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Abstract
Background: Recently, the efficacy of dietary improvement as a therapeutic intervention for moderate to severe
depression was evaluated in a randomised controlled trial. The SMILES trial demonstrated a significant improvement
in Montgomery–Åsberg Depression Rating Scale scores favouring the dietary support group compared with a
control group over 12 weeks. We used data collected within the trial to evaluate the cost-effectiveness of this novel
intervention.
Methods: In this prospective economic evaluation, sixty-seven adults meeting DSM-IV criteria for a major
depressive episode and reporting poor dietary quality were randomised to either seven sessions with a dietitian for
dietary support or to an intensity matched social support (befriending) control condition. The primary outcome was
Quality Adjusted Life Years (QALYs) as measured by the AQoL-8D, completed at baseline and 12 week follow-up
(endpoint) assessment. Costs were evaluated from health sector and societal perspectives. The time required for
intervention delivery was costed using hourly wage rates applied to the time in counselling sessions. Food and
travel costs were also included in the societal perspective. Data on medications, medical services, workplace
absenteeism and presenteesim (paid and unpaid) were collected from study participants using a resource-use
questionnaire. Standard Australian unit costs for 2013/2014 were applied. Incremental cost-effectiveness ratios
(ICERs) were calculated as the difference in average costs between groups divided by the difference in average
QALYs. Confidence intervals were calculated using a non-parametric bootstrap procedure.
Results: Compared with the social support condition, average total health sector costs were $856 lower (95% CI
-1247 to − 160) and average societal costs were $2591 lower (95% CI -3591 to − 198) for those receiving dietary
support. These differences were driven by lower costs arising from fewer allied and other health professional visits
and lower costs of unpaid productivity. Significant differences in mean QALYs were not found between groups.
However, 68 and 69% of bootstrap iterations showed the dietary support intervention was dominant (additional
QALYs at less cost) from the health sector and societal perspectives.
Conclusions: This novel dietary support intervention was found to be likely cost-effective as an adjunctive
treatment for depression from both health sector and societal perspectives.
Trial registration: Australia and New Zealand Clinical Trials Register (ANZCTR): ACTRN12612000251820. Registered
on 29 February 2012.
Keywords: Depression, Major depressive disorder, Diet, Nutrition, Randomised controlled trial, Economic evaluation

* Correspondence: m.chatterton@deakin.edu.au
1
Deakin University, Deakin Health Economics, Centre for Population Health
Research, Waterfront Campus, Room D1.107, Locked Bag 20000, Geelong, VIC
3220, Australia
Full list of author information is available at the end of the article
© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Chatterton et al. BMC Public Health (2018) 18:599

Background
Major depressive disorder (MDD) carries a significant
burden and cost to health care payers, employers and
society [1, 2]. Observational studies have revealed a relationship between diet quality and the risk of depression
[3]. However, until recently, this relationship had not
been evaluated in the context of a randomised clinical
trial (RCT) to allow causality to be elucidated. This led
to the creation of the Supporting the Modification of
lifestyle In Lowered Emotional States (SMILES) trial, the
first RCT to investigate the efficacy of a dietary intervention as an adjunct to treatment of major depressive episodes [4]. The study hypothesized that prescriptive
individualised dietary support, focusing on improving
diet quality in participants with poor diet quality using a
modified Mediterranean diet model [5], would be superior to a social support control condition (befriending) in
reducing the severity of depressive symptoms.
The primary results from the SMILES trial demonstrated significant improvement in Montgomery–Åsberg
Depression Rating Scale (MADRS) score for the dietary
support intervention group compared to the social support control group [6]. A significantly larger proportion
of participants in the dietary support group achieved remission versus the control condition, based on MADRS
scores.
While the individual cost of providing a dietary support
intervention may be perceived as relatively small, indeed
there is an opportunity cost associated with any healthcare
intervention. This means there is an alternate use for the
resources to deliver the dietary support intervention that
could be directed toward some other purpose. It is therefore critical to demonstrate the cost-effectiveness of any
new interventions to ensure that government and society
allocate scarce healthcare dollars where they will have the
greatest value-for-money [7].
While dietary counselling has efficacy and costeffectiveness credentials in the management of obesity,
cardiovascular disease and diabetes, it has not previously
been evaluated as an adjunctive therapy for the treatment of depression [8]. Therefore, we conducted an economic evaluation within the SMILES RCT to determine
whether dietary counselling for people with depression
would be cost-effective compared to the social support
control condition, where $50,000 per Quality Adjusted
Life Year (QALY) is taken as the benchmark for costeffectiveness in Australia. As recommended by the Second
Panel on Cost-effectiveness in Health and Medicine, both
health sector and societal perspectives are presented as
reference case analyses [9].
Methods
This economic evaluation utilised data collected as
part of the SMILES randomised trial. Details of the
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SMILES trial protocol and main results have been
published elsewhere [4, 6]. In summary, adults meeting the Diagnostic and Statistical Manual of Mental
Disorders (4th ed.; DSM-IV-TR) criteria for a major
depressive episode (MDE) and poor diet quality using
the Dietary Screening Tool were recruited. Exclusion
criteria comprised having a concurrent diagnosis of
bipolar (type I or II), personality or substance use disorders, two or more failed trials of antidepressants,
an unstable medical comorbidity, pregnancy, or a
change in medications or psychotherapy in the preceding two weeks. Severe food allergies, intolerances,
aversions or socio-cultural reasons for dietary restrictions as well as current participation in an intervention targeting diet or exercise also excluded potential
participants. People were recruited in Melbourne and
Geelong, Australia between October 2012 and November 2014 using community-based recruitment
strategies. Ethical approval was obtained from St.
Vincent’s Hospital, Barwon Health and Deakin University
Human Research Ethics Committees. All participants provided written informed consent after receiving a full description of the study.
Participants were randomly assigned to the dietary
support intervention (the modified Mediterranean diet)
[5] or the social support control condition. Personalised
dietary advice and nutrition counselling was provided by
an Accredited Practicing Dietitian (qualified clinical
dietitian) for up to seven individual face-to-face sessions
of approximately 60 min each. The social support condition comprised a manualised ‘befriending’ protocol,
which has been previously used in psychiatric trials and
aims to control for therapeutic effects in RCTs (i.e. time,
duration of therapy) [10]. The ‘befriending’ social support condition followed the same visit schedule and
length as the dietary support intervention, but consisted
of discussion of neutral topics of interest to the participant (i.e. sport, music, news), or in instances where participants found conversation difficult, other activities
such as cards or board games. Befriending sessions were
guided by a trained research assistant, and the visits did
not engage in techniques specifically used in the major
therapeutic models of psychotherapy.
Costs

