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Abstract

Objective—To examine the performance of the Patient Health Questionnaire-2 (PHQ-2) and the
PHQ-9 in detecting current major depressive episode (MDE) in aging services care management
clients who screen positive for cognitive impairment (CI).

Methods—Cross-sectional observational study of 236 care management clients ages =60 years
recruited from an Upstate NY aging services agency. The test characteristics of the PHQ-2 and
PHQ-9 to screen for depression were calculated using the Structured Clinical Interview for DSM-
IV (SCID) to identify MDE (gold standard). Cl was identified with the Six-Item Screen (SIS).

Results—Participants had a mean age of 77 years, 68% female, 16% non-white, and 26% had
less than a high school education. 16% of participants had CI identified by >2 errors on SIS. Of
these, 41% had positive PHQ-2 (scores >3), 43% had positive PHQ-9 (scores =10), while 24% met
criteria for MDE. In the sample with CI, the PHQ-2, using a cutoff of 3, had sensitivity=0.78,
specificity=0.71, and receiver operating characteristic (ROC) area under the curve (AUC)=0.81,
compared with 0.79, 0.82, and 0.88, respectively, for those without ClI. In the sample with Cl, the
PHQ-9, using a cutoff of 10, had sensitivity=0.89, specificity=0.71, and AUC=0.85, compared
with 0.85, 0.89, and 0.91, respectively, for those without CI.

Conclusions—Cognitive status should be considered when using the PHQ as a depression
screener due to poorer specificity in seniors with CI.

Keywords
depression; cognitive impairment; screening; aging services; care management

Introduction

Comorbid depression and cognitive impairment (CI) are common in older adults and result
in loss of quality of life and functioning. 20-32% of community-residing individuals with
mild cognitive impairment (MCI) or dementia have comorbid depression (Lyketsos et al.,
2000; Lyketsos et al., 2002). Comorbid depression has been associated with increased risk
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of MCI’s progression to dementia (Modrego and Ferrandez, 2004), behavioral problems
(Prado-Jean et al., 2010), and nursing home placement (Steele et al., 1990).

To mitigate this public health burden, early detection and treatment of older adults who are
at risk for dementia and depression are critical; however, both dementia and depression
currently are under-diagnosed and under-treated in primary care settings (Callahan et al .,
1994; Callahan et al., 1995; Valcour et al., 2000; Uniitzer, 2002; Unitzer et al., 2002;
Boustani et al., 2005), where most community-residing older adults receive their care.
Enhancing case identification processes coupled with delivering collaborative care models
for seniors with either dementia (Callahan et al., 2006; Vickrey et al., 2006) or depression
(Untzer et al., 2002; Hunkeler et al., 2006) improve quality of care and health outcomes.
Although dementia collaborative care approaches have been shown to reduce behavioral and
psychological symptoms of dementia in general, benefits for comorbid depression have not
been demonstrated (Callahan et al., 2006).

Several case recognition screening measures exist for both dementia and depression, yet
using these tools together remains a challenge as depression screeners may not perform as
well with Cl. Identification of brief and effective depression screeners that also are accurate
in individuals with CI would allow for more efficient and timely assessment and
management of those at risk.

