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Background: In light of increased concerns about suicide in the military, institutional review boards
have mandated increased scrutiny of the final item on the depression screening tool, the PHQ-9, which
asks about suicidal thoughts. Since real-time monitoring of all individual responses in most observa-
tional studies is not feasible, many investigators have adopted the PHQ-8, choosing to remove the ninth

Keywords: item. This study compares the performance of the PHQ-8 with the PHQ-9 in a population-based sample
Depression of military or nonmilitary subjects.
Epidemiology Methods: The Millennium Cohort Study administers a self-reported questionnaire that includes the

Assessment/diagnosis
Measurement/psychometrics
Mood disorders

PHQ-9 at 3-year intervals to current and former U.S. military personnel. PHQ-9 responses of 143,705
Millennium Cohort members were investigated. Cross-sectional comparisons of the PHQ-9 and PHQ-8
and prospective analyses to detect a 5-unit change in these measures were performed.

Results: Greater than substantial agreement was found between the PHQ-8 and 9 instruments (kappas,
0.966-0.974 depending on survey cycle). There was similarly high agreement between the PHQ-8 and
9 in detecting a 5-point increase (k=0.987) or decrease (k=0.984) in score.

Limitations: One potential limitation of this study is that participants completed the PHQ-9, and PHQ-8
scores were extrapolated from the PHQ-9. In addition, the Millennium Cohort may not fully represent the
U.S. military; though previous evaluations have shown the cohort to be a well-representative sample.
Conclusions: Since excellent agreement was detected between the PHQ-8 and PHQ-9 instruments, the
PHQ-8 would capture nearly all the same cases of depression as the PHQ-9 in populations similar to the

one in this study.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The Primary Care Evaluation of Mental Disorders Patient
Health Questionnaire (PHQ) is a standardized instrument that
provides an assessment of mental health status based on scores of
several health concepts (Spitzer et al., 1999, 2000, 1994). A 9-item
scale from this instrument (PHQ-9) used to screen for major
depressive disorder (Spitzer et al., 1999), has been shown to have
high sensitivity (0.93) and specificity (0.89) (Fann et al., 2005),
and correlates well with a diagnosis of depression, as outlined in
the Diagnostic and Statistical Manual of Mental Disorders (2000).
The ninth and final item on the scale asks about thoughts of being
better off dead or hurting oneself, which is known to be related to
suicidal thoughts and ideation (Corson et al., 2004). Exclusion of
the final item results in the PHQ-8, which has also been shown to
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be a valid instrument for evaluating depression symptoms in
specific populations (Kroenke et al., 2009).

The Millennium Cohort Study (Ryan et al., 2007; Smith, 2009),
the largest population-based longitudinal cohort study in military
history, has included the PHQ-9 as part of the standard ques-
tionnaire since the study launched in 2001. Symptoms of depres-
sion have previously been examined in this population using the
PHQ-9 (Ryan et al., 2007; Wells et al., 2010), with positive screens
for new-onset depression occurring in approximately 4% of men,
and 8% of women at the time of the first follow-up questionnaire
(Wells et al., 2010). However, in light of increased concerns about
suicide in the military (Kuehn, 2009; Oquendo et al., 2005),
institutional review boards have mandated increased scrutiny of
this item with the intent of initiating provider referral when
respondents positively endorse it. In nonclinical research settings,
many investigators have adopted the PHQ-8, choosing to remove
the final item that may indicate suicidal thoughts. Since real-time
monitoring of more than 150,000 responses from Millennium
Cohort members is not feasible, starting in 2011 the final item
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was removed from the questionnaire and the study currently uses
the PHQ-8 to screen for depression. Although the PHQ-8 has been
shown to have similar operating characteristics as the PHQ-9
(Kroenke and Spitzer, 2002), this was done using a sample of 6000
individuals seeking treatment in primary care or obstetrics-
gynecology clinics (Kroenke et al., 2001). To our knowledge, no
study has validated the PHQ-8 in a large, population-based
cohort, military or otherwise. The objective of this study was to
compare the PHQ-8 with the PHQ-9 to understand differences in
depression screening capability between these two instruments
in the Millennium Cohort Study, which may be generalizable to
other similar population-based studies. Unique features of this
study include investigating differences in a large military popula-
tion that is probably healthier than a general population sample.
Also, with the large sample size, subgroups such as differences by
sex can be explored to determine performance of the PHQ-8
compared with the PHQ-9.

2. Methods
2.1. Study population

The Millennium Cohort Study began collection of self-reported
health outcome and exposure data in 2001, prior to the start of
the operations in Iraq and Afghanistan. The Millennium Cohort
currently includes over 150,000 U.S. service members who
enrolled during three separate cycles (panels) between 2001
and 2008. With the goal of evaluating long-term health outcomes
related to military service, participants are surveyed every 3 years
throughout a 21-year planned follow-up period. Detailed descrip-
tions of methodology for the Millennium Cohort Study have been
published elsewhere (Ryan et al., 2007; Smith, 2009; Gray et al.,
2002).

The first invited panel of the Millennium Cohort Study con-
sisted of a weighted random sample of U.S. military personnel
serving in October 2000, with oversampling of women, service
members previously deployed to Bosnia, Kosovo, or Southwest
Asia, and Reserve and National Guard members. Of the 77,047
participants who consented and enrolled, 55,021 (71%) completed
the first follow-up questionnaire from 2004-2006, and 54,790
(71%) completed the second follow-up from 2007-2008. A second
panel was randomly selected from military personnel with 1-2
years of service as of October 2003, with oversampling again
performed for women and Marine Corps members. The second
panel enrolled 31,110 consenting members from 2004-2006,
17,152 (55%) of whom completed a follow-up questionnaire from
2007-2008. Also, a third panel of 43,440 participants with 1-3
years of service as of October 2006 and oversampling of women
and Marine Corps members was enrolled in 2007-2008. Demo-
graphic and military-specific data obtained from electronic
personnel files include sex, birth date, highest education achieved,
marital status, race/ethnicity, deployment experience in support
of the operations in Iraq and Afghanistan, pay grade, service
component, service branch, and duty occupations. Data for
education level, marital status, deployment experience, and
occupations were supplemented by self-reported data when
missing from electronic files. Participants were excluded if they
were missing information from the PHQ or other covariate
information.

2.2. Depression

Depression was investigated using the PHQ (Spitzer et al.,
1999), which is embedded in the Millennium Cohort question-
naire and provides a psychosocial assessment based on scores of

several health concepts (Spitzer et al., 2000, 1994; Kroenke and
Spitzer, 2002). Using a 4-point Likert scale, participants rated the
severity of each depressive symptom from “not at all” to “nearly
every day” during the 2 weeks prior to questionnaire completion,
where a higher score indicates greater severity (Spitzer et al.,
1999). Using the PHQ 9-item scale, participants screened positive
for depression if they met the following two criteria: (1) responded
“more than half the days” or “nearly every day” to at least five of
the nine depressive items, with “thoughts that you would be
better off dead or of hurting yourself in some way” being counted
if present at all, and (2) one of the items endorsed is having
depressed mood or anhedonia (Kroenke and Spitzer, 2002).
Similarly, using the PHQ-8, which does not include the item
“thoughts that you would be better off dead or of hurting yourself
in some way,” individuals screen positive for depression if five or
more of the eight depressive symptom criteria have been present
“more than half the days” or “nearly every day” in the past
2 weeks, and one of the symptoms is depressed mood or
anhedonia (Kroenke et al., 2009). Using both the PHQ-8 and the
PHQ-9 instruments, participants were categorized as screening
positive or negative for depression. Those who screened positive
on the PHQ-9 and PHQ-8 and those who screened negative on the
PHQ-9 and PHQ-8 were termed “concordant positive” and “con-
cordant negative,” respectively, while the discordant group was
termed the PHQ-9 positive/PHQ-8 negative group for the purposes
of this study.

