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Introduction: Patients with both major depressive disorder (MDD) and generalized anxiety 
disorder (GAD) in addition to one or multiple comorbid non-communicable chronic diseases 
(NCCDs) face unique challenges. However, few studies have characterized how the burden 
of co-occurring MDD and GAD differs from that of only MDD or only GAD among patients 
with NCCDs.
Methods: In this study, we used Medical Expenditures Panel Survey data from 2010–2017 
to understand how the economic and humanistic burden of co-occurring MDD and GAD 
differs from that of MDD or GAD alone among patients with NCCDs. We used generalized 
linear models to investigate this relationship and controlled for patient sociodemographics 
and clinical characteristics.
Results: Co-occurring MDD and GAD was associated with increases in mean annual per 
patient inpatient visits, office visits, emergency department visits, annual drug costs, and total 
medical costs. Among patients with 3+ NCCDs, MDD or GAD only was associated with 
lower odds ratios (ORs) of limitations in activities of daily living (ADLs; 0.532 and 0.508, 
respectively) and social (0.503, 0.526) and physical limitations (0.613, 0.613) compared to 
co-occurring MDD and GAD. Compared to patients with co-occurring MDD and GAD, 
having MDD only or GAD only was associated with significantly lower odds of cognitive 
limitations (0.659 and 0.461, respectively) in patients with 1–2 NCCDs and patients with 3+ 
NCCDs (0.511, 0.416).
Discussion: Comorbid MDD and GAD was associated with higher economic burden, lower 
quality of life, and greater limitations in daily living compared to MDD or GAD alone. 
Health-related economic and humanistic burden increased with number of NCCDs.
Keywords: economic burden, humanistic burden, depression, anxiety, non-communicable 
diseases

Introduction
Major depressive disorder (MDD) and generalized anxiety disorder (GAD) fre-
quently co-occur, which complicates disease diagnosis and treatment, increases 
health expenditures, and negatively impacts quality of life.1 There is a high pre-
valence of comorbidity between the two disorders, and an estimated 62% of 
patients with GAD have an MDD episode in their lifetime.2 Treating this patient 
group requires a tailored approach, as patients with comorbid MDD and GAD have 
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high rates of misdiagnosis and a higher percentage of 
treatment resistance than patients with either condition 
alone.3 Comorbid MDD and GAD is associated with 
greater health care resource use (HCRU), elevated medical 
expenditures, and lower quality of life than either condi-
tion alone.4–7

Comorbid non-communicable chronic diseases (NCCDs) 
pose a challenge in MDD and GAD care. Approximately 
77% and 93% of individuals with MDD or GAD, respec-
tively, have at least one concomitant chronic disease, repre-
senting 12.4 million and 6.3 million adults in the United 
States (US).8,9 A causal relationship has been shown not 
only between NCCDs increasing the likelihood of develop-
ing MDD or GAD, but also MDD or GAD increasing the 
likelihood of developing NCCDs.10,11 Patients with MDD 
and/or GAD and comorbid NCCDs utilize more health care 
resources but have poorer treatment outcomes than patients 
with isolated conditions.12–16 The presence of MDD and/or 
GAD can complicate the course of NCCDs by causing 
increased inflammation, unhealthy lifestyles, and poor adher-
ence to treatment.12 Comorbid medical and mental condi-
tions increase symptom burden, decrease length and quality 
of life, and elevate medical costs.13–16

MDD, GAD, and NCCDs are closely linked and affect 
many people in the US. Although previous research has 
evaluated the impact of NCCDs on MDD and GAD sepa-
rately, no study has described the incremental impact of 
multiple NCCD comorbidities on patients with MDD, 
GAD, or both MDD and GAD. Furthermore, research 
has shown that treating comorbid MDD and GAD is 
more challenging than managing either condition alone.16 

In this study, we used Medical Expenditures Panel Survey 
(MEPS) data to determine how the economic and huma-
nistic burden of co-occurring MDD and GAD differs from 
that of only MDD or only GAD among patients with 
NCCDs.

