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Abstract
Background Depression is prevalent among Operation Enduring Freedom and Operation Iraqi Freedom (OEF/
OIF) Veterans, yet rates of Veteran mental health care utilization remain modest. The current study examined: factors 
in electronic health records (EHR) associated with lack of treatment initiation and treatment delay; the accuracy of 
regression and machine learning models to predict initiation of treatment.

Methods We obtained data from the VA Corporate Data Warehouse (CDW). EHR data were extracted for 127,423 
Veterans who deployed to Iraq/Afghanistan after 9/11 with a positive depression screen and a first depression 
diagnosis between 2001 and 2021. We also obtained 12-month pre-diagnosis and post-diagnosis patient data. 
Retrospective cohort analysis was employed to test if predictors can reliably differentiate patients who initiated, 
delayed, or received no mental health treatment associated with their depression diagnosis.

Results 108,457 Veterans with depression, initiated depression-related care (55,492 Veterans delayed treatment 
beyond one month). Those who were male, without VA disability benefits, with a mild depression diagnosis, and had 
a history of psychotherapy were less likely to initiate treatment. Among those who initiated care, those with single 
and mild depression episodes at baseline, with either PTSD or who lacked comorbidities were more likely to delay 
treatment for depression. A history of mental health treatment, of an anxiety disorder, and a positive depression 
screen were each related to faster treatment initiation. Classification of patients was modest (ROC AUC = 0.59 
95%CI = 0.586–0.602; machine learning F-measure = 0.46).

Conclusions Having VA disability benefits was the strongest predictor of treatment initiation after a depression 
diagnosis and a history of mental health treatment was the strongest predictor of delayed initiation of treatment. The 
complexity of the relationship between VA benefits and history of mental health care with treatment initiation after 
a depression diagnosis is further discussed. Modest classification accuracy with currently known predictors suggests 
the need to identify additional predictors of successful depression management.
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Background
Depression is highly prevalent worldwide and rates are 
especially high among Veterans returned from Operation 
Enduring Freedom and Operation Iraqi Freedom (OEF/
OIF), with some reports showing rates as high as nearly 
60% [1]. Relative to past cohorts of Veterans, rates of 
depression in OEF/OIF have also increased over the past 
decade [2]. To reduce depression-related morbidity and 
mortality and barriers to care, [3] the Veterans Health 
Administration (VHA) responded to Veterans’ increasing 
mental health needs by implementing annual depression 
screens, embedding psychologists and psychiatrists in 
primary care to decrease response time, and encourag-
ing same-day referrals for depressed Veterans. Although 
these changes have increased mental health treatment 
utilization over time (e.g., from 20% in 2004 to 26% in 
2010 utilization of psychotherapy), [4] mental health care 
utilization for depression among Veterans has remained 
modest (e.g., 10–26%) [4, 5].

The VA’s substantial efforts to increase access to care 
underscores a continuing need to address patients’ per-
sonal and attitudinal barriers. Specifically, Mojtabai and 
colleagues [6] highlight the need for a re-evaluation of 
how we identify patients who do not seek treatment. 
Negative correlates of receiving mental health treatment 
over a 12-month period include male gender or being 
single [7]. Clinical factors have also been implicated in 
treatment behaviors. For example, Veterans with a his-
tory of prior treatment or who have experienced longer, 
more intense depressive episodes are more likely to seek 
treatment [8]. 

In this study, we sought to further understand treat-
ment contact correlates in a cohort of OEF/OIF patients 
with a positive depression screen and a depression diag-
nosis that received VA services at any time between 
2001 and 2021. Our objectives were to: (1) examine fac-
tors reliably present in EHR that are associated to lack of 
treatment initiation and delay in treatment; (2) evaluate 
the accuracy of proposed models to predict lack of treat-
ment in the future using both regression and machine 
learning strategies.

Methods
Data source and cohort selection
We obtained data from the VA Corporate Data Ware-
house (CDW) through the Veterans Affairs Informatics 
and Computing Infrastructure (VINCI), which con-
tains EHRs of all VHA patients in the United States of 
America. Inclusion criteria were as follows: Veterans 
from OEF/OIF cohort between January 2001 – January 
2021 (N = 1,419,000), with at least one depression diag-
nosis and one positive depression screen at any time in 
the study period (N = 293,265). Once primary inclusion 
criteria were applied, patients were excluded for the 

following reasons: less than 365 days in the VA system 
before their first depression diagnosis (n = 98,984) and if 
they had received psychotherapy (based on Current Pro-
cedural Terminology (CPT) codes) or an antidepressant 
prescription dispensed the year before their first depres-
sion diagnosis (n = 51,195) to ascertain that patients 
were depression treatment free for a full year [9]; fewer 
than 365 days in the VA system after their first depres-
sion treatment or after their last depression diagnosis if 
no treatment occurred (n = 9,561) to allow for at least one 
full year follow-up period for all patients, and if they had 
a bipolar, schizophrenia/schizoaffective, or personality 
disorder diagnosis (n = 4,586) or intellectual disabilities 
or dementia diagnoses (n = 1,516) given that all these 
patients likely went through a different treatment receipt 
process than the average patient with depression.

Measures
Patient demographics Extracted CDW data included age, 
gender, race, Hispanic ethnicity, distance from patient’s 
residence to the nearest primary, secondary, and tertiary 
care VA facilities, and rurality or urbanity of patients’ resi-
dence. Patient’s VA benefit status was recorded as either 
being service connected (> 0-100%) or not (0%). Finally, 
patients’ 12-month healthcare cost incurred by the VA 
was extracted. All baseline characteristics were anchored 
on the date of the first depression diagnosis.
Patient clinical characteristics: International Classifica-
tion of Disease, Ninth and Tenth Revision (ICD9/10) 
codes were extracted to ascertain the presence of at least 
one depression diagnosis. The first depression diagnosis 
on file was coded as the index episode marking the base-
line of each patient. Episode qualifiers available in the 
ICD codes were coded into separate variables identifying 
first (versus recurrent episodes) and mild (versus mod-
erate and severe episodes). ICD codes were also used to 
extract baseline 12-month comorbidities dating the year 
prior to the first depression diagnosis: anxiety and adjust-
ment disorders, alcohol and substance disorders, and 
posttraumatic stress disorder diagnoses.

