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Abstract

Objective—Examine the association between thoughts of death or self harm reported on item 9
of the Patient Health Questionnaire (PHQ) depression module and the risk of suicide attempt or
suicide death over the following two years

Methods—In four healthcare systems participating in the Mental Health Research Network,
electronic records identified 509,945 adult outpatients completing 1,228,308 PHQ depression
questionnaires during visits to primary care, specialty mental health, and other outpatient
providers. Non-fatal suicide attempts (n=9,582) were identified using health system records of
inpatient or outpatient encounters for self-inflicted injury. Suicide deaths (n=484) were identified
using cause-of-death codes from state mortality data.

Results—Cumulative hazard of suicide attempt over two years ranged from approximately 0.5%
among those reporting thoughts of death or self harm “not at all” to 3.5% among those reporting
such thoughts “nearly every day”. Cumulative hazard of suicide death over two years ranged from
approximately 0.04% among those responding “not at all” to 0.19 % among those responding
“nearly every day”. The excess hazard associated with thoughts of death or self-harm declined
with time, but remained statistically significant and clinically important for at least 18 months.
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Nevertheless, 39% of suicide attempts and 36% of suicide deaths within 30 days of completing a
PHQ occurred among those responding “not at all” to item 9.

Conclusions—In community practice, response to PHQ item 9 is a strong predictor of suicide
attempt and suicide death over the following two years. For patients reporting thoughts of death or
self-harm, suicide prevention efforts must address this enduring vulnerability.

Suicide remains the 10th-ranked cause of death in the US, accounting for 41,000 deaths in
2013 (1). Suicide attempts lead to 600,000 emergency department visits (2) and 200,000
hospitalizations (3) annually in the US. Effective suicide prevention will require accurate
identification of those at risk. In 2013, the US Preventive Services Task Force (4) found only
“minimal evidence suggesting that some screening tools can identify some adults at
increased risk for suicide in primary care.”

Since the publication of the Preventive Services Task Force recommendations, we reported
(5) that the ninth question of the commonly used Patient Health Questionnaire (PHQ)
depression module can accurately identify outpatients at increased risk of suicide attempt
and death by suicide. Mental health and primary care patients reporting frequent thoughts of
death or self-harm were six times as likely to attempt suicide and five times as likely to die
by suicide over the following year, compared to those not reporting such thoughts.

Increasing use of the PHQ and similar self-report scales in community practice (6-8) creates
both a need and an opportunity to understand how self-reported suicidal ideation predicts
suicidal behavior. Clinicians using these questionnaires will need guidance regarding the
immediate and long-term risk associated with thoughts of death or self-harm. Large health
records databases allow us to address that question.

Here we use data from approximately 500,000 patients in four health systems to examine the
relationship between self-reported thoughts of death or self-harm and subsequent suicidal
behavior. We focus on three questions: Are the relationships reported previously from a
single health system replicated in this larger and more diverse sample? What is the
immediate risk of suicidal behavior among outpatients reporting thoughts of death or self-
harm? How does the risk associated with response to PHQ item 9 change over time?

METHODS

Data are drawn from four health systems in the Mental Health Research Network (MHRN),
a National Institute of Mental Health-funded consortium of research centers based in large
integrated healthcare systems. Across these systems, electronic medical records and
insurance claims have been organized in a Virtual Data Warehouse to facilitate population-
based research (9). Protected health information remains at each system, but common data
definitions and formats facilitate sharing of de-identified data for research. Institutional
Review Boards and privacy boards at each health system approved use of de-identified data
for this research.

The four MHRN health systems contributing data to this report include Group Health
Cooperative, HealthPartners, Kaiser Permanente of Colorado and Kaiser Permanente of
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Southern California. These health systems recommend routine use of the PHQ in depression
care visits and routinely record E-code (or cause-of-injury) diagnoses, allowing
ascertainment of suicide attempts. These systems serve a combined population of
approximately 5 million patients in California, Colorado, Minnesota, Washington, and
Idaho. Patients are generally representative of each system’s geographic area, and are
enrolled through a mixture of employer-sponsored insurance, individual insurance, capitated
Medicare and Medicaid programs, and other state-subsidized low-income programs.

The PHQ depression module (often referred to as the PHQ-9) begins with the general
instruction “Over the last 2 weeks, how often have you been bothered by any of the
following problems?” The ninth item asks about “Thoughts that you would be better off
dead or of hurting yourself in some way” with response options including “Not at all”,
“Several days”, “More than half the days”, and “Nearly every day”.