Materials and Methods
Overview/Data Source
This retrospective, cross-sectional study used data from 
the 2010–2017 Medical Expenditure Panel Survey 
(MEPS). MEPS is a nationally representative survey of 
US civilian noninstitutionalized adults.17 MEPS employs 
a survey design to collect health status, health care utiliza-
tion, health insurance, and clinical, demographic, and eco-
nomic characteristics of participants.18 Survey 
respondents’ answers are validated by a treating physician 

and linked to claims codes. Using MEPS weighting 
schema, estimates generalizable to US non-institutiona-
lized adults may be obtained. This study queried the 
MEPS Household Component survey.18 Due to the dei-
dentified nature of this publicly available dataset, institu-
tional review board approval was not needed for this study.

Study Population
The study population was derived from US adults (aged ≥ 
19) in the MEPS database within the years 2010–2017. 
Patients were identified using ICD-9-CM/ICD-10-CM and 
Clinical Classifications Software (CCS) diagnosis codes.

Patients having MDD (ICD-9-CM: 311/ICD-10-CM: F32) 
and/or GAD (CSS: 651/ICD-10-CM: F41) present in all three 
rounds of MEPS data collection for the given year were 
included. Subjects were required to have completed all rounds 
of the MEPS survey. Exclusion criteria were any history of 
cancer; adjustment disorder (CCS: 650/ICD-10-CM: F43); per-
sonality disorders (CCS: 658/ICD-10-CM: F60); schizophrenia 
and psychotic disorders (CCS: 659/ICD-10-CM: F20, F23); 
substance-related disorders (CCS: 660, 661/ICD-10-CM: 
F19); delirium, dementia, and amnestic disorders, including 
Alzheimer’s disease (CCS: 653/ICD-10-CM: F03, F04, F05, 
G30); bipolar disorder (ICD-9-CM: 296/ICD-10-CM: F31); or 
Parkinson’s disease (CCS: 079/ICD-10-CM: G20).

NCCDs of interest were cardiovascular disease (CVD), 
pain, diabetes, high cholesterol, pulmonary disorders, and 
obesity (Table 1). NCCDs of interest were selected based 
on the AHRQ list of priority conditions.19 Based on the 

Table 1 List of NCCDs Assessed

NCCD Operational Definition

Cardiovascular 
disease

Ever diagnosed with angina, coronary heart 
disease, heart attack/myocardial infarction (MI), 

hypertension, stroke/transient ischemic attack 

(TIA), or other heart disease

Pain Experienced arthritis or joint pain throughout 
the year

Diabetes Ever diagnosed with diabetes

High 

cholesterol

Ever diagnosed with high cholesterol

Pulmonary 

disorders

Experienced asthma or bronchitis throughout 

the year or was ever diagnosed with emphysema

Obesity BMI >30 based on reported weight and height

Abbreviations: BMI, body mass index; NCCD, non-communicable chronic 
disease.
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number of NCCDs, patients with MDD, GAD, or co- 
occurring MDD and GAD were stratified into three 
cohorts:

1. Patients with 0 NCCDs
2. Patients with 1–2 NCCDs
3. Patients with 3 or more (3+) NCCDs

Groupings of number of NCCD risk factors were created 
after exploratory analyses to evenly distribute patients 
across NCCD risk factor cohorts.

Independent Variables
Independent variables were the presence of mental condi-
tions (MDD, GAD, comorbid MDD and GAD).

Outcome Variables
Direct and indirect economic burden were assessed. Direct 
economic burden was measured using annual inpatient, 
outpatient, emergency department (ED), and office visits; 
mean inpatient length of stay; and annual medical costs 
(reported in 2018 US dollars). Indirect economic burden 
was measured using productivity loss, defined as number 
of work days missed per year.

Humanistic burden was assessed using measurements of 
health-related quality of life (HRQOL) and health limitations. 
HRQOL was measured using the 12-Item Short Form Health 
Survey Version 2 (SF-12v2) physical component summary 
(PCS) and mental component summary (MCS). Health lim-
itations were measured using self-reported (yes/no) answers 
to questions in the following domains: functional limitations, 
limitations in activities of daily living (ADLs), social/recrea-
tional limitations, and cognitive limitations.

Covariates
Sociodemographic data obtained included age, sex, census 
region, race, employment status, family income, and mar-
ital status.

Statistical Analysis
Outcomes variables were described across each cohort (0 
NCCDs, 1–2 NCCDs, 3+ NCCDs) using median and inter-
quartile range (IQR) for continuous variables and fre-
quency and percentages for categorical variables. 
Bivariate comparisons between cohorts used Chi-square 
tests for categorical variables and the Kruskal–Wallis test 
for continuous non-normal variables (ie, age).

After adjusting for significant covariates, multivariate 
generalized linear models (GLMs) estimated the incremen-
tal change in each outcome associated with the presence of 
MDD and/or GAD. Zero-inflated Poisson GLMs with loga-
rithmic link were used for ED, inpatient, and outpatient 
visits. GLMs with a Poisson distribution and logarithmic 
link were used for office-based visits and number of work 
days missed. GLMs with a gamma distribution and loga-
rithmic link were used to estimate annual medical costs.

Multivariate logistic regression models estimated the 
odds ratios (ORs) of health limitations associated with 
MDD and/or GAD. Multivariate linear regression models 
estimated change in the PCS and MCS scores associated 
with MDD and/or GAD.

AHRQ-recommended weighting and sampling meth-
ods were used.18 Analyses were performed using SAS 
9.4 and Stata 14.

Results
Patient Selection
5638 survey respondents were included, which represented 
a weighted sample of 11,417,939 persons (Figure 1). The 
weighted (unweighted) sample size for each cohort was 
5,352,245 (2714) patients for MDD; 4,581,767 (2188) for 
GAD; and 1,483,927 (781) for co-occurring MDD and 
GAD (Table 2).

Patient/Sample Characteristics
Patients with co-occurring MDD and GAD were less 
likely to be employed and had lower household incomes 
compared to those with MDD or GAD alone. Other demo-
graphic characteristics were not significantly different 
between the three cohorts (Table 2). Mean (SD) patient 
age was 52.39 (0.47), 68.2% of patients were female, 
82.0% of patients were white, and 58.5% of patients had 
some college education.

Outcomes
Number of NCCDs in Patients with MDD and/or 
GAD
In the entire study cohort, over 86% of patients had at least 
one NCCD (n = 9,864,473) and over 45% had 3+ NCCDs 
(n = 5,232,616). The cohort of patients with co-occurring 
MDD and GAD had the highest proportion of individuals 
with 3+ NCCDs (51.7%), compared to the cohorts with 
MDD (49.8%) or GAD (39.3%) only (Table 2).
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Economic Burden of NCCDs in Patients with MDD 
and/or GAD
Increases in adjusted HCRU and expenditures were 
observed in patients with co-occurring MDD and GAD, 
and the burden increased as the number of NCCDs 
increased. Compared with GAD only, co-occurring MDD 
and GAD was associated with a significant (P ≤.05) 
increase in mean annual per patient inpatient visits 
among patients with 1–2 NCCDs (Table 3). Mean annual 
office-based visits and costs, regardless of number of 
NCCDs, were highest in the co-occurring MDD and 
GAD cohort (Table 3; Figure 2A), compared to those 
with either condition only. Compared with GAD only, co- 
occurring MDD and GAD was associated with 
a significant increase in mean annual per patient ED visits 
among patients with 0 NCCDs (p=0.109; Table 3).

Co-occurring MDD and GAD was associated with the 
highest annual drug costs ($6851) among patients with 3+ 
NCCDs, followed by MDD ($5129) and GAD ($4120; 
Table 3). Compared with GAD only, co-occurring MDD 
and GAD was associated with the highest incremental 
annual total costs among patients with 0 and 3+ NCCDs, 
compared to those with either condition only (Table 3).

Humanistic Burden of NCCDs in Patients with MDD 
and/or GAD
Co-occurring MDD and GAD was associated with 
lower HRQOL and higher activity limitations, com-
pared to patients with either condition only. The 

humanistic burden also increased as the number of 
NCCDs increased. Across all three cohorts, patients 
with co-occurring MDD and GAD had significantly 
lower SF-12v2 MCS scores (0 NCCD: 37.48; 1–2 
NCCDs: 38.80; 3+ NCCDs: 38.33) compared to those 
with MDD only (0 NCCD: 41.82; 1–2 NCCDs: 42.24; 
3+ NCDs: 41.83) or GAD only (0 NCCD: 44.57; 1–2 
NCCDs: 44.07; 3+ NCCDs: 44.00; Figure 2B). Co- 
occurring MDD and GAD was associated with signifi-
cantly lower SF-12v2 PCS scores (37.65) among 
patients with 3+ NCCDs compared to those with 
MDD (40.01) or GAD (39.47) only (Figure 2C). Co- 
occurring MDD and GAD was associated with signifi-
cantly lower EQ-5D scores (0.80, 0.65) compared to 
those with either MDD (0.84, 0.76) or GAD (0.86, 
0.75) only among patients with 1–2 NCCDs and 3+ 
NCCDs, respectively (Figure 2D).

