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Abstract
Aims/hypothesis We systematically reviewed the impact of
comorbid mental disorders on healthcare costs in persons
with diabetes.
Method We conducted a comprehensive search for studies
investigating adult persons (≥18 years old) with diabetes
mellitus. All studies that allowed comparison of healthcare
costs between diabetic patients with mental disorders and
those without were included.
Results We identified 4,273 potentially relevant articles
from a comprehensive database search. Of these, 31
primary studies (39 publications) fulfilled inclusion criteria,
of which 27 examined comorbid depression. Hospital-
isation rates and hospitalisation costs, frequency and costs
of outpatient visits, emergency department visits, medica-
tion costs and total healthcare costs were mainly increased
with small to moderate effect sizes in patients with diabetes
and comorbid mental disorders compared with diabetic
patients without such problems. Frequency (standardised
mean difference [SMD]=0.35–1.26) and costs (SMD=
0.33–0.85) of mental health specialist visits were increased
in the group with mental health comorbidity. Results
regarding diabetes-related preventive services were incon-
sistent but point to a reduced utilisation rate in diabetic
patients with comorbid mental disorders. Statistical hetero-
geneity between studies was high (I 2 range 64–98%).

Pooled overall effects are therefore not reported. Studies
included differ substantially regarding sample selection,
assessment of diabetes and comorbid mental disorders, as
well as in assessment of cost variables.
Conclusions/interpretation In light of the increased health-
care costs and inadequate use of preventive services,
comorbid mental disorders in patients with diabetes must
become a major focus of diabetes healthcare and research.
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Introduction

Recent results from the World Mental Health Surveys
indicate an increased risk of mood (OR=1.38) and anxiety
disorders (OR=1.20) in patients with diabetes compared
with persons without diabetes [1]. The increased prevalence
rates raise the issue of how comorbid mental disorders
affect healthcare costs. Diabetes mellitus poses a complex
task for the healthcare system. Patient education, routine
monitoring of blood glucose and prevention of diabetes
complications are just some of the common challenges in
clinical practice. Mental disorders (mainly depression) in

Electronic supplementary material The online version of this article
(doi:10.1007/s00125-010-1873-y) contains supplementary material,
which is available to authorised users.

N. Hutter (*) :A. Schnurr :H. Baumeister
Department of Rehabilitation Psychology and Psychotherapy,
Institute of Psychology, University of Freiburg,
Engelbergerstr. 41,
79085 Freiburg, Germany
e-mail: hutter@psychologie.uni-freiburg.de

Diabetologia (2010) 53:2470–2479
DOI 10.1007/s00125-010-1873-y

http://dx.doi.org/10.1007/s00125-010-1873-y


patients with diabetes were found to be associated with a
significant impairment of glycaemic control [2], quality of
life [3] and adherence to treatment regimen [4, 5], thus
affecting management of the disease. However, data on
healthcare costs in patients with diabetes with comorbid
mental disorders are confusing and partly inconsistent. A
national representative survey from UK, for example,
revealed an association between comorbid mental disorders
in patients with diabetes and a higher frequency of hospital
admissions, more physician consultations for physical
complaints and a higher rate of sick-leave days [6]. In the
German National Health Interview and Examination Survey
(GNHIES), by contrast, hospitalisation days were not
increased in this patient group compared with diabetic
patients without mental comorbidity [7]. Regarding costs of
healthcare services for people with mental disorders, Simon
et al. [8] found an association between depressive disorders
and mental healthcare costs, whereas patients with diabetes
and mental disorders from the GNHIES did not visit mental
health specialists more frequently than diabetic patients
without [7]. Data on diabetes-related preventive services
(e.g. HbA1c determination) demonstrated slightly lower
rates of receipt of preventive services in diabetic patients
with mental disorders than in those without [9].

The aim of the present systematic review was to critically
review and summarise the association between comorbid
mental disorders and healthcare costs in patients with diabetes.
The following research questions will be addressed:

1. To what extent are comorbid mental disorders in
patients with diabetes associated with increased health-
care costs in comparison to diabetic patients without
mental comorbidity?

2. Are there differences in this association with regard to
specific comorbid mental disorders?

3. Which other factors moderate the effects of comorbid
mental disorders on healthcare costs?

Methods

Data collection for this study was part of the project ‘Meta-
analysis of quality of life and healthcare costs in somatically ill
patients with comorbid mental disorders’, which was funded
by the Landesstiftung Baden-Württemberg, Germany.

Inclusion criteria

Studies investigating adult patients (≥18 years old) with
diabetes mellitus (International Classification of Diseases
[ICD]-10: E10-E14) in outpatient or inpatient settings as
well as persons with the aforementioned conditions from
community samples were included. To increase the general-

isability of results from the review, the inclusion of primary
studies was not further limited to specific clinical subgroups.

All studies were included that allowed the categorisation
of mental disorders or psychological burden corresponding
to the following diagnostic categories: (1) mental and
behavioural disorders due to use of alcohol (ICD-10: F10;
Diagnostic and Statistical Manual of Mental Disorders
[DSM]-IV: 303.xx, 291.xx); (2) mood disorders (ICD-10:
F30-F39; DSM-IV: 292.xx, 296.xx; 300.4, 301.13, 311);
(3) anxiety disorders (ICD-10: F40-F43; DSM-IV: 300.0x,
300.2x, 308.3, 309.81; (4) somatoform disorders (ICD-10:
F45; DSM-IV: 300.7, 300.81); (5) eating disorders (ICD-
10: F50; DSM-IV: 307.1, 307.5x); (6) disorders of adult
personality and behaviour (ICD-10: F60; DSM-IV: 301.x);
or (7) any mental disorder (i.e. assessment of psychiatric
symptoms in general). For inclusion, primary studies had to
allow comparison of healthcare costs between a group with
one of the aforementioned mental disorders and a group
without such comorbidities.

Primary studies were included if they assessed any
healthcare cost variable either monetarily (e.g. costs of
hospitalisation) or in terms of utilisation of healthcare
resources (e.g. rates of hospital admissions). Healthcare
costs and healthcare utilisation can be divided into direct or
indirect healthcare costs. Direct costs comprise inpatient
(hospital admission, length of stay), outpatient (physician
visits, mental health specialist visits, emergency department
visits, diabetes-related preventive services, medication
costs) and other non-medical cost factors such as transport
costs. Indirect costs are mainly those incurred through loss
of productivity due to medical conditions.

Search strategy

The database search was conducted in MEDLINE,
EMBASE, PsycINFO, PSYNDEX, EconLit and IBSS,
and identified articles published until 28 December 2009
using the search structure ‘diabetes mellitus’ and ‘mental
disorders’ and ‘healthcare costs / healthcare utilisation’ (the
Electronic supplementary material [ESM] text contains
details of the MEDLINE search strategy).

First, in a preliminary sensitive selection process, one
reviewer (N. Hutter) screened titles and abstracts of
English- or German-language articles relating to cost
studies in diabetes mellitus (N=4,273) (Fig. 1). Then, two
reviewers (N. Hutter, A. Schnurr) independently selected
relevant studies for inclusion by examining the remaining
titles, abstracts or full papers (N=502). If the two reviewers
disagreed about whether to include an article, a third
reviewer (H. Baumeister) was asked to review the article
and disagreements were then resolved by consensus
discussion. When multiple articles were published on the
same study sample, the most comprehensive paper was
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selected as reference article. Other potentially relevant
studies were retrieved by examining the reference lists of
studies included (N=184) and by identifying published
articles that cited studies included (Web of Science Cited
Reference Search: http://apps.isiknowledge.com/, accessed
7 January 2010) (N=117). In addition, experts in the area
were contacted and asked about published or unpublished
studies that are relevant to the review.

Data abstraction

Two reviewers (N. Hutter, A. Schnurr) independently
extracted data from primary studies using a data extraction
form. The following information was extracted: participants

(sample size, sex and age), diabetes type, mental disorders,
assessment method of mental disorders (standardised
diagnostic interview, self-report questionnaire, medical
record or physician’s diagnosis), cut-off scores used to
indicate mental disorders on self-report questionnaires,
means and standard deviations of mental disorder scores,
and descriptive statistics of outcomes.

To evaluate methodological characteristics of epidemio-
logical primary studies, four indicators derived from the
Newcastle–Ottawa Scale for assessing the quality of non-
randomised studies in meta-analyses [10] were assessed: (1)
ascertainment of index disease (medical record, physician’s
diagnosis or self-reported); (2) ascertainment of mental
disorder (structured psychiatric interview, assessed with

4,273 articles identified from MEDLINE, 
EMBASE, PsycINFO, PSYNDEX, 
EconLit and IBSS

502 retained for abstract or full paper 
review by two reviewers independently 

3,771 preliminarily excluded, 
according to inclusion criteria, 
by one reviewer  

0 studies included from 184 potentially 
relevant articles identified from reference 
lists of articles included 

1 study included from 117 potentially 
relevant articles identified from cited 
reference search of articles included 

1 study included from reviews or 
previous knowledge 

1 additional article identified from 
personal communication with experts in 
the area 

28 primary studies (36 publications) 
fulfilled inclusion criteria 

31 primary studies  
(39 publications) included 

466 references excluded:  
•  no cost comparison 

between groups  
•  no assessment of mental  

disorders 
• no assessment of healthcare 

costs  
•  no diabetes sample 

Fig. 1 Summary of literature
search and study selection
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validated screening questionnaire, self-report or physician’s
diagnosis); (3) comparability of the groups (study controls
for age and/or sex, study controls for any additional factor);
and (4) assessment of healthcare costs (medical database,
patients’ self-report).

Quantitative data analysis

The data analysis was completed using Stata Statistical
Software 9.0 (StataCorp, College Station, TX, USA) and
Review Manager 5.0 (Nordic Cochrane Centre, Copenhagen,
Denmark). Standardised mean differences (SMD) with 95%
CIs using the pooled standard deviation of both groups for
continuous data and OR (95% CI) for dichotomous data
were computed. In studies examining more than two groups
representing different grades of severity of specific mental
disorders (e.g. no depression, minor depression and major
depression), the groups of patients with psychiatric symp-
toms were merged and compared with those without
psychiatric symptoms (e.g. no depression vs minor and
major depression). If no measures of variability were given
in study reports, exact p values as well as t or χ2 statistics
were used to compute effect sizes.

Forest plots are reported (ESM Figs 1–7) for all
outcomes examined in five or more primary studies.
Chinn’s method for converting an OR to effect size was
used to compute SMDs of continuous outcomes that had
been artificially dichotomised in primary studies [11].
Studies comparing mentally comorbid patients and patients
without mental disorders using β coefficients derived from
regression analyses were not included in meta-analyses due
to their methodological shortcomings when used as
measures of effect [12].

We aimed to conduct random-effects meta-analyses for
all cost outcomes with moderate heterogeneity according to
the Cochrane Handbook for Systematic Reviews of
Interventions (I2 not important to moderate [0–60%];
[13]). Heterogeneity was tested for statistical significance
by using Q-statistics with 95% CI. To examine the extent of
heterogeneity, I2 was computed. All random-effects meta-
analyses yielded considerable heterogeneity with I2 ranging
from 64% to 98%. Hence, only study-level effect-sizes are
reported.

We also aimed to explore clinical heterogeneity by
conducting univariate meta-regressions for cost outcomes
that had been examined in a sufficient number of primary
studies (ten or more). Type of comorbid mental disorder,
diabetes type, methodological criteria (assessment method
of mental disorder, adjustment of covariates and assessment
of outcome variable) and study size were defined a priori as
potentially relevant effect-modifying variables. However,
since none of the outcomes was examined in a sufficient
number, meta-regressions were not conducted.

Results

The database search yielded 4,273 potentially relevant
articles (Fig. 1). Of these, 31 primary studies (39
publications) [4, 6–9, 14–47] fulfilled the inclusion criteria.

Characteristics of primary studies

In most cases, depression was studied (n=27) [4, 8, 9, 14–16,
18, 20, 21, 23, 25–31, 33, 34, 37, 39–42, 44–46], followed
by mental disorders not further specified (n=5) [6, 7, 9, 19,
43], anxiety disorders (n=4) [9, 14, 18, 36] and post-
traumatic stress disorder (PTSD) (n=3) [14, 18, 45] (ESM
Table 1). Of the primary studies, 27 were based on a sample
of persons with either type 1 or type 2 diabetes [4, 6–9, 14,
16, 18–21, 23, 25–30, 33, 34, 37, 40–43, 45, 46]. Four
studies investigated type 2 diabetes only [15, 31, 39, 44].
Healthcare costs were examined in various facets in the
studies included. Inpatient costs were assessed in terms of
hospitalisation rates or hospitalisation costs (n=15) [4, 6, 8,
15, 20, 25, 29, 31, 34, 37, 39, 42–44, 46], and length of stay
(n=9) [7, 15, 19, 20, 25, 26, 30, 42, 46]. Outpatient costs
were assessed in terms of frequency and costs of outpatient
visits (n=19) [4, 6–8, 14, 15, 18–21, 23, 25, 26, 30, 31, 34,
37, 42, 45], mental health specialist visits and costs (n=4) [4,
7, 8, 21, 36], emergency department visits (n=11) [4, 16, 20,
21, 29, 30, 34, 37, 39, 42, 44] and medication costs (n=6) [4,
20, 31, 34, 37, 40]. Total healthcare costs or utilisation were
studied in 13 primary studies [4, 8, 9, 14, 20, 25, 27, 28, 31,
34, 37, 40, 41] and diabetes-related preventive services in
five studies [7–9, 19, 23]. Indirect costs of absence from
work were investigated in seven studies [6, 22, 33, 41, 42,
46, 47] (ESM Table 1). Most primary studies were conducted
in the USA (n=24). The other studies were located in
Canada (n=1), China (n=1), Finland (n=1), Germany (n=1),
UK (n=1), Hungary (n=1) and Singapore (n=1).

Direct costs

Inpatient healthcare Increased hospitalisation rates were
found in six primary studies of depressed patients with
diabetes compared with diabetic patients without depres-
sion, with SMDs ranging from 0.40 to 0.68 (ESM Fig. 1)
[15, 29, 31, 39, 42, 46]. One study did not find an increased
hospitalisation rate in a population sample of patients with
diabetes and unspecified mental health problems [6]. Two
other studies reporting β coefficients derived from regres-
sion analyses did not find a significant association between
depression and hospitalisation rates in patients with
diabetes [25, 37]. One study reported insufficient informa-
tion to compute effect sizes [44]. Another study reported a
decreased hospital admission rate directly following an
emergency department visit [36].
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Hospitalisation costs were examined in seven studies,
yielding inconsistent results. Effect sizes of four studies of
patients with diabetes and depression vs those without
depression ranged from SMD 0.09 to 0.20, indicating
slightly increased hospitalisation costs in diabetic patients
with depