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OBJECTIVE

Depressive symptoms are common, and when coexisting with diabetes, worsen
outcomes and increase health care costs. We evaluated a nurse case-manager–
based collaborative primary care team model to improve depressive symptoms in
diabetic patients.
RESEARCH DESIGN AND METHODS

We conducted a controlled implementation trial in four nonmetropolitan primary
care networks. Eligible patients had type 2 diabetes and screened positive for
depressive symptoms, based on a Patient Health Questionnaire (PHQ) score of
‡10. Patients were allocated using an “on-off” monthly time series. Intervention
consisted of case-managers working 1:1 with patients to deliver individualized
care. The main outcome was improvement in PHQ scores at 12 months. A concurrent cohort of 71 comparable patients was used as nonscreened usual-care
control subjects.
RESULTS

Of 1,924 patients screened, 476 (25%) had a PHQ score >10. Of these, 95 were
allocated to intervention and 62 to active control. There were no baseline differences between groups: mean age was 57.8 years, 55% were women, and the mean
PHQ score was 14.5 (SD 3.7). Intervention patients had greater 12-month improvements in PHQ (7.3 [SD 5.6]) compared with active-control subjects (5.2 [SD 5.7], P =
0.015). Recovery of depressive symptoms (i.e., PHQ reduced by 50%) was greater
among intervention patients (61% vs. 44%, P = 0.03). Compared with trial patients,
nonscreened control subjects had signiﬁcantly less improvement at 12 months in
the PHQ score (3.2 [SD 4.9]) and lower rates of recovery (24%, P < 0.05 for both).
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CONCLUSIONS

Clinical trial reg. no. NCT01328639, clinicaltrials
.gov.

In patients with type 2 diabetes who screened positive for depressive symptoms,
collaborative care improved depressive symptoms, but physician notiﬁcation and
follow-up was also a clinically effective initial strategy compared with usual care.
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Care for Diabetes and Depressive Symptoms

Depression and depressive symptoms
are common in patients with type 2 diabetes, with rates twofold higher than in
the general population (1). Despite this,
less than 50% of these patients are recognized as having depressive symptoms
(1). Depression itself is considered a
risk factor for the development of type
2 diabetes (2) and is associated with
poorer self-care behaviors (3), worse
glycemic control, increased risk of complications (4), decreased quality of life
(5), and substantially higher health care
costs (6).
Although the majority of individuals
with diabetes and depression are treated
in primary care settings (7), only a minority
receive adequate treatment for depression (7,8). Given its high prevalence and
effect on outcomes and the availability
of effective treatments, screening for depression in patients with diabetes has
been recommended by some (9,10).
This is, however, not without controversy (11,12); for example, the Canadian
Task Force for Preventive Medicine recently recommended against screening
for depression in primary care in general
or in high-risk patients such as those
with chronic diseases (13). Much of the
debate has surrounded the limited evidence base and the value of screening
alone versus screening combined with
coordinated care (11–14).
A growing body of literature has demonstrated value in collaborative care
models for patients with depression
(15,16) and, speciﬁcally, in patients
with diabetes (17). These models are
also considered to be cost-effective,
although estimates of efﬁciency may
be based on only a subset of controlled
studies with large clinical effects that
are not representative (18). In general,
the controlled trials of collaborative
care for depression in primary care settings suggest a small-to-moderate effect
(16,17,19). Furthermore, most of the
studies have been undertaken in the
U.S. (19), although recent trials in Europe
of collaborative care for depression
demonstrated feasibility and modest
effectiveness (20,21). We therefore
sought to evaluate the comparative effectiveness of a collaborative model of
care for patients with type 2 diabetes
and depressive symptoms in the Canadian primary care setting while also determining the value of screening for
depression itself when compared with
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usual care delivered outside the trial
setting.
RESEARCH DESIGN AND METHODS
Overview

Our study design and rationale have
been previously published (22,23). Our
intervention was an adaptation of a
nurse-led collaborative care model previously proven effective in randomized
controlled trials in U.S. health maintenance organizations (24,25). We chose
to evaluate this model using a pragmatic, controlled implementation trial.
We used a variant of the cohort multiple
randomized controlled trial design
(22,26) and took advantage of sampling
from the Alberta’s Caring for Diabetes
(ABCD) Cohort Study (23), a large, ongoing, annual survey of patients with type
2 diabetes. Initial contact with cohort
participants included the administration
of the Patient Health Questionnaire
(PHQ). Those who screened positive
for depressive symptoms (i.e., PHQ
$10) were invited to participate and allocated to intervention or active control.
We also identiﬁed patients from the
ABCD Cohort who would have been eligible for our trial, but who were neither
approached nor enrolled, to serve as independent nonscreened usual-care
control subjects. Ethics approval was
granted from the University of Alberta
Health Research Ethics Board (HREB
#PRO00012663).
Setting and Population

We worked in collaboration with four
primary care networks (PCN) in nonmetropolitan Alberta. A PCN is akin to the
“medical home” (27). Collectively, the
four study PCNs represent 140 family
physicians and 180,000 patients, with
an estimated 10,000 patients with type
2 diabetes. Eligible patients were adults
aged 18 years and older with type 2 diabetes and PHQ $10. We excluded patients with severe physical illness,
serious psychiatric illness (e.g., bipolar
disorder, schizophrenia, or under current care by a psychiatrist), those who
were pregnant or breast-feeding, and
those who were participating in other
clinical trials. Patient enrollment started
in November 2010, with the last patient
visit in January 2013.
Recruitment and Allocation

Recruitment included three steps.
First, a screening survey was mailed.

Second, PCN staff conﬁrmed eligibility
and scheduled a baseline visit. Third,
the care manager (CM) reconﬁrmed eligibility and obtained written informed
consent. Patients were then allocated
using a controlled “on-off” time series
method (22,28). During month 1, patients were allocated to intervention;
those enrolled in month 2 were allocated to active control, and so on.
Research personnel, analysts, and investigators were masked to allocation status at
all times, although neither the CM nor
patients could be blinded. This method
has been used in many studies. It reliably
leads to balance in measured (and unmeasured) patient characteristics and meets
criteria for internal validity sufﬁcient for
inclusion in the Cochrane Collaborations’
Effective Practice and Organization of
Care systematic reviews (29).
Intervention (Collaborative Care)

Our collaborative care model was an adaptation of the TEAMCare approach
(24,25). The intervention involved a registered nurse CM who coordinated collaborative team management. The goal
was to reduce depressive symptoms,
achieve targets for cardiometabolic parameters, and improve lifestyle behaviors. The CM worked with the patient to
develop a shared care plan, offered support and problem solving techniques to
optimize self-management, and closely
monitored treatment adherence and
outcomes (24,25). The CM provided active in-person or telephone follow-up
once to twice per month to reassess
symptoms and assist patients in achieving goals. The CM consulted regularly
with specialists (psychiatrists and endocrinologists) to review new cases and
ongoing patient progress and discuss
recommendations, based on locally developed and endorsed evidence-based
care algorithms. The CM communicated
recommendations to family physicians,
who remained responsible for ﬁnal
treatment decisions and all prescriptions. Management of depressive symptoms involved the use of antidepressant
medication and/or psychotherapy. Once
patients achieved symptom amelioration
(PHQ ,10), a relapse prevention plan
was developed while continuing to
work toward cardiometabolic control
and lifestyle modiﬁcations.
Members of the team in each PCN,
including the CMs, specialists, physician
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champion, and data administrative assistant, received extensive, on-going
training facilitated by the original
TEAMCare investigators (24,25). Training included an initial 2-day training session, an annual booster session, and
monthly teleconferences with the CMs
and specialists. The CMs also received
standardized training in problem-solving
therapy, behavioral activation, and motivational interviewing.
Active-Control Subjects (Screening
and Follow-up)

All patients were screened using the
PHQ. Each patient’s family physician
was notiﬁed by letter that the patient
had recently screened positive for depressive symptoms. Patients allocated
to active control received all subsequent
follow-up from their family physician, at
his or her discretion, without further additional active support from the CM. PHQ
and additional measures were collected
at baseline, 6, and 12 months, and the
family physician was notiﬁed if any measures fell outside prespeciﬁed values.
Nonscreened Usual-Care Control
Subjects

Irrespective of trial participation, all patients with type 2 diabetes in the province were potentially eligible for our
concurrent ABCD Cohort Study (23).
ABCD cohort respondents completed a
written questionnaire with self-reported
measures that overlapped the measures
in the TEAMCare study, including the
PHQ8 (30). One item (suicide screen)
from the PHQ9 is omitted in the PHQ8,
and the latter was used because no
follow-up was planned for the cohort
participants who might positively respond to this item. Both versions are
similarly scored, yield essentially identical results, and are considered equivalent (14,30). For clarity and brevity, we
refer to these measures as PHQ throughout the manuscript. We identiﬁed those
participants in the ABCD Cohort with PHQ
$10 at the baseline survey and evaluated
their PHQ score from the subsequent 12month survey during the same study period. Because the baseline PHQ scores
were not calculated for these patients
(i.e., only measured) nor were any family
physician notiﬁcation or any other clinical
follow-up planned, we considered them
an independent but concurrent and comparable nonscreened control group,
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representing the natural history of depressive symptoms outside of our trial
(i.e., true “usual care”).
Measures

Clinical outcomes were assessed at
baseline, 6, and 12 months. Our primary
outcome was change in the PHQ score
over 12 months, where 5 points is considered an important difference (14,31).
We also evaluated the rates of clinically
signiﬁcant recovery (PHQ improved by
50% of the baseline score) and amelioration of depressive symptoms (PHQ
,10) at 12 months (14,20). Clinical
and laboratory measures included BMI,
waist circumference, A1C, systolic blood
pressure (SBP), and LDL-cholesterol
(32). Patient-reported outcomes were
also collected from all participants
using validated surveys. Health-related
quality-of-life measures included the
SF-12 (33) physical and mental composite summaries, the 5-level EQ-5D
(34), and the Problem Areas in Diabetes
5-item (PAID-5) (35). Satisfaction with
care was measured using the brief Patient Assessment of Chronic Illness
Care (PACIC-11) (36,37).
Sample Size and Power

We estimated that a minimum total
sample size of 120, with 60 in each
arm, would provide 80% power to detect mean between-group differences of
5 points in the PHQ (14,31), assuming a
repeated-measures correlation of 0.6,
and two-tailed a of 0.05. This sample
size provided more than 80% power to
detect any between-group absolute differences in proportions of 15% or more
(e.g., 45% of usual-care patients achieve
recovery vs. 60% of intervention patients). Anticipating a 40% attrition rate,
we planned to recruit 160 patients.

of concerns with the last-observationcarried-forward approach to missing
data, we repeated all comparisons using
individual growth-curve models, obtaining consistent results (results not
shown). We also repeated all analyses
adjusting for age, sex, BMI, and PCN
site, again obtaining results similar to
the main analysis (results not shown).
We also directly compared 12-month
changes and improvements in PHQ
among trial patients with the independent nonscreened usual-care control
patients from the ABCD cohort with linear and logistic regressions, respectively, adjusting for baseline age
difference. Finally, we stratiﬁed these
three-group comparisons by baseline
PHQ score .14. For all analyses, we
used SAS 9.2 software (SAS Institute,
Inc., Cary, NC), considered a P value
,0.05 to be statistically signiﬁcant,
and did not adjust for multiple
comparisons.
RESULTS

We mailed screening packages to 7,846
patients, with a response rate of 35%
(n = 2,718), of whom 71% (n = 1,924)
were initially eligible (Supplementary
Data). Of these, 476 patients (25%) had
PHQ $10. From this group, 157 patients
were enrolled in the trial, with 95 allocated to intervention and 62 to active
control. Forty-three patients (27%) did
not complete the trial, with no signiﬁcant difference between trial groups
(29% vs. 24%; P = 0.47) (Supplementary
Data). Three participants did not complete the survey at any time point, and
thus, the analysis of secondary outcomes from the survey data was based
on a sample of 154.
Baseline Characteristics

Data Analysis

Using random-effects linear regression
models, we compared the pooled estimates of improvements in each outcome from baseline to 6 months and
12 months, respectively, between the
intervention and active-control groups.
We used logistic regression to compare
the proportion of subjects who achieved
recovery (PHQ improved by 50%) and
amelioration (i.e., PHQ ,10) of depressive symptoms (14) at 12 months. We
used an intention-to-treat framework
and last-observation-carried-forward
imputation of missing values. Because

There were no important baseline differences between intervention and
active-control patients (Table 1). The
mean age overall was 57.8 (SD 9.8)
years, 55% were women, and 75%
had a BMI .30 kg/m2. The mean PHQ
score at baseline was 14.5 (SD 3.7), and
just under one-half of patients were being treated with psychoactive medications. Patients had reasonably good
cardiometabolic control, with mean
A1C of 7.6% (SD 1.8%) (60 [SD 19.7]
mmol/mol), SBP of 125.2 (SD 15.9)
mmHg, and LDL-cholesterol of 2.2 (SD
0.8) mmol/L.
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Table 1—Baseline characteristics for trial participants
Characteristic
Sex, n (% female)

Intervention Active control Usual care
N = 95
N = 62
N = 71* P value**
58 (61)

29 (47)

40 (56)

0.21

57.0 (10.5)

59.2 (8.5)

63.4 (11.3)

,0.001

Obese (BMI .30 kg/m2), n (%)

71 (76)

44 (72)

47 (68)

0.49

Education less than high school, n (%)

11 (12)

10 (16)

14 (20)

0.60

Employed, n (%)

48 (52)

31 (51)

25 (36)

0.27

White, n (%)
Income, n (%)
,$40,000
$40,000–$80,000
$$80,000
Refused to answer

81 (87)

49 (80)

66 (96)

0.07

28 (30)
23 (25)
26 (28)
3 (3)

16 (26)
16 (26)
13 (21)
8 (13)

29 (46)
15 (24)
16 (25)
3 (5)

0.24

Age (year), mean (SD)

Smoking, n (%)

23 (25)

15 (25)

13 (18)

0.42

Alcohol use, n (%)

70 (75)

41 (67)

42 (59)

0.09

Psychoactive medications***, n (%)
PHQ, mean (SD)

46 (48)

27 (44)

_

0.55

14.5 (3.8)

14.6 (3.5)

14.2 (3.4)

0.79

A1C (%), mean (SD)

7.5 (1.8)

7.8 (1.7)

_

0.18

A1C (mmol/mol), mean (SD)

58 (19.7)

62 (18.6)

_

0.18

SBP (mmHg), mean (SD)
LDL-cholesterol (mmol/L), mean (SD)

126 (15.5)
2.2 (0.9)

124 (16.5)
2.1 (0.8)

_
_

0.29
0.48

*Drawn from similar patients in ABCD cohort; medication and laboratory data were not
available. **From t test for continuous data or x2 for categorical data. ***Antidepressants,
anxiolytics, mood stabilizers, and/or antipsychotics.

Depressive Symptoms

Other Outcomes

Intervention patients had greater improvements in PHQ (7.3 [SD 5.6]) over
12 months compared with active-control
subjects (5.2 [SD 5.7]), for a betweengroup difference of difference of 2.0
(95% CI 0.4, 3.7; P = 0.015) (Table 2 and
Fig. 1). Clinically important recovery
from depressive symptoms occurred in
61% of intervention patients compared
with 44% of active-control subjects
(P = 0.03).
Patients in the nonscreened usualcare control cohort were similar to trial
patients in sex (54% female) and baseline PHQ scores (14.2), but were older
than trial patients (Table 1). At 12
months, the nonscreened usual-care
control subjects had a PHQ improvement of 3.2 (SD 4.9) (Table 3), which
was signiﬁcantly less than improvements observed among the intervention
(P , 0.001) or active-control (P = 0.029)
patients, after adjusting for age. At 12
months, only 24% of the nonscreened
usual-care control subjects had recovered, and 39% achieved symptom amelioration (P , 0.05 for both) (Table 3).
The improvements appeared to be
greatest in those with more severe depressive symptoms at baseline (Supplementary Data).

No signiﬁcant differences were observed in changes in A1C, SBP, or LDLcholesterol between intervention and
active-control groups (Table 2). All patients had substantially impaired
health-related quality of life at baseline,
but improvements were observed in all
patients for all outcomes, with no differences between groups (Table 2). PAID-5
scores suggested intervention patients
had a signiﬁcantly greater reduction in
diabetes-speciﬁc distress than activecontrol subjects (P = 0.03) (Table 2). For
the PACIC-11 scores, there was a nonsigniﬁcant (P = 0.25) improvement of 18.1
(SD 30.0) points in the intervention group
compared with 12.6 (SD 26.2) points for
active-control subjects (Table 2).
CONCLUSIONS

As has been previously established, the
collaborative care intervention implemented in our local setting led to reductions in depressive symptoms over and
above care delivered by family physicians who were notiﬁed that their patients screened positive for depressive
symptoms. In fact, most of the patients
in our trial, who had moderately severe
depressive symptoms at baseline,
had large and clinically important

improvements in their symptoms over
12 months. However, outside the trial,
concurrent nonscreened patients with
diabetes (whose family physicians
were not notiﬁed of PHQ results) had
far less improvement in depressive
symptoms over 12 months than the intervention or active-control patients.
Thus, our results suggest collaborative
care models are effective outside of randomized trials and in different primary
care settings and that screening for depressive symptoms and notiﬁcation to
the family physician may be an initial,
and effective, strategy to achieve worthwhile improvements in the care of those
with depressive symptoms and type 2
diabetes compared with usual care.
Although we evaluated this collaborative care model with a pragmatic implementation trial, we recognized some
potential limitations. We used a controlled but nonrandom allocation of patients, which has greater potential for
unbalanced study groups, particularly
because an unblinded CM undertook
enrollment and assessment. This might
be considered an important threat to
internal validity. However, we demonstrated that nonrandomized allocation
led to study groups that, although unbalanced in number, had comparable
baseline characteristics, and ultimately,
we observed an effect size similar to
that seen in randomized trials. We considered the available evidence for collaborative care models quite robust
(15,17), including the randomized trials
testing the efﬁcacy of the speciﬁc
TEAMCare model we implemented
(24,25). Therefore, we did not see the
need to conduct another randomized
trial and were reluctant to allocate to a
true unscreened (i.e., family physicians
masked to PHQ status at baseline) control group (22).
Although relatively small, our minimal sample size calculation (N = 120)
suggested adequate power to detect
clinically important changes in the
PHQ. In fact, the magnitude of the difference between our intervention and
active-control groups (2.0 points, or an
effect size of 0.56) is similar to previous
trials of collaborative care (15,17,25).
Although this difference is well below
the previously suggested criterion (and
our a priori standard) of 5 points (14,31),
some controlled studies suggest that
even small to moderate improvements
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Table 2—Outcomes at 6 and 12-months for intervention and active-control patients
Baseline
Mean (SD)

6-month change
Mean (SD)

12-month change
Mean (SD)

Difference in change*

P value**

PHQ
Intervention
Active control

14.5 (3.8)
14.6 (3.5)

26.6 (5.0)
24.6 (5.8)

27.3 (5.6)
25.2 (5.7)

2.0

0.015

A1C (%)
Intervention
Active control

7.5 (1.8)
7.8 (1.7)

20.2 (1.1)
20.4 (0.9)

20.2 (1.3)
20.2 (1.1)

20.1

0.47

A1C (mmol/mol)
Intervention
Active control

58 (19.7)
62 (18.6)

22.2 (12.0)
24.4 (9.8)

22.2 (14.2)
22.2 (12.0)

21.3

0.47

SBP (mmHg)
Intervention
Active control

126 (15.5)
124 (16.5)

22.3 (13.8)
23.1 (21.1)

24.8 (13.8)
22.5 (17.8)

2.5

0.75

2.2 (0.9)
2.1 (0.8)

20.2 (0.6)
20.2 (0.6)

20.2 (0.7)
20.1 (0.9)

0.08

0.39

PCS-12
Intervention
Active control

36.0 (10.0)
34.9 (9.8)

1.5 (6.3)
2.6 (7.3)

2.8 (6.9)
3.1 (9.0)

20.7

0.54

MCS-12
Intervention
Active control

34.1 (7.7)
36.6 (7.3)

6.1 (8.1)
4.7 (9.7)

7.6 (9.5)
4.4 (8.4)

2.3

0.09

EQ-5D
Intervention
Active control

0.71 (0.16)
0.67 (0.17)

0.01 (0.11)
0.04 (0.10)

0.03 (0.10)
0.04 (0.12)

20.02

0.23

PAID-5
Intervention
Active control

1.6 (1.0)
1.3 (1.0)

20.4 (0.8)
20.1 (0.9)

20.6 (0.8)
20.2 (0.9)

0.3

0.03

PACIC-11
Intervention
Active control

34.7 (27.9)
34.4 (25.0)

–
–

18.1 (30.0)
12.6 (26.2)

5.5

0.25

LDL cholesterol (mmol/L)
Intervention
Active control

*Difference in change between intervention and active control over 12 months adjusted for time. **P value from a random-effects model comparing
changes in intervention and active-control patients at 6 and 12 months.

in depressive symptoms might be associated with reduced health care utilization and costs (19,38,39). We also
recognize that attrition was somewhat

higher than in previous studies, although it was less than we originally
anticipated. In part this may be expected because we undertook this as

Figure 1—Change in the PHQ score over 12 months for collaborative care intervention vs. activecontrol trial patients and nonscreened usual-care control subjects.

an implementation study, with less control than in previous, and more rigorous,
efﬁcacy trials. Regardless, our attrition
was nondifferential (;27% across both
groups). Furthermore, when those who
did or did not complete the full 12month follow-up visits were compared,
there was no difference in baseline A1C
(P = 0.24), LDL-cholesterol (P = 0.34), or
SBP (P = 0.36). There was a statistically
signiﬁcant difference in the baseline
PHQ score, but it was of marginal clinical
importance (14.1 for completers and
15.4 for noncompleters; P = 0.04). We
therefore believe there was little bias
due to attrition.
A major strength of our study was our
consideration of the true natural history
of depressive symptoms for patients
who were not actively screened. In this
context, the intervention and activecontrol patients in our trial both had
substantially better improvements in
PHQ scores than those potentially
eligible but outside the trial. Indeed,
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Table 3—Change in depressive symptoms over 12 months for trial and
nonscreened usual-care control patients
Baseline
12 month
Change*
P value**
Mean (SD)
Mean (SD)
Mean (SD)
PHQ score
Intervention (n = 95)
Active control (n = 62)
Usual-care control (n = 71)

14.5 (3.8)
14.6 (3.5)
14.2 (3.4)

7.1 (5.4)
9.4 (5.9)
11.0 (5.2)

%

27.3 (5.6)
25.2 (5.7)
23.2 (4.9)

,0.001
0.030
–

NNT***
n

P value**

Proportion recovered (PHQ improved by 50%)
Intervention (n = 95)
Active control (n = 62)
Usual-care control (n = 71)

61
44
24

3
5

,0.001
0.034

Proportion achieving amelioration (PHQ ,10)
Intervention (n = 95)
Active control (n = 62)
Usual-care control (n = 71)

68
58
39

3
5

,0.001
0.020

NNT, number needed to treat. *Change from baseline to 12 months. **From linear (PHQ score
change) or logistic (proportions) regressions comparing with usual-care control subjects, after
adjusting for age. ***NNT over 12 months to achieve amelioration compared with usual-care
control subjects.

