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Background: Late-life depression is a highly prevalent disorder that causes a large economic burden. A
stepped collaborative care program was set up in order to improve care for patients with late-life
depression in primary care in Germany: GermanIMPACT is the adaption of the Improving MoodPromoting Access to Collaborative Treatment (IMPACT) program that has already been established in
primary care in the USA. The aim of this study was to determine the cost-effectiveness of GermanIMPACT
compared with treatment as usual from a societal perspective.
Methods: This study is part of a 12-month bi-centric cluster-randomized controlled trial aiming to assess
the effectiveness of GermanIMPACT compared with treatment as usual among patients with late-life
depression. A cost-effectiveness analysis using depression-free days (DFDs) was performed. Netmonetary beneﬁt (NMB) regressions adjusted for baseline differences for different willingness-to-pay
(WTP) thresholds were conducted and cost-effectiveness acceptability curves were constructed.
Results: In total, n = 246 patients (intervention group: n = 139; control group: n = 107) with a mean age of 71
from 71 primary care practices were included in the analysis. After 12 months, adjusted mean differences in
costs and DFDs between intervention group and control group were +s354 and +21.4, respectively. Only the
difference in DFDs was signiﬁcant (p = 0.022). According to the unadjusted incremental cost-effectiveness
ratio, GermanIMPACT was dominant compared with treatment as usual. The probability of GermanIMPACT
being cost-effective was 80%, 90% or 95% if societal WTP per DFD was s70, s110 or s180, respectively.
Conclusion: Evidence for cost-effectiveness of GermanIMPACT relative to treatment as usual is not clear.
Only if societal WTP was s180 for an additional DFD, GermanIMPACT could be considered cost-effective
with certainty.
© 2018 Elsevier Masson SAS. All rights reserved.
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1. Introduction
Depressive disorders are highly prevalent in late-life populations and cause a large economic burden [1,2]. The point
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prevalence of major depression was estimated to be 7.2% (range
4.6%–9.3%) for individuals aged 75 years and older [1]. The total
annual costs of major depression were s92 billion in Europe, of
which s38 billion were associated with direct health care costs and
s54 billion with indirect costs [3]. For Germany, health care costs
of depressed individuals in late life were estimated to be
approximately 30%–86% higher than health care costs of nondepressed individuals [2,4].
Depression in late life is associated with reduced quality of life,
increased functional impairment as well as higher suicidality and

T. Grochtdreis et al. / European Psychiatry 57 (2019) 10–18

mortality [5–8]. Furthermore, late-life depression increases
physical comorbidity and cognitive impairment [9]. This health
burden inﬂuences health service use associated with late-life
depression. According to a German study, individuals with late-life
depression consulted their primary care physician (PCP) 8–10
times per year, and therefore more than twice as often as
individuals without depression; yet, psychiatrists or psychotherapists were consulted only rarely [10].
In order to address the diversity and complexity of late-life
depression in primary care, a collaborative care approach is
recommended by national clinical guidelines in Europe [11,12].
Such a collaborative care approach for late-life depression is the
Improving Mood-Promoting Access to Collaborative Treatment
(IMPACT) program which has already been proven effective and
cost-effective in the USA [13,14]. The IMPACT program has been
recently adapted to the German primary care context and a
compatible concept has been developed and proven effective
[15,16].
As reported by a systematic review of the cost-effectiveness of
collaborative care for the treatment of depressive disorders in
primary care, three studies were conducted in late-life populations
[17–20]. Two studies evaluated the cost-effectiveness of stepped
collaborative care programs to prevent depression and anxiety in
elderly home residents and primary care patients at risk for
depression [17,19]. The third study evaluated the cost-effectiveness
of a stepped collaborative care program for patients who were
screened positive for untreated late-life depression in primary care
[18]. Overall, the systematic review found ambiguous evidence on
the cost-effectiveness of collaborative care depending on willingness-to-pay (WTP) [20]. To our knowledge, no study has evaluated
the cost-effectiveness of health care networks for patients with
late-life depression in Germany.
Therefore, the aim of this study was to determine the costeffectiveness of a collaborative treatment for patients with late-life
depression in German primary care (GermanIMPACT) compared
with treatment as usual (TAU) from a societal perspective.
2. Material and methods
2.1. Sample
This study is part of a 12-month bi-centric cluster-randomized
controlled trial to determine the effectiveness of a collaborative
treatment for patients with late-life depression in German primary
care (GermanIMPACT; German Clinical Trials Register identiﬁer:
DRKS00003589). The primary endpoint of this trial was the
proportion of patients remitted of depressive symptoms. Study
participants were recruited in randomized PCP practices around
the centers of the German cities Hamburg, Freiburg and its region.
Recruitment took place between July 2012 and September 2014.
Inclusion criteria were an age of 60 years or older and showing
moderate depressive symptoms in the scope of a depressive
episode, recurrent depressive disorder, or dysthymia diagnosed by
the PCP based on the International Classiﬁcation of Diseases (ICD10). Patients had to score between 10–14 points on the Patient
Health Questionnaire-9 (PHQ-9) [21], indicating moderate symptoms of depressive disorder. Exclusion criteria were alcohol or drug
abuse, severe cognitive impairment, severe psychological disorders, suicidal ideation as well as active depression treatment by a
licensed psychotherapist.
Study participants were asked to complete pseudonymous
questionnaires by mail. Data were assessed at begin of the
intervention (baseline, T0), after 6 months (T1) and after 12 months
(post-treatment, T2). All patients gave their written informed
consent for study participation prior to the study. A detailed
description of the study methods can be found elsewhere [15,16].
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2.2. Intervention
The intervention group (IG) consisted of patients treated by PCP
that were part of the stepped, collaborative, and coordinated health
care network [16]. The health network was formed around the PCP
together with a care manager and a consultant psychiatrist or licensed
psychotherapist. The care manager was personally introduced to the
patient by the PCP and on an eight-weekly basis, treatment evaluation
sessions were held to facilitate treatment adaption by the PCP
according to a stepped-care algorithm (e.g. medication dosage
changes, adaption of care manager sessions) and in consultation
with a psychiatrist, if necessary. The PCP was asked to treat depression
in line with current clinical guidelines and to prescribe or change
antidepressants, if necessary or if patients’ depressive symptom
severity did not (sufﬁciently) improve [12]. The evidence-based
intervention consisted of a patient manual as well as an initial face-toface session and ongoing telephone sessions between the care
manager and the patient every other week. Care managers were
trained nurses who received regular supervision by a consultant
psychiatrist or licensed psychotherapist to discuss every patient’s
status. Every session consisted of monitoring of the intervention,
medication and symptoms as well as planning and evaluation of
behavioral activation tasks. Patients’ depressive symptom severity
was regularly assessed by the PHQ-9. Furthermore, sessions focusing
on problem-solving techniques were optionally held to reduce
depressive symptoms by teaching patients how to solve psychosocial
problems systematically [22,23]. The intervention was based on a
stepped care algorithm that allowed modifying the intervention every
eight weeks by the care manager and the supervisor according to the
patients’ current mental health status.
The control group (CG) consisted of patients who attended
regular PCP without involvement of a care manager and received
TAU. Depressive symptom severity of patients in the CG was not
routinely assessed by the PCP.
2.3. Measures
2.3.1. Patient Health Questionnaire-9
Depression severity was assessed retrospectively for a period of
2 weeks by the German version of the PHQ-9 [21,24–26]. It consists
of nine items, each with four ordinal levels: ‘not at all’,’ several
days’, ‘more than half the days’ and’ nearly every day’. The PHQ-9
symptom severity score can range between 0 and 27, where a score
between 5 and 9 deﬁnes mild depressive symptoms, a score
between 10 and 14 deﬁnes moderate depressive symptoms and a
score between 15 and above deﬁnes moderately severe to severe
depressive symptoms [24].
2.3.2. EQ-5D-3L and EQ-5D-Index
Health-related quality of life was assessed by the German version of
the EQ-5D-3L (hereafter EQ-5D) [27]. It consists of ﬁve dimensions:
mobility, self-care, usual activities, pain/discomfort and anxiety/
depression. Each dimension is divided in three ordinal levels: ‘no
problems’, ‘moderate problems’, and ‘extreme problems’ [27]. The EQ5D has already been used successfully for late-life populations [28].
The construct validity and responsiveness was considered to be good
[29]. For each of the 243 possible EQ-5D descriptive health states, an
EQ-5D-Index value is available, with values ranging from 0 (“death”) to
1 (“perfect health”) [30]. To each patients’ descriptive health state, an
EQ-5D-Index value was assigned accordingly.
2.3.3. Service utilization and costs
Service utilization was assessed retrospectively over 6 months
using the FIMA, a German questionnaire for health-related
resource utilization in a late-life population [31]. Patients were
asked about their utilization of outpatient physician (e.g. PCP,
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specialist physician, psychotherapy) and non-physician services
(e.g. physiotherapy, occupational therapy, massage), inpatient care,
rehabilitation, as well as formal nursing care (provided by
professional nurses or housekeepers) and informal nursing care
(provided by family or friends). Furthermore, patients were asked
about their use of medication and medical devices. Indirect costs
due to absenteeism and reduced productivity at paid work were
not assessed in the questionnaire because those costs are less
relevant for late-life populations.
2.3.4. Other illness-related measures and sociodemographic variables
Symptom severity of comorbid generalized anxiety disorder
was assessed by the Generalized Anxiety Disorder-7 (GAD-7)
questionnaire [32]. Self-reported sociodemographic variables
assessed at baseline were age, sex, statutory or private health
insurance, marital status, living situation, level of education and
employment status. Furthermore, co-morbid somatic diseases
according to the Comorbidity Disease Index [33] were assessed.
2.4. Data analysis
2.4.1. Calculation of health effects
The primary measures of health effects for the cost-effectiveness analysis were depression-free days (DFDs). DFDs were
estimated during the whole 12-month follow-up period and were
based on the PHQ-9 symptom severity score at each measurement.
A day in which the PHQ-9 symptom severity score was <5, was
characterized as fully depression-free and a day, in which the PHQ9 symptom severity score was 15, was characterized as a fully
depressed day [24]. If a patient was considered depression-free
(PHQ-9 < 5) at two consecutive measurements, the period between
those measurements was considered also depression-free. If a
patient had a PHQ-9 symptom severity score of 15 at two
consecutive measurements, the period between those measurements was considered as fully depressed. To derive the number of
DFDs between measurements in all other cases, linear interpolation of PHQ-9 symptom severity scores was used [34–36].
The secondary measure of health effects were quality-adjusted
life years (QALYs). QALYs were calculated by weighting the
duration of health states with the EQ-5D-Index values. Individual
EQ-5D-Index values were linearly interpolated between measurements to derive QALYs over the 12-month follow-up period.
2.4.2. Calculation of costs
Costs were calculated in Euro (s) for the year 2013 from a
societal perspective. Monetary valuation of each patients’ direct
physician and non-physician resource utilization was achieved
using standardized unit costs [37]. Unit costs were inﬂated to 2013
price levels using the German gross domestic product inﬂation rate
if no unit cost data for 2013 were available [38,39]. Monetary
valuation of medication cost was achieved using the pharmacy
retail price of the German ofﬁcial pharmaceutical index [40].
Intervention costs consisted of the labor costs for the care manager
who performed the face-to-face and telephone sessions. Furthermore,
intervention costs consisted of labor costs for the psychiatrist or
licensed psychotherapist who supervised care managers every one to
two weeks. Labor costs of nurses, psychiatrists and licensed
psychotherapists were calculated based on data from the German
ofﬁcial earnings and labor cost index [41,42].
2.4.3. Statistical analysis
The percentage of missing information across the 129 variables
varied between 0.40% and 18.55%. In total, 41.94% of all patients
had missing information. Incomplete variables were imputed
using multiple imputation by chained equations (MICE) with
predictive mean matching as imputation method [43]. Differences