2.3. Covariates

Variables considered for this study mirrored those considered
for the models in the first depression study conducted using
Millennium Cohort data (Wells et al., 2010). Covariates included
seX, birth year, education, marital status, race/ethnicity, military
pay grade, branch of service, service component, occupational
category, smoking status, alcohol-related problems (Yes if one or
more items endorsed on the CAGE questionnaire) (Dhalla and
Kopec, 2007), a positive screen for posttraumatic stress disorder
(PTSD) assessed using the 17-item PTSD Checklist-Civilian Version
(PCL-C) (Weathers et al., 1993), deployment experience with or
without combat, and cumulative days deployed. All independent
variables were evaluated at baseline. Defense Manpower Data
Center (DMDC) provided deployment data to classify individuals
as nondeployed and deployed with or without combat experi-
ence. Participants were considered deployed in support of the
operations in Iraq and Afghanistan if they completed at least one
deployment prior to their baseline questionnaire. Combat experi-
ence was determined by an affirmative response to ever witnes-
sing at least one of the following items on the baseline
questionnaire: a person’s death due to war, instances of physical
abuse, dead and/or decomposing bodies, maimed soldiers or
civilians, or prisoners of war or refugees. Cumulative days
deployed were assessed by calculating the number of days each
participant was deployed prior to baseline using in and out of
theater dates from data provided by DMDC.

2.4. Statistical analyses

Univariate analyses were used to describe frequencies and
proportions of those who screened positive on both instruments,
those who screened negative on both instruments, and those who
screened PHQ-9 positive but PHQ-8 negative. To determine the
degree of nonrandom agreement between the PHQ-9 and PHQ-8,
the kappa statistic (Cohen, 1960) was calculated between the two
instruments for each survey period (2001-2003, 2004-2006, and
2007-2008), providing a cross-sectional comparison of perfor-
mance of the PHQ-9 versus the PHQ-8 at each survey cycle.
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A kappa ranging in value between 0.8 and 1.0 was defined as
“greater than substantial agreement,” between 0.6 and 0.8 as
“substantial agreement,” between 0.4 and 0.6 as “moderate
agreement,” between 0.2 and 0.4 as “fair agreement,” and
between 0.0 and 0.2 as “slight or poor agreement” (Landis and
Koch, 1977). Additionally, the sensitivity of the PHQ-8 was
calculated using the PHQ-9 as the “gold standard”. Note that it
was not possible to have a positive PHQ-8 and a negative PHQ-9,
so specificity remained 100% since there were no false positives.

Kappa statistics were also used to calculate agreement
between the ability of the PHQ-8 and PHQ-9 to detect a 5-point
or greater change in score from baseline to first follow-up. This
analysis was conducted because a 5-point decrease in the PHQ-9
has been used as a general indicator of clinically significant
improvement (Kroenke and Spitzer, 2002; Kroenke et al., 2010)
and it would be problematic if the PHQ-8 were not able to detect
such a change. Specifically, the difference between the total score
at baseline and follow-up was calculated using the PHQ-9 and
then again using the PHQ-8. Each item is scored with 0-3 points;
therefore, not endorsing an item at baseline and then endorsing it
at follow-up can add up to 3 points, or decrease the score by up to
3 points if the converse occurs. Thus, we investigated the
occurrence of the PHQ-8 not detecting a 5-point or greater change
in score when the PHQ-9 detected a change and the reverse. This
analysis was restricted to participants who completed at least one
follow-up questionnaire, with the first available follow-up used
for panel 1 participants. Panel 3 members were not included
because they had yet to complete a follow-up questionnaire. The
included participants were given dichotomous indicators (Yes, No)
for a 5-point or greater decrease or increase using the PHQ-8 and
PHQ-9 scores between baseline and follow-up. To determine if the
PHQ-8 had similar characteristics to detect a 5-point increase or
decrease, we again calculated kappa statistics, as well as sensi-
tivity and specificity.

Finally, multivariable logistic regressions using cross-sectional
baseline data were performed to examine associations of screening
PHQ-9 positive but PHQ-8 negative compared separately with
participants who were concordant positive and concordant negative.
Wald chi-square statistical tests were used to test associations at the
a=0.05 level of significance between a discordant depression screen
and each covariate described. Regression diagnostics were con-
ducted to identify multicollinearity using a variance inflation
factor (VIF) of 4 or greater to indicate a potential problem
(Glantz and Slinker, 1990). The two deployment-related variables
were found to be collinear (VIF=4.51); thus, we removed “cumu-
lative days deployed” from all models. All other covariates were
included in the multivariable models. Data management and
statistical analyses were performed using SAS software, version
9.2 (SAS Institute, Inc., Cary, North Carolina).