Australian health sector and societal perspectives were
used for the analyses to reflect different decision makers
and contexts as per current guidelines for reference
cases in economic evaluations [9]. The health sector
costs included in this evaluation were those required to
deliver the dietary support intervention or the social
support control condition, as well as the cost of health
care resources used by participants over the trial period.
Societal costs comprised the health sector costs in
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addition to the cost of patient transportation, food and
effects on productivity. The cost and outcomes included
in the analysis are reported in the Impact Inventory
(Additional file 1: Table S1).
The main resource required to deliver both the
dietary and the social support was the salary of
trained personnel. Detailed records of the number
and length of sessions for each participant were collected by dietitians and befrienders. Hourly wage
rates with on-costs of 27% were applied to the total
time reported to provide the support for each participant. For the dietary support group, the rate was
based on a grade two, year one dietitian from the
Victorian Hospitals’ Industrial Association salary circular [11]. The hourly wage rate to deliver the social
support condition was based on an entry level research assistant salary (Level A, step1) at Deakin
University [12]. Since the dietary support intervention aimed to modify the dietary intake of participants, the cost of food was also included in the
societal perspective. Food costs were estimated at
$112 per week for the dietary support group participants and $138 per week for the social support
group participants. This was based on the cost of
the first 20 study participants’ dietary intake at baseline compared to the cost of the prescribed healthy
alternative, the modified Mediterranean diet [13].
The societal perspective also included transportation
costs to attend the dietary or social support sessions.
These were estimated by assuming a 30 km round
trip in a private vehicle per session, and then applying the cost/km typically used for tax reimbursement
in Australia [14].
Participants self-reported the use of prescription medications, over the counter medications and supplements,
the number of health professional visits (GPs, psychiatrists, psychologists etc.), and hospitalisations with a
resource-use questionnaire administered at baseline and
the 12 week follow-up visit. The questionnaire asked for
all health care use and was not limited to the use of services specifically for mental health concerns. The healthcare costs included in the analyses were those paid by
the government as a third-party payer and the out of
pocket costs borne by participants, such as co-payments
for prescription medications.
Pharmaceutical Benefits Schedule (PBS) data was used
to calculate the government and patient out of pocket
costs for covered medications [15]. We assumed that all
participants would pay the general patient co-payment
($36.10). Online Australian retail pharmacy sites were
consulted to determine patient costs for other medications and supplements not covered by the PBS [16–18].
Health professional visits were costed using a weighted
average cost paid by the government, derived from the
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Medicare Benefits Schedule (MBS) item reports [19].
Since a standard co-payment for health professional
visits is not in place under the MBS, participants were
asked to report the estimated out of pocket costs they
paid for these services.
Community mental health visits were costed using
data from the 2010 Australian Mental Health Report
[20] and the value then inflated to 2013/2014 dollars
using the total health price index calculated by the
Australian Institute for Health and Welfare [21].
Hospital stays were costed using public sector average
cost per separation, based on Australian Refined Diagnosis Related Groups (AR-DRGs) from the National Hospital Cost Data Collection [22]. The specific AR-DRGs
were selected based on the reported reason and length
of stay.
The societal perspective incorporated patient transportation costs and effects on productivity. Transportation
costs for health professional visits were calculated from
the distance travelled in kilometres reported in the resource use questionnaire. We assumed a private vehicle
was used and therefore multiplied the distance by a
cost/km typically used for tax reimbursement [14].
Transport to hospital was estimated based on the cost
for a 15 km taxi ride in Melbourne [23].
The resource use questionnaire also asked participants
to self-report days off from paid and unpaid work (absenteeism) as well as days worked while suffering health
problems as a proxy for presenteeism. To calculate the
hours of lost productivity due to presenteeism, we assumed that 1.2 h of productivity was lost per day when a
person reported working while suffering health problems
[24]. The human capital approach [25] was used to value
lost paid productivity by using an average hourly wage
rate calculated from the average weekly earnings reported by the Australian Bureau of Statistics plus 25%
overhead costs [26]. Time off from unpaid activities (i.e.
housework) was valued at 25% of the average wage rate
plus overhead costs to represent the value of participants’ lost leisure time [27].
All costs are presented in Australian dollars (AUD) for
the 2013/2014 financial reference year. Since the costs
and outcomes were collected over a 12 week period, discounting was not applied.
Outcomes

The primary health outcome for the current study was
quality adjusted life years (QALYs). QALYs are useful
outcome metrics since they can be applied across different disease/disorder areas, thus allowing comparability
across a range of programs when evaluating economic
decisions. For example, in Australia $50,000/QALY has
been used as a rule of thumb to denote value-for-money
[28, 29]. QALYs are derived by “weighing” the length of
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life spent in a particular health state by the utility or
value of that health state. Utility values (or weights) are
constrained between 0 and 1 where 0 refers to death and
1 refers to perfect health and values in between denoting
less than perfect health states. To assess participants’
health-related quality of life and utility, the Assessment
of Quality of Life – Eight Dimension (AQoL-8D) [30]
was completed at each assessment. The AQoL-8D is a
multi-attribute utility instrument, with a separate utility
scoring algorithm associated with the instrument allowing the calculation of utility values for each participant.
The utility algorithm used in the current study was derived from the Australian general population [31]. The
QALYs for the 12 week follow-up period in the current
study were estimated using the area under the curve
method [32].

and the CIs were graphically represented on costeffectiveness planes. A cost-effectiveness plane is a
plot of the 1000 bootstrapped incremental costs and
outcomes across four quadrants. The north-east
quadrant represents the intervention costing more as
well as conferring greater benefits than the comparator. The south-east quadrant shows the proportion
of iterations where the intervention costs less but incurs greater benefits than the comparator (i.e. a
“dominant” intervention), the north-west quadrant
shows the proportion of iterations where the intervention incurs a cost but fewer benefits than the
comparator (i.e. a “dominated” intervention) and,
lastly, the south-west quadrant shows the proportion
of iterations whereby the intervention costs less and
has fewer benefits than the comparator group.