The study sample included all PHQ results in electronic medical records between 1/1/2007
and 12/31/2012. Any individual patient could contribute multiple PHQ observations. Suicide
deaths were identified using cause-of-death data from state death certificate files. Deaths
were classified as due to suicide if ICD-10 cause-of-death codes indicated definite (X60 to
X84) or possible (Y10 through Y34) self-inflicted injury. Death certificate data were
available through 12/31/2012. Nonfatal suicide attempts were identified using electronic
medical records (for services provided at health system facilities) and insurance claims (for
services provided by external providers or facilities). These data were available through
12/31/2013. Three criteria were used to identify non-fatal suicide attempts:

. ICD-9 diagnosis of self-inflicted injury or poisoning (E950 through E958)

. ICD-9 diagnosis of injury or poisoning considered possibly self-inflicted
(E980 through E988)

. ICD-9 diagnosis of suicidal ideation (\VV62.84) accompanied by a diagnosis
of either poisoning (960 through 989) or open wound (870 through 897).

We previously reported (5, 10, 11) that validation by clinician review of 200 full-text
medical records found a positive predictive value of 100% for the first criterion, 80% for the
second, and 86% for the third (compared to treating providers’ documentation of self-
inflicted injury with suicidal intent). Given the relative frequency of these three criteria in
our sample, we estimate the weighted average positive predictive value to be 94% for all
three combined.

The proportion of medically treated suicide attempts that might be missed by this method
was estimated by examining the proportion of emergency department and hospital
encounters for injury or poisoning in which a cause-of-injury code (or E-code) was not
recorded (12). In 2010, the proportion of injury or poisoning encounters with no E-code
ranged from 11 to 26% in these four health systems (13).

Descriptive analyses examined risk of suicide attempt (nonfatal or fatal) and suicide death
following completion of a PHQ, stratified by response to item 9. Analyses of long-term risk
accounted both for multiple PHQ observations per person and for censoring of availability of
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outcome data over time. Each new questionnaire defined a new period at risk, and a patient
could contribute multiple overlapping risk periods by completing multiple PHQs. Each
suicide attempt or death could be linked to multiple prior PHQ results from a single patient.
This approach examines risk based on data available when the PHQ was completed,
regardless of subsequent questionnaires. It avoids informative censoring that would occur if
likelihood of completing a later PHQ was related to risk of a subsequent suicide attempt. For
analyses of suicide attempts, each risk period was censored at the time of disenrollment from
the health system, death from causes other than suicide, or last availability of suicide attempt
data. For analyses of suicide deaths, each risk period was censored at the time of
disenrollment from the health system, death from causes other than suicide, or last
availability of suicide death data. Because predictors of repeat suicide attempts may differ
from first attempts, PHQ9 observations following a suicide attempt were excluded from
analyses of suicide attempts.

Partly conditional Cox proportional hazards regression (14) was used to estimate the
association between response to PHQ item 9 and subsequent suicide attempt or death after
accounting for potential confounders (age, sex, and health system). Estimated hazard
associated with responding “nearly every day”, “more than half the days”, and “several
days” was compared to estimated hazard associated with responding “not at all” (the
reference group). Because each individual patient could contribute multiple PHQ responses,
the robust sandwich estimator (15) was used to calculate confidence limits for hazard ratio
estimates. To examine how the relationship between response to item 9 and hazard of
subsequent suicidal behavior did or did not decrease over time, we compared alternative
models including either a constant effect of item 9 response over time or two possible time-
varying effects: a linear decrease or a log-linear decrease over time. Alternative models were
evaluated using the Bayesian Information Criterion statistic (16, 17); a decrease of ten points
is considered a meaningful improvement in model fit.