3. Results

Of the 151,569 participants who completed at least one Millen-
nium Cohort questionnaire, 7864 were excluded from this study due
to missing data. Thus, the study population consisted of 143,705
participants (94.8%). At baseline, 6531 (4.5%) participants screened
positive for depression using the PHQ-9. Of those, nearly all screened
positive for depression using the PHQ-8 (n=6163, 94.4%) (Table 1).

Participants in the concordant positive and the PHQ-9 posi-
tive/PHQ-8 negative groups had more similar characteristics than
the concordant negative group (Table 1). Notably, a higher
proportion of participants who screened positive for depression
based on the PHQ-9 and screened positive or negative using the
PHQ-8 were younger, less educated, not married, enlisted, Army
or Marine Corps members, serving on active duty, and current

Table 1
Baseline characteristics of Millennium Cohort participants by PHQ-9 and PHQ-8
status (N=143,705).

Baseline characteristics Concordant Concordant PHQ-9
negative PHQ-9  positive PHQ-9 positive and
and PHQ-8 and PHQ-8 PHQ-8
n=137,174 n=6163 negative

n=368
n (%) n (%) n (%)

Sex

Male 95,055 (69.3) 3,698 (60.0) 252 (68.5)

Female 42,119 (30.7) 2,465 (40.0) 116 (31.5)

Birth cohort

Pre-1970 45,176 (32.9) 1,135 (184) 63 (17.1)

1970-1979 39,359 (28.7) 1,782 (28.9) 105 (28.5)
1980 and later 52,639 (38.4) 3,246 (52.7) 200 (54.3)
Education

Some college or less

Bachelor’s or higher
Marital status

Currently married

Not currently married
Race/ethnicity

White non-Hispanic

Black non-Hispanic

107,901 (78.7) 5,668 (92.0) 333 (90.5)
20273 (213) 495 (8.0) 35 (9.5)

67,121 (48.9) 2465 (40.0) 126 (34.2)
70,053 (51.1) 3,698 (60.0) 242 (65.8)

97,839 (71.3) 4219 (68.5) 259 (70.4)
16,714 (122) 863 (14.0) 49 (13.3)

Other 22,621 (16.5) 1,081 (17.5) 60 (16.3)
Military pay grade

Enlisted 112246 (81.8) 5844 (94.8) 338 (91.8)
Officer 24928 (182) 319 (5.2) 30 (8.2)
Service branch

Army 59,973 (43.7) 3,490 (56.6) 200 (54.3)
Navy/coast guard 24,885 (18.1) 1,083 (17.6) 77 (20.9)
Air force 40,388 (29.4) 849 (13.8) 41 (11.1)
Marines 11,928 (8.7) 741 (12.0) 50 (13.6)
Component

Active duty 87,338 (63.7) 4429 (71.9) 244 (66.3)
Guard/reserve 49,836 (36.3) 1,734 (28.1) 124 (33.7)
Occupation

Combat specialist 24,624 (18.0) 1,058 (17.2) 78 (21.2)
Health care 14,731 (10.7) 605 (9.8) 41 (11.1)

Other 97,819 (71.3) 4,500 (73.0) 249 (67.7)
Smoking status
Never smoker
Past smoker
Current smoker
CAGE/alcohol?

