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BRIEF METHODOLOGICAL REPORTS

The Patient Health Questionnaire-9 as a Screening Tool for
Depression in Individuals with Type 2 Diabetes Mellitus: The
Maastricht Study

Eveline P. C. J. Janssen, MD,*† Sebastian K€ohler, PhD,*‡ Coen D. A. Stehouwer, MD, PhD,§¶

Nicolaas C. Schaper, MD, PhD,§¶** Pieter C. Dagnelie, MD, PhD,¶**†† Simone J. S. Sep, PhD,§¶

Ronald M. A. Henry, MD, PhD,§¶ Carla J. H. van der Kallen, PhD,§¶ Frans R. Verhey, MD, PhD,
*‡ and Miranda T. Schram, PhD§¶

OBJECTIVES: To assess the psychometric properties and
identify the best cutoff value of the Patient Health Ques-
tionnaire-9 (PHQ-9) for depression screening in individuals
with type 2 diabetes mellitus (T2DM).

DESIGN: Observational population-based cohort study.

SETTING: The Maastricht Study.

PARTICIPANTS: Individuals with and without T2DM
(mean age 58.6 � 8.1, 44.6% male) according to an oral
glucose tolerance test (N = 2,997).

MEASUREMENTS: Depressive disorder and depressive
symptoms were measured using the Mini-International Neu-
ropsychiatric Interview (MINI) as the reference and the PHQ-
9. Cronbach alpha, Cohen’s kappa and receiver operating
characteristic (ROC) analyses were used. Differences in facto-
rial structure between participants with and without T2DM
were tested using multigroup confirmatory factor analysis.

RESULTS: Based on the traditional PHQ-9 cutoff value,
133 (4.4%) participants had depressive symptoms (PHQ-9
score ≥10). Internal consistency of the PHQ-9 was good
(Cronbach a = 0.87 with T2DM, 0.82 without T2DM),
the kappa of agreement between the PHQ-9 and the MINI
was moderate (0.40 with T2DM, 0.43 without T2DM).
Area under the ROC curve for the PHQ-9 was 0.87 in
participants with T2DM and 0.88 in those without. A
PHQ-9 cutoff score of 5 provided the best sensitivity
(92.3%), with acceptable specificity (70.4%), for T2DM,

similar to sensitivity and specificity in individuals without
T2DM. Factor analysis suggested a similar two-factor
structure in both groups (affective and somatic symptoms).

CONCLUSION: Patient Health Questionnaire-9 performs
well as a screening tool for depressive symptoms in indi-
viduals with and without T2DM based on the cutoff value
of 5, indicating that the PHQ-9 can be used in two-stage
screening in primary care to select individuals with T2DM
for further psychological evaluation. J Am Geriatr Soc 64:
e201–e206, 2016.

Key words: diabetes mellitus type 2; depressive disor-
der; Patient Health Questionnaire-9; Mini-International
Neuropsychiatric Interview; screening

Type 2 diabetes mellitus (T2DM) is a chronic metabolic
disorder, and psychological comorbidity such as

depression is prevalent.1 Meta-analyses have demonstrated
that a depressive disorder is nearly twice as prevalent in
individuals with T2DM than in the general population,
with a prevalence of 8% to 43.5%.2–5 Depression in indi-
viduals with T2DM is associated with poorer quality of
life,6 poorer self-care, greater healthcare use, poorer glyce-
mic control, and subsequently higher healthcare costs.6–10

The poorer glycemic control in individuals with T2DM
with depressive symptoms may, at least in part, explain
the excess risk of DM-related complications and mortality
in these individuals.8–12 Therefore, early detection and
treatment of depressive symptoms in individuals with
T2DM may decrease complications and mortality and help
to prevent a more-severe depressive disorder.13 The nega-
tive effects of depression in individuals with T2DM are
not limited to those with severe depression but have also
been observed in individuals with relatively mild or
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subclinical depression.9,14 It is recommended that individu-
als with T2DM be systematically screened for depres-
sion,15 but this has not been implemented in primary and
referral diabetes mellitus healthcare settings in most coun-
tries, indicating that validated, standardized methods for
depression screening are needed in guidelines for T2DM
treatment.