in baseline characteristics between the IG and CG were assessed
using simple linear regression (F-tests). Differences in costs and
effects between the IG and CG were calculated using multilevel
mixed-effects linear regression with PCP practices as random
effect. To analyze the cost-effectiveness of GermanIMPACT
compared with TAU, the incremental cost-effectiveness ratio
(ICER) was calculated as the ratio of the difference in mean cost
and the difference in mean health effects (DFD or QALY) between
IG and CG during the 12-month follow-up period. The ICER is a
point estimate that compares the additional costs with the
additional effects of an intervention over control [44]. Bootstrapped conﬁdence intervals around the difference in mean cost
and the difference in mean health effects between IG and CG have
been calculated with seemingly unrelated regression [45].
Furthermore, in order to consider uncertainty in the data, costeffectiveness acceptability curves (CEACs), based on the incremental net-monetary beneﬁt (NMB) were constructed. The
incremental NMB is a combination of costs and health effects,
where health effects are transformed into monetary units. Thereby,
a hypothesized maximum WTP value of a decision maker for an
additional health effect is used as exchange rate [46]:
NMBi ¼ WTPEf f ectsi  Costsi
A CEAC plots the proportion of the sampling distribution of
incremental costs and health effects that lie below the maximum
WTP for a health effect gained [47].
The incremental NMB [44] of GermanIMPACT was calculated by
multilevel mixed-effects linear regression adjusted for age, sex,
total costs, EQ-5D-Index value, PHQ-9-Index value, comorbid
neurologic diseases and cancer at baseline and with PCP practices
as random effect. Based on the incremental NMB for different WTP
thresholds, CEACs were constructed to plot the probability of costeffectiveness of GermanIMPACT [44]. Multiple imputation and
data analysis were performed using Stata/SE 14.1 (StataCorp, TX,
USA). All the applied statistics were two-sided with a signiﬁcance
level of p < 0.05.
2.4.4. Additional analyses
First, analyses were repeated from a health care perspective by
excluding informal nursing care costs. Second, analyses were
repeated considering only mental health-related costs (psychiatric
inpatient care, outpatient services by psychiatrists and psychotherapist, psychiatric medication). Last, analyses were repeated
only with patients who completed questionnaires at all timepoints of assessment (completers) as well as with cost-outliers
winsorized at the 99th percentile.
3. Results
In total, n = 1963 PCP practices (n = 1116 in Hamburg and n = 847 in
Freiburg) were assessed for eligibility to include patients to the study.
Of those, 99 PCP practices were randomized to either IG or CG. PCP
practices randomized to the IG identiﬁed n = 788 patients and PCP
practices randomized to the CG identiﬁed n = 717 patients. Finally,
n = 248 patients (IG: n = 139; CG: n = 109) from n = 71 PCP practices
(IG: n = 39; CG: n = 32) were analyzed (Fig.1). Two patients with total
costs 11 and 16 times higher than the mean total costs of the
remaining sample were excluded ex post from the analyses.
3.1. Baseline characteristics
Characteristics of the sample at baseline (IG: n = 139; CG: n = 107)
are presented in Table 1. On average, patients were 71 years old and
78% were female, only 11% were still working and 62% were living
with a partner/family. The mean PHQ-9-Index value was 10.2, the
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Fig. 1. CONSORT diagram showing the ﬂow of clusters and participants.
PCP: Primary care physician
{
Mainly PCP did not respond to study invitation; PCP declined due to lack of interest or lack of time
†
Potential participants with a diagnosed depressive episode, recurrent depressive disorder or dysthymia
z
Excluded patients had total costs 11 and 16 times higher than the mean total costs of the remaining sample.