Statistical analyses

Sensitivity analyses

Data management and costing were completed using
Excel 2013, while statistical analyses were conducted
with Stata 14 (College Station, Texas, USA). SMILES
was originally powered to detect differences between
groups based on the primary clinical endpoint of
MADRS. Therefore, the sample sizes were not designed
to test the cost-effectiveness hypotheses. The reference
case analyses were undertaken as intention to treat. All
enrolled participants who completed a baseline assessment were included; however, 33 % of participants did
not complete all of the health care resource use questions at the 12 week follow-up. The missing at random
assumption was tested through a series of logistic regression analyses comparing participant characteristics
for those with and without missing endpoint data. To
account for missing utility values, health care, transportation, and lost productivity costs, the ICE multiple imputation technique in Stata was used [33]. Missing data
were imputed 33 times based on the percentage missing
from the health care utilisation variables [34]. Generalised linear models (gamma family, log link), using the
mim command to combine the estimated coefficients
across the imputed datasets, were used to determine the
size and significance of differences between groups for
total costs (health sector and societal) and QALYs. For
each outcome, unadjusted models were developed along
with models incorporating the covariates of age, gender,
baseline utility and baseline cost.
Incremental cost-effectiveness ratios (ICERs) were
calculated as the difference in average cost between
the dietary support and social support groups, divided by the difference in average QALYs. Confidence intervals (CIs) for the incremental costs per
QALY gained were calculated using a nonparametric
bootstrap procedure, with 1000 iterations to reflect
the sampling uncertainty. The bootstrapped ICERs

Imputation uncertainty was evaluated by comparing the
reference case results to the analysis of participants with
complete data. Generalised linear models (unadjusted
and adjusted) were used to evaluate the size and significance of differences between groups, and nonparametric bootstrapping was also employed concordant
with the reference case.
Additional sensitivity analysis was undertaken by varying the cost of the social support control condition to $0
to represent a scenario where the comparator would be
a ‘do nothing’ approach. The cost of the dietary support
intervention was also varied to assess the effect on the
incremental cost difference between groups. Assumptions regarding the food costs were explored by varying
the cost of food for the dietary intervention group.

Results
Demographic characteristics were well balanced between
the two study groups at baseline [6]. Additional baseline
statistics relevant to the economic evaluation are presented in Table 1. Mean baseline costs (health sector
and societal) were greater for the social support group,
although only the societal costs were significantly different between groups. However, median values for costs
were comparable between the two groups.
Table 2 provides details of the intervention sessions
for both study groups and associated costs. The participants in the dietary support group attended significantly
more sessions and had a significantly greater number of
contact hours with a dietitian than the participants had
with a ‘befriender’. This led to the mean health sector
costs for the dietary support group being significantly
greater than the social support group. Conversely, the
intervention costs from the societal perspective were significantly greater for the social support group due to the
additional cost of food.
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Table 1 Participant characteristics at baseline
Total

Dietary
Support
n = 33

Social
Support
n = 34

Age, mean (S.D.) years

mean (S.D.)

40.3 (13.1)

37.4 (10.7)

43.0 (14.6)

Sex, female

% (n)

71.6% (48)

61.8% (21)

81.8% (27)

Post-secondary school education

% (n)

51.5% (34)

51.5% (17)

51.5% (17)

Household income >$80,000/year

% (n)

23.1%(15)

25%(8)

21.2% (7)

Covered by private health insurance

% (n)

50% (32)

50%(16)

50% (16)

Hours of paid work per week

mean (S.D.)

17.7 (17.4)

14.65 (14.9)

20.6 (19.2)

Utility value

mean (S.D.)

0.407 (0.118)

0.390 (0.129)

0.423 (0.104)

a

Health sector costs
a*

Societal costs

mean (S.D.)

$569 ($1377)

$340 ($391)

$790 ($1881)

median

$212

$212

$214

mean (S.D.)

$2228 ($5649)

$1037 ($1438)

$3384 (7683)

median

$590

$564

$620

a

costs refer to the month prior to the participant starting the trial
*denotes significant differences at p < 0.05

The reference case results using multiple imputation for
missing costs, and QALYs analysed with generalised linear
models, revealed no significant differences in QALYs between the dietary support and social support groups, even
when controlling for baseline age and gender (Table 3).
However, significant differences were found for total costs
(including the intervention and other costs) from both the
health sector and societal perspectives. When the results
were transformed from the log scale into dollars, total
health sector costs were $856 lower on average, and total
societal costs were $2591 lower, for the dietary support
group than the social support group. The costeffectiveness plane in Fig. 1a) shows that 68% of bootstrapped cost-effectiveness ratios using the health sector
perspective fell into the south-east quadrant, indicating
that the dietary intervention was dominant (lower total
costs and more QALYs). Thirty-two percent of iterations
fell into the lower left quadrant where the dietary intervention was associated with lower total costs and fewer
QALYs. The bootstrapped results from the societal

perspective (Fig. 1b) were similar, with 69% of iterations
falling into the lower right quadrant, indicating dominance of the dietary support intervention over the social
support group, and the remaining 31% falling into the
lower cost/fewer QALYs lower left quadrant.
Table 4 provides a breakdown of the cost categories
comprising total health sector and societal costs. These
values were the results of unadjusted generalised linear
models that were transformed to represent 2013/2014
Australian dollars, since the log link function produced results on a log scale. The dietary support intervention was
associated with significantly greater session delivery and
travel costs than the social support group. However, most
other cost categories were significantly lower for the dietary
support group with the exception of the transportation
costs for health care visits. The health care costs were an
average of $940 lower, and the cost of lost productivity was
$1589 lower, for the dietary support group than the social
support group. The social support group used significantly
more allied health professionals (occupational therapists,

Table 2 Intervention session costs
Dietary Support
Number of sessions*

Social Support

mean (S.D.)