RESULTS

After applying the above eligibility criteria and exclusions, electronic medical records
contained 1,228,308 PHQ results for 509,945 patients, including 302,659 patients (59%)
with a single questionnaire, 95,880 (19%) with two, 38,321 (8%) with three, 20,204 (4%)
with four, and 52,881 (10%) with five or more. Encounters in which questionnaires were
administered included 500,751 (41%) with specialty mental health providers, 442,509 (36%)
with primary care providers, and 285,048 (23%) with various other medical or surgical
specialists (including emergency department visits). At time of completing the PHQ,
709,580 (58%) had received some mental health diagnosis or treatment in the previous 90
days. Using the conventional classification of PHQ scores, depression was minimal (score 0
to 4) in 408,575 (34%), mild (score 5 to 9) in 295,907 (25%), moderate (score 10 to 14) in
221,845 (19%), moderately severe (score 15 to 19) in 153,946 (13%), and severe (20 or
greater) in 103,098 (9%). As shown in Table 1, patients completing PHQs were
predominantly female and were diverse with respect to age and race/ethnicity.
Approximately 3.5% reported thoughts of death or self-harm “more than half the days” and
approximately 2.4% reported such thoughts “nearly every day”, but these proportions varied
according to age and race/ethnicity.
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In this sample, death certificate data identified 484 suicide deaths, including 457 attributed
to definite self-inflicted injury and 27 attributed to possible self-inflicted injury.

Electronic medical records and insurance claims data identified 9203 unique instances of
non-fatal suicide attempt, limited to the first attempt per person. These included 6,345
diagnoses of definite self-inflicted injury, an additional 2,105 diagnoses of possible self-
inflicted injury, and an additional 753 probable suicide attempts identified by the
combination of a poisoning or wound diagnosis linked to a diagnosis of suicidal ideation.

Table 2 describes counts and rates of suicide attempts and deaths in 7 days and 30 days after
completing a PHQ. While rates of suicide attempt and suicide death increased with
escalating responses to PHQ item 9, over one third of suicide attempts and suicide deaths
occurred among those responding “not at all”. Even among those reporting thoughts of death
or self-harm nearly every day, risk of any suicide attempt within 7 days was approximately 1
in 500 and risk of suicide death was approximately 1 in 10,000.

The estimated long-term hazard of any suicide attempt (nonfatal or fatal) stratified by
response to PHQ item 9 is shown in the top half of Figure 1. Over two years, cumulative
hazard ranged from approximately 0.5% (1 in 200) for those responding “not at all” to
approximately 3.5% (1 in 30) for those responding “nearly every day”.

In a partly conditional Cox proportional hazards model predicting risk of any suicide
attempt, addition of item 9 response (three indicator variables for levels of positive response)
was a highly significant predictor of average risk over two years (p<.00001 compared to
model including only age, sex and study site). Allowing the effect of item 9 responses to
vary linearly over time significantly improved model fit (Bayesian Information Criterion or
BIC decreased from 255,003 to 254,813). Model fit was further improved by allowing the
effect of item 9 responses to vary over time in a log-linear fashion (BIC decreased to
254,786). Table 3 displays the estimated relative hazards of suicide attempt from the final
model allowing a log-linear change over time. The excess hazard associated with reporting
thoughts of death or self-harm did decrease over time, but relative hazards for all positive
responses remained significantly elevated through 18 months.

The estimated long-term hazard of suicide death according to item 9 response is shown in
the bottom half of Figure 1. Over two years, cumulative hazard ranged from approximately
0.04% (1 in 2500) for those responding “not at all” to approximately 0.2% (1 in 500) for
those responding “nearly every day”. No clear separation was observed between those
responding “Several days” and “More than half the days”.

In a partly conditional Cox proportional hazards model predicting risk of suicide death by
age, sex and study site, addition of three indicator variables for item 9 response was a
significant predictor of average hazard over two years (p<0.0001). Table 3 displays the
estimated relative hazard of suicide death for different responses to PHQ item 9, again
allowing the effect of item 9 scores to vary over time in a log-linear fashion. Confidence
limits were wider than those for relative hazard of suicide attempt, reflecting the smaller
number of events. Estimated relative hazard associated with a response of “more than half
the days” appear to decline more with time than seen for suicide attempts. No statistically
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significant differences were observed between the “Several days” and “More than half the
days” groups at any time point. Otherwise, the overall pattern was generally similar to that
seen for suicide attempts: relative hazard estimates declined over time but remained
significantly elevated through 18 months.

The proportional hazards models described above were used to examine the unique
contribution of item 9 to predicting suicidal behavior, over and above the effect of
depression severity (as indicated by items 1 through 8). As shown in Table 4, adding
categorical indicators for overall depression severity only slightly attenuated the excess
hazard associated with response to item 9 for prediction of suicide attempts (column 2 vs
column 3) or suicide deaths (column 4 vs. column 5).

Analyses stratified by sex found that absolute hazard of suicide risk was higher in males, but
relative hazard of suicide attempt and suicide death according to PHQ item 9 response was
generally similar for males and females (see online Appendix for details).