the magnitude of the improvements in
depressive symptoms seen in our activecontrol group (screening and notiﬁcation
with follow-up) compared with no
screening was substantial, with an effect
size of 0.63, similar to that seen in previous randomized trials (16,17,25) and in
our own comparative effectiveness trial.
This substantial effect, obtained with
fewer and more sustainable resources
(i.e., our active-control group), may be
considered an important ﬁrst step in improving the quality of care for patients
with comorbid diabetes and depression.
If, however, additional resources are
available to implement and sustain
more costly and complex collaborative
care models, even greater improvements could be achieved. Moreover,
the greatest improvements were observed in those with more severe depressive symptoms at baseline. These
may be strategies to consider in the
translation of our ﬁndings for the implementation of these interventions in primary care.
As noted above, however, recommendations for screening for depression in primary care are controversial
(11,12). At the time we initiated our
study, the Canadian Task Force for Preventive Care recommended screening
for depression (9), similar to recommendations in the U.S. (10). Shortly after
the completion of our study, however,
the recommendations of the Canadian
Task Force changed (13), making our

approach discordant with the guidelines. The change in Canadian Task Force
recommendations was not based on
new evidence but rather on reinterpretation of the available evidence, where
no randomized trials of depression
screening exist (11,13). Although the
guidelines, and controversy, are based
on screening for depression, a more nuanced and clinically informed alternate
view may be that there is value in a proactive strategy of case-ﬁnding patients
with unresolved depressive symptoms
(40). Although not randomized, our results nonetheless suggest that there are
beneﬁts to actively identifying patients
with type 2 diabetes and depressive
symptoms and notifying their physicians
of their PHQ results. Indeed, given that
half our trial population was already
taking a psychoactive medication of
some type, the issue may be more of
inadequate or undertreatment of depression rather than just identifying
new cases.
The change in PAID-5 score, a measure of diabetes distress, in the intervention compared with active-control
patients was an interesting observation.
It is likely that there is some degree of
overlap between distress and depressive symptoms, but it is clearly not complete overlap. We recruited patients on
the basis of depressive symptoms, not
diabetes distress or poor diabetes control, and in fact, most patients already
had good glycemic control, suggesting

less diabetes distress in this sample of
patients. We observed only a weak to
moderate correlation between PAID
and PHQ scores (0.17 at baseline, 0.46
at 12 months) and found that 30% of
patients with moderate to severe depressive symptoms (PHQ .10) had no
diabetes distress (PAID = 0) at baseline.
Regardless, our intervention focused
initially on improving quality of care
for depressive symptoms, included
problem solving and improving antidepressant therapy, and resulted in a signiﬁcant improvement in depressive
symptoms. Once these improvements
were seen in patients, the CM then
shifted focus to cardiometabolic care
and treatments. Thus, it is likely the observed improvements in diabetes distress may have been secondary to
reduced depressive symptoms. Nonetheless, it would be worthwhile to further explore the temporal relationship
and patterns of improvements in symptoms of depression and diabetes
distress.
In conclusion, we observed one in
four patients with type 2 diabetes in
the primary care setting had moderate
to severe depressive symptoms. Substantial improvements in depressive
symptoms occurred in most of the patients enrolled in our trial, with greater
improvements achieved through collaborative care compared with our activecontrol group, which based on our
design and results is perhaps better
termed “enhanced usual care.” In
more resource-constrained settings,
our ﬁndings also suggest that active
screening for depressive symptoms
with family physician notiﬁcation and
follow-up may be an effective initial
strategy to achieve worthwhile improvements in these high-risk patients
compared with the status quo of usual
primary care.
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SUPPLEMENTARY DATA
Supplementary Table 1. Linear regression – Change in PHQ at 12 month

Variable

Group only
Estimate (p-val)
95% CI

Baseline PHQ>14 (N=88)
Group, age, sex Group, age, sex, obesity†
Estimate (p-val)
Estimate (p-val)
95% CI
95% CI