78,996 (57.6) 2497 (40.5) 174 (47.3)
31454 (22.9) 1,510 (245) 70 (19.0)
26724 (195) 2,156 (35.0) 124 (33.7)

No 111,464 (81.3) 3,975 (645) 214 (582)
Yes 25710 (18.7) 2,188 (355) 154 (41.8)
Baseline PTSD

No 132522 (96.6) 2242 (36.4) 181 (49.2)
Yes 4652 (34) 3921 (63.6) 187 (50.8)

Deployment experience®
Nondeployed
Deployed without combat
Deployed with combat
Total days deployed

108,767 (79.3) 4326 (70.2) 261 (70.9)
11,513 (8.4) 327 (53) 27 (7.3)
16,894 (12.3) 1510 (245) 80 (21.7)

0 108,767 (79.3) 4326 (70.2) 261 (70.9)
1-180 11274 (82) 490 (8.0) 25 (6.38)
181-270 6,862 (5.0) 444 (72) 30 (8.2)
271 or more 10271 (7.5) 903 (147) 52 (14.1)

DSM-IV-TR, Diagnostic and Statistical Manual of Mental Disorders, fourth Edition, Text
Revision; PCL-C, PTSD Checklist-Civilian Version; PTSD, posttraumatic stress disorder.

2 At baseline, participant self-reported ever feeling at least one of the
following: (1) need to cut back on drinking, (2) annoyed at anyone who suggested
to cut back on drinking, (3) guilty about drinking, and (4) a need for an “eye-
opener,” or early morning drink.

b participants who screened positive for PTSD symptoms based on PCL-C and
DSM-IV-TR criteria at baseline.

¢ Participants who had been deployed and reported witnessing death, trauma,
injuries, prisoners of war, or refugees at baseline, were considered to have
combat-associated experiences.

smokers compared with those who screened concordant negative
for depression. A higher proportion of those who screened
positive by the PHQ-8 or PHQ-9 also screened positive for
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2001-2003 Survey Period

PHQ-9 Positive

Yes
PHQ-8 Yes 2,233
Positive No 150

No Kk =0.966
0 Sensitivity = 93.7%
71,171 Specificity = 100%

2004-2006 Survey Period

PHQ-9 Positive

Yes
PHQ-8 Yes 3,197
Positive No 174

No k=0.972
0 Sensitivity = 94.8%
77,264 Specificity = 100.0%

2007-2008 Survey Period

PHQ-9 Positive

Yes
PHQ-8 Yes 5,208
Positive No 264

No k=0.974
0 Sensitivity = 95.2%
104,295 Specificity = 100.0%

Ability to Detect 5-Point Decrease

PHQ-9 5-Point Decrease

PHQ-8 Yes
5-point Yes 5,157
Decrease No 135

No k=0.984
17 Sensitivity = 97.4%
65,576 Specificity = 100.0%

Ability to Detect 5-Point Increase

PHQ-9 5-Point Increase

PHQ-8 Yes
5-Point Yes 6,320
Increase No 133

No k=0.987
23 Sensitivity = 97.9%
64,409 Specificity = 100.0%

Fig. 1. Cross-tabulation comparison of the PHQ-8 with the PHQ-9 by survey period and ability of the PHQ-8 and the PHQ-9 to detect a 5-point increase or decrease

in score.

CAGE/alcohol, PTSD, deployed with combat experience and had
deployed more total days compared with those who screened
concordant negative for depression.

Three kappa analyses were performed to assess the agreement
for screening positive for depression using the PHQ-8 compared
with the PHQ-9 using data from three different survey waves
(2001-2003, 2004-2006, and 2007-2008) and are displayed in
Fig. 1. There was greater than substantial agreement (k=0.97) for
all survey waves with high sensitivity (94-95%). A separate kappa
analysis that assessed the agreement to detect a 5-point or more
increase or decrease between survey waves observed very high
agreement (x=0.98-0.99, sensitivity 97-98%, and specificity
100%) when using the PHQ-8 compared with the PHQ-9.

Table 2 shows the results from the multivariable logistic
regressions representing the odds of screening PHQ-9 positive/
PHQ-8 negative compared with the two concordant groups.
Compared with those who screened concordant negative, the
discordant group were significantly more likely to be born in
1980 or later (adjusted odds ratio [OR]=1.63, 95% confidence
interval [CI], 1.15-2.31), screen positive for CAGE/alcohol
(OR=1.74, 95% CI, 1.39-2.17), and screen positive for baseline
PTSD (OR=21.55, 95% Cl, 17.24-26.93), while significantly less
likely to be serving in the Air Force (OR=0.51, 95% CI, 0.36-0.73).
Compared with those who screened concordant positive, partici-
pants who screened PHQ-9 positive/PHQ-8 negative were

significantly more likely to be Reserve/National Guard members
(OR=1.47, 95% CI, 1.15-1.89) and screen positive for CAGE/
alcohol (OR=1.39, 95% (I, 1.11-1.74), while they were less likely
to be female (OR=0.65, 95% CI, 0.51-0.83), a past smoker
(OR=0.65, 95% (I, 0.48-0.87), and to screen positive for baseline
PTSD (OR=0.58, 95% CI, 0.47-0.72).