DISCUSSION

In this sample of over 1.2 million PHQ depression questionnaires completed by over
500,000 outpatients, we find that response to PHQ item 9 was a strong predictor of suicide
attempt and suicide death over the following two years. These results extend our previous
findings in three significant ways. First, the strong association between item 9 response and
subsequent suicidal behavior is confirmed in more diverse sample from four large healthcare
systems (Figure 1). Second, we can more precisely describe the immediate risk of suicidal
behavior, a significant concern for practicing clinicians (Table 2). Third, long-term follow-up
data allow us to describe how risk evolves over time (Table 3).

These real-world data have several important strengths. The sample was not limited to
research volunteers and included all PHQ responses in a large, diverse sample from
community practice. Thoughts of death or self-harm were reported in real time rather than
recalled months or years later. Suicide attempts and suicide deaths were recorded
independently and prospectively. These results illustrate the potential for “big data” from
electronic health records to accelerate research and inform quality improvement regarding
suicide risk.

Diagnoses of self-inflicted injury, our primary criterion for identifying suicide attempts, may
have included cases of self-inflicted injury without suicidal intent. Our chart review
validation, however, found a positive predictive value of over 90% for provider-documented
suicidal intent.

While frequent thoughts of death or self-harm were strongly associated with subsequent
suicidal behavior, we should emphasize the trade-off between sensitivity (identifying all
patients at risk) and positive predictive value (identifying those at highest risk). As shown in
Table 2, any positive response to item 9 would have a sensitivity of 61% (698/1145) for
detecting any suicide attempt and 64% (50/78) for detecting suicide death over one month.
But the two-year cumulative hazard of suicide attempt in those with any positive response is
less than 2%. Using a higher threshold of “more than half the days” or “nearly every day”
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would increase cumulative hazard or positive predictive value to approximately 3% but
reduce sensitivity to approximately 35%. This trade-off is not unique to identifying suicide
risk; it was described over 30 years ago concerning cardiovascular prevention (18).
Interventions limited to those at highest risk will not reach the medium-risk population
where most morbidity and mortality occur. For perspective, a 3% hazard of suicide attempt
in outpatients with frequent thoughts of death or self-harm is similar to the hazard of stroke
in outpatients with atrial fibrillation and hypertension (19).

The excess risk associated with reporting thoughts of death or self-harm did decrease with
time. For example, the relative hazard of suicide attempt associated with reporting such
thoughts “nearly every day” (compared to responding “not at all”’) decreased from
approximately ten to approximately four over 18 months. Relative hazard of suicide death
showed a similar pattern of decrease over time. Nevertheless, reporting frequent thoughts of
death or self-harm was associated with statistically significant and clinically important
increases in risk of suicide attempt and suicide death for at least 18 months.

The PHQ was designed to assess depression severity, not to assess suicide risk. Broader
questions regarding hopelessness or suicidal thoughts, such as those in the Beck Depression
Inventory (20) or the Quick Inventory of Depressive Symptomatology (21), might prove
more sensitive. Questions focused on suicidal ideation, such as the Columbia Suicide
Severity Rating Scale (22) or the Scale for Suicidal Ideation (23) might identify a smaller
group at higher risk. At this time, we lack prospective data from community practice
regarding those alternative assessments. We focus on the PHQ not because it is the optimal
measure, but because it is widely used in community practice.

Most questionnaires in this sample were completed by patients receiving mental health
treatment. Questions regarding thoughts of death or self-harm might have different meaning
for patients with no mental health history. Our sample includes too few questionnaires from
emergency departments or other specialty clinics to examine whether results differ in those
specific settings. In most cases, treating clinicians were aware of PHQ responses and might
be expected to take appropriate clinical actions to reduce risk. The association we observe
between item 9 response and subsequent risk occurred in spite of any such clinical
intervention.

Our findings certainly do not suggest that clinicians can use the PHQ or any other
assessment to accurately predict short-term risk of suicidal behavior. Instead, we find that
short-term prediction is not feasible and that emphasis on short-term risk is misplaced.
Frequent thoughts of death or self-harm indicate an enduring vulnerability rather than
simply a short-term crisis.