Among patients with 3+ NCCDs, patients with MDD 
only or GAD only had significantly lower odds of reporting 
ADL limitations (adjusted ORs: 0.532 and 0.508, respec-
tively), physical limitations (0.613, 0.613), and social limita-
tions (0.503, 0.526) compared to those with co-occurring 
MDD and GAD (Figure 3). Having either MDD or GAD 
only was associated with significantly lower odds of report-
ing cognitive limitations (0.659 times and 0.461 times, 
respectively) among patients with 1–2 NCCDs and patients 
with 3+ NCCDs (0.511 times, 0.416 times) compared to 
those with co-occurring MDD and GAD (Figure 3).

Figure 1 Patient flow chart. aBipolar disorder, adjustment disorder, personality disorder, schizophrenia and psychotic disorders, substance-related disorders, delirium, 
dementia, amnestic disorders (including Alzheimer’s disease), and Parkinson’s disease. 
Abbreviations: GAD, generalized anxiety disorder; MDD, major depressive disorder; MEPS, Medical Expenditure Panel Survey; MHD, mental health disorder.
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Discussion
The results of this study suggest that comorbid MDD and GAD 
was associated with higher economic burden, lower HRQOL, 

and higher activity limitations compared to MDD or GAD 
alone. This burden increased with greater numbers of 
NCCDs. The study further highlights different aspects of 

Table 2 Weighted Sociodemographic Characteristics of Patients with MDD Only, GAD Only, and Co-Occurring MDD and GAD

Characteristics MDD GAD Comorbid MDD and GAD P value

(N = 5,352,245) (N = 4,581,767) (N = 1,483,927)

Subgroups, n (%)

0 NCCDs 585,497 (10.9) 804,302 (17.6) 163,668 (11.0) <0.0001

1–2 NCCDs 2,101,006 (39.3) 1,977,898 (43.2) 552,953 (37.3)

3+ NCCDs 2,665,743 (49.8) 1,799,567 (39.3) 767,306 (51.7)

Age, years

Mean (SE) 52.39 (0.47) 49.00 (0.50) 49.25 (0.75) <0.0001

Sex, n (%)

Female 3,649,694 (68.2) 3,046,104 (66.5) 1,055,399 (71.1) 0.2316

Male 1,702,551 (31.8) 1,535,663 (33.5) 428,528 (28.9)

Race, n (%)

White 4,389,484 (82.0) 3,872,059 (84.5) 1,196,207 (80.6) 0.051

Nonwhite 962,762 (18.0) 709,708 (15.5) 287,720 (19.4)

Region, n (%)

Northeast 1,035,028 (19.3) 988,502 (21.6) 226,925 (15.3) 0.181

Midwest 1,351,417 (25.2) 1,140,959 (24.9) 409,469 (27.6)

South 1,800,849 (33.6) 1,592,556 (34.8) 515,984 (34.8)
West 1,164,951 (21.8) 859,750 (18.8) 331,550 (22.3)

Education level, n (%)

No HS diploma/GED 953,432 (17.8) 812,603 (17.7) 348,763 (23.5) 0.0713

GED/HS grad 1,265,277 (23.6) 1,168,615 (25.5) 339,385 (22.9)
Some college 3,133,537 (58.5) 2,600,549 (56.8) 795,780 (53.6)

Insurance status, n (%)

Insured 5,009,012 (93.6) 4,339,700 (94.7) 1,373,031 (92.5) 0.1083

Uninsured 343,234 (6.41) 242,067 (5.28) 110,897 (7.47)

Income level, n (%)

Low income 1,820,760 (34.0) 1,398,247 (30.5) 643,763 (43.4) <0.0001

Middle income 1,515,846 (28.3) 1,305,308 (28.5) 421,172 (28.4)

High income 2,015,638 (37.7) 1,878,212 (41.0) 418,992 (28.2)