5.9 (1.6)

4.3 (2.7)

median

7

5.5

Total contact time (hours)*

mean (S.D.)

4.8 (1.4)

3.4 (2.3)

Health sector cost*

mean (S.D.)

217 (65)

133 (89)

median

234

148

mean (S.D.)

1692 (96)

1886 (147)

median

1711

1934

Societal cost*
*denotes significant differences at p < 0.05
Note that the societal cost includes food and travel costs
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Table 3 Effect of the dietary support intervention versus the social support control condition; results are log values
Model 2: glm (adjusted)a

Model 1: glm (without adjustment)
Coefficient

Std. Error

P value

95% CI

Coefficient

Std. Error

P value

95% CI

ITT (imputation used)
QALYs

0.026

0.063

−0.097

0.150

0.675

0.017

0.066

−0.113

0.147

0.798

Health sector costs

−0.638

0.277

−1.182

−0.093

0.022

−0.605

0.262

−1.119

−0.091

0.021

Societal costs

−0.630

0.205

−1.032

−0.227

0.002

−0.676

0.195

−1.058

−0.293

0.001

Complete Cases
QALYs

0.036

0.074

−0.108

0.181

0.623

0.039

0.078

−0.113

0.192

0.614

Health sector costs

−0.690

0.289

−1.255

−0.124

0.017

−0.603

0.269

−1.131

−0.075

0.025

Societal costs

−0.675

0.271

−1.206

−0.143

0.013

−0.535

0.249

−1.023

−0.046

0.032

a

models with QALYs were adjusted for age and gender; cost models were adjusted for age, gender, baseline utility value and baseline cost

a

b

Fig. 1 Cost-effectiveness planes. a Health sector costs; ITT. b Societal costs; ITT
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Table 4 Total and component cost results transformed from log values; all values are 2013/2014 $AUD
Social Support

Dietary Support

mean

mean

Mean difference

95% CI

Session delivery

133

217

84

36

145

Health care costs
Total health sector costs

1684

743

−940

− 1283

− 305

1817

960

−856

−1247

−160

Travel for intervention sessions

97

131

35

7

69

Travel for health care

283

103

− 180

− 250

39

Food costs

1656

1344

− 312

−312

−312

Lost productivity costs

2383

794

−1589

− 2102

− 146

Total societal costs

6236

3333

−2591

−3591

−198

physiotherapists, osteopaths) and other health professionals
(dentists, podiatrists, orthodontists) as shown in Additional
file 1: Table S2. The results also show that the dietary intervention appeared to reduce productivity costs: that is, participants in the dietary support group missed fewer paid
and unpaid work days compared to those in the social support group (Table 4). This difference appears to be largely
driven by the significant difference in unpaid productivity
costs as demonstrated in Additional file 1: Table S3.
Sensitivity analyses

The analysis of complete cases, defined as participants with
complete cost and QALY data at the 12 week follow-up, indicated similar results to the imputed ITT analysis as
shown in Table 3. The cost-effectiveness planes (Additional
file 1: Figures S1 and S2) show that the dietary intervention
was associated with a higher probability of reduced costs
and increased QALYS (81 and 80% respectively for health
sector and societal perspectives).
The results of the sensitivity analyses are presented
in the Additional file 1: Table S4 and S5. When the
cost to deliver the social support control condition
was adjusted to $0, total health sector costs were no
longer significantly different between groups for all
ITT results, as well as the complete cases in the adjusted model. The costs from the societal perspective
remained significantly different between the study
groups, with the exception of the complete case analysis with the adjusted model, where food costs were
removed and the social support costs adjusted to $0.
When the cost of the dietary intervention increased
by a factor of 1.5, the difference in total health sector
costs between groups was no longer significant using
the adjusted glm (coefficient = − 0.491; p = 0.059). As
shown in Additional file 1: Table S5, the cost of food
for the dietary intervention group would need to increase to $2325 for the dietary intervention to no
longer be significant using the results from the base
case ITT unadjusted glm model. Using the base case

ITT adjusted glm model the dietary intervention was
no longer significant when the cost of food increased
to $2600. The sensitivity results for the complete
cases showed that the results became non-significant
at smaller increases in food costs.

Discussion
This study provides a formal economic evaluation of the
first RCT to evaluate dietary improvement as a therapeutic approach for clinical depression. Our findings
suggest that a 12 week dietary support intervention had
significantly lower costs from both health sector and societal perspectives in the reference case analysis when
compared to a control condition. While sensitivity analyses showed this to be fairly robust, results were sensitive to the cost of the comparator to the dietary support
intervention. For example, when the cost of the social
support intervention were removed, the total health sector costs of dietary support compared to social support
were not significantly different. However, the difference
remained significant from the societal perspective.
These results suggest that such an intervention has
the potential to provide value for money. Nutrition and
dietetic services have been shown to be cost-effective for
the reduction in LDL cholesterol levels in type 2 diabetes
patients [35], and provide a positive return on investment when used to treat patients with hypercholesterolemia [36], as well as other patient groups [37, 38].
Therefore, the current results are in line with the costeffectiveness of dietary interventions used to treat other
health conditions. However, results of analyses of the
health care services used by participants demonstrated
that the social support group costs were significantly
higher for allied and other health professionals, such as
dentists, which may appear unrelated to depression. Depression impacts adherence and the therapeutic alliance,
and is an adverse prognostic marker across seemingly
disparate disorders. However, there is a strong, bidirectional relationship between depression and multiple
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chronic health conditions, including cardiovascular disease, metabolic syndrome, type 2 diabetes and obesity
[39, 40]. Diet quality is an important determinant of all.
Fewer visits to non-mental health professionals suggests
that a dietary improvement strategy may have multiple
benefits that translate to wider health and wellbeing
outcomes.
While the utility values for both groups significantly
improved over the course of the trial, these values
and QALYs were not significantly different between
the study groups at 12 week follow-up. The average
utility values for this cohort, 0.47 at baseline, were
lower than the population norm of 0.83 [41], but
similar to the average for individuals with depression
from a representative survey of the Australian population [42].
An alternate analytic approach to the current costutility analysis would be to use clinical endpoints
such as the change in MADRS or symptom remission
as outcome measures. However, we did not undertake
these analyses since the primary study results demonstrated significant improvement in MADRS scores
and a greater percentage of remission in the dietary
support intervention over the social support group
[6]. Combining these clinical endpoints with the finding that the dietary support intervention was less
costly would indicate that the dietary intervention
would also be considered the “dominant” strategy
providing greater efficacy at a lower cost.
Strengths and limitations