4. Discussion

Clearly, the PHQ-9 is the preferred instrument of use in a
clinical setting. The objective of this research was to determine
how screening results may differ for the PHQ-8 compared with
the PHQ-9 in a large population-based military study which uses
self-reported survey data to identify participants who may have
depression symptoms. To our knowledge, this is the first study to
assess operational differences of the PHQ-8 compared with the
PHQ-9 in a large, homogeneous, population-based sample of
military men and women. We found the PHQ-8 to be very
comparable to the PHQ-9, with only 368 of the 143,705 (0.26%)
study participants screening discordantly when using the PHQ-8
compared with the PHQ-9. The reason these 368 participants
screened negative using the PHQ-8 and positive using the PHQ-9
was because they only endorsed a total of five depression items
on the PHQ-9, one of which was “thoughts that you would be
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Table 2

Adjusted odds of screening positive with PHQ-9 and negative with PHQ-8 at baseline, compared with concordant negative and concordant positive PHQ-9 and PHQ-8

groups at baseline.

Baseline characteristics

Screening positive with PHQ-9 and negative with PHQ-8 at baseline

Compared with concordant negative PHQ-9 and PHQ-8 at baseline Compared with concordant positive PHQ-9 and PHQ-8 at baseline

OR (95% CI) df P-value OR (95% CI) df P-value
Sex 1 0.9560 1 0.0006
Male 1.00 1.00
Female 0.99 (0.78, 1.27) 0.65* (0.51, 0.83)
Birth cohort 2 0.0230 2 0.4561
Pre-1970 1.00 1.00
1970-1979 1.37 (0.98, 1.92) 1.16 (0.82, 1.64)
1980 and later 1.63* (1.15, 2.31) 1.26 (0.88, 1.79)
Education 1 0.1417 1 0.5567
Some college or less 1.00 1.00
Bachelor’s or higher 0.66 (0.38, 1.15) 0.85 (0.49, 1.47)
Marital status 1 0.1258 1 0.0947
Currently married 1.00 1.00
Not currently married 1.21 (0.95, 1.54) 1.23 (0,97, 1.57)
Race/ethnicity 2 0.7146 2 0.8355
White non-Hispanic 1.00 1.00
Black non-Hispanic 1.12 (0.81, 1.55) 1.00 (0.72, 1.38)
Other 0.96 (0.72, 1.28) 0.92 (0.68, 1.23)
Military pay grade 1 0.8635 1 0.0735
Enlisted 1.00 1.00
Officer 1.05 (0.58, 1.90) 1.72 (0.95, 3.13)
Service branch 3 0.0003 3 0.1606
Army 1.00 1.00
Navy/coast guard 1.16 (0.88, 1.54) 1.31 (0.98, 1.75)
Air force 0.51* (0.36, 0.73) 0.88 (0.61, 1.25)
Marines 1.07 (0.77, 1.49) 1.15 (0.82, 1.61)
Component 1 0.3171 1 0.0024
Active duty 1.00 1.00
Guard/reserve 1.13 (0.89, 1.44) 1.47* (1.15, 1.89)
Occupation 2 0.2951 2 0.0505
Combat specialist 1.00 1.00
Health care 1.08 (0.72, 1.61) 1.12 (0.74, 1.70)
Other 0.86 (0.66, 1.13) 0.78 (0.60, 1.03)
Smoking status 2 0.0270 2 0.0115
Never smoker 1.00 1.00
Past smoker 0.78 (0.59, 1.04) 0.65* (0.48, 0.87)
Current smoker 1.18 (0.92, 1.51) 0.80 (0.62, 1.03)
CAGE/alcohol® 1 <0.0001 1 0.0041
No 1.00 1.00
Yes 1.74* (1.39, 2.17) 1.39* (111, 1.74)
Baseline PTSD” 1 <0.0001 1 < 0.0001
No 1.00 1.00
Yes 21.55* (17.24, 26.93) 0.58* (0.47, 0.72)
Deployment experience® 2 0.7217 2 0.1726
Nondeployed 1.00 1.00
Deployed without combat 1.03 (0.68, 1.56) 1.33 (0.87, 2.05)
Deployed with combat 0.90 (0.68, 1.19) 0.85 (0.64, 1.13)