We employed Nosos scores to risk adjust for clini-
cal co-morbidities [10], computed based on information 
from the Centers for Medicare and Medicaid Hierarchi-
cal Condition Categories (HCC) version-21 using ICD-9 
code, age, and gender. The risk scores are then adjusted 
by incorporating patient pharmacy records and VA-spe-
cific factors (e.g., VA priority and costs). The adjusted 
Nosos score estimates are rescaled to a population mean 
of one [10]. 

PHQ-9 and PHQ-2 scores obtained during any health 
care visits at the VA were extracted for the month pre-
ceding the first depression diagnosis. Scores were quali-
fied as positive if the PHQ-2 scores were above 2 and 
the PHQ-9 scores were above 9 [11]. The PHQ-9 is a 
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nine-item instrument that assesses the symptoms of 
depression corresponding to the Diagnostic and Statisti-
cal Manual Version IV (DSM-IV) diagnostic criteria for 
a major depressive episode and the PHQ-2 is the short 
version capturing only anhedonia and mood items. Item 
responses are on a four-point scale (from occurring “not 
at all” to “nearly every day” over the past two weeks) 
resulting in a score range from 0 to 27 for the PHQ-9 and 
0 to 6 for the PHQ-2.

Mental health treatment for depression
Treatment initiation was measured as at least one com-
pleted psychotherapy visit (extracted via CPT codes) 
associated with a depression diagnosis or a dispensed 
prescription for any antidepressant within 180 days of a 
depression diagnosis. This variable was coded as Treat-
ment not initiated = 1 and Treatment initiated = 0.

Treatment delay was defined as number of days from 
date of first depression diagnosis to date of first treatment 
for depression. Based on VA goals for initiating contact 
with patients in need of mental healthcare, the continu-
ous variable was transformed into a categorical variable 
based on the following preset groups coded as: up to 1 
week = 6, 1 week − 1 month = 5, 1 month − 3 months = 4, 
3 months − 6 months = 3, 6 months − 12 months = 2, and 
over 1 year = 1.

Statistical analysis
Descriptive statistics for sociodemographic and clini-
cal characteristics were tabulated for the full cohort of 
included Veterans. Next, the cohort was randomly split 
into 70% (n = 89,142) testing and 30% (n = 38,281) vali-
dation participant subsamples to control for spurious 
findings; effect sizes across variables were less than 0.05 
confirming comparability of the randomly created sub-
samples [12]. 

Univariate and multivariate analyses identified predic-
tors of two outcomes: lack of treatment initiation and 
treatment initiation delay. Final models were tested using 
regression adjusting for nested data using Generalized 
Estimating Equations (GEE) for count, binomial, and 
multinomial distributions. The best fitting model based 
on QIC indices was applied to the validation subsample 
and results are presented in this manuscript. Next, we 
conducted a series of sensitivity analyses. Specifically, 
we tested the predictive values of the PHQ-9 score, of a 
dummy variable identifying those with a positive PHQ-9 
score (i.e., PHQ-9 score > 9), reporting any anhedo-
nia, reporting any suicidal ideation. Sensitivity analyses 
were performed among patients with a PHQ-9 assess-
ment up to a month prior to their depression diagnosis 
(n = 13,610), a timeframe used in other studies to provide 
a reliable evaluation of the baseline depression severity. 
All predictors were evaluated based on OR < 0.90 or > 1.1 

to avoid multiplicity and OR 95% CI to exclude OR = 1. 
Given coding, for treatment initiation models ORs < 0.90 
reflect odds of initiating treatment and ORs > 1.1 reflect 
odds of not initiating treatment. Conversely, for treat-
ment delay, ORs < 0.90 reflect odds of longer delay and 
ORs > 1.1 reflect odds of more timely treatment.

Using the best fitting model, individual Veteran pre-
dicted values were saved as the probability of treatment 
initiation. Based on these probabilities, the area under 
the receiver operating characteristic (AUC ROC) evalu-
ated the predictive accuracy of the model and deter-
mined an optimal cut point to accurately identify patients 
with depression that would not initiate mental health 
treatment.

In addition to the GEE regression models, we con-
structed a machine learning model to perform a multi-
method prediction precision evaluation. This study used 
an updated version of the C4.5 algorithm developed by 
Quinlan [13] as C5.0. The C5.0 application was compiled 
from the Global Public License (GPL) C code distributed 
freely by Quinlan [13]. Specifically, we used decision 
trees with a 10 × 10 cross validation on the full cohort; 
we constructed several models with varying values for 
parameters such as pruning algorithms, minimum num-
ber of cases per branch, boosting trials and probabilistic 
branching. The best model employed pruning based on 
error rates for each branch, with a minimum of 4 cases 
for each branch. Boosting and probabilistic branching did 
not improve the models. We evaluated our model using 
traditional precision, recall and F measure (see Supple-
ment for additional details).

Results
Patient characteristics
See Tables  1 and 2 for the demographic and clinical 
characteristics of the sample who met inclusion criteria 
(N = 127,423).

Predictors of lack of treatment initiation
Among those patients who met study criteria, 15% 
(n = 18,966) never initiated treatment over the 20-year 
study period. The odds of not starting treatment 
increased with lack of service connection, having 
received psychotherapy in the past, male gender, being 
never married, and receiving a mild depression diag-
nosis or other depressive disorder (adjusted ORs > 1.1) 
(Table 3). Predictors that decreased odds of never start-
ing treatment were having had a past year substance dis-
order comorbidity (adjusted ORs < 0.9) (Table 3).

Predictors of delayed treatment
Among those who eventually initiated treatment, 6% 
(n = 6,752) delayed beyond six months and an addi-
tional 19% (n = 20,615) delayed beyond one year after 



Page 4 of 10Panaite et al. BMC Health Services Research          (2024) 24:529 

an initial diagnosis. Clinical predictors such as having a 
trauma related diagnosis (PTSD, adjustment disorder) 
or no comorbidities, and a mild or single first depres-
sion episode were all significant contributors to delayed 
treatment initiation. Some factors that contributed to 
starting treatment earlier rather than later (ORs > 1.1) 
were in order of importance: having received treatment 
for depression in the past (psychotherapy and/or anti-
depressant), not being service connected, or having an 
anxiety disorder (Table  4). Sensitivity analyses evalu-
ating PHQ9 features as potential predictors, reflected 
that having a positive depression screen accelerated 
treatment initiation for depression (OR = 1.294, OR 
95%CI = 1.047–1.601).

Identification of patients who never initiated treatment
We tested the accuracy with which we can predict at 
first diagnosis whether a patient will not start treat-
ment. Our set of demographic and clinical character-
istics that a patient presented at their first depression 
diagnosis led to modest identification of individuals 
who never initiated depression treatment (AUC = 0.594, 

95%CI = 0.586–0.602), given that an AUC of 0.50 is no 
better than chance.

The resulting machine learning tree was small, with 
former psychotherapy as the sole predictor. Specifically, 
patients who received psychotherapy in the past were 
more likely to never seek treatment again. The overall 
prediction accuracy of this model was 88.2% on the ten 
sets of holdout data (Table  5). Despite the high predic-
tive accuracy of this model, its overall prediction of when 
patients would seek treatment (F-Measure = 0.93) was 
much better than the prediction of when they do not 
(F-Measure = 0.46) (Table 5).

The precision score was about equal for patients who 
initiated and did not initiate treatment for depression 
(0.87 vs. 0.95), indicating that they were effective at dis-
tinguishing a true positive from a false positive. With a 
recall of 0.99, the model was especially effective at iden-
tifying patients who eventually seek treatment but very 
poor at identifying patients who do not (recall = 0.30) 
(Table 5).

Table 1 Baseline demographic characteristic at first depression diagnosis a

Total Sample
(N = 127,423)

Initiated Depression Treatment
(n = 108,457)

No Depression Treatment
(n = 18,966)

Past month PHQ9
(n = 13,610)

Age (years) 34.57 (8.88) 34.53 (8.81) 34.84 (9.29) 34.25 (8.80)
Gender (Male) 107,243 (84.2) 90,525 (83.5) 16,718 (88.1) 11,520 (84.6)
Race/Ethnicity

White non-Hispanic 75,293 (59.1) 63,834 (58.9) 11,459 (60.4) 8045 (59.1)
Black non-Hispanic 25,536 (20.0) 22,059 (20.3) 3477 (18.3) 2821 (20.7)
Hispanic 16,065 (12.6) 13,775 (12.7) 2290 (12.1) 1553 (11.4)

Other 10,529 (8.3) 8789 (8.1) 1740 (9.2) 1191 (8.8)
American Indian/Alaska Native 1483 (1.2) 1279 (1.2) 204 (1.1) 167 (1.2)
Asian 2576 (2.0) 2145 (2.0) 431 (2.3) 279 (2.0)
Native Hawaiian/Other Pacific 

Islander
1615 (1.3) 1366 (1.3) 249 (1.3) 186 (1.4)

Unknown 8607 (6.8) 7145 (6.6) 1462 (7.7) 977 (7.2)
Marital Status

Married 61,074 (47.9) 52,143 (48.1) 8931 (47.1) 6470 (47.5)
Divorced/Separated/Widowed 33,598 (26.4) 28,936 (26.7) 4662 (24.6) 3486 (25.6)
Never married 31,733 (24.9) 26,545 (24.5) 5188 (27.4) 3522 (25.9)
Not reported 1018 (0.8) 833 (0.8) 185 (1.0) 132 (1.0)

Driving distance to PC b 15.02 (14.43) 15.03 (14.40) 15.00 (14.56) 15.22 (13.93)
Driving distance to SC b 44.59 (42.26) 44.53 (42.04) 44.88 (43.38) 45.66 (39.72)
Driving distance to TC b 95.01 (135.99) 94.75 (136.48) 96.44 (133.38) 90.14 (113.77)
Rural (Yes) 29,650 (23.3) 25,065 (23.1) 4585 (24.2) 3570 (26.2)
Service connected (Yes) 116,419 (91.4) 100,002 (92.2) 16,417 (86.6) 12,095 (88.9)
Nosos Score (year) 0.57 (0.72) 0.57 (0.74) 0.54 (0.65) 0.50 (0.63)
Health care cost (year) 4756.81 (11322.94) 4820.57 (11675.74) 4434.28 (9329.78) 3815.29 (7480.77)
Total health care visits (year) 34.59 (55.67) 33.39 (53.60) 41.44 (65.84) 25.94 (40.18)
a Reporting mean (SD) for continuous variables and N (%) for categorical variables
b PC = primary care center, SC = secondary care center, TC = tertiary care center

PHQ-9 = Patient Health Questionnaire-9
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Discussion
Treatment delays and treatment underutilization for 
depression remain an all-too-common problem that 
is associated with increased morbidity and mortality 
[3]. Our study sought to understand correlates of treat-
ment initiation in a cohort of OEF/OIF Veterans with a 
depression diagnosis during nearly two decades of VHA 
services. Our findings provide an initial evaluation of (1) 
factors associated with absence of treatment for depres-
sion or delay in treatment initiation and (2) accuracy of 
identifying those patients who do not initiate treatment. 
Our analyses were guided by the larger goal of learning 

whether routine EHR can be leveraged to develop predic-
tive tools that will identify Veteran treatment choices.

One encouraging finding is that OEF/OIF Veterans 
with a depression diagnosis initiate mental health care 
for depression at higher rates than patients in other 
large health care systems [9]. For example, at three 
months post initial depression diagnosis, our current 
cohort showed a nearly 50% higher initiation rate rela-
tive to an equally large primary care community cohort 
(e.g., 35.7%) [9]. This is likely due to the VHA’s efforts to 
increase same day access for patients with mental health 
concerns. By a year post initial diagnosis, treatment 

Table 2 Baseline clinical characteristic at first depression diagnosis a

Total Sample
(N = 127,423)

Initiated Depression Treatment
(n = 108,457)

No Depression Treatment
(n = 18,966)

Past month PHQ9
(n = 13,610)

History of MH treatment type b
None 107,621 (84.5) 92,105 (84.9) 15,516 (81.8) 12,271 (90.2)
Psychotherapy 4172 (3.3) 3308 (3.1) 864 (4.6) 276 (2.0)
Antidepressants 11,113 (8.7) 9367 (8.6) 1746 (9.2) 818 (6.0)
Both 4517 (3.5) 3677 (3.4) 840 (4.4) 245 (1.8)

Comorbid MH disorders
Adjustment 9217 (7.2) 7993 (7.4) 1224 (6.5) 783 (5.8)
Anxiety 6140 (4.8) 5331 (4.9) 809 (4.3) 515 (3.8)
Alcohol 7037 (5.5) 6105 (5.6) 932 (4.9) 606 (4.5)
Substance 2017 (1.6) 1782 (1.6) 235 (1.2) 152 (1.1)
PTSD 30,165 (23.7) 26,015 (24.0) 4150 (21.9) 2381 (17.5)
No Comorbidity 84,727 (66.5) 71,643 (66.1) 13,084 (69.0) 10,013 (73.6)

Past month depression screen
Negative PHQ-2 screen 529 (0.4) 469 (0.4) 60 (0.3) 529 (3.9)
Positive PHQ-2 screen 10,915 (8.6) 9192 (8.5) 1723 (9.1) 10,915 (80.2)
PHQ-2 score 4.54 (1.33) 4.57 (1.34) 4.40 (1.26) 4.54 (1.33)
Negative PHQ-9 screen 1757 (1.4) 1438 (1.3) 319 (1.7) 1757 (12.9)
Positive PHQ-9 screen 11,853 (9.3) 10,148 (9.4) 1705 (9.0) 11,853 (87.1)
PHQ-9 score 15.76 (5.3) 15.93 (5.35) 14.73 (5.13) 15.76 (5.33)
Anhedonia item 2.16 (0.92) 2.18 (0.92) 2.09 (0.95) 2.16 (0.92)
Suicide item 0.45 (0.84) 0.47 (0.85) 0.36 (0.78) 0.45 (0.84)

First depression diagnosis
Mild episode 107,093 (84.0) 90,381 (83.3) 16,712 (88.1) 11,355 (83.4)
Single episode 100,006 (78.5) 84,604 (78.0) 15,402 (81.2) 10,930 (80.3)

Time to depression treatment
< 1 week 39,798 (31.2) 39,798 (36.7) - 4522 (33.2)
< 1 month 13,167 (10.3) 13,167 (12.1) - 1472 (10.8)
< 3 months 18,349 (14.4) 18,349 (16.9) - 1957 (14.4)
< 6 months 9776 (7.7) 9776 (9.0) - 1005 (7.4)
< 1 year 6752 (5.3) 6752 (6.2) - 714 (5.2)
> 1 year 20,615 (16.2) 20,615 (19.0) - 1916 (14.1)
Never 18,966 (14.9) - 2024 (14.9)

Depression treatment type initiated
Psychotherapy 43,386 (34.0) 43,386 (40.0) - 4882 (35.9)
Antidepressants 60,297 (47.3) 60,297 (55.6) - 6142 (45.1)
Both 4774 (3.7) 4774 (4.4) - 562 (4.1)

a Reporting mean (SD) for continuous variables and N (%) for categorical variables
b Psychotherapy or antidepressants received for other disorders than depression

PHQ-9 = Patient Health Questionnaire-9
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initiation rate increased by another 50%, so that nearly 
70% of our cohort was connecting with mental health 
care to initiate psychotherapy or antidepressant medi-
cation. Our study also found larger initiation rates than 
other Veteran studies, [4, 5] likely in part due to our 
evaluation of both antidepressant and psychotherapy 
initiation, while former studies focused on one treat-
ment type. Still, we found that about one third of patients 
either took more than a year or never initiated treatment 
despite receiving a depression diagnosis. This reinforced 
our effort to understand factors that led to treatment 
delay, given deleterious effects of deferring treatment for 
depression [14]. 

Demographic factors that interfered with receiving 
treatment or delayed treatment
Our findings aligned with previous work showing that 
demographic factors play a role in limiting treatment 
initiation. First, the current study substantiates earlier 
indications that male gender is often associated with 
lower odds of receiving mental health treatment [7]. It is 
possible that acculturation to the military may heighten 
this possibility. Military training may impact treatment 
seeking by instilling the value of emotional control while 
under stress to promote survival and mission completion 
[15]. These beliefs taken to extreme can promote emo-
tional avoidance and may inadvertently delay treatment 
seeking [16, 17]. 

Counter to prior findings, [9, 18] our rate of treat-
ment initiation and even delay among Veterans was not 
related to minority status. This discrepancy may be due 
to increased access to mental health care among Veterans 
relative to adults in the general population where access 
to mental health care is reduced for most minority popu-
lations [18]. For example, having insurance/expanded 
insurance coverage diminished the difference between 
Latino and non-Latino white populations when evalu-
ating differences in utilization of mental health services 
[18]. In fact in our study, over 90% of our cohort was 
service connected for a disability and therefore receiv-
ing VA benefits. This factor was the strongest predictor 
of whether a patient initiated any treatment for depres-
sion. While being service connected for a disability was 
associated with higher rates of treatment initiation, lack 
of service connection was associated with faster treat-
ment initiation. This may be due to the fact that all Vet-
erans regardless of discharge status which may impact 
access to VA healthcare, are eligible for one year of men-
tal health services. Therefore, it’s possible that Veterans 
who may have a more precarious or uncertain access to 
VA benefits long term, do still take advantage of mental 
health services that are available and therefore initiate 
care faster.