Any efforts to identify and reduce risk of suicidal behavior must be guided by evidence
regarding risk levels in different populations. In the general population, where one-year risk
of suicide attempt is less than one per thousand, community-level programs can increase
public awareness or reduce availability of lethal means (24). At the other extreme, intensive
programs (25, 26) focus on the small group of patients with recent or repeated suicide
attempts, where one-year risk approaches one in two. Our findings suggest that responses to
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the commonly-used PHQ depression scale identify a large intermediate group for whom
two-year risk of suicide attempt exceeds one in thirty. Additional research is needed to
identify effective interventions appropriate for this at-risk group.

The Preventive Services Task Force recommendation against screening for suicide risk cited
the absence of data regarding either the accuracy of screening tests or the effectiveness of
preventive interventions. Our findings only address the first of those gaps. While our data
cannot assess the effectiveness of interventions, they do provide guidance regarding timing
of prevention programs. Among outpatients reporting thoughts or self-harm “nearly every
day” cumulative hazard of suicide attempt was approximately 1 in 500 after one week,
increasing to 1 in 30 over two years. Hospitalization or crisis-focused interventions may
sometimes be necessary, but they cannot address risk that endures for months or years.
Sustained interventions, most likely focused on skill development and maintaining treatment
engagement, will be necessary to address sustained risk.
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APPENDIX

The figure below shows cumulative hazard of any suicide attempt over two years according
to response to PHQ item 9 regarding thoughts of death or self-harm. Different colors
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represent different responses to PHQ item 9. Solid lines show cumulative hazard for males
and dashed lines show cumulative hazard for females.
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Males and females show a generally similar pattern of increasing hazard with response to
item 9 (i.e. generally similar RELATIVE hazard). For any level of item 9 response, the
cumulative hazard is generally similar for males and females (i.e. generally similar
ABSOLUTE hazard). In other words, we findings do not indicate a clinically or practically
important main effect of sex OR interaction between sex and item 9 score in predicting
subsequent risk of any suicide attempt.

Nevertheless, a formal test for interaction effect (test for heterogeneity of odds ratios for 3
indicator variables between two sex categories) is highly significant (p=.001). This
“significant” interaction effect in the absence of a meaningful difference appears to reflect
an “over-powered” interaction test (high level of precision due to large sample size and large
number of suicide attempt events). Despite the significant test for interaction, we would
conclude that the implications of response to PHQ item 9 for subsequent risk of any suicide
attempt are generally similar for males and females

The figure below shows cumulative hazard of suicide death over two years according to
response to PHQ item 9 regarding thoughts of death or self-harm. Different colors represent
different responses to PHQ item 9. Solid lines show cumulative hazard for males and dashed
lines show cumulative hazard for females.
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Males and females show a generally similar pattern of increasing hazard with response to
item 9 (i.e. generally similar RELATIVE hazard). But for any level of item 9 response, the
cumulative hazard of suicide death is approximately twice as great in males (i.e. greater
ABSOLUTE hazard). A formal test for interaction effect is not significant (p=.78), but we
must acknowledge that (given the much smaller number of suicide deaths) this analysis is
under-powered. The practical or clinical implications of these findings depend on whether
we choose to focus on absolute or relative hazard. Regarding absolute hazard — Reporting
frequent thoughts of death or self-harm implies approximately twice as much subsequent
risk in males as in females. Regarding relative hazard — the proportional increase in risk
associated with different levels of response to PHQ item 9 is generally similar for males and
females (e.g. 8-fold increase in relative hazard after one month for response of “nearly every
day” compared to “not at all”.)
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CLINICAL POINTS

Reporting frequent thoughts of death or self-harm indicates a significant
and sustained increase in risk of suicide attempt and suicide death.

Prevention efforts should address suicide risk as an enduring vulnerability
rather than a short-term crisis.
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Figure 1.
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Cumulative hazard of any suicide attempt and suicide death over two years according to
response to PHQ item 9 regarding thoughts of death or self-harm.
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Relative hazards suicide attempt or suicide death 30 days after completion of PHQ according to response to

item 9. Columns 2 and 4 do not adjust for response to PHQ items 1 to 8; columns 3 and 5 also adjust for

response to items 1 to 8.

Relative hazard of any suicide attempt

Relative hazard of suicide death

Response to item 9

Not at all Reference Reference Reference Reference
Several days 3.2 2.8 3.6 3.2
More than half the days 5.8 45 53 4.3
Nearly every day 10.3 7.9 8.5 6.7
Score for items 1 to 8
0 through 9 Reference Reference
10 through 14 13 13
15 or more 1.6 15
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