Several questionnaires have been developed to assess
depressive symptoms, of which the 9-item Patient Health
Questionnaire (PHQ-9) is frequently used.16,17 The predic-
tive value of the PHQ-9 has been studied in small samples
of individuals with T2DM for major and in some studies
also for minor depressive disorder.18–21 The questionnaire
performed well as a screening instrument in comparison
with the reference standards (clinical interview or the
Mini-International Neuropsychiatric Interview (MINI)22),
but each study used a different cutoff value for the PHQ-
9.18–20 Factor analytical studies in the general population
or in individuals with depression suggest that the PHQ-9
consists of two correlated factors measuring affective and
somatic symptoms of depression,23,24 yet it is unknown
whether the factor structure is similar for individuals with
and without T2DM, in particular because somatic symp-
toms of depression might occur more often in individuals
with T2DM.

Before the PHQ-9 can be implemented in daily clinical
diabetes care, further psychometric evaluation of the ques-
tionnaire is required in a large group of individuals with
T2DM. Furthermore, the best cutoff value of the PHQ-9
has to be identified, taking into account a prevalence of
depression of less than 10% in the target population.25

The aims of the present study were to identify the best
cutoff value for the PHQ-9 questionnaire in individuals
with and without T2DM using the MINI diagnostic inter-
view as the reference standard and to test the psychometric
properties of the PHQ-9 in individuals with and without
T2DM.

METHODS

Study Population

Data from the Maastricht Study, an observational popula-
tion-based cohort study, were used. The rationale and
methodology have been described previously.26 In brief,
the study focuses on the etiology, pathophysiology, com-
plications, and comorbidities of T2DM and is character-
ized by an extensive phenotyping approach. All individuals
aged 40 and 75 living in the southern part of the Nether-
lands were eligible for participation. Participants were
recruited through mass media campaigns and from the
municipal registries and the regional Diabetes Patient Reg-
istry using mailings. Recruitment was stratified according
to known T2DM status for reasons of efficiency. The pre-
sent report includes cross-sectional data from the first
3,451 participants, who completed the baseline survey
between November 2010 and September 2013. Examina-
tions of each participant were performed within a time
window of 3 months. The institutional medical ethical
committee (NL31329.068.10) and the Minister of Health,
Welfare and Sports of the Netherlands approved the study
on the basis of the Health Council’s opinion (Permit

131088–105234-PG). All participants provided written
informed consent.

Assessment of T2DM Status

To determine glucose metabolism defined according to the
World Health Organization 2006 criteria,27 all partici-
pants except those using insulin underwent an oral glucose
tolerance test after an overnight fast.26 Participants using
glucose-lowering medication were classified as having
T2DM. Individuals with type 1 diabetes mellitus were
excluded from the analyses.

Assessment of Depression

Major and minor depressive disorders according to Diag-
nostic and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-IV) criteria were assessed using the MINI,
a short diagnostic structured interview.22,26 Major depres-
sive disorder was diagnosed if participants had at least
one core symptom (depressed mood or loss of interest)
and at least four other symptoms of depression (signifi-
cant weight change or change in appetite, insomnia or
hypersomnia, psychomotor agitation or retardation, fati-
gue or loss of energy, guilt or worthlessness, diminished
ability to think or concentrate or indecisiveness, and sui-
cidal thoughts or plans). Persons with one core symptom
and one to three other symptoms were classified as hav-
ing a minor depressive disorder. The term “depression”
in this study refers to participants with major or minor
depressive disorder.

Depressive symptoms were assessed using a validated
Dutch version of the PHQ-9, a self-administered question-
naire based on the DSM-IV criteria for a major depressive
disorder.17 The PHQ-9 measured cognitive (thoughts about
oneself and problems of the mind) and somatic symptoms
of depression (various bodily sensations that a depressed
individual perceives as unpleasant or worrisome). The
questionnaire comprises nine items each rated on a 4-point
scale ranging from 0 (not at all) to 3 (nearly every day).
Response options are used to calculate a continuous total
score ranging from 0 to 27; as a continuous variable, scores
of 9 or less indicate no depression, 10 to 14 moderate
depression, 15 to 19 moderately severe depression, and 20
to 27 severe depression. A predefined cutoff score of 10
can be used as a dichotomous scoring system for defining
clinically relevant depressive symptoms.17

Statistical Analysis

Statistical analyses were performed using SPSS version
20.0 (IBM Corp, Armonk, NY) and Mplus 7 (Muth�en &
Muth�en, Los Angeles, CA). Dichotomous data were ana-
lyzed using the chi-square test and continuous data using
an independent-samples t-test. The interitem consistency of
the PHQ-9 was measured according to Cronbach alpha.
Agreement between the MINI and PHQ-9 was measured
according to Cohen’s kappa. Receiver operating character-
istics (ROC) analyses were used to assess the sensitivity,
specificity, and positive and negative predictive value and
to test for overall accuracy and unweighted k for cutoff
points on the PHQ-9. In this study on screening
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characteristics, higher sensitivity of the PHQ-9 is preferred
over good specificity.

To assess whether PHQ-9 specific items (e.g., somatic
or affective symptoms) are related to different latent
dimensions of depression, confirmatory factor analysis was
conducted, following a strategy described previously.23

The PHQ-9 consists of Likert-type items that were treated
as ordinal variables by specifying a mean and variance-cor-
rected weighted least squares estimator. The model with
the best fit was chosen based on the root mean square
error of approximation (RMSEA, <.05 indicates close fit),
Comparative Fit Index, and Tucker-Lewis Index (values
>0.95 indicate close fit for both). Chi-square is also
reported (P > .05 desirable), although it is sensitive to
sample size and is often significant in even only moderately
large samples. Finally, measurement invariance was tested
to evaluate whether the factor model is similar for partici-
pants with and without T2DM (multigroup confirmatory
factor analysis). In the case of strong factorial invariance,
groups have the same factor pattern (same number of fac-
tors and same items correlating with the same factors),
intercepts (or item thresholds in the case of ordinal items),
and factor loadings.28

RESULTS

Demographical and Clinical Characteristics

Of the 3,451 participants, 454 were excluded from the
analyses because they had Type 1 or other type of diabetes
(n = 41) or missing MINI (n = 141) or PHQ-9 (n = 294)
values (Figure S1). Of the remaining 2,997 participants,
793 (26.5%) had T2DM. Depressive disorder, according
to the MINI, was present in 61 (7.7%) participants with
T2DM and in 88 (4.0%) of those without.

Demographical and clinical characteristics according
to T2DM and depression status are presented in Table 1.
Significant differences were found in all demographic char-
acteristics, lifestyle factors, clinical characteristics, and use
of medication, except for sleep medication, between partic-
ipants with and without T2DM.

In the T2DM group, individuals with current depres-
sion had higher glycosylated hemoglobin levels and were
significantly more likely to report lifetime depression;
to be current smokers; and to use antidepressants, anxi-
olytics, and antipsychotics than those who did not have
depression.

Individuals with T2DM with depression were signifi-
cantly more often male; were older; had a higher body
mass index; and more often reported prior cardiovascular
disorders, hypertension, and use of glucose-lowering medi-
cation, statins, and antihypertensives than those without
T2DM.