A strength of the current study was the collection of
health care resource utilisation and health preference
data prospectively within the trial and the application of
conservative unit cost estimates to determine the cost/
QALY from a health sector perspective. This evaluation
also included a societal perspective as recommended by
the Second Panel on Cost-Effectiveness in Health and
Medicine [9]. The study design used the social support
condition as an active control, which was intended to
avoid a nocebo effect that a usual care comparator may
induce and to control for the non-specific benefits of
face to face interactions [43].
The results of this economic evaluation should, however, be viewed cautiously due to several limitations. The
sample size included in the trial was small (Dietary
Support group n = 33, Social Support group n = 34) and
limit feasibility and generalisability of the dietary support
intervention. Despite the high prevalence of depression
in Australia [44], and the presence of poor diet quality
[45], few individuals who were interested in participation
actually met the entry criteria for the trial. The small
sample size, combined with over one-third of missing
follow-up cost data and the typically skewed nature of
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cost data, present additional statistical challenges. While
we have attempted to address these using methodologically rigorous methods and conservative assumptions,
these results require replication. Moreover, while the
outcome assessors were blinded to treatment allocation,
trial participants were not. It is unclear whether expectation bias may have influenced the measured outcomes
of this analysis in some way. However, psychological
support has the greater face validity in the community
as an effective intervention.
It is important to note that while there were no significant differences in resource use and costs between the
groups at baseline, there were trends toward greater
health sector and societal costs in the social support
group. However, the adjusted analyses incorporated
baseline cost values and showed that the findings were
reasonably robust.
Moreover, the resource use and lost productivity data
were reliant on participant recall; however, this was over
a relatively brief time period (12 weeks). While recall
may introduce additional bias into the results,
participant-reported data is frequently used in economic
evaluations conducted within clinical trials. The brief
12 week follow-up period aids participant recall, however it is unclear whether the cost savings found over
the brief time period of this trial would be maintained
over the longer term.
The 12 week follow –up may also be perceived as a
limitation due to diminishing rates of adherence to
diets over longer time periods. However, previous
studies evaluating Mediterranean diets for the prevention of cardiovascular disease have shown high rates
of adherence to this dietary pattern over two to five
years [46–48]. Additionally, given that the cost to deliver the intervention would be incurred up-front (in
the first 12 weeks) a longer follow up period may in
fact favour the dietary intervention in the costeffectiveness analysis.
Finally, the resource use questionnaire, while capturing
the bulk of service use, did not include questions on all
societal costs (e.g. criminal justice costs and community
care costs were not explicitly measured). This was
largely because brevity of questionnaires was required so
that subject recruitment would not be compromised.
While it is unlikely that this intervention would affect
such costs, we cannot be certain.

Conclusions
This analysis provides preliminary data to support the
cost-effectiveness of a dietary support intervention as an
adjunct to medication and psychological care for people
with MDE. Further research is needed to validate the results of this novel study.

Chatterton et al. BMC Public Health (2018) 18:599

Additional file
Additional file 1: Table S1. Impact Inventory as recommended by the
Second Panel on Cost-Effectiveness in Health and Medicine. Table S2.
Average costs, contacts and utilisation for health care services for the 3
month follow up period (2013/2014 $AUD). Table S3. Average costs, days
lost and percent reporting paid and unpaid productivity loss for the 3
month follow up period (2013/2014 $AUD). Table S4. Sensitivity analysis
results; results are log values. Table S5. Sensitivity analysis for food costs;
results are log values. Figure S1. Cost-effectiveness plane for health
sector costs; completers. Figure S2. Cost-effectiveness plane for societal
costs; completers. Figure S3. Cost-effectiveness plane for health sector
costs with befriending intervention costs set to $0; ITT. Figure S4. Costeffectiveness plane for societal costs with befriending intervention costs
set to $0; ITT. Figure S5. Cost-effectiveness plane for health sector costs
with befriending intervention costs set to $0; completers. Figure S6.
Cost-effectiveness plane for societal costs with befriending intervention
costs set to $0; completers. (DOCX 249 kb)

Abbreviations
AQoL-8D: Assessment of Quality of Life – Eight Dimension; ARDRGs: Australian Refined Diagnosis Related Groups; AUD: Australian dollars;
CIs: Confidence intervals; ICER: Incremental cost-effectiveness ratio;
MADRS: Montgomery–Åsberg Depression Rating Scale; MBS: Medicare
Benefits Schedule; MDD: Major depressive disorder; MDE: Major depressive
episode; PBS: Pharmaceutical Benefits Schedule; QALYs: Quality Adjusted Life
Years; RCT: Randomised clinical trial; SMILES: Supporting the Modification of
lifestyle In Lowered Emotional States

Funding
This project was funded by the National Health and Medical Research
Council (NHMRC grant number APP1021347). Woolworths Limited provided
sponsorship in the form of food vouchers for participants. Village cinemas
donated cinema vouchers and Carman’s Fine Foods donated muesli bars for
participants. A grant from Meat and Livestock Australia (2013) funded
biochemistry data collected and analysed as part of the SMILES trial. These
sponsors had no role in the design, analysis or preparation of the manuscript
for publication.