Employment status, n (%)

Employed 2,934,825 (54.8) 2,960,726 (64.6) 714,215 (48.1) <0.0001

Unemployed 2,417,420 (45.2) 1,621,041 (35.4) 769,712 (51.9)

Marital status, n (%)

Married 2,649,060 (49.5) 2,342,007 (51.1) 674,654 (45.5) 0.1823
Unmarried 2,703,185 (50.5) 2,239,760 (48.9) 809,273 (54.5)

Abbreviations: GAD, generalized anxiety disorder; GED, general educational development; HS, high school; MDD, major depressive disorder; NCCD, non-communicable 
chronic disease.
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Figure 2 Adjusted (A) per patient per year total medical costs (2018 US dollars), (B) mean SF-12v2 MCS scores, (C) mean SF-12v2 PCS scores, and (D) mean EQ-5D 
scores associated with the number of NCCDs among patients with MDD only, GAD only, and co-occurring MDD and GAD. *Denotes statistically significant (P ≤.05) results 
relative to the reference value. For all adjusted analyses the reference value was comorbid MDD and GAD. 
Abbreviations: EQ-5D, EuroQol 5-dimension questionnaire; GAD, generalized anxiety disorder; MCS, mental component summary; MDD, major depressive disorder; 
NCCD, non-communicable chronic disease; PCS, physical component summary; SF-12v2, 12-Item Short Form Health Survey, version 2; US, United States.

Figure 3 Adjusted odds ratios (95% CIs) associated with the number of NCCDs for (A) limitations in ADLs, (B) cognitive limitations, (C) physical limitations, and (D) social 
limitations among patients with MDD only, GAD only, and co-occurring MDD and GAD. 
Abbreviations: ADL, activities of daily living; GAD, generalized anxiety disorder; MDD, major depressive disorder; NCCD, non-communicable chronic disease.

Journal of Multidisciplinary Healthcare 2021:14                                                                                  http://doi.org/10.2147/JMDH.S280200                                                                                                                                                                                                                       

DovePress                                                                                                                         
893

Dovepress                                                                                                                                                     Armbrecht et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


economic and humanistic burden impacted by MDD and/or 
GAD among patients with NCCDs.

In the current study, over 80% of included patients with 
MDD and/or GAD had at least one NCCD and over 40% 
had 3+ NCCDs. In the most vulnerable group of indivi-
duals, those with both MDD and GAD, over half (51.7%) 
had multiple NCCD comorbidities. Globally, the incidence 
and prevalence of not only NCCDs, but also mood dis-
orders including MDD, is increasing, and patients present-
ing with multiple NCCDs comorbid to MDD and/or GAD 
may become the norm rather than an exception.9,20 The 
current analysis describes individuals with multiple 
chronic NCCDs in addition to MDD and GAD as having 
higher medical costs, lower HRQOL, and higher activity 
limitations. Policy makers and health care providers 
should use these data to direct resource allocation and 
improve approaches to care.

Individuals with comorbid MDD and GAD had greater 
HCRU and total medical costs, and this increase was 
greatest in patients with multiple NCCDs. Substantially 
higher individual and societal costs in patients with comor-
bid mental and medical conditions have been established 
in the literature.21 In the current MEPS dataset, the number 
of office-based visits was higher in patients with both 
MDD and GAD. This is consistent with literature describ-
ing elevated rates of office-based visits in patients with 
MDD or GAD: Luber et al showed that patients with 
depression visit their primary care physician twice as fre-
quently as those without depression.22 To our knowledge, 
our study is the first to describe patients with both MDD 
and GAD as also having a greater number of office-based 
visits than those with either MDD or GAD alone. 
Literature describing elevated health care expenditures in 
patients with both mental and medical disorders frequently 
describes increased medical spending, rather than mental 
health services spending, as the main driver of higher 
costs. For example, Melek and Norris found that the pre-
sence of comorbid MDD or GAD significantly increased 
total health care expenditures in patients with common 
chronic conditions, and 80% of the increased cost was 
due to higher medical spending in the patients with comor-
bid MDD.23 Also, a claims-based study of patients with 
diabetes found that mental health service costs accounted 
for less than 15% of the elevated spending in patients with 
comorbid depression and diabetes.24 In our MEPS analy-
sis, the greatest increase in total health care expenditures 
was seen in patients with multiple NCCDs. Although 

a breakdown of costs attributable to medical versus mental 
health services spending was not available, the magnitude 
of the increase of costs in the patients with multiple 
NCCDs implies that the NCCDs are a driver of the ele-
vated cost burden.