Agreement Between PHQ-9 and MINI Diagnostic
Interview

Based on the traditional PHQ-9 cutoff value of 10, 133
(4.4%) participants, 57 with and 76 without T2DM, were
found to have depressive symptoms. The internal consis-
tency of the PHQ-9 was good, and Cronbach alpha was
0.87 for individuals with T2DM and 0.82 for those

without. The kappa measure of agreement between PHQ-9
with a cutoff score of 10 and the MINI was moderate
(0.40 with T2DM, 0.43 without).

In the group with T2DM, overlap between a MINI
diagnosis of depression and presence of a PHQ-9 score of
10 or greater was small (Table 2). Sensitivity was 42.6%,
and specificity was 95.7%, with a positive predictive value
of 45.6% and a negative predictive value of 95.8%
(Table 3). Similar poor results were found in the group
without T2DM and the total population (Table 3).

ROC Analyses

Receiver operating characteristic analyses were performed
to define a potential better cutoff value for the PHQ-9.
These analyses showed an area under the ROC curve
(AUC) of 0.87 in individuals with T2DM and 0.88 in
those without (both good). When the groups were com-
bined, an AUC of 0.88 was found (Figure S2). Table 3
illustrates that a PHQ-9 cutoff score of 5 provided the best
sensitivity (92.3%), with moderate but still acceptable
specificity (70.4%) for individuals with T2DM. Sensitivity
for individuals without T2DM was 92.9%, and specificity
was 73.9%.

Factor Structure

Confirmatory factor analysis was performed following a
previously reported strategy;23 four models were tested (a
single-factor model and three-two-factor models that com-
pared different item-factor loading: Table S1), and the best
fit was found for a two-factor model consisting of four
nonsomatic (anhedonia, depressed mood, feeling of worth-
lessness, thoughts of death) and five somatic (fatigue, appe-
tite changes, sleep difficulties, concentration difficulties,
psychomotor agitation and retardation) items. This model
showed a close fit (v2 = 196.9, degrees of freedom = 26,
P < .001; RMSEA = 0.047, 90% confidence interval =
0.04–0.05, Comparative Fit Index = 0.991, Tucker-Lewis
Index = 0.987) (Table S2). Testing the model in individu-
als with and without T2DM separately showed good fit in
both groups (data not shown). Formal testing for measure-
ment invariance across both groups showed support for
strong (scalar) factorial invariance.

Diagnostic Algorithm of the PHQ-9

A diagnostic algorithm can be used as an alternative sum-
score for the PHQ-9; the core symptoms of depressive dis-
order (depressed mood, anhedonia) have to be present
along with five or more other items for more than half of
the days.29 This algorithm had worse consistency with
MINI depressive disorder than the continuous total score
(data not shown).

Sensitivity Analyses

Because the use of psychoactive drugs (Table 1) could
affect the scoring of the PHQ-9, a sensitivity analyses was
performed excluding participants who used anxiolytics,
antidepressants, or antipsychotics. This did not materially
change the results (data not shown).
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DISCUSSION

The PHQ-9 performed similarly in individuals with and
without T2DM in the current study. In individuals with
and without T2DM, a PHQ-9 cutoff of 5 was found to
distinguish far better between individuals with and without
depression as diagnosed using the MINI structured inter-
view than the traditional cutoff 10. Further psychometric
evaluation demonstrated a similar factor structure of
the PHQ-9 for individuals with and without T2DM,

suggesting two correlated factors (affective and somatic
symptoms).

The application of a cutoff score of 5 for the PHQ-9
demonstrated sensitivity of 92.3% and specificity of
70.4% in individuals with T2DM and comparable results
in individuals without T2DM. The sensitivity of the tradi-
tional PHQ-9 cutoff score of 1017 was below acceptable
values, in contrast to the majority of earlier studies. To the
knowledge of the authors of the current study, this is the
first study to investigate a different ratio of sensitivity and

Table 1. Baseline Characteristics (N = 2,997)

