Pharmacy costs $301.24
($890.14)
$67.85

$392.75
($816.97)
$108.17

$586.36
($1202.84)
$173.21

$69.90
($336.49)
$14.48

Other depression-related costs
 Inpatient costs $109.03

($2,581.23)
$0.00

$196.29
($2,853.57)
$0.00

$385.18
($4481.42)
$0.00

$212.62
($3874.78)
$0.00

 ER costs $7.33
($137.10)
$0.00

$7.70
($116.19)
$0.00

$39.86
($391.85)
$0.00

$16.35
($219.72)
$0.00

 Outpatient costs $127.13
($910.99)
$0.00

$163.39
($846.40)
$0.00

$386.13
($2183.41)
$0.00

$226.57
($1,336.70)
$0.00

 Pharmacy costs $29.05
($222.64)
$0.00

$70.27
($522.51)
$0.00

$502.08
($1696.57)
$10.85

$33.23
($245.32)
$0.00

Other related costs
 Inpatient costs $1,213.21

($11,872.56)
$0.00

$1337.96
($14,933.97)
$0.00

$2785.37
($20,567.71)
$0.00

$1923.39
($14,716.18)
$0.00

 ER costs $240.69
($1190.30)
$0.00

$314.53
($1174.28)
$0.00

$634.68
($2486.62)
0.00

$518.26
($1827.09)
$0.00

 Outpatient costs $4626.99
($15,990.99)
$1319.44

$5139.28
($16,194.87)
$1486.31

$8203.13
($23,444.99)
$2537.24

$5964.01
($17,292.54)
$1891.09

 Pharmacy costs $2275.55
($9591.19)
$320.04

$2,226.62
($8155.69)
$360.54

$3080.15
($10,485.70)
$558.53

$2159.97
($9748.72)
$322.76

Total $9954 $11,354 $19,893 $12,586

(b) Medicare population
Unadjusted costs
[mean (SD) median]

Completed treatment with 
1 ADT
(n = 2917)

Completed treatment with 2 
ADT regimen
(n =297)

Received 3+ ADT 
regimens
(n = 1972)

Non-adherent to 
pharmacotherapy
(n =1952)

MDD costs
 Inpatient costs $730.97

($5,318.30)
$0.00

$816.87
($4166.83)
$0.00

$2564.28
($12,741.48)
$0.00

$887.93
($7349.04)
$0.00

 ER costs $41.79
($1532.36)
$0.00

$4.04
($41.51)
$0.00

$59.29
($877.27)
$0.00

$17.99
($274.60)
$0.00
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comparable adjusted employment-related costs. Patients 
who received three or more antidepressant regimens had the 
highest number of adjusted workplace absence hours in the 
first 12 months from pharmacotherapy start (43 total days, 
12 days due to sickness/disability, data reported for 2.1% of 
the cohort), STD days (123 days), and payments from STD 
($14,604, for 7.6% of the cohort).

3.4  Days with Medical Visit

Descriptive statistics for the number of days with a medi-
cal visit are reported for both commercial and Medicare 
populations. Across both commercial patients and Medicare 
patients, those patients completing treatment with a single 

antidepressant had the lowest median days with a medical 
visit (commercial 13 days, Medicare 24 days), while those 
who received three or more antidepressant regimens had 
the highest median days (commercial 23 days, Medicare 
37 days; Fig. 3). Patients completing treatment on second 
antidepressant regimens (commercial 16 days, Medicare 
28 days) and non-adherent patients (commercial 16 days, 
Medicare 27 days) had a comparable number of days with a 
medical visit (Fig. 3).