mean GAD-7-Index value was 8.2 and the mean EQ-5D-Index value
was 0.55. Only the mean PHQ-9-Index values were signiﬁcantly
different between IG (10.7) and CG (9.6; p = 0.040).
3.2. Effects and costs
During the 12-month follow-up period, DFDs were 207.1 in the
IG and 185.8 in the CG. The adjusted difference in mean DFD was
statistically signiﬁcant (+21.4; p = 0.022). QALYs were 0.57 in the IG
and 0.56 in the CG. The adjusted difference in QALYs was not
statistically signiﬁcant (+0.01; p = 0.701; Table 2).
Mean total costs during the 12-month follow-up period were
s6105 in the IG and s6415 in the CG. Mean total intervention costs
that were part of the mean total costs in the IG accrued to s164. Of
those, the mean costs for the care manager were s123 and the
mean costs for the supervision were s41, respectively. The
adjusted differences in the respective cost categories and the
adjusted difference in mean total costs (+s354; p = 0.705) were not
signiﬁcant (Table 2).
3.3. Cost-effectiveness
Both, the unadjusted ICER for an additional DFD and for an
additional QALY showed dominance (less costs, more health

effects) of the IG compared with the CG. The unadjusted mean total
costs were signiﬁcantly lower in the IG (s314; p = 0.049, 95% CI
s627 to s2) and the unadjusted mean DFD (+6.45; p = 0.588;
95% CI 16.92 to 29.83) and QALY (+0.00; p = 0.999; 95% CI 0.07 to
0.07) were both not signiﬁcantly different between IG and CG.
The adjusted probability for cost-effectiveness of GermanIMPACT at a WTP of s0 per additional DFD/QALY was 35%. The
adjusted probability for cost-effectiveness was 80%, 90% or 95% if
WTP per additional DFD was s70, s110 or s180, respectively
(Fig. 2). For a WTP of s50,000 per additional QALY, the adjusted
probability for cost-effectiveness was 50% (Fig. 3).
3.4. Additional analysis
From a health care perspective, the adjusted probability for
cost-effectiveness was 95% if WTP per additional DFD was s200.
For a WTP of s50,000 per additional QALY, the adjusted probability
for cost-effectiveness was 45%. When considering only mental
health care costs, the adjusted probability for cost-effectiveness
was 95% if WTP per additional DFD was s10. For a WTP of
s50,000 per additional QALY, the adjusted probability for costeffectiveness was 80% (Table 3).
In the analysis considering completers (n = 202), the adjusted
probability for cost-effectiveness was 95% if WTP per additional
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Table 1
Comparison of sample characteristics at baseline (n = 246).
Characteristics

Intervention group (n = 139)

Control group (n = 107)

P-valuez

Age: mean years (SD)
Female sex: n (%)
Statutory health insurance: n (%)
Marital status: n (%)
Single/divorced/widowed
Married/in partnership
Living situation: n (%)
With partner/family
Institutionalized
Alone
Education: n (%)
No graduation
Low qualiﬁcation
Middle qualiﬁcation
High qualiﬁcation
University degree
Employment: n (%)
Working
Not employed
Retired
Co-morbidity domains: n (%)
Neurologic
Cancer
EQ-5D-Index: mean (SD)
EQ-VAS: mean (SD)
PHQ-9-Index: mean (SD){
GAD-7-Index: mean (SD)
Total costs: Mean (SD)

71.13 (7.17)
107 (77.0)
132 (95.0)

71.60 (8.13)
85 (79.4)
103 (96.3)

0.632
0.644
0.627
0.168

76 (54.7)
64 (45.8)

48 (45.3)
58 (54.2)

65 (46.8)
4 (2.9)
70 (50.4)

64 (59.8)
4 (3.7)
39 (36.4)

4 (2.9)
72 (51.8)
33 (23.7)
13 (9.4)
17 (12.2)

2 (1.9)
65 (60.7)
21 (19.6)
13 (12.1)
6 (5.6)

15 (10.8)
25 (18.0)
99 (71.2)

11 (10.3)
22 (20.6)
74 (69.2)

15 (10.8)
15 (10.8)
0.55 (0.31)
57.75 (18.76)
10.67 (4.02)
8.53 (4.39)
s2920 (s4425)

9 (8.4)
21 (19.6)
0.55 (0.31)
59.69 (18.42)
9.64 (3.62)
7.71 (4.70)
s4222 (s7729)

0.095

0.318

0.878

0.534
0.055
0.864
0.421
0.040*
0.153
0.084

SD: Standard deviation, PHQ: Patient Health Questionnaire, GAD: Generalized Anxiety Disorder.
{
Differences to Hölzel et al. [15] are due to different imputation strategies and baseline samples.
z
Based on F-test.
*
p  0.05.