Availability of data and materials
The datasets generated and/or analysed during the current study are not
publicly available due to issues of participant confidentiality but would be
made available from the corresponding author on reasonable request.

Authors’ contributions
FNJ conceived the overall study, developed the protocol, and led the SMILES
randomised controlled trial. CM conceived the economic evaluation and
MLC developed and implemented the data collection for the economic
evaluation, developed the economic evaluation protocol, undertook the unit
costing, analysis of data as well as drafting of the manuscript with input
from CM. AON acted as trial coordinator in the first year of the trial,
developed and applied for ethical approvals, played a primary role in
overseeing the RCT. RO and CI were responsible for the development of the
ModiMedDiet and the associated score, as well as the collection of
intervention delivery data critical for the economic evaluation. SD made
substantial contributions to running the trial and the collection of data
including the resource use questionnaires and AQoL-8D. LB contributed to
the original study design. DC and MB were the consultant psychiatrists on
the study and made an important contribution to the design of the study
protocol, the running of the study, and the interpretation of the data. All
authors read and approved the final manuscript

Ethics approval and consent to participate
Ethical approval was obtained from St. Vincent’s Hospital, Barwon Health and
Deakin University Human Research Ethics Committees. All participants provided
written informed consent after receiving a full description of the study.

Page 9 of 11

Competing interests
Mary Lou Chatterton has received funding support from the NHMRC, Beyond
Blue, Barwon Child Youth & Family, and Medibank Private Health Research
Fund. She has served as a consultant for Astra Zeneca, Biogen, and Genentech.
Cathrine Mihalopoulos was supported by an NHMRC Early Career
Development Fellowship (#1035887) at the time of this work. She has also
received additional funding support from the NHMRC, Cancer Council,
Mental Illness Research Fund, Medibank Private Health Research Fund,
Macquarie University, Beyond Blue, Murdoch Children’s Research Institute,
The University of Melbourne, The Australian Commonwealth Department of
Health and Ageing, and the Australian National Mental Health Commission.
Adrienne O’Neil has received funding from Meat and Livestock Australia and
is supported by an NHMRC ECR Fellowship (#1052865).
Catherine Itsiopoulos has received funding from the NHMRC, the University
of Melbourne, Deakin University, La Trobe University, Meat and Livestock
Board, Australian Society for Enteral and Parenteral Nutrition, Harokopio
University in Athens, Commonwealth Department of Education, Employment
and Workplace relations, Diabetes Australia and SWISSE Wellness P/L. She
has received speaker honoraria from Astra Zeneca, Boehringer Ingelheim and
Dairy Australia.
David Castle has received grant monies for research from Eli Lilly,
Janssen Cilag, Roche, Allergen, Bristol-Myers Squibb, Pfizer, Lundbeck,
Astra Zeneca and Hospira and travel support and honoraria for talks and
consultancy from Eli Lilly, Bristol-Myers Squibb, Astra Zeneca, Lundbeck,
Janssen Cilag, Pfizer, Organon, Sanofi-Aventis, Wyeth, Hospira and Servier.
He is a current Advisory Board Member for Lu AA21004; Lundbeck; Varenicline: Pfizer; Asenapine: Lundbeck; Aripiprazole LAI: Lundbeck; Lisdexamfetamine: Shire; Lurasidone: Servier. He has no stocks or shares in any
pharmaceutical company.
Michael Berk has received Grant/Research Support from the NIH,
Cooperative Research Centre, Simons Autism Foundation, Cancer Council
of Victoria, Stanley Medical Research Foundation, MBF, NHMRC, Beyond
Blue, Rotary Health, Geelong Medical Research Foundation, Bristol Myers
Squibb, Eli Lilly, Glaxo SmithKline, Meat and Livestock Board, Organon,
Novartis, Mayne Pharma, Servier and Woolworths. He has been a speaker
for Astra Zeneca, Bristol Myers Squibb, Eli Lilly, Glaxo SmithKline, Janssen
Cilag, Lundbeck, Merck, Pfizer, Sanofi Synthelabo, Servier, Solvay and
Wyeth, and served as a consultant to Allergan, Astra Zeneca,
Bioadvantex, Bionomics, Collaborative Medicinal Development, Eli Lilly,
Glaxo SmithKline, Janssen Cilag, Lundbeck Merck, Pfizer and Servier. He
is supported by an NHMRC Senior Principal Research Fellowship
(#1059660).
Felice N Jacka has received Grant/Research support from the Brain and
Behaviour Research Institute, the NHMRC, Australian Rotary Health, the
Geelong Medical Research Foundation, the Ian Potter Foundation, Eli Lilly,
Meat and Livestock Australia, Woolworths Limited and The University of
Melbourne and has received speakers honoraria from Sanofi-Synthelabo,
Janssen Cilag, Servier, Pfizer, Health Ed, Network Nutrition, Angelini
Farmaceutica, Metagenics and Eli Lilly. She is supported by an NHMRC Career
Development Fellowship (#1108125).
The other authors have no relevant financial disclosures to declare.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Deakin University, Deakin Health Economics, Centre for Population Health
Research, Waterfront Campus, Room D1.107, Locked Bag 20000, Geelong, VIC
3220, Australia. 2University of Melbourne, Melbourne School of Population
and Global Health, Carlton, Australia. 3Deakin University, IMPACT Strategic
Research Centre, Barwon Health, Geelong, Australia. 4Centre for Adolescent
Health, Murdoch Children’s Research Institute, Melbourne, VIC, Australia.
5
Black Dog Institute, Randwick, NSW, Australia. 6Department of Psychiatry,
the Florey Institute of Neuroscience and Mental Health, and Orygen Youth
Health Research Centre, University of Melbourne, Parkville, VIC, Australia.
7
School of Allied Health, La Trobe University, Bundoora, Australia.
8
Department of Psychiatry, University of Melbourne, Melbourne, VIC,
Australia. 9Department of Medicine (St Vincent’s campus), The University of
Melbourne, Melbourne, Australia.