3.5  Concomitant Medications

Within the commercial population, the most commonly 
prescribed concomitant medications were benzodiazepine 

Data are mean (SD) median
ADT antidepressant, ER emergency room, MDD major depressive disorder, SD standard deviation

Table 2  (continued)

(b) Medicare population
Unadjusted costs
[mean (SD) median]

Completed treatment with 
1 ADT
(n = 2917)

Completed treatment with 2 
ADT regimen
(n =297)

Received 3+ ADT 
regimens
(n = 1972)

Non-adherent to 
pharmacotherapy
(n =1952)

 Outpatient COSTS $578.93
($2191.51)
$200.65

$882.57
($2497.32)
$295.53

$1456.18
($4405.78)
$361.79

$889.69
($4917.10)
$242.96

 Pharmacy Costs $231.33
($704.98)
$62.16

$266.99
($467.69)
$96.19

$468.75
($877.34)
$178.67

$76.98
($310.10)
$15.08

Other depression-related costs
 Inpatient costs $114.17

($1796.37)
$0.00

$259.11
($2627.89)
$0.00

$583.94
($4254.65)
$0.00

$302.86
($3747.21)
$0.00

 ER costs $0.63
($16.19)
$0.00

$0.00
($0.00)
$0.00

$22.62
($281.96)
$0.00

$6.32
($89.88)
$0.00

 Outpatient costs $83.13
($738.41)
$0.00

$130.62
($925.79)
$0.00

$570.13
($3545.31)
$0.00

$232.70
($1831.25)
$0.00

 Pharmacy costs $27.13
($169.06)
$0.00

$59.80
($218.77)
$0.00

$471.77
($1650.50)
$28.91

$75.31
($743.88)
$0.00

Other related costs
 Inpatient costs $3309.93

($13,621.40)
$0.00

$8825.77
($57,654.64)
$0.00

$9317.62
($37,898.16)
$0.00

$6484.01
($50,030.94)
$0.00

 ER costs $597.41
($3462.43)
$0.00

$1002.27
($3569.58)
$0.00

$1077.24
($3992.37)
$0.00

$717.59
($3961.55)
$0.00

 Outpatient costs $10,070.45
($33,675.21)
$3494.69

$9917.88
($14,952.40)
$4699.42

$15,740.73
($36,421.27)
$5893.40

$10,537.52
($18,479.62)
$4476.43

 Pharmacy costs $4510.82
($11,291.88)
$1745.75

$4504.79
($7950.56)
$2185.27

$5158.50
($11,472.06)
$2340.09

$4027.93
($12,483.02)
$1301.40

Total $20,297 $26,671 $28,173 $24,257
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derivative sedatives or hypnotics (10–43% of patients), 
followed by opioid analgesics (10–29% of patients), 
across all four cohorts and observed timeframes (Fig. 4). 
Other common medications in the commercial population 

included non-salicylate non-steroidal anti-inflammatory 
drugs or antirheumatics, gastric medications, glucocorti-
coids, and systemic contraceptives. Within the Medicare 
population, the most common concomitant medications 

Table 3  Direct adjusted annual costs across treatment cohorts in commercial (a) and Medicare populations (b)

Direct costs were modeled by a generalized linear model and adjusted for baseline demographics/characteristics (age, gender, year, census 
regions, plan type, setting of first MDD diagnosis) and the Charlson Comorbidity Index
ADT antidepressant, ER emergency room, LSM least-squares mean, MDD major depressive disorder, SE standard error

a Commercial population

Adjusted costs [LSM (SE)] Completed treatment 
with 1 ADT
(n = 24,048)

Completed treatment with 
2 ADT regimen
(n =3073)

Received 3+ ADT regimens
(n = 21,237)

Non-adherent to 
pharmacotherapy
(n =18,101)

MDD costs
 Inpatient costs $360.99 (130.31) $600.67 (287.56) $2200.10 (795.04) $619.66 (224.94)
 ER costs $10.57 (4.31) $29.69 (16.47) $48.35 (19.89) $24.99 (9.92)
 Outpatient costs $715.94 (23.04) $934.55 (40.06) $1798.47 (57.17) $937.10 (30.35)
 Pharmacy costs $238.51 (6.20) $330.47 (11.42) $394.19 (10.17) $53.92 (1.43)

Other depression-related costs
 Inpatient costs $28.36 (19.17) $66.90 (59.46) $139.61 (91.75) $86.87 (57.37)
 ER costs $2.64 (1.25) $3.42 (2.19) $31.01 (14.46) $8.94 (4.23)
 Outpatient costs $143.62 (15.23) $183.11 (25.56) $357.04 (37.80) $195.52 (21.10)
 Pharmacy costs $29.55 (1.83) $70.89 (5.81) $463.25 (28.48) $31.78 (1.99)

Other related costs
 Inpatient costs $1369.95 (418.08) $1565.64 (649.11) $3743.15 (1165.55) $2601.03 (808.73)
 ER costs $345.66 (41.85) $470.25 (75.87) $816.26 (98.68) $680.87 (83.32)
 Outpatient costs $4916.34 (140.43) $5526.06 (209.72) $8952.60 (254.05) $6150.81 (178.11)
 Pharmacy costs $1812.40 (63.39) $1940.91 (89.83) $2315.05 (81.57) $1623.31 (56.90)

Total $9975 $11,723 $21,259 $13,015

b Medicare population

Adjusted costs [LSM (SE)] Completed treatment 
with 1 ADT
(n = 2917)

Completed treatment with 
2 ADT regimen
(n =297)

Received 3+ ADT regimens
(n = 1972)

Non-adherent to 
pharmacotherapy
(n =1952)

MDD costs
 Inpatient costs $58.89 (17.97) $73.28 (24.62) $260.09 (79.39) $81.22 (25.16)
 ER costs $15.86 (3.58) $5.58 (1.43) $106.03 (24.29) $27.92 (6.45)
 Outpatient costs $405.77 (79.83) $604.61 (134.64) $1098.10 (217.39) $636.57 (125.34)
 Pharmacy costs $244.93 (30.04) $282.66 (39.44) $401.00 (49.83) $73.92 (9.24)

Other depression-related costs
 Inpatient costs $10.96 (2.86) $16.08 (4.59) $43.26 (11.42) $11.80 (3.10)
 ER costs $1.12 (0.22) $0.85 (0.18) $4.69 (0.91) $2.06 (0.40)
 Outpatient costs $54.53 (32.34) $89.00 (60.47) $209.19 (125.34) $103.13 (61.22)
 Pharmacy costs $12.57 (3.79) $34.42 (11.56) $161.41 (48.82) $25.64 (7.83)

Other related costs
 Inpatient costs $604.96 (182.86) $1161.07 (398.15) $1366.09 (417.32) $1018.01 (309.07)
 ER costs $201.96 (50.42) $264.15 (73.37) $405.44 (101.62) $280.87 (69.93)
 Outpatient costs $8433.23 (1047.84) $8817.93 (1258.26) $12,527.00 (1567.37) $9543.67 (1196.39)
 Pharmacy costs $4583.07 (577.44) $4176.53 (600.40) $4381.22 (558.63) $3779.95 (482.21)

Total $14,628 $15,526 $20,964 $15,585



700 A. Arnaud et al.

were antilipemic agents (26–59% of patients) across all 
four cohorts and timeframes (Fig. 5). Other common con-
comitant medications in the Medicare population were 
beta blockers, opioid analgesics, and gastric medications. 
Across both payer types, patients who received three or 
more antidepressant regimens were more frequently pre-
scribed benzodiazepine derivative sedatives or hypnotics, 
and antipsychotics compared to patients completing treat-
ment with one or two antidepressant regimens (Figs. 4 and 
5). 

4  Discussion

Current standard of care in depression treatment involves 
sequential step pharmacotherapy. If patients fail to respond 
sufficiently to the initial pharmacotherapy in 8 weeks, cur-
rent APA guidelines recommend a change in treatment plan 
to another antidepressant [2], which can often lead to a cycle 
of repeated switching of pharmacotherapy treatments in an 
attempt to achieve remission [7]. This pattern can extend 
for many months, with patients receiving pharmacotherapy 
without symptom improvement and suffering functional 

Fig. 2  Direct costs in commercial population. Direct costs were modeled by GLM. ADT antidepressant. ER emergency room, GLM generalized 
linear model, MDD major depressive disorder

Table 4  Employment-related costs across treatment cohorts in commercial population

Employment-related costs were modeled by a generalized linear model and adjusted for baseline demographics/characteristics (age, gender, year, 
census regions, plan type) and the Charlson Comorbidity Index
ADT antidepressant, STD short-term disability
*Number of patients per cohort are listed as n (%). Percentage is based on the total cohort population

Resource use Completed treatment 
with 1 ADT
(n = 24,048)