DFD was s120. For a WTP of s50,000 per additional QALY, the
adjusted probability for cost-effectiveness was 56%. In the analysis
with winsorized cost-outliers (n = 248), the adjusted probability
for cost-effectiveness was 95% if WTP per additional DFD was
s80. For a WTP of s50,000 per additional QALY, the adjusted
probability for cost-effectiveness was 63% (Table 3).

4. Discussion
The aim of this study was to determine the cost-effectiveness of
a collaborative treatment for patients with late-life depression in
German primary care (GermanIMPACT). According to the results of
this study, the collaborative treatment was effective relative to TAU

Table 2
Adjusted{ differences between intervention group and control group in mean costs (by cost category) and health effects during 12-month follow up (n = 246).
Cost category / Measure of health effect

IG (n = 139)

CG (n = 107)

Diff. IG-CG

P-valuez

Intervention costs1: Mean (SE)
Inpatient care: Mean (SE)
Somatic inpatient care: Mean (SE)
Psychiatric inpatient care: Mean (SE)
Rehabilitation: Mean (SE)
Outpatient physician services: Mean (SE)
Outpatient non-physician services: Mean (SE)
Medication: Mean (SE)
Somatic medication: Mean (SE)
Psychiatric medication: Mean (SE)
Medical devices: Mean (SE)
Nursing care: Mean (SE)
Formal nursing care: Mean (SE)
Informal nursing care: Mean (SE)
Total costs: Mean (SE)
Total costs from HCP2: Mean (SE)
Total mental health care costs3: Mean (SE)
QALY: Mean (SE)
DFD: Mean (SE)

s164 (s8)
s1659 (s359)
s1654 (s353)
s3 (s37)
s398 (s1265)
s935 (s82)
s1470 (s166)
s1250 (s239)
s1096 (s237)
s155 (s18)
s128 (s33)
s352 (s92)
s111 (s26)
s241 (s74)
s6395 (s583)
s6155 (s555)
s321 (s80)
0.57 (0.02)
207.12 (6.73)

s0 (s0)
s1646 (s413)
s1351 (s314)
s294 (s149)
s406 (s157)
s1069 (s81)
s1125 (s153)
s1154 (s214)
s1036 (214)
s117 (s12)
s100 (s29)
s630 (s137)
s174 (s36)
s456 (s127)
s6041 (s714)
s5 (s686)
s856 (s326)
0.56 (0.02)
185.84 (6.58)

s13 (s546)
s303 (s463)
s291 (s160)
s7 (s202)
s133 (s117)
s343 (s229)
s98 (s316)
s60 (s313)
s38 (s22)
s29 (s45)
s278 (s154)
s63 (s44)
s215 (s141)
s354 (s934)
s558 (s893)
s535 (s350)
0.01 (0.02)
21.38 (9.04)

<0.001***
0.982
0.512
0.070
0.971
0.253
0.134
0.756
0.847
0.082
0.524
0.072
0.154
0.128
0.705
0.532
0.126
0.701
0.022*

SE: Standard error, HCP: Health care perspective, QALY: Quality-adjusted life year, DFD: Depression-free day, IG: Intervention group, CG: Control group.
{
Adjusted for costs, age, sex, PHQ-9-Index, EQ-5D-Index, comorbid domains neurologic and cancer at baseline by mixed-effects linear regression with robust standard
errors.
1
Unadjusted.
2
Excluded cost categories: Informal nursing care.
3
Included cost categories: Inpatient-care psychiatry, outpatient psychiatrist, outpatient psychotherapist, psychiatric medication.
z
Based on F-test.
*
p  0.05.
***
p  0.001.
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Fig. 2. Adjusted{ cost-effectiveness acceptability curves for an additional DFD: Primary analysis and additional analyses for different costs and different cases.
DFD: Depression-free day, HCP: Health care perspective, MH: Mental health
{
Adjusted for costs, age, sex, EQ-5D-Index, PHQ-9-Index, comorbid domains neurologic and cancer at baseline by mixed-effects linear regression with robust standard errors.