Chatterton et al. BMC Public Health (2018) 18:599

Received: 15 October 2017 Accepted: 24 April 2018

References
1. Lee Y-C, Chatterton ML, Magnus A, Mohebbi M, Le LK-D, Mihalopoulos C.
Cost of high prevalence mental disorders: findings from the 2007 Australian
National Survey of mental health and wellbeing. Aust N Z J Psychiatry. 2017;
https://doi.org/10.1177/0004867417710730.
2. Whiteford HA, Degenhardt L, Rehm J, Baxter AJ, Ferrari AJ, Erskine HE,
Charlson FJ, Norman RE, Flaxman AD, Johns N, et al. Global burden of
disease attributable to mental and substance use disorders: findings from
the global burden of disease study 2010. Lancet. 2013;382(9904):1575–86.
3. Lai JS, Hiles S, Bisquera A, Hure AJ, McEvoy M, Attia JA. Systematic review
and meta-analysis of dietary patterns and depression in communitydwelling adults. Am J Clin Nutr. 2014;99(1):181–97.
4. O'Neil A, Berk M, Itsiopoulos C, Castle D, Opie R, Pizzinga J, Brazionis L,
Hodge A, Mihalopoulos C, Chatterton ML, et al. A randomised, controlled
trial of a dietary intervention for adults with major depression (the “SMILES”
trial): study protocol. BMC Psychiatry. 2013;13:114.
5. Opie RS, O'Neil A, Jacka FN, Pizzinga J, Itsiopoulos CA. Modified
Mediterranean dietary intervention for adults with major depression: dietary
protocol and feasibility data from the SMILES trial. Nutr Neurosci. 2017:1–15.
6. Jacka FN, O'Neil A, Opie R, Itsiopoulos C, Cotton S, Mohebbi M, Castle D,
Dash S, Mihalopoulos C, Chatterton ML, et al. A randomised controlled trial
of dietary improvement for adults with major depression (the ‘SMILES’ trial).
BMC Med. 2017;15(1):23.
7. Drummond MA, Sculpher MJ, Claxton K, Stoddart GL, Torrance GW.
Methods for the economic evaluation of health care programmes. Fourth
ed. Oxford: Oxford University Press; 2015.
8. Howatson A, Wall CR, Turner-Benny P. The contribution of dietitians to the
primary health care workforce. J Prim Health Care. 2015;7(4):324–32.
9. Sanders GD, Neumann PJ, Basu A, Brock DW, Feeny D, Krahn M, Kuntz KM,
Meltzer DO, Owens DK, Prosser LA, et al. Recommendations for conduct,
methodological practices, and reporting of cost-effectiveness analyses:
second panel on cost-effectiveness in health and medicine. JAMA. 2016;
316(10):1093–103.
10. Bendall S, Jackson HJ, Killackey E, Allott K, Johnson T, Harrigan S, Gleeson J,
McGorry PD. The credibility and acceptability of befriending as a control
therapy in a randomized controlled trial of cognitive behaviour therapy for
acute first episode psychosis. Behav Cogn Psychother. 2006;34(3):277–91.
11. Victorian Hospitals’ Industrial Association. VHIA Salary Circular. 5 October
2015. http://vhia.com.au/docs/default-document-library/sc-626-excel.
xls?sfvrsn=2 . Accessed 1 Sept 2017.
12. Deakin University. Salary rates for ARC DP 2016- Rates from 3 May 2014.
https://www.deakin.edu.au/__data/assets/excel_doc/0008/290294/arc-salaryrates.xlsx. Accessed 1 Sept 2017.
13. Opie RS, Segal L, Jacka FN, Nicholla L, Dash S, Pizzinga J, Itsiopoulos C.
Assessing healthy diet affordability in a cohort with major depressive
disorders. J Public Health Epidemiol. 2015;7(5):159–69.
14. Cents Per Kilometre Car Expenses Substantiation Method. https://
atotaxrates.info/tax-deductions/work-related-car-expenses/cents-perkilometre/ . Accessed 1 Sept 2017.
15. The Pharmaceutical Benefits Scheme. Ex-manufacturer prices (excluding
Efficient Funding of Chemotherapy) – 1 June 2014. http://www.pbs.gov.au/
industry/pricing/ex-manufacturer-price/ex-manufacturer-prices-non-efc2014-06-01.xlsx. Accessed 1 Sept 2017.
16. Discount e Pharmacy. Search function. http://www.discountepharmacy.com.
au/. Accessed 1 Sept 2017.
17. Chemist Warehouse. Online store. http://www.chemistwarehouse.com.au/
home.aspx. Accessed 1 Sept 2017.
18. Pharmacy Online. Search function. https://www.pharmacyonline.com.au/.
Accessed 1 Sept 2017.
19. Australian Government, Department of Human Services. Medicare Item
Reports. http://medicarestatistics.humanservices.gov.au/statistics/mbs_item.
jsp. Accessed 1 Sept 2017.
20. Department of Health and Ageing. National Mental Health Report 2010:
Summary of 15 Years of reform in Australia’s Mental Health Services
under the National Mental Health Strategy 1993–2008. Commonwealth
of Australia 2010, Canberra. http://apo.org.au/node/23450. Accessed 1
Sept 2017.