Completed treatment with 2 
ADT regimen
(n =3073)

Received 3+ ADT 
regimens
(n = 21,237)

Non-adherent to 
pharmacotherapy
(n =18,101)

Absence, n (%)* 511 (2.1%) 65 (2.1%) 450 (2.1%) 445 (2.5%)
 Total absence days/hours (mean) 30.26 days 34.92 days 43.19 days 34.49 days

242.04 h 279.38 h 345.49 h 275.89 h
 Absence days/hours due to sickness/dis-

ability (mean)
6.34 days 6.97 days 11.87 days 6.82 days
50.71 h 55.73 h 94.95 h 54.56 h

STD, n (%)* 610 (2.5%) 89 (2.9%) 1619 (7.6%) 1534 (8.5%)
 STD days/hours (mean) 70.91 days 84.04 days 123.00 days 82.29 days

567.28 h 672.32 h 984.00 h 658.32 h
 STD payments (mean) $9833.90 $10,429.00 $14,604.00 $10,676.00
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Fig. 3  Days with medical visit in a commercial and b Medicare 
populations during first 12 months after treatment initiation. Patients 
receiving three or more pharmacotherapy regimens had the highest 
number of median medical visit days, whereas those who completed 

treatment with one antidepressant had the lowest median medical 
visit days. This trend is seen in both the commercial and Medicare 
populations
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Fig. 4  Concomitant medications in commercial population. The ten most frequently prescribed concomitant medications for the commercial 
population in each cohort are shown
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impairment [7] and leads to higher costs associated with 
sequential step pharmacotherapy [60].

This retrospective cohort study demonstrated an incre-
mental increase in direct costs, employment-related costs, 
and healthcare resource utilization with delays in achiev-
ing completion of guideline-recommended treatment of 
depressive episodes. Completion of the continuation phase 
of treatment (indicative of episode resolution in guidelines) 
on earlier lines of antidepressant therapy was associated with 
lower annual total cost of care when controlling for demo-
graphics and the presence of comorbidities. A consistent 
trend was observed across both Medicare and commercial 
populations, suggesting that the incremental economic bur-
den exists regardless of payer type.

Prior analyses involving claims data reported healthcare 
cost differences between treatment-resistant and non-treat-
ment-resistant depression patients ranging from $3042 to 
$6742 among commercial populations [52–54, 56, 57]. In 
our study, the adjusted difference in direct costs between 
patients who received three or more antidepressant regi-
mens versus completing treatment with fewer antidepressant 
regimens ranged between $9537 and $11,285 in commer-
cial patients. The high direct and employment-related costs 
observed in patients receiving three or more antidepres-
sant regimens were comparable to those reported in other 
recent retrospective studies in treatment-resistant depression 

populations that are typically characterized by two or more 
failed antidepressant treatments [52–57]. While our study 
proxied patients achieving episode resolution using pre-
scription treatment patterns, these ranges are aligned with 
previously observed costs in broader MDD and treatment-
resistant depression patient cohorts [52–54, 56, 57].

Prior studies have also reported increased costs associ-
ated with delayed antidepressant therapy initiation and treat-
ment switching [11, 49] and suggest step pharmacotherapy 
protocols may unintentionally result in increased medical 
costs—including inpatient and outpatient costs [60]. This is 
the first study with a novel granular focus on early lines of 
pharmacotherapy treatment, and the results of these analyses 
indicate that patients may accrue additional costs as they 
cycle through an increasing number of pharmacotherapy 
regimens. Specifically, significant differences in direct costs 
and substantial differences in employment-related costs and 
healthcare resource utilization were observed even between 
patients who completed treatment within one or two lines of 
antidepressant therapy. These findings suggest that delays in 
disease resolution involving even a single treatment change 
can be associated with an increased economic burden for 
MDD patients.