The Patient Health Questionnaire-9 (PHQ-9) (Kroenke et al., 2001) is a popular depression
screener that has been used in primary care populations. The PHQ-9 and the PHQ-2
(Whooley et al., 1997; Kroenke et al., 2003; Léwe et al., 2005), a shortened version of the
PHQ-9, have been validated for use in older adults (Ell et al., 2005; Li et al., 2007; Lamers
et al., 2008; Shah et al., 2009; Watson et al., 2009). The PHQ’s performance has been
studied in various samples, including the general population (Martin et al., 2006), both older
adult home health care clients (Ell et al., 2005) and community-based social services agency
clients receiving care management (Richardson et al., in press), and patients with various
chronic conditions, including heart (McManus et al., 2005; Stafford et al., 2007; Thombs et
al., 2008), liver (Dbouk et al., 2008) and renal (Watnick et al., 2005) diseases, stroke
(Williams et al., 2005), and traumatic brain injury (Fann et al., 2005). However, with the
exception of a study examining the performance of the PHQ-2 in residential care/assisted
living settings (Watson et al., 2009), these studies have either excluded those with
significant Cl or have not addressed how ClI affects PHQ performance. Therefore, the
validity of either the PHQ-2 or the PHQ-9 as depression screening tools in cognitively-
impaired individuals has not been established. In practice, many older adults with Cl may be
screened for depression with the PHQ-2 or PHQ-9, so there is a need to establish whether
the PHQ is as useful in identifying depression in subjects with Cl as it is in those without.

The aims of this study were to examine the criterion validity (i.e., sensitivity, specificity,
positive and negative predictive values [PPV and NPV], positive and negative likelihood
ratios [+LR and -LR], and area under the receiver-operating characteristic [ROC] curve
[AUC]) of both the PHQ-2 and the PHQ-9 in a sample of community-dwelling seniors who
received in-home assessments for social work care management services, comparing those
subjects with and without CI identified with a brief cognitive screener. Post hoc analyses for
subjects with positive depression screen were conducted to elucidate the depression profiles
of both cognitive groups.

Int J Geriatr Psychiatry. Author manuscript; available in PMC 2014 February 20.
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Recruitment of study participants

Subjects were recruited between September 2005 and August 2007 as part of a community-
academic research partnership between a regional aging services provider, Eldersource
(http://www.eldersource.org/), and the University of Rochester Medical Center. Certified by
the Council on Accreditation (http://www.coanet.org/front3/front.cfm?view=7), Eldersource
provides a range of non-medical services, including care management, that help seniors and
their families achieve or maintain optimal functioning and remain independent in their
homes as long as possible.

Eldersource care managers briefly introduced the study to their clients during the initial
home assessments. Clients who consented to be contacted were then screened by telephone
for eligibility by the study coordinators. Eligible participants had to be at least 60 years of
age and speak English. Participants gave written informed consent at the time of the in-
person interview. For subjects who could not give informed consent, proxy consent was
obtained. With few exceptions, interviews were conducted in the participants’ homes. The
Research Subjects Review Board at the University of Rochester approved the study’s
protocol.

Depression screen

The PHQ-9 (Kroenke et al., 2001) was administered prior to administration of structured
diagnostic instruments using the time frame of the prior 2 weeks to assess for depressive
symptoms. The PHQ-2 (range 0-6) score was determined by the response to the first two
items of the PHQ-9.

Depression gold standard

The Structured Clinical Interview for DSM-IV Psychiatric Disorders (SCID) (First et al.,
2002) was used to inform the presence or absence of current major depressive episodes
(MDEs). The SCID has been used previously to identify major depression in older adults
with dementia (Starkstein et al., 2005a; Teng et al., 2008) and was conducted at the end of
the interview. MDE diagnoses were determined by consensus of the interviewers and a
geriatric psychiatrist (YC). Given limited access to clients’ medical records or other
objective measures of health status, we did not attempt to distinguish MDE from depression
secondary to medical conditions or substances (Koenig et al., 1997).

Cognitive impairment

The Six-Item Screen (SIS) was used to identify subjects with CI (Callahan et al., 2002). The
SIS has been applied as a brief cognitive screener in older adult primary care populations
(Boustani et al., 2005; Callahan et al., 2006), in the emergency department (Wilber et al .,
2008), and in pre-hospital emergency medical services (Shah et al., 2009). It assesses
temporal orientation (three-items) and delayed recall (three-items), an approach similar to
one used to screen for Cl in a study of seniors receiving a community-based depression
intervention (Ciechanowski et al., 2004). The SIS has a range of scores from 0 to 6 errors. A
score of =2 errors was adopted to indicate Cl, as this cutoff represented the most balanced
tradeoff between sensitivity and specificity in a community-based sample (Callahan et al.,
2002).

Statistical analyses

Psychometric properties (i.e., sensitivity, specificity, PPV, NPV, +LR, and —-LR) of both the
PHQ-2 and the PHQ-9 were calculated for the two cognitive groups (=2 SIS errors vs. <2
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SIS errors). In this context, the sensitivity informs the likelihood of a positive PHQ in
individuals with MDE; the specificity informs the likelihood of a negative screen if one does
not have MDE. The PPV is an estimate of the proportion of individuals who screen positive
with the PHQ that are correctly diagnosed as MDE with the SCID, while the NPV is the
proportion of individuals with negative PHQ who are correctly identified by the SCID as not
having an MDE. Whereas the PPV and NPV are dependent on the sample’s prevalence of
MDE, the LR+ and LR- are not, and so should be more consistent across sites. LR+
indicates the relative likelihood that a positive screen would be seen in someone with rather
than without MDE, while the LR~ indicates the relative likelihood that a negative screen
would be seen in someone without rather than with MDE. For example, an LR+ of 5-10
would provide moderate increases in post-test probability of depression, as individuals with
MDE would be 5-10 times more likely to have a positive screen than those without MDE. In
contrast, a screening test with an LR+ of 1 would not be able to discriminate between those
with and without disease as those with disease are just as likely to have a positive screen as
those without disease. (Grimes and Schulz, 2005). ROC analyses, which provide an overall
summary index of the discriminant ability of screening measures, were also conducted to
examine AUC, a summary for the ability of the scales to discriminate between depressed
and non-depressed subjects, for each of the depression screening methods.

To compare demographic variables that are continuous between the two cognitive groups,
either the simple t-test for normally distributed variables or the non-parametric Wilcoxon
rank test were utilized. To compare categorical demographic variables between the two
cognitive groups, the Chi-Square test (or Fisher exact test) was used.

Post hoc descriptive analyses of the means of each of the PHQ-2 and the PHQ-9 items were
conducted for positive PHQ-2 and PHQ-9 scores of for =3 and =10, respectively, for each of
the two cognitive groups, in order to determine whether differences in distribution of
endorsed depressive symptoms may account for observed differences in psychometric
performance of the PHQ-9 between groups. These cutoff scores are consistent with clinical
convention (Kroenke et al., 2001; Kroenke et al., 2003), and we have previously
demonstrated adequate test characteristics using these cutoffs in seniors receiving care
management services (Richardson et al., in press). All analyses were performed by using
SAS 9.2 (SAS Institute Inc., Cary, NC) and SPSS Statistics 17 (SPSS Inc., Chicago, IL).

During the study period, 1090 clients received in-home care management assessments, of
which 643 (59.0%) clients were referred by care managers to study personnel. Some clients
were not referred by their care managers to the study because they had no further interest in
Eldersource services; others were not referred due to fluctuating size of caseloads and staff
turnover (higher caseloads were associated with lag in study referral rates). Of the 643
clients referred, study staff did not contact 63 clients due to very high referral rates
exceeding study resources. Study personnel could not reach 47 clients, and 24 had moved,
died or were ineligible based on age or language criteria. Of the remaining 509 eligible
subjects, 131 (25.7%) declined participation. 378 clients provided informed consent and
were enrolled in the study. Examination of Eldersource administrative data revealed no
statistically significant differences in age, gender, income, marital status, and race between
clients who enrolled and those who did not. Of these 378 subjects, the first 142 enrolled
were not administered the SIS and were excluded from these analyses. Comparisons
between the 236 with and the 142 without SIS revealed no statistically significant
differences in age, gender, income, marital status, race, PHQ-2 and PHQ-9 scores, or
frequency of MDE; however, those with SIS were more likely to have higher levels of
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education (26.3% vs. 35.9% with <12 y education for those with vs. without SIS,
respectively; x2=3.924, df=1, p=0.048).

As shown in Table 1, the majority of subjects were female, white, relatively well-educated,
and with household incomes less than $2000/month. Other than the CI group being older
than those without CI, there were no other statistically significant differences in the
demographic variables shown in Table 1. The SIS, PHQ-2, PHQ-9, and SCID results are
summarized in Table 2.

PHQ-2 and PHQ-9

The psychometric properties for the PHQ-2 and the PHQ-9 within the two cognitive groups
are reported in Table 3. For both groups the conventional cutoff scores of >3 for the PHQ-2
and =10 for the PHQ-9 appear to provide an optimal balance of sensitivity and specificity.
Relative to the cognitively intact group, there were drops in specificity and PPV for both the
PHQ-2 and the PHQ-9 in those with CI. However, the difference in psychometric
performance between subjects with and without CI was less pronounced using the PHQ-2
than the PHQ-9. For both the PHQ-2 (Table 3a) and PHQ-9 (Table 3b), the difference in LR
+ was substantial in both groups.

Figure 1 illustrates the ROC curves and AUC for the PHQ-2 and PHQ-9 in the participants
(a) with and (b) without CI. The curves demonstrate that both the PHQ-2 and PHQ-9 had
poorer overall performance in participants with CI than those without CI.

In order to examine whether specific PHQ-9 items accounted for the differences observed in
the scale’s psychometric properties in the two cognitive groups, we conducted a comparison
between cognitive groups of items that were endorsed in individuals who scored PHQ-9
210. As this particular analysis was designed post hoc, we did not conduct statistical
comparisons. Marked differences existed among participants who scored =10 on the PHQ-9
between the two cognitive groups in four specific items of the measure. Changes in appetite
(mean [£SD]=1.61 + 1.13 for non-ClI group; mean=1.00 + 1.15 for CI group), feeling bad
about oneself or as if one is a failure (mean=1.56 + 1.27 for non-CI group; mean=0.88 +
1.09 for CI group), and thoughts of death or self-harm (mean=0.63 + 0.98 for non-CI group;
mean=0.31 + 0.48 for CI group) were endorsed more often in the non-CI subjects, while
concentration problems were more often endorsed by subjects with Cl (mean=1.23 + 1.25
for CI group); mean=0.200 + 1.32 for non-CI group). Similar comparison of the two items
of the PHQ-2 in those who scored =3 revealed no appreciable differences in response
between the two cognitive groups (loss of interest: mean 2.06 + 0.93 for non-Cl and
mean=2.33 + 0.72 for CI; down mood: mean=2.12 + 0.93 for non-Cl and mean=1.87 + 1.23
for ClI group).

Discussion

To our knowledge, this study is the first to examine the criterion validity of the PHQ-2 and
PHQ-9 among aging services clients receiving in-home social work assessments who have
Cl as identified by a brief cognitive screener. We found that there were differences in
performance for both the PHQ-2 and the PHQ-9 in clients with CI compared with those
without Cl. The overall performances of the PHQ-2 and PHQ-9 as characterized by their
AUC was good (>0.8) in both subgroups of the sample.

At the same time, however, there were differences between the two measures that may
inform decisions about their use in this setting. The sensitivity of the PHQ-2 (0.78-0.79)
was lower than the PHQ-9 (0.85-0.89) for both cognitive groups. However, the specificity
of the PHQ-9 was 18% lower in subjects with CI than in those without CI (0.71 vs. 0.89)

Int J Geriatr Psychiatry. Author manuscript; available in PMC 2014 February 20.
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while the decrement in specificity of the PHQ-2 when used in clients with (0.74) and
without CI (0.82) was less pronounced. In general, the PHQ-2 and PHQ-9 using
conventional cut-offs performed better in the non-Cl group based on a sharper drop in LR+
in the CI group. Using conventional cut-offs, the PHQ-2 and the PHQ-9 perform poorly in
the CI group based on the LR+ of <5 (Grimes and Schulz, 2005). The magnitude of drop in
LR+ between the two cognitive groups was larger with the PHQ-9 compared with the
PHQ-2 which may further reflect limitations of the longer scale when applied to the Cl
group. The cut-off score would have to be increased to 14 for the PHQ-9, to achieve a
moderate increase in post-test probability LR+ of 5-10 (Grimes and Schulz, 2005).

Post hoc analyses in those with positive PHQ screens of PHQ-9 items endorsed by CI and
non-Cl groups revealed disparate scores for the concentration, feelings of failure, appetite
change, and thoughts of death or self-harm items. CI subjects endorsed higher levels of
difficulties with concentration or thinking, as one would expect, and lower levels of
perceived failure and thoughts of death or self-harm. The difference in appetite change is
more difficult to explain. Nonetheless, the fact that none of these three items is included in
the PHQ-2 may explain why there was a less pronounced drop-off in specificity when using
the scale with CI subjects compared with the PHQ-9.

Interpretation of our findings should be made in light of the following limitations. Those
who completed the cognitive screener had higher levels of education compared with the first
142 participants who were not screened for Cl and therefore were not included in the
analyses. The group who screened positive for Cl was older than the group without positive
cognitive screen. Our sample had a relatively small number of individuals with identified CI
and even smaller numbers of those with both Cl and MDE. The lower prevalence of Cl in
the sample may reflect selection bias, as seniors who are most cognitively-impaired,
depressed, disabled, or frail may not have been recruited into our study. Our findings may
not generalize to other populations, as we had a mostly white and relatively well-educated
sample derived solely from one community-based aging services provider. Our study did not
administer the SCID to caregiver informants which may lead to under-recognition of
depression in the CI group. Our use of a brief cognitive screening tool as a proxy measure
for Cl instead of more extensive neuropsychometric and clinical evaluations may have
resulted in less precise classification of our participants’ cognitive status.

However, we argue that our findings contribute to our understanding of how to interpret the
results of the PHQ-2/-9 when co-administered with a Cl screening instrument. As both ClI
and depression are prevalent in older adults, future comprehensive care models will need to
concurrently assess for a variety of common neuropsychiatric conditions.

Several challenges exist for clinicians caring for seniors with depression and CI. Whether to
adopt widespread screening remains controversial. The U.S. Preventative Services Task
Force (USPSTF) has recommended depression screening of adults when resources are
available to allow for accurate diagnosis and adequate depression treatment and follow-up
(USPSTF, 2009), while they have not recommended routine dementia screening in primary
care due to insufficient evidence to determine whether benefits of screening outweigh
potential harms (USPSTF, 2003). Moreover, the lack of consensus about diagnostic criteria
for depression in individuals with Alzheimer’s Disease (AD) poses another barrier for
clinicians. Provisional criteria for depression of AD have been proposed as an alternative to
the DSM-1V (Olin et al., 2002; Rosenberg et al., 2005; Teng et al., 2008) yet have not been
adopted widely. Additionally, discriminating between apathy and depression in individuals
with dementia also poses challenges for clinicians as these can be distinct entities but also
may overlap (Starkstein et al., 2005b). Furthermore, demonstrated effectiveness of
antidepressant treatments for depression associated with AD has not been established.

Int J Geriatr Psychiatry. Author manuscript; available in PMC 2014 February 20.
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Recently, the selective serotonin reuptake inhibitor, sertraline, was not found to be
efficacious in treating depression of AD (Rosenberg et al., 2010).

Turning to the challenge of assessment of depression in individuals with CI or dementia,
there are a variety of depression screeners that have been used in older adults; however, the
validity of using brief depression screening tools in older adults with dementia has not been
as well established. The Cornell Scale for Depression in Dementia is an example of a
clinician-administered instrument specifically designed to assess for depression in those
with dementia (Alexopoulos et al., 1988); however, it is less practical as a screening
instrument given the longer administration time. A version of the Cornell Scale for
Depression in Dementia adapted for direct care providers in residential care/assisted living
settings performed poorly (Watson et al., 2009). The Geriatric Depression Scale (GDS) is
another well-validated depression screener that was specifically designed for use in older
adults. It has abbreviated forms (5- and 15-items) that make it attractive as a screening tool
(Rinaldi et al., 2003; Sheikh and Yesavage, 1986). However, the GDS demonstrated poor
validity when used in a population of patients with mild AD (Burke et al., 1989). The GDS
had favorable test characteristics in a group of older stroke patients with no or only mild to
moderate Cl; however, accuracy decreased in those with more CI (i.e., lower Mini-Mental
State Examination scores) (Agrell and Dehlin, 1989).

Our findings suggest that the PHQ-2 and PHQ-9 have limitations as depression screeners for
individuals with CI as well. However, these screeners could be a useful measure for first-
stage screening for depression as they perform adequately in clients with and without CI
(ROC AUC > 0.8) in this sample with approximately 24% prevalence of depression.
However, when determining the performance of the PHQ-2 and PHQ-9 using the LR+,
which is independent of a sample’s prevalence of depression, to achieve moderate increases
in the post-test probability of depression one would have to increase the cut-off scores for
both of these instruments in those with CI. If these cut-offs were applied, there would be
compromise of the sensitivity of the screen in those with Cl but improved specificity that
would result in a decrease in the frequency of false-positives. The PHQ’s relatively low
specificity in seniors with CI at conventional cut-offs indicates that both the PHQ-2 and the
PHQ-9 should either be used with a second-stage screening measure that offers higher
specificity or followed by a clinical evaluation. Moreover, compared with the PHQ-9, the
PHQ-2’s brevity and ease of administration suit it well to busy social service settings and
will support its uptake and dissemination, provided that there is a system in place for
second-stage screening and assessment (e.g., referral to the primary care provider).

Conclusion

The cognitive status of individuals should be considered when interpreting the results of the
PHQ depression screen because it does not perform as well in seniors with CI using the
usual cutoff scores. Although the performance of the PHQ-2 and the PHQ-9 are not optimal
in those with CI, other depression screeners that are brief and valid in individuals with
significant CI have not been identified. Therefore, adjustments should be made for the
PHQ-2 and the PHQ-9 by either applying a higher cut-off score for those with CI or if
choosing to use conventional cut-off scores, then pairing the PHQ with a second-line
depression scale (such as the Cornell Scale for Depression in Dementia) or referral for
clinical assessment. For agencies with resources available that can absorb the costs
associated with false-positive screens, the PHQ-9 could be used to maximize sensitivity to
detect depression in those with CI. Future work to develop a consensus for depression
screening tools to be used for individuals with CI that balances need for brevity and validity
is needed.
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Figure 1.

Performance of PHQ-2 and PHQ-9 related to cognitive status. a) SIS =2 errors. b) SIS <2
errors. Patient Health Questionnaire-2 (PHQ-2); Patient Health Questionnaire-9 (PHQ-9);
Six-ltem Screen (SIS); receiver operating characteristic (ROC) curve. This figure is
available in colour online at wileyonlinelibrary.com/journal/gps
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Table 1
Sample demographics
Baseline characteristics Total (n=236) SIS =2errors (n=37) SIS <2errors (N=199) p-value
Age, mean+SD range 76.5+9.2 81.3+9.4 75.6+8.9 0.0010
60-100 60-96 60-100
Female, no. (%) 162 (68) 20(54) 142 (71) 0.0524
Education <12 year, no. (%) 62 (26) 13 (35) 49 (25) 0.2217
Married, no. (%) 97 (41) 18 (49) 79 (40) 0.3639
Non-white, no. (%) 39 (16) 7(19) 32 (16) 0.6353
Income <$2K/month, no. (%) 170 (73) 25 (69) 145 (74) 0.5464

Note: Six-Item Screen (SIS). p-values reported for comparisons of continuous demographic variables between the two cognitive groups utilized
either the simple t-test for normally distributed variables or the non-parametric Wilcoxon rank test. The Chi-Square test (or Fisher exact test) was
used to compare categorical demographic variables between the two cognitive groups.
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Cognition and depression measures

Table 2

Baseline characteristics Total SIS=2errors SIS <2errors
SIS, mean+SD, range 0.8+1.3, 0-6 3.3£15, 2-6 0.3+0.5, 0-1
PHQ-9, mean+SD, range 7.7%54,0-27 8.6%#5.1,0-21 7.5%55, 0-27
PHQ-9 =10, no. (%) 73 (31) 16 (43) 57 (29)
PHQ-2, mean+SD, range 2.1+1.8, 0-6 2.3+1.8, 0-6 2.0£1.8,0-6
PHQ-2 =3, no. (%) 79 (34) 15 (41) 64 (32)
MDE by SCID criteria, no. (%) 57 (24) 9 (24) 48 (25)

Page 14

Note: Six-Item Screen (SIS); Patient Health Questionnaire-9 (PHQ-9); major depressive episode (MDE); Structured Clinical Interview for DSM-IV

(SCID).
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Table 3
Characteristics of the (a) PHQ-2 and (b) PHQ-9 in Subjects with and without ClI

(a) PHO-2

With CI (SIS >2 errors)

Int J Geriatr Psychiatry. Author manuscript; available in PMC 2014 February 20.

PHQ-2 scores  Sensitivity ~ Specificity PPV NPV LR+ LR-
1 1.00 0.18 028 100 122 0.00
2 0.89 0.54 038 083 192 021
3 0.78 0.71 046 076 272 031
4 0.56 0.86 055 066 389 052
5 0.33 0.89 050 057 311 0.75
6 0.33 1.00 1.00 0.69 - 0.67
Without CI (SIS <2 errors)
PHQ-2 scores  Sensitivity ~ Specificity PPV NPV LR+ LR-
1 0.98 0.30 031 093 139 0.07
2 0.96 0.61 044 093 245 0.07
3 0.79 0.82 058 079 440 0.26
4 0.57 0.93 072 069 7.89 046
5 0.45 0.97 081 064 1349 057
6 0.21 0.99 0.84 056 16.06 0.80
(b) PHO-9
With CI (SIS =2 errors)
PHQ-9 scores  Sensitivity ~ Specificity PPV NPV LR+ LR-
7 1.00 0.46 037 100 187 0.00
8 1.00 0.54 041 100 216 0.00
9 0.89 0.68 047 095 277 0.16
10 0.89 0.71 050 095 311 0.16
11 0.78 0.79 054 092 364 0.28
12 0.56 0.82 050 085 311 054
13 0.44 0.89 057 062 415 0.62
14 0.44 0.93 067 063 625 0.60
Without CI (SIS <2 errors)
PHQ-9 scores  Sensitivity ~ Specificity PPV NPV LR+ LR-
7 0.96 0.60 043 098 241 0.07
8 0.91 0.70 049 096 307 0.12
9 0.89 0.82 061 09 500 0.13
10 0.85 0.89 071 095 756 017
11 0.74 0.92 075 092 937 0.28
12 0.70 0.94 079 091 1178 0.32
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13 0.62 0.95 081 071 1331 0.40
14 0.62 0.97 088 072 2329 0.39

Note: Patient Health Questionnaire-2 (PHQ-2); Patient Health Questionnaire-9 (PHQ-9); cognitive impairment (CI); Six-Item Screen (SIS);
positive predictive value (PPV); negative predictive value (NPV); positive likelihood ratio (LR+); negative likelihood ratio (LR-).

The bolded numbers represent the test characteristics using conventional cutoff scores of =3 for the PHQ-2 and =10 for the PHQ-9.
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