Page 10 of 11

21. Australian Institute of Health and Welfare. Health expenditure Australia
2013–14. Health and welfare expenditure series no. 54. Cat. No. HWE 63.
Canberra: AIHW; 2015.
22. Independent Hospital Pricing Authority (IHPA). National Hospital Cost Data
Collection, Public Hospitals Cost Report, Round 18 (Financial year 2013–14).
https://www.ihpa.gov.au/publications/australian-public-hospitals-cost-report2013-2014-round-18. Accessed 1 Sept 2017.
23. McKenzie A. Taxifare Calculator. https://www.taxifare.com.au/. Accessed 1 Sept 2017.
24. Goetzel RZ, Long SR, Ozminkowski RJ, Hawkins K, Wang S, Health LW.
Absence, disability, and presenteeism cost estimates of certain physical and
mental health conditions affecting U.S. employers. J Occup Environ Med.
2004;46(4):398–412.
25. van den Hout WB. The value of productivity: human-capital versus frictioncost method. Ann Rheum Dis. 2010;69(Suppl 1):i89–91.
26. Australian Bureau of Statistics. 6302.0 - Average Weekly Earnings, Australia, May
2014.http://www.abs.gov.au/AUSSTATS/abs@.nsf/allprimarymainfeatures/
1601748F70B9E9E1CA257DF7000BA23A?opendocument. Accessed 1 Sept 2017.
27. Jacobs P, Fassbender K. The measurement of indirect costs in the health
economics evaluation literature. A review. Int J Technol Assess Health Care.
1998;14(4):799–808.
28. Mihalopoulos C, Vos T, Pirkis J, Carter R. The economic analysis of prevention in
mental health programs. Annu Rev Clin Psychol. 2011;7:169–201.
29. Carter R, Vos T, Moodie M, Haby M, Magnus A, Mihalopoulos C. Priority
setting in health: origins, description and application of the Australian
assessing cost-effectiveness initiative. Expert Rev Pharmacoecon Outcomes
Res. 2008;8(6):593–617.
30. Richardson J, Iezzi A, Khan MA, Validity MA. Reliability of the assessment of
quality of life (AQoL)-8D multi-attribute utility instrument. The Patient. 2014;
7(1):85–96.
31. Assessment of Quality of Life. AQoL-8D utility algorithm (weighted) for
STATA. http://www.aqol.com.au/index.php/scoring-algorithms. Accessed 1
Sept 2017.
32. Glick HA, Doshi JA, Polsky D, Sonnad SS. Economic evaluation in clinical
trials. Second ed. Oxford: Oxford University Press; 2014.
33. Royston P, White IR. Multiple imputation by chained equations (MICE):
implementation in Stata. J Stat Softw. 2011;45(4):1–20.
34. White IR, Royston P, Wood AM. Multiple imputation using chained
equations: issues and guidance for practice. Stat Med. 2011;30(4):377–99.
35. Delahanty LM, Sonnenberg LM, Hayden D, Nathan DM. Clinical and cost
outcomes of medical nutrition therapy for hypercholesterolemia: a
controlled trial. J Am Diet Assoc. 2001;101(9):1012–23.
36. Robbins JM, Thatcher GE, Webb DA, Valdmanis VG. Nutritionist visits,
diabetes classes, and hospitalization rates and charges: the urban diabetes
study. Diabetes Care. 2008;31(4):655–60.
37. Lammers M, Kok L. Cost-benefit analysis of dietary treatment. 2012. http://
www.seo.nl/uploads/media/2012-76a_Cost-benefit_analysis_of_dietary_
treatment.pdf. Accessed 1 Sept 2017.
38. Pavlovich WD, Waters H, Weller W, Bass EB. Systematic review of literature
on the cost-effectiveness of nutrition services. J Am Diet Assoc. 2004;104(2):
226–32.
39. Moussavi S, Chatterji S, Verdes E, Tandon A, Patel V, Depression UB. Chronic
diseases, and decrements in health: results from the world health surveys.
Lancet. 2007;370(9590):851–8.
40. Prince M, Patel V, Saxena S, Maj M, Maselko J, Phillips MR, Rahman A. No
health without mental health. Lancet. 2007;370(9590):859–77.
41. Hawthorne G, Osborne R. Population norms and meaningful differences for
the assessment of quality of life (AQoL) measure. Aust N Z J Public Health.
2005;29(2):136–42.
42. Mihalopoulos C, Chen G, Iezzi A, Khan MA, Richardson J. Assessing
outcomes for cost-utility analysis in depression: comparison of five multiattribute utility instruments with two depression-specific outcome
measures. Br J Psychiatry. 2014;205(5):390–7.
43. Furukawa TA, Noma H, Caldwell DM, Honyashiki M, Shinohara K, Imai H,
Chen P, Hunot V, Churchill R. Waiting list may be a nocebo condition in
psychotherapy trials: a contribution from network meta-analysis. Acta
Psychiatr Scand. 2014;130(3):181–92.
44. Australian Bureau of Statistics. 4326.0 - National Survey of mental health and
wellbeing: summary of results, 2007. http://www.abs.gov.au/ausstats/abs@.
nsf/Latestproducts/4326.0Main%20Features32007?opendocument&
tabname=Summary&prodno=4326.0&issue=2007&num=&view=. Accessed 1
Sept 2017.

Chatterton et al. BMC Public Health (2018) 18:599

45. Australian Bureau of Statistics. 4364.0.55.007 - Australian Health Survey:
Nutrition First Results - Foods and Nutrients, 2011–12. http://www.abs.gov.
au/ausstats/abs@.nsf/Lookup/4364.0.55.007main+features12011-12 .
Accessed 1 Sept 2017.
46. Estruch R, Ros E, Salas-Salvado J, Covas M, Corella D, Aros F, et al. Primary
prevention of cardiovascular disease with a Mediterranean diet. N Engl J
Med. 2013;368(14):1279–90.
47. Shai I, Schawarzfuchs D, Henkin Y, Shahar DR, Witkow S, Greenberg I, et al.
Weight loss with a low-carbohydrate, Mediterranean, or low-fat diet. N Engl
J Med. 2008;359(3):229–41.
48. Sanchez-Villegas A, Martinez-Gonzalez MA, Estruch R, Salas-Salvado J, Corella
D, Covas MI, et al. Mediterranean dietary pattern and depression: the
PREDIMED randomized trial. BMC Med. 2013;11:208.

Page 11 of 11