This economic burden of MDD extends well beyond the 
cost of antidepressant pharmacotherapy [61–64]. Our analy-
sis found that pharmacy costs on average comprised only 
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Fig. 5  Concomitant medications in Medicare population. The ten most frequently prescribed concomitant medications for the Medicare popula-
tion for each cohort are shown



703The Increasing Economic Burden with Additional Steps of Pharmacotherapy in Major Depressive Disorder

3–18% of the cost directly attributable to MDD in commer-
cial patients. Previous studies have corroborated this obser-
vation, estimating that around 40% of MDD direct costs 
were pharmacy related and that prescription drug spending 
for MDD only made up about 9% of total cost of care [48], 
with an average annual expenditure ranging from $603 to 
$955 for MDD pharmacotherapy [3, 48]. Therefore, faster 
achievement of guideline-recommended treatment may help 
lower direct costs overall.

While there are clear benefits to early episode resolu-
tion, identifying the best initial pharmacotherapy option for 
each MDD patient remains a major challenge [11, 65] since 
remission with the first pharmacotherapy treatment is diffi-
cult to achieve with current treatment options [7, 8]. Approx-
imately two-thirds of patients do not achieve full symptom 
resolution on their first antidepressant pharmacotherapy [7, 
66]. In addition, approaches to selecting an effective second 
pharmacotherapy are often inconsistent, due to considera-
tions of safety and tolerability [67] and the limited efficacy 
superiority of any specific antidepressants over others [6, 
65]. Therefore, a substantial unmet need exists for more 
rapid and effective pharmacotherapy options that promote 
treatment response and remission within an early line of 
pharmacotherapy after diagnosis.

There are several wider limitations in this study due to the 
inherent nature of claims analyses, including the inability to 
control for certain unknowns such as disease severity. Differ-
ences in health risk, such as MDD episode severity, number 
of prior episodes, and other underlying health conditions that 
may be more likely in patients on more lines of pharmaco-
therapy, are not captured by the claims data, but this analysis 
did control for baseline demographics/characteristics (age, 
gender, year, census regions, plan type, setting of first MDD 
diagnosis) and the Charlson Comorbidity Index. The use of 
the negative binomial distribution rather than using a con-
tinuous gamma distribution was due to the latter requiring 
positive values. As the two models demonstrate consistency 
in analyzing cost data (Supplemental Table 2, see the elec-
tronic supplementary material) [68], the negative binomial 
distribution was chosen to accommodate zero costs, which 
were observed in the 12 cost categories for some patients.

Furthermore, claims data rely on accurate coding and 
diagnoses [69]. In the Truven Health Analytics  MarketScan® 
databases, commercial and Medicare costs are reported only 
for the employer-sponsored insurance (ESI) population, and 
thus are not representative of the general commercial and 
Medicare populations; however, this group represents a 
large market share of healthcare services, drugs, and medi-
cal devices. Since both the Medicare-paid amounts and the 
employer-paid supplemental insurance amounts are included 
in the database, only plans for which both the Medicare-paid 
amounts and the employer-paid amounts were available and 
evident on the claims were included. The claims data also 

do not capture the use of over-the-counter medications and 
other self-management techniques.

Since true clinical resolution is difficult to assess from 
claims data, completion of the guideline-recommended 
treatment continuation phase was used as a proxy for episode 
resolution. Employment-related costs were only examined 
in the commercial population as it was not available for the 
Medicare population. Long-term disability days and pay-
ments were not reported as they were not well represented in 
the dataset. Other factors not available in claims data could 
not be controlled for.

Additionally, there were limitations associated with the 
study design. This study examined costs and resource use 
among only commercial and Medicare populations, and 
reported results separately for each payer type given the dif-
ferences between the two populations. Other payer types, 
such as Medicaid or patients covered by both commercial 
payers and Medicare, were not studied. Finally, this study 
is inherently limited due to its retrospective observational 
nature, and although key confounders were adjusted for, this 
study is subject to residual confounding and reporting bias 
due to the available information in the database.

5  Conclusions

The association between increased number of treatment 
lines and increased total cost of care even between one and 
two lines of therapy highlights that there is an economic 
burden associated with a lack of early MDD episode resolu-
tion. These costs are not limited to MDD pharmacotherapy 
but also include inpatient and outpatient direct costs and 
employment-related costs. Early achievement of episode res-
olution may help avert higher total cost of care for patients 
with MDD. These results support the critical need for rapid 
and effective pharmacotherapy options for optimizing treat-
ment stability early after MDD diagnosis.
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