OR, odds ratio; CI, confidence interval; df, degrees of freedom; DSM-IV-TR, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision; PCL-C,

PTSD Checklist-Civilian Version; PTSD, posttraumatic stress disorder.
* Wald chi-square test was significant at the o=0.05 level.

2 At baseline, participant self-reported ever feeling at least one of the following: (1) need to cut back on drinking, (2) annoyed at anyone who suggested to cut back on
drinking, (3) guilty about drinking, and (4) a need for an “eye-opener,” or early morning drink.

b participants who screened positive for PTSD symptoms based on PCL-C and DSM-IV-TR criteria at baseline.

¢ Participants who had been deployed and reported witnessing death, trauma, injuries, prisoners of war, or refugees at baseline, were considered to have combat-

associated experiences.

better off dead or of hurting yourself in some way” (available on
the PHQ-9, but not the PHQ-8). Restriction to the PHQ-8 items only
resulted in the endorsement of a total of four depression items,
which no longer met criteria for a positive depression screen. The
PHQ-8 had almost perfect agreement with the PHQ-9, and it
performed similarly when assessing a 5-point or greater increase
or decrease in score from baseline to first follow-up. Finally,
multivariable analyses identified characteristics associated with
being PHQ-9 positive and PHQ-8 negative compared with the two
concordant groups, and highlighted the complex relations between
PTSD, depression, alcohol abuse, and suicidal thoughts.

Using the PHQ-9 as the gold standard, we observed very high
sensitivity and specificity for the PHQ-8 in detecting depression.
By design, specificity was 100%, since it is not possible to screen
positive for depression on the PHQ-8 and negative on the PHQ-9.
Sensitivity was very high for the PHQ-8 at all assessments, with at
least 93.7% who screened positive for depression with the PHQ-9
also screening positive using the PHQ-8. Comparisons of the
differences in ability between the PHQ-8 and PHQ-9 to detect a
5-point or greater difference in depression score also had very
high sensitivity and specificity. These findings are encouraging
since this is the first study to our knowledge to examine the
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ability of the PHQ-8 to detect a change of magnitude considered
to be clinically significant (Kroenke and Spitzer, 2002; Kroenke
et al., 2010). The kappa statistics for comparing the ability of
these screening tools to detect a 5-point difference in depression
scores were extremely high, with each kappa statistic in the
“greater than substantial agreement” range of 0.8 to 1.0 (Landis
and Koch, 1977). This also provides support for using the PHQ-8
prospectively to detect changes over time in this large, homo-
geneous, population-based, sample of current and former military
personnel.

While there was almost perfect agreement between the PHQ-9
and the PHQ-8, indicating that nearly all participants screened the
same using the PHQ-8 and the PHQ-9, there were a small number
of participants who were classified as discordant (positive using
the PHQ-9 and negative using the PHQ-8). Although this discordant
group consists of a very small percentage of the population, there
were some statistically significant differences between the discor-
dant and concordant groups. This indicates that those who
score positive on the PHQ-9 but negative using the PHQ-8 are
different from both the concordant groups in some potentially
important ways.

When comparing those who screened PHQ-9 positive/PHQ-8
negative with those screening PHQ-9 negative/PHQ-8 negative or
PHQ-9 positive/PHQ-8 positive, different sets of predictors
emerged, with only one common factor between the two ana-
lyses. In both models, CAGE/alcohol was positively associated
with screening PHQ-9 positive/PHQ-8 negative compared with
either reference group. This finding likely represents comorbidity
between depression, alcohol abuse, and suicidal behavior as
previously reported by others (Cornelius et al., 1995; Ganz and
Sher, 2009; Henriksson et al., 1993), and it may indicate an
advantage associated with screening for suicidal behavior among
those with depression, alcohol abuse, especially in the presence of
comorbid depression and alcohol abuse.

In this study, quite disparate findings were observed by
screening positive for baseline PTSD between the two models
shown in Table 2. In the model using concordant negative as the
comparison group, those with baseline PTSD were more than 20
times more likely to screen PHQ-9 positive/PHQ-8 negative, while
in the model using concordant positive as the comparison group,
those with baseline PTSD were significantly less likely to screen
PHQ-9 positive/PHQ-8 negative. PTSD has been shown to be
associated with suicidal ideation in U.S. military personnel
(Guerra and Calhoun, 2011; Jakupcak et al., 2011). This finding
reiterates the fact that the PHQ-9 is the preferred tool to use in
clinical settings to detect depression, where there is an immediate
opportunity to intervene in the event that suicidal thoughts are
expressed. One study found that the association between PTSD
and suicidal ideation could be fully explained by the presence of
depression symptoms (Bryan and Corso, 2011). Also interesting
was that another large, longitudinal study of veterans found that
comorbid PTSD and depression were associated with lower
suicide rates compared with those having only depression (Zivin
et al., 2007). Zivin et al. hypothesized that those with comorbid
PTSD and depression may have differentially sought more mental
health care than those with depression alone, and that being
engaged in the health care system may have decreased the risk for
suicidal behavior. Undoubtedly, the risk for suicidal behavior in
comorbid PTSD and depression deserves further study.

There were some possible limitations to our study. Because of
nonresponse to survey invitation, the Millennium Cohort Study
may not fully represent the U.S. military; though previous
evaluations have shown the cohort to be well representative of
military personnel (Ryan et al., 2007; Smith, 2009, 2007a; Wells
et al., 2008;). Depression and PTSD were identified based on self-
reported symptoms, not clinical diagnoses. However, many U.S.

military members do not seek mental health care (Hoge et al.,
2004), so the use of electronic medical data and associated
diagnoses would likely have led to significant underreporting.
Participants self-reported ever experiencing combat at baseline,
and therefore some experiences reported may not have occurred
during deployments in support of the recent operations. Other
health and behavioral characteristics were also self-reported and
thus subject to potential recall bias; though previous research on
this cohort has shown participant data to be reliable (Leardmann
et al.,, 2007; Smith et al., 2007b, 2007c, 2007d, 2007e). Finally, all
study participants completed the PHQ-9, and PHQ-8 scores were
based upon scoring items A through H of the PHQ-9. It is possible
that some participants may have scored differently if they had
completed the PHQ-8 rather than extrapolating the PHQ-8 score
from the PHQ-9.

There were also several strengths to this study. This was the
first study to our knowledge to compare the PHQ-9 and PHQ-8
instruments in a large population-based military cohort. The
longitudinal design allowed for prospective follow-up of symp-
tom reporting, and thus the capability to compare the ability to
detect a clinically meaningful change by both instruments. The
many military, demographic, and health characteristics available
for multivariable analyses were a major strength. Additionally,
the study population consisted of a large military sample, including
members from all service branches, from the Reserves and National
Guard, as well as those separated from the military, increasing the
generalizability of the findings. Finally, stigma attached with mental
disorders such as depression may prevent individuals from seeking
care within the Military Health System; therefore, use of confiden-
tial questionnaires eliciting self-reported symptoms may have
allowed for greater capture of mental health morbidity.

In summary, the PHQ-8 instrument detected nearly all cases of
depression captured by the PHQ-9 instrument. High indices of
agreement were seen between both measurement instruments.
There was no clear-cut pattern of predictors that would distin-
guish persons with depression based on the PHQ-9 only that
would be missed with the PHQ-8 strategy. The one factor that
significantly identified PHQ-9 only in both of these comparisons
was reporting one or more items on the CAGE/alcohol questions.
For population screening, the PHQ-8 instrument has high sensi-
tivity and would capture nearly all the same cases of depression
as the PHQ-9 in similar populations to this study.
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