Characteristic

Without T2DM With T2DM

Total,

n = 2,204

No Depression,

n = 2,116

Depression,

n = 88

Total,

n = 793

No Depression,

n = 732

Depression,

n = 61

Demographic
Male, n (%) 984 (44.6)c 949 (44.8)e 35 (39.8)j 534 (67.3) 496 (67.8) 38 (62.3)
Age, mean � SD 58.6 � 8.1c 58.7 � 8.2e 57.2 � 7.7i 62.4 � 7.7 62.5 � 7.6 60.6 � 8.1
Education, n (%)
Low 27.4c 26.6e,h 44.0 45.3 44.5 54.1
Medium to high 72.6c 73.4 55.9 54.7 55.5 45.9

Partner, n (%) 1,857 (85.3)a 1,787 (85.4) 70 (81.4) 637 (80.3) 594 (83.1)i 43 (70.5)
Lifetime depression, n (%) 682 (30.9) 632 (29.9)h 50 (56.8) 262 (33.0) 228 (31.1)k 34 (55.7)
Patient Health Questionnaire-9 score,
mean�SD

2.6 � 3.0c 2.3 � 2.5d,h 9.2 � 5.7 3.3 � 4.2 2.6 � 3.1k 10.7 � 7.3

Lifestyle factors
Body mass index, kg/m2 26.0 � 3.9 c 26.0 � 3.8e,f 27.0 � 4.9k 29.9 � 4.9 29.8 � 4.9 31.3 � 5.5
Physical activity hours/wk, mean�SD 14.8 � 8.1 c 14.9 � 8.2e 12.6 � 6.7 12.2 � 7.7 12.3 � 7.7 10.7 � 7.8
Smoking, n (%) c e,f

Never 37.5 38.2 30.2 28.1 29.0i 18.3
Former 49.5 50.0 50.0 56.5 56.7 55.0
Current 12.0 11.8 19.8 15.3 14.3 26.7

Alcohol (drinks/wk), n (%) c e,g

None 14.0 13.5 26.5 28.6 27.7 39.3
Moderate (women ≤7, men ≤14) 57.2 57.6 48.2 51.8 52.7 41.0
High (women >7, men >14 28.8 28.9 25.3 19.6 19.6 19.7

DM-related characteristics
History of cardiovascular disorders, n (%) 259 (12.0)c 250 (12.1)e 9 (10.6)j 212 (27.8) 194 (27.6) 18 (31.0)
Hypertension, n (%) 998 (45.4)c 953 (45.1)e 45 (51.1)k 660 (83.2) 610 (83.3) 50 (82.0)
Duration of T2DM 8.3 � 7.0 8.2 � 6.9 9.8 � 7.6
Glycosylated hemoglobin, mmol/mol,
mean�SD

36.6 � 4.0c 36.6 � 4.1e 36.7 � 3.7k 51.7 � 11.1 51.5 � 10.7i 54.8 � 14.6

Medication, n (%)
Glucose-lowering medication 0 (0)c 0 (0)e 0 (0)k 618 (77.9) 567 (77.5) 51 (83.6)
Antihypertensive 586 (26.6)c 557 (26.4)e 29 (33.0)k 574 (72.4) 528 (72.1) 46 (75.4)
Statin 445 (20.2)c 426 (20.2)e 19 (21.6)k 592 (74.7) 548 (74.9) 44 (72.1)
Antidepressant 132 (6.0)b 113 (5.3)h 19 (21.6) 68 (8.6) 53 (7.2)k 15 (24.6)
Anxiolytic 50 (2.3)a 39 (1.8)h 11 (12.5) 29 (3.7) 22 (3.0)j 7 (11.5)
Sleep medication 50 (2.3) 45 (2.1)f 5 (5.7) 15 (1.9) 12 (1.6) 3 (4.9)
Antipsychotic 9 (0.4)a 5 (0.2)h 4 (4.5) 9 (1.1) 5 (0.7)k 4 (6.6)

Depression was diagnosed using the Mini-International Neuropsychiatric Interview.