Our study findings show that having comorbid MDD 
and GAD was associated with poorer mental and physical 
quality of life and greater activity limitations relative to 
patients with either disease alone. It is expected that indi-
viduals with mental health diagnoses perceive poorer men-
tal health. However, the current study also shows that, in 
patients with multiple NCCDs, having comorbid MDD 
and GAD was associated with lower physical health scores 
relative to those with either disease alone. Similarly, Zhou 
et al demonstrated that, among patients diagnosed with 
MDD, the presence of comorbid GAD decreased physical 
HRQOL.25 This effect was not seen in patients with no or 
few NCCDs in our analysis. One explanation is that 
patients with multiple NCCDs received medical attention 
for their physical rather than mental symptoms. In a study 
from the National Comorbidity Survey Replication, 60% 
of adults with a mental health condition did not receive 
care for their condition.26 An alternative explanation is 
that patients with MDD, GAD, and multiple NCCDs had 
impaired symptom management. NCCDs often require 
lifestyle modifications and self-care in order to improve 
physical health, but comorbid mental conditions may ham-
per patients’ ability and motivation to adhere to 
treatment.9,27

Numerous studies have shown adverse economic and 
clinical outcomes in patients with comorbid MDD and 
GAD in patient populations such as oncology, elderly, 
and COPD patients.4–7 The current analysis is a valuable 
addition to this growing body of literature because it 
compares patients with comorbid MDD and GAD to 
patient groups having only MDD or GAD to view the 
effect of having both MDD and GAD on outcomes. Our 
study also describes the additive effects of NCCDs within 
this context. We found that not only does comorbid MDD 
and GAD result in worse economic and clinical outcomes, 
this effect is greater in patients with more NCCD comor-
bidities. This helps build understanding of a growing 
cohort of patients in America, namely patients with high 
number of NCCDs in addition to mental health diagnoses.

The “collaborative care” model is a systematic 
approach to treatment of MDD and GAD in primary care 
and is one way in which health care delivery systems have 
attempted to improve treatment for patients with comorbid 
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NCCDs.28 Collaborative care models integrate care man-
agers, consultant psychiatrists, and primary care physi-
cians to proactively manage not only mental disorders 
but also NCCDs. Over 30 randomized controlled trials 
have shown an improvement in quality of care and patient 
outcomes using collaborative care.29,30 For example, in 
2010, Katon et al randomized patients to receive either 
collaborative care or usual care in individuals with poorly 
controlled diabetes, coronary heart disease, or both, and 
coexisting depression.31 Katon et al showed an improve-
ment in outcomes with collaborative care. The magnitude 
of improvement in disease-specific outcome measures 
compared favorably with improvements described in trials 
that focused on a single intervention.

There are certain limitations in our study that may 
impact the interpretation of the results. The analysis did 
not control for intracluster correlations in family income or 
census region variables. This study was cross-sectional in 
design and therefore it is not possible to establish causal 
inferences between MDD and/or GAD and health care 
costs. In addition, many of the outcomes are based on self- 
reported data, which may be subject to several biases (eg, 
recall, social desirability) typical of self-reported data. 
Furthermore, it is possible that MDD and/or GAD preva-
lence was underestimated because only 3-digit ICD-9-CM/ 
ICD-10-CM codes were present in the MEPS data; 
hence some patients with MDD and/or GAD might not 
have been captured in the study. Overall, the limitations of 
the study do not negate the benefits of the versatile and 
comprehensive MEPS data source.

Conclusions
Comorbid MDD and GAD was associated with higher 
economic burden, lower HRQOL, and greater activity 
limitations as compared to MDD or GAD alone. 
Moreover, the economic and humanistic burden increased 
with an increase in the number of NCCDs. The presence 
of at least one NCCD was high (>80%) among patients 
with MDD and/or GAD. This study’s findings are general-
izable to a sample of noninstitutionalized US adults. 
Coordination of care for these patients is a key metric to 
which policy makers should pay close attention.
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