Group only
Estimate (p-val)
95% CI

Baseline PHQ<=14 (N=140)
Group, age, sex Group, age, sex, obesity‡
Estimate (p-val)
Estimate (p-val)
95% CI
95% CI

0

0

0

0

Group
Usual care
Enhanced usual
care
Intervention

0
2.08 (0.20)
(-1.09, 5.25)

2.08 (0.20)
(-1.11, 5.28)

1.86 (0.25)
(1.32, 5.04)

1.51 (0.15)
(-0.55, 3.56)

1.83 (0.09)
(-0.29, 3.95)

1.45 (0.18)
(-0.70, 3.60)

5.41 (<0.01)
(2.44, 8.37)

5.44 (<0.01)
(2.41, 8.47)

4.72 (<0.01)
(1.65, 7.78)

3.11 (<0.01)
(1.31, 4.92)

3.50 (<0.01)
(1.61, 5.40)

3.28 (<0.01)
(1.37, 5.19)

0.03 (0.69)
(-0.10, 0.16)

0.05 (0.48)
(-0.08, 0.18)

0.05 (0.15)
(-0.02, 0.13)

0.08 (0.06)
(-0.00, 0.15)

0
-1.37 (0.27)
(-3.84, 1.09)

0
-1.78 (0.16)
(4.28, 0.72)

0
0.19 (0.82)
(-1.42, 1.79)

0
-0.17 (0.84)
(-1.83, 1.49)

Age
Sex
Male
Female
Obesity
Yes

-

-

0
0
-3.02 (0.07)
-0.79 (0.44)
No
(-6.32, 0.27)
(-2.82, 1.22)
† There is one missing observation for obesity, and the patient with missing obesity was excluded for the model with obesity in it.
‡ There are three missing observations for obesity, and patients with missing obesity were excluded for the model with obesity in it.
-
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SUPPLEMENTARY DATA
Supplementary Table 2. Logistic regression – Remission of depressive symptoms at 12 month

Group only
OR (p-val)
95% CI

Baseline PHQ>14 (N=88)
Group, age, sex Group, age, sex, obesity† Group only
OR (p-val)
OR (p-val)
OR (p-val)
95% CI
95% CI
95% CI

Baseline PHQ<=14 (N=140)
Group, age, sex Group, age, sex, obesity‡
OR (p-val)
OR (p-val)
95% CI
95% CI

Usual care

1.00

1.00

1.00

1.00

1.00

1.00

Enhanced usual care

2.40 (0.15)
(0.73, 7.94)

2.34 (0.17)
(0.91, 7.20)

2.24 (0.19)
(0.67, 7.54)

2.48 (0.05)
(0.99, 6.19)

3.20 (0.02)
(1.21, 8.45)

2.67 (0.05)
(0.99, 7.19)

Intervention

6.25 (<0.01)
(1.98, 19.78)

5.98 (<0.01)
(1.85, 19.30)

5.40 (<0.01)
(1.64, 17.71)

2.53 (0.02)
(1.14, 5.61)

3.48 (<0.01)
(1.45, 8.37)

3.10 (0.01)
(1.27, 7.58)

0.99 (0.70)
(0.94, 1.04)

0.99 (0.70)
(0.95, 1.04)

1.04 (0.03)
(1.01, 1.08)

1.05 (0.01)
(1.01, 1.09)

1.00
0.65 (0.35)
(0.26, 1.62)

1.00
0.62 (0.32)
(0.24, 1.59)

1.00
1.10 (0.81)
(0.53, 2.28)

1.00
0.94 (0.87)
(0.43, 2.02)

Variable
Group

Age
Sex
Male
Female
Obesity
Yes

-

-

1.00
1.00
0.69 (0.55)
0.62 (0.32)
No
(0.20, 2.38)
(0.25, 1.58)
† There is one missing observation for obesity, and the patient with missing obesity was excluded for the model with obesity in it.
‡ There are three missing observations for obesity, and patients with missing obesity were excluded for the model with obesity in it.
-
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SUPPLEMENTARY DATA
Supplementary Figure 1. Consort diagram with patient flow through trial.
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