SD = standard deviation.
aP < .05 versus type 2 diabetes mellitus (T2DM).
bP < .01 versus T2DM.
cP < .001 versus T2DM.
dP < .05 versus T2DM and no depression.
eP < .001 versus T2DM and no depression.
fP < .05 versus no T2DM and depression.
gP < .01 versus no T2DM and depression.
hP < .001 versus no T2DM and depression.
iP < .05 versus T2DM and depression.
jP < .01 versus T2DM and depression.
kP < .001 versus T2DM and depression.
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specificity based on screening characteristics, which also
explains the difference from previous studies.

These results show that the PHQ-9 can best be con-
ceived as a first-stage screening tool in daily DM care to
identify individuals in need of further psychological evalu-
ation. To maximize the probability of detection of depres-
sion in individuals with T2DM, high sensitivity seems
preferable over high specificity, even though this means
accepting the inclusion of some false-positive cases (moder-
ate specificity), assuming that a second, more in-depth
assessment will filter out the latter.25 In current DM care,
treatment is focused on glycemic control, dietary advice,
and cardiovascular risk management.30 Psychopathological
problems in individuals with T2DM are frequently over-
looked. Implementation of the PHQ-9 as a screening
instrument could help to overcome this, because self-admi-
nistered questionnaires have proven their value in screen-
ing for depression in other populations.21,23,24 The
questionnaire can be completed before a doctor’s visit, and
those who screen positive (according to the current find-
ings, a score of ≥5) can be referred for further psychiatric
evaluation. This approach is likely to be most efficient and
economic and improve detection and treatment of depres-
sion in T2DM and may also improve DM care by

preventing depression-mediated effects on diabetic compli-
cations.6–10

To the knowledge of the authors, this is the first study
to conduct confirmatory factor analyses in individuals with
and without T2DM.23,24 The factor structure of somatic
and nonsomatic items of the PHQ-9 showed no difference
in individuals with and without T2DM, despite the pres-
ence of a chronic somatic disease in those with T2DM,
which could have led to higher scores for the somatic
items. Thus, the full questionnaire is useful regardless of
T2DM status.

This study is based on the Maastricht Study, a large,
observational, population-based cohort study, which has
several strengths. Most notably, its sample size allows the
psychometric properties of the PHQ-9 to be studied prop-
erly given the low prevalence of major depression in the
population. In addition, state-of-the-art and validated mea-
sures were used to assess DM and depression status.

Certain limitations of the study should be acknowl-
edged. The study population was mainly Caucasian, which
limits extrapolation to non-Caucasian populations. Fur-
thermore, the recruitment strategy could have led to selec-
tion bias in the sense that individuals with more-severe
depressive disorder or DM or with greater comorbidity
were less likely to participate in the Maastricht Study. The
prevalence of depression might therefore be an underesti-
mation and may be higher in an unselected population
with T2DM, although it is comparable with previously
published data.2–5 The lower PHQ-9 cutoff used in the
final analyses would detect these more severely depressed
individuals.

CONCLUSION

The PHQ-9 performs well as a depression screening tool
in individuals with and without T2DM individuals based
on the cutoff value of 5 and can consequently be used in a
two-stage screening approach in primary DM care. Possi-
ble early detection of depression in individuals with
T2DM may improve outcomes in terms of mental and
physical health.
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PHQ-9 ≥ 10 31 (4.2%) 26 (42.6%)

Table 3. Diagnostic Performance of Patient Health
Questionnaire (PHQ)-9 for the Detection of Minor and
Major Depressive Disorder

Performance

PHQ-9 Score

No T2DM (%) T2DM (%)

≥ 3 ≥ 5 ≥ 7 ≥ 10 ≥ 3 ≥ 5 ≥ 7 ≥ 10

Prevalencea 38.8 27.8 9.0 3.4 41.9 33.0 15.9 7.3
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