by means of a signiﬁcant increase in DFD, whereas the difference in
societal costs was not signiﬁcant. However, GermanIMPACT did not
prove to be cost-effective with certainty (in terms of a 95%
probability), unless societal WTP for an additional DFD was s180.
This was mainly due to the large statistical variance of incremental
costs.
Even though the study was able to show a signiﬁcant increase in
DFD attributable to the collaborative treatment, this was not
reﬂected by a simultaneous improvement in QALYs. This missing
relationship is counterintuitive to studies that were able to show

that EQ-5D-Index values were associated with clinical and quality
of life improvement or deterioration in patients with depression
[48]. However, studies that aimed to predict generic preferencebased measures from psychometric measures for depression
severity (e.g. PHQ-9) were able to explain only 31% and 48% of
variance with their models [48,49]. This relatively low correlation
might be interpreted as indicator for a limited relationship
between depressiveness and health-related quality of life in the
sample of this study. However, the current study was not powered
to detect such a relationship.

Fig. 3. Adjusted{ cost-effectiveness acceptability curves for an additional QALY: Primary analysis and additional analyses for different costs and different cases.
QALY: Quality-adjusted life year, HCP: Health care perspective, MH: Mental health
{
Adjusted for costs, age, sex, EQ-5D-Index, PHQ-9-Index, comorbid domains neurologic and cancer at baseline by mixed-effects linear regression with robust standard errors.
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Table 3
Additional analyses: Adjusted{ differences in costs and health effects between intervention group and control group during 12-month follow-up.
Analysis (Difference CG-IG)

N

Adj. costs (SE)

Adj. DQALY (SE)

Adj. DDFD (SE)

Primary analysis1
Analysis from HCP2
Analysis with only mental health costs3
Analysis with winsorized cost-outliers4
Completer analysis

246
246
246
248
202

s354 (s933)
s441 (s875)
s553 (s354)
s305 (s1058)
s615 (s957)

0.01
0.01
0.01
0.01
0.02

21.38 (9.35)*
21.38 (9.35)*
21.38 (9.35)*
22.11 (8.89)*
30.22 (9.85)**

(0.02)
(0.02)
(0.02)
(0.02)
(0.02)

SE: Standard error, CG: Control group, IG: Intervention group, QALY: Quality-adjusted life year, HCP: Health care perspective, DFD: Depression-free day.
{
Adjusted for costs, age, gender, EQ-5D-Index, PHQ-9-Index, comorbid domains neurologic and cancer at baseline by mixed-effects linear regression with robust standard
errors.
1
Included cost categories: Intervention, inpatient care, rehabilitation, outpatient physician services, outpatient non-physician services, somatic and psychiatric
medication, medical devices, and formal/informal nursing care.
2
Excluded cost categories: Informal nursing care.
3
Included cost categories: Inpatient-care psychiatry, outpatient psychiatrist, outpatient psychotherapist, psychiatric medication.
4
Patients with total costs greater than the 95th percentile of the total costs of the particular group.
*
p  0.05.
**
p  0.01.