Estimate Wald 
Chi-Square

OR d OR 95%CI

Age (years) 0.003 5.252 1.003 1.000-1.006
Gender (Male) 0.378 86.839 1.460 1.348–1.581
Race/Ethnicity

White 
non-Hispanic

0 - 1 -

Black non-Hispanic − 0.086 6.507 0.917 0.859-0.980
Hispanic − 0.048 1.572 0.953 0.884-1.028
Other a 0.077 3.038 1.080 0.991-1.177

Marital Status
Married 0 - 1 -
Divorced/

Separated/Widowed
− 0.034 1.196 0.967 0.910-1.027

Never married 0.106 11.626 1.112 1.046–1.182
Driving distance to 
SC b

< 0.001 0.985 1.000 1.000-1.001

Rural (Yes) − 0.048 2.040 0.953 0.892-1.018
Service connected 
(No)

0.515 208.448 1.673 1.560–1.795

NOSOS Score (year) − 0.048 1.448 0.953 0.881-1.031
Health care cost 
(year)

< 0.001 0.907 1.000 1.000–1.000

Total health care visits 
(year)

0.002 91.355 1.002 1.001–1.002

History of MH treat-
ment type c

None 0 - 1 -
Psychotherapy 0.218 12.856 1.244 1.104–1.402
Antidepressants 0.004 0.009 1.004 0.922-1.094
Both 0.003 0.002 1.003 0.876-1.149

Comorbid MH 
disorders

Adjustment − 0.113 2.917 0.893 0.784-1.017
Anxiety − 0.121 2.991 0.886 0.773-1.016
Alcohol − 0.043 0.453 0.958 0.845-1.086
Substance − 0.523 16.850 0.593 0.462-0.761
PTSD − 0.077 1.507 0.926 0.819-1.047
None − 0.009 0.018 0.991 0.868-1.131

Depression screen
Negative PHQ-9 

screen
0 - 1 -

Positive PHQ-9 
screen

− 0.159 2.469 0.853 0.699 − 1.040

PHQ-9 score − 0.034 17.254 0.967 0.951-0.982
Anhedonia item 0.048 1.071 1.049 0.958-1.148
Suicide item − 0.033 0.517 0.968 0.884-1.059

First depression 
diagnosis

Mild episode 0.269 35.612 1.309 1.198–1.430
Single episode 0.064 2.910 1.066 0.990-1.148

a Other = American Indian/Alaska Native, Asian, Native Hawaiian/Other Pacific 
Islander, Unknown
b SC = secondary care center
c Psychotherapy or antidepressants received for other disorders than depression
d Bold ORs represent significant ORs (< 0.90 or > 1.1 and OR 95%CI ~ = 0)

PHQ-9 = Patient Health Questionnaire-9

Table 3 Baseline predictors of lack of treatment initiation for 
depression among Veterans (validation n = 38,281)

Table 3 (continued) 
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Clinical factors that predict not initiating treatment or 
delaying treatment
In addition to demographic factors we found that clini-
cal characteristics contributed to lack of treatment or 
delayed care in three ways.

Firstly, patients were more likely to not receive mental 
health treatment for depression if their first depressive 

episode was qualified as mild, unspecified, other, a single 
episode, or the patient had a past month negative screen, 
all possibly indicating a recent depression onset. This 
set of clinical characteristics point to a profile of a less 
severe, recent diagnosis that may be clinically appropri-
ate for watchful waiting and psychoeducation. Level of 
illness severity may impact perceived need and thus lead 

Table 4 Baseline predictors of Veterans delaying* treatment for depression by 1 month to more than 1 year relative to those starting 
treatment within the first week of a depression diagnosis (validation n = 38,281)

Estimate Wald-Chi-Square OR d OR 95%CI
Age (years) 0.007 34.754 1.007 1.005–1.010
Gender (Male) 0.064 5.369 1.066 1.010–1.125
Race/Ethnicity

White non-Hispanic 0 - 1 -
Black non-Hispanic − 0.054 4.114 0.948 0.900-0.998
Hispanic − 0.012 0.146 0.988 0.931 − 1.050
Other a − 0.040 1.114 0.961 0.892-1.035

Marital Status
Married 0 - 1 -
Divorced/Separated/Widowed 0.012 0.230 1.012 0.965-1.061
Never married − 0.034 1.712 0.966 0.918-1.017

Driving distance to SC b − 0.001 6.029 0.999 0.999-1.000
Rural (Yes) − 0.080 8.554 0.923 0.876-0.974
Service connected (No) 0.335 72.651 1.397 1.294–1.509
NOSOS Score (year) − 0.052 3.092 0.949 0.896-1.006
Health care cost (year) < 0.001 3.403 1.000 1.000–1.000
Total health care visits (year) < 0.001 1.009 1.000 0.999-1.000
History of MH treatment type c

None 0 - 1 -
Psychotherapy 0.596 85.265 1.815 1.599–2.059
Antidepressants 0.239 40.270 1.270 1.180–1.368
Both 0.719 122.326 2.052 1.806–2.331

Comorbid disorders
Adjustment − 0.165 10.392 0.848 0.767-0.937
Anxiety 0.252 21.486 1.286 1.156–1.430
Alcohol 0.016 0.096 1.016 0.920-1.122
Substance − 0.068 0.662 0.934 0.792-1.101
PTSD − 0.170 12.123 0.843 0.766-0.928
None − 0.184 12.015 0.832 0.750-0.923

Depression screen
Negative PHQ-9 screen 0 - 1 -
Positive PHQ-9 screen 0.258 5.664 1.294 1.047–1.601
PHQ-9 score 0.033 15.873 1.033 1.017–1.050
Anhedonia item − 0.002 0.001 0.998 0.913-1.092
Suicide item 0.009 0.043 1.009 0.930-1.094

First depression diagnosis
Mild depression episode − 0.326 101.093 0.722 0.677-0.769
Single depression episode − 0.201 47.528 0.818 0.773-0.866

*Treatment delay was coded as 1 = > 1 year, 2 = < 1 year−6 months, 3 = 6−3 months, 4 = 3−1 month, 5 = 1 month−1 week, 6 = < 1 week (reference group). Therefore, 
ORs < 0.90 reflect odds of higher delay and ORs > 1.1 reflect odds of lower delay
a Other = American Indian/Alaska Native, Asian, Native Hawaiian/Other Pacific Islander, Unknown
b SC = secondary care center
c Psychotherapy or antidepressants received for other disorders than depression
d Bold ORs represent significant ORs (< 0.90 or > 1.1 and OR 95%CI ~ = 0)

PHQ-9 = Patient Health Questionnaire-9
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to possible refusal of care; for example, in one study, low 
perceived need was more often a reason for not seeking 
treatment among individuals with mild (57.0%) or mod-
erate (39.3%) than severe (25.9%) disorders [6]. 

Secondly, mental health treatment history appeared to 
differentially impact treatment initiation and treatment 
delay among those patients who initiated mental health 
care after a depression diagnosis. Specifically, a history 
of psychotherapy was both associated with higher odds 
of never initiating treatment after a depression diagnosis 
and higher odds of initiating treatment faster if treatment 
was initiated at all. In the absence of further information 
about types of treatment and effectiveness, receiving pre-
ferred treatment, [19] and therapeutic alliance between 
provider and patient during treatment [20] in these dif-
ferent groups of patients, it is rather difficult to discern 
what may have led to this differential impact. Based on 
prior work there are at least two scenarios for each group. 
Those patients who never initiated treatment for depres-
sion despite a history of psychotherapy, either had a poor 
experience which led to avoiding psychotherapy despite 
a new diagnosis or felt confident to reapply strategies 
learned in the past therapy sessions without initiating a 
new round of treatment. Patients who reinitiated treat-
ment after a depression diagnosis may have done so 
quickly because their past experience was successful, or 
perhaps they were already connected to a provider, [21] 
or possibly had same day access to services. Further work 
is needed in this area to more fully understand treatment 
dynamics over time.

Thirdly, although comorbid substance use disorders 
were often associated with lack of treatment for depres-
sion and PTSD with treatment delay, this may be either 
because substance use disorders are notoriously associ-
ated with low or no treatment initiation [22] or because 
the VHA has specialty care for both PTSD and substance 
use disorders readily available, which will likely house 
most patients with these diagnoses. Although this was 
not the focus of the current set of analyses, understand-
ing what other mental health services are accessed by 
patients with depression is an important focus for future 

work as it has implications for understanding where and 
whether patients ultimately receive services and support.

Identification of patients who never started treatment
Finally, the second major goal of this project was to eval-
uate how predictors of treatment initiation performed in 
identifying patients who never received treatment. Such 
work was motivated by our plan to work towards building 
an automated system that will use EHR data to routinely 
identify patients at risk of disengaging from care. Our 
evaluation of the predictive accuracy of our GEE models 
using AUC ROC and the F-measure for machine learn-
ing suggests that using machine learning relative to GEE 
led to higher accuracy in identifying patients that never 
started treatment. Specifically, the ratio of true posi-
tive to false positive was higher in the machine learning 
model than the GEE model. Unfortunately, both the GEE 
prediction precision and the machine learning analysis 
suggest that the study variables identified and used in our 
models were insufficient for an accurate decision support 
tool. Ideally, EHR data may ultimately be used to increase 
patient engagement with preferred treatments [19]. 

The current study has some limitations. For example, 
the evaluation of whether treatment is initiated is based 
on VA services. If patients initiated services outside the 
VA, these data would not be captured in the current 
analyses. However, given that over 90% of veterans in 
this cohort are receiving VA benefits for a disability, they 
are incentivized to use VA care. Furthermore, the infor-
mation we used in modeling our outcomes (whether 
someone defers or delays mental health care) is entirely 
based on structured data in the CDW. There is clinical 
data available in clinical notes that may be relevant to the 
questions raised in this study, but that is more complex 
to extract. In a recent study we proposed that patients’ 
affective states may impact how they engage with care 
and that this information could be extracted from clini-
cal note text reliably [23]. However this line of work is in 
its infancy and further validation of this data is necessary.

Conclusions
Future work might consider deriving more targeted 
variables from EHRs as well as reconsidering key barri-
ers for patients and providers. For example, it is worth 
investigating how specific debilitating depressive symp-
toms, like sad mood, [24] influence a Veteran’s decision 
to seek treatment. Studies have shown that treatment 
initiation increased with higher depression severity but 
was only 53% among patients with a PHQ-9 above 9 [9]. 
Conversely, anhedonia, one of the most prevalent symp-
toms in depression, [25] was recently related to lower 
odds of treatment initiation [26]. Finally, providers may 
also have insights into referral processes that are not evi-
dent in structured data from EHRs. This investigation 

Table 5 Machine learning prediction precision for treatment 
initiation

Initiated Depression 
Treatment
(n = 108,457)

No De-
pression 
Treatment
(n = 18,966)

True positive 106,085 6301
False positive 14,712 325
False Negative 325 14,712
Precision 0.87 0.95
Recall 0.99 0.30
F-Measure 0.93 0.46
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contributes to the field in two ways. First, it reinforces 
the importance of understanding the barriers and clini-
cal characteristics routinely collected in clinical care, and 
second, it highlights the need for future work that probes 
more granularly into clinical characteristics and more 
specific features that can increase prediction of patients 
who need support for successful use of VA depression 
treatment services. Clinically, our work reinforces the 
importance of providing benefits to Veterans; having 
adequate health benefits allows patients to engage in 
care as needed and can have implications for long term 
depression treatment utilization give heterogeneous tra-
jectories [27]. 

TABLES.

Abbreviations
AUC ROC  Area Under the Curve Receiver Operating Characteristic
CDW  Corporate Data Warehouse
CI  Confidence Interval
CPT  Current Procedural Terminology
DSM-IV  Diagnostic and Statistical Manual Version IV
EHR  electronic health records
GEE  Generalized Estimating Equations
GPL  Global Public License
HCC  Hierarchical Condition Categories
ICD 9/10  International Classification of Disease, Ninth and Tenth Revision
OEF/OIF  Operation Enduring Freedom and Operation Iraqi Freedom
OR  Odds Ratio
PHQ  Patient Health Questionnaire
PTSD  post traumatic stress disorder
QIC  Quasi Information Criterion
VA  Veterans Administration
VHA  Veterans Health Administration
VINCI  Veterans Affairs Informatics and Computing Infrastructure 

Declarations

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12913-024-10870-y.

Supplementary Material 1

Acknowledgements
We would like to thank Dr. Sandra Winkler for feedback on early drafts.
The contents of this publication do not represent the views of the 
Department of Veterans Affairs (DVA) or the United States Government.

Author contributions
VP developed the concept, performed the analyses, drafted the manuscript, 
DF extracted the data, provided critical feedback on analysis plan, performed 
analyses, drafted results, PP provided critical feedback on the concept, 
data extraction, analysis plan, and interpretation of findings, NJC prepared 
data for analyses and provided critical feedback to analysis plan, results, 
and manuscript drafts, AA provided critical feedback on analysis plan and 
results, JH provided critical feedback to manuscript drafts, SKS provided 
critical feedback to manuscript drafts, SRM provided critical feedback to 
manuscript drafts, HGB provided critical feedback to manuscript drafts, AFK 
provided critical feedback to manuscript drafts, JR provided critical feedback 
to manuscript drafts, ARD provided critical feedback to manuscript drafts, BB 
provided critical feedback to manuscript drafts, SLL provided guidance and 
critical feedback on all aspects of the work as senior author.

Funding
Research reported in this article was funded through an HSR&D Career 
development Award (1IK2HX002899-01A2; Panaite).

Data availability
The data that support the findings of this study are available from the 
Veterans Health Administration (VHA) but restrictions apply to the availability 
of these data, which were used under license for the current study, and so 
are not publicly available. Data are however available from the authors upon 
reasonable request and with permission of VHA. Contact Vanessa Panaite, 
Corresponding Author, with inquiries.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
The study was developed on retrospective human data and did not include 
human participants. The study was reviewed and received approval from the 
University of South Florida Institutional Review Board (USF IRB) and James A. 
Haley Veterans’ Hospital Research and Development Committee (VA RDC). 
Given the retrospective nature of the data, both USF IRB and VA RDC approved 
waiver of informed consent and HIPAA for this study. Data were used in 
accordance with relevant guidelines and regulations (such as the Declaration 
of Helsinki).

Consent for publication
NA.

Author details
1Research & Development Service, James A. Haley Veterans’ Hospital, 
Tampa, FL, USA
2Department of Psychology, University of South Florida, Tampa, FL, USA
3Center of Innovation for Complex Chronic Healthcare (CINCCH), Edward 
Hines Jr. VA Hospital, Hines, IL, USA
4VA Center for Clinical Management Research, VA Ann Arbor Healthcare 
System, Ann Arbor, MI, USA
5Department of Psychiatry, University of Michigan Medical School, Ann 
Arbor, MI, USA
6Department of Environmental Medicine and Public Health, Icahn School 
of Medicine at Mount Sinai, New York, NY, USA
7College of Public Health, University of South Florida, Tampa, FL, USA
8Department of Veterans Affairs VISN 23 Clinical Resource Hub, 
Minneapolis, MN, USA
9Mental Health and Behavioral Sciences, James A. Haley Veterans’ 
Hospital, Tampa, FL, USA
10Department of Psychiatry and Behavioral Neurosciences, University of 
South Florida, Tampa, FL, USA
11Department of Behavioral Sciences and Social Medicine, Florida State 
University, Tallahassee, FL, USA
12Mental Health Service, VA Puget Sound Healthcare System at Seattle, 
Seattle, WA, USA

Received: 22 February 2023 / Accepted: 14 March 2024

References
1. Seal KH, Bertenthal D, Maguen S, Gima K, Chu A, Marmar CR. Getting beyond 

don’t ask; don’t tell: an evaluation of US Veterans Administration Postde-
ployment Mental Health Screening of veterans returning from Iraq and 
Afghanistan. Am J Public Health. 2008;98(4):714–20. https://doi.org/10.2105/
AJPH.2007.115519.

2. Seal KH, Metzler TJ, Gima KS, Bertenthal D, Maguen S, Marmar CR. Trends 
and Risk factors for Mental Health diagnoses among Iraq and Afghanistan 
Veterans Using Department of Veterans Affairs Health Care, 2002–2008. Am J 
Public Health. 2009;99(9):1651–8. https://doi.org/10.2105/AJPH.2008.150284.

3. Corson K, Denneson LM, Bair MJ, Helmer DA, Goulet JL, Dobscha SK. Preva-
lence and correlates of suicidal ideation among Operation Enduring Freedom 
and Operation Iraqi Freedom veterans. J Affect Disord. 2013;149(1–3):291–8.

4. Mott JM, Hundt NE, Sansgiry S, Mignogna J, Cully JA. Changes in psychother-
apy utilization among Veterans with Depression, anxiety, and PTSD. Psychiatr 
Serv. 2014;65(1):106–12. https://doi.org/10.1176/appi.ps.201300056.

https://doi.org/10.1186/s12913-024-10870-y
https://doi.org/10.1186/s12913-024-10870-y
https://doi.org/10.2105/AJPH.2007.115519
https://doi.org/10.2105/AJPH.2007.115519
https://doi.org/10.2105/AJPH.2008.150284
https://doi.org/10.1176/appi.ps.201300056


Page 10 of 10Panaite et al. BMC Health Services Research          (2024) 24:529 

5. Burnam MA, Meredith LS, Tanielian T, Jaycox LH. Mental Health Care for Iraq 
and Afghanistan War veterans. Health Aff (Millwood). 2009;28(3):771–82. 
https://doi.org/10.1377/hlthaff.28.3.771.

6. Mojtabai R, Olfson M, Sampson NA, et al. Barriers to mental health treatment: 
results from the National Comorbidity Survey Replication. Psychol Med. 
2011;41(8):1751–61. https://doi.org/10.1017/S0033291710002291.

7. Wang PS, Lane M, Olfson M, Pincus HA, Wells KB, Kessler RC. Twelve-Month 
Use of Mental Health Services in the United States: results from the National 
Comorbidity Survey Replication. Arch Gen Psychiatry. 2005;62(6):629. https://
doi.org/10.1001/archpsyc.62.6.629.

8. Blumenthal R, Endicott J. Barriers to seeking treatment for major 
depression. Depress Anxiety. 1996;4(6):273–8. https://doi.org/10.1002/
(SICI)1520-6394(1996)4:6%3C273::AID-DA3%3E3.0.CO;2-D.

9. Waitzfelder B, Stewart C, Coleman KJ, et al. Treatment initiation for New 
episodes of Depression in Primary Care settings. J Gen Intern Med. 
2018;33(8):1283–91. https://doi.org/10.1007/s11606-017-4297-2.

10. Wagner TH, Upadhyay A, Cowgill E, et al. Risk Adjustment Tools for Learning 
Health systems: a comparison of Dx CG and CMS-HCC V21. Health Serv Res. 
2016;51(5):2002–19.

11. Arroll B, Goodyear-Smith F, Crengle S, et al. Validation of PHQ-2 and PHQ-9 to 
screen for major depression in the primary care population. Ann Fam Med. 
2010;8(4):348–53.

12. Hojat M, Xu G. A visitor’s guide to effect sizes–statistical significance versus 
practical (clinical) importance of research findings. Adv Health Sci Educ. 
2004;9(3):241–9.

13. Quinlan JR. Rulequest Free Software Downloads. Published online 2013. 
Accessed August 1, 2013. [http://www.rulequest.com/download.html].

14. Ghio L, Gotelli S, Cervetti A, et al. Duration of untreated depression influences 
clinical outcomes and disability. J Affect Disord. 2015;175:224–8.

15. Nash WP, Silva C, Litz B. The historic origins of military and veteran mental 
health stigma and the stress injury model as a means to reduce it. Psychiatr 
Ann. 2009;39(8).

16. Mackenzie CS, Gekoski WL, Knox VJ. Age, gender, and the underutilization of 
mental health services: the influence of help-seeking attitudes. Aging Ment 
Health. 2006;10(6):574–82.

17. Mackenzie CS, Knox VJ, Gekoski WL, Macaulay HL. An adaptation and exten-
sion of the attitudes toward seeking professional psychological help scale 1. J 
Appl Soc Psychol. 2004;34(11):2410–33.

18. Alegria M, Lin J, Chen CN, Duan N, Cook B, Meng XL. The impact of insurance 
coverage in diminishing racial and ethnic disparities in behavioral health 
services. Health Serv Res. 2012;47(3 Pt 2):1322.

19. Leung LB, Ziobrowski HN, Puac-Polanco V, et al. Are veterans getting their 
Preferred Depression Treatment? A National Observational Study in the Vet-
erans Health Administration. J Gen Intern Med. 2022;37(13):3235–41. https://
doi.org/10.1007/s11606-021-07136-2.

20. Baier AL, Kline AC, Feeny NC. Therapeutic alliance as a mediator of 
change: a systematic review and evaluation of research. Clin Psychol Rev. 
2020;82:101921. https://doi.org/10.1016/j.cpr.2020.101921.

21. Hilsenroth MJ, Peters EJ, Ackerman SJ. The development of Therapeutic 
Alliance during Psychological Assessment: patient and therapist perspectives 
across treatment. J Pers Assess. 2004;83(3):332–44. https://doi.org/10.1207/
s15327752jpa8303_14.

22. Shiner B, Tang C, Trapp AC, Konrad R, Bar-On I, Watts BV. The provision 
of mental health treatment after screening: exploring the relationship 
between treatment setting and treatment intensity. Gen Hosp Psychiatry. 
2014;36(6):581–8.

23. Panaite V, Devendorf AR, Finch D, Bouayad L, Luther SL, Schultz SK. The value 
of extracting clinician-recorded affect for advancing clinical research on 
depression: proof-of-concept study applying natural language processing to 
electronic health records. JMIR Form Res. 2022;6(5):e34436.

24. Fried EI, Nesse RM. The Impact of Individual Depressive Symptoms on Impair-
ment of Psychosocial Functioning. Gong Q, ed. PLoS ONE. 2014;9(2):e90311. 
https://doi.org/10.1371/journal.pone.0090311.

25. Shankman SA, Katz AC, DeLizza AA, Sarapas C, Gorka SM, Campbell ML. The 
different facets of anhedonia and their associations with different psychopa-
thologies. Anhedonia: a Comprehensive Handbook volume I. Springer; 2014. 
pp. 3–22.

26. Khazanov GK, Forbes CN, Dunn BD, Thase ME. Addressing anhedonia to 
increase depression treatment engagement. Br J Clin Psychol. Published 
online 2021.

27. Musliner KL, Munk-Olsen T, Laursen TM, Eaton WW, Zandi PP, Mortensen PB. 
Heterogeneity in 10-Year course trajectories of moderate to severe major 
depressive disorder: a Danish National Register-based study. JAMA Psychiatry. 
2016;73(4):346. https://doi.org/10.1001/jamapsychiatry.2015.3365.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1377/hlthaff.28.3.771
https://doi.org/10.1017/S0033291710002291
https://doi.org/10.1001/archpsyc.62.6.629
https://doi.org/10.1001/archpsyc.62.6.629
https://doi.org/10.1002/(SICI)1520-6394(1996)4:6%3C273::AID-DA3%3E3.0.CO;2-D
https://doi.org/10.1002/(SICI)1520-6394(1996)4:6%3C273::AID-DA3%3E3.0.CO;2-D
https://doi.org/10.1007/s11606-017-4297-2
http://www.rulequest.com/download.html
https://doi.org/10.1007/s11606-021-07136-2
https://doi.org/10.1007/s11606-021-07136-2
https://doi.org/10.1016/j.cpr.2020.101921
https://doi.org/10.1207/s15327752jpa8303_14
https://doi.org/10.1207/s15327752jpa8303_14
https://doi.org/10.1371/journal.pone.0090311
https://doi.org/10.1001/jamapsychiatry.2015.3365

	Predictive modeling of initiation and delayed mental health contact for depression
	Abstract
	Background
	Methods
	Data source and cohort selection
	Measures
	Mental health treatment for depression
	Statistical analysis

	Results
	Patient characteristics
	Predictors of lack of treatment initiation
	Predictors of delayed treatment
	Identification of patients who never initiated treatment

	Discussion
	Demographic factors that interfered with receiving treatment or delayed treatment
	Clinical factors that predict not initiating treatment or delaying treatment
	Identification of patients who never started treatment

	Conclusions
	References