Based on the unadjusted ICER, GermanIMPACT was dominant
compared with TAU. However, as this analysis was based on a bicentric cluster-randomized controlled trial and the sample size
was relatively small, results adjusted for imbalances in baseline
characteristics are to be considered less prone to biased costeffectiveness estimates [44]. Therefore, to handle uncertainty in
the cost-effectiveness analysis, the net-beneﬁt regression approach has been used for estimation enabling to control for
imbalances [50]. In the study evaluating the cost-effectiveness of
the IMPACT program for late-life primary care patients with
depression in the USA, an ICER of US$60 per additional DFD was
calculated. As GermanIMPACT was an adaption of the collaborative
care program of that study, comparability between the IMPACT
program and the program evaluated in the current study is given
[13,15,16]. Furthermore, participants of that study were comparable by means of gender distribution and age. However, uncertainty
of the ICER has not been quantiﬁed for the IMPACT program and
none of the studies found clear evidence of cost-effectiveness for
the collaborative treatments.
Moreover, whether the implementation of GermanIMPACT
would represent an efﬁcient use of resources remains unclear
because there is no generally accepted WTP threshold value for an
additional DFD. Unützer et al. [51] estimated that depressed
primary care patients were willing to pay US$18 for an additional
DFD. Our study revealed that the probability for cost-effectiveness
at a WTP of US$18 would be only 49%.
Another study, evaluating the cost-effectiveness of a collaborative care program to prevent depression and anxiety in residents in
homes for elderly in the Netherlands, calculated an ICER of US
$34,755 per QALY [17]. The probability of cost-effectiveness at a
WTP of >s50,000 for an additional QALY was only 46%. Because
participants of that study were somewhat older and the aim of that
study was prevention of depression and anxiety, comparability
with the current study intervention is limited. However, in both
studies, the collaborative care intervention was unlikely to be costeffective, even for high WTP for an additional QALY.
4.1. Strengths and limitations
The ﬁrst strength of this study is that the evaluated collaborative care program was adapted from a program that has already
been proven effective and cost-effective in the USA and that it has
been tailored to German primary care context. Second, for the
assessment of service utilization, a questionnaire has been used
that has been explicitly developed for late-life populations [31].
Third, multiple imputation has been used to handle missing
information. Multiple imputation is superior to simple imputation

methods because uncertainty of the predicted missing values is
taken into account and distributions and relationships in the data
are preserved [52]. Furthermore, compared with complete case
analysis, the analysis with multiply imputed data is not considered
to be biased under the missing at random assumption [53]. Last,
the NMB for different WTP thresholds were estimated using
covariates at baseline for adjustment. Yet, by using covariateadjustment, possible bias from those covariates was removed.
However, the study has some limitations. First, in order to
detect a rate of remission of depressive symptoms with adequate
power, the required sample size of the GermanIMPACT trial was
250 patients. However, this sample size might have been too small
to measure signiﬁcant differences in costs, which showed,
moreover, a large statistical variance. Second, patients in the IG
had signiﬁcantly more severe depressive symptoms at baseline
compared with patients in the CG. PCP in the IG might have had
increased interest in including patients with poorer health into the
study than PCP in the CG, as they might expected relief in workload
through the care manager. Furthermore, PCP in the CG might not
have included patients with more severe depressive symptoms, as
no additional intervention beyond TAU was provided. Third,
generalizability of the results of this study to the population with
late-life depression in Germany might be limited because study
participants were recruited in randomized PCP practices around
two study centers only. Last, out of 1505 patients identiﬁed
potentially eligible, merely 18% were included in this study. This
low participation rate might be explained by heterogeneous
recruiting success by PCPs, non-existent acute depressive symptoms or a limited awareness of the disorder by late-life primary
care patients, their motivation and believe in change and concerns
about time-consuming recruitment processes. Furthermore, even
though the PCP and the study coordinators decided about
eligibility of study participation based on diagnosis of a depressive
disorder and the patients’ depressive symptom severity, patients
decided themselves to participate or to refuse participation in the
study. Thus, participation might have been inﬂuenced by nonacceptance stigma of depressive disorders by patients. Health
services research is regularly challenged by such low participation
rates and recruitment rates per PCP of below ﬁve patients as in the
current study are common, nevertheless a selection bias cannot be
ruled out [14,54,55].
5. Conclusion
There is no clear evidence for cost-effectiveness of the analyzed
collaborative treatment for patients with late-life depression in
German primary care relative to TAU. Only if societal WTP was
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s180 for an additional DFD, GermanIMPACT could be considered
cost-effective with certainty. The probability of cost-effectiveness
of GermanIMPACT for an additional QALY was low, even for high
WTP s50,000. Further research is needed in order to analyze the
cost-effectiveness of collaborative treatment for patients below 60
years of age with depression in German primary care. In order to
reduce uncertainty in cost-effectiveness analyses of collaborative
treatment, future research needs to be conducted with large
sample sizes powered to detect differences in costs and healthrelated quality of life. Furthermore, future research needs to focus
on the relationship between depressive symptom severity and
cost-effectiveness of collaborative treatment in order to determine
most efﬁcient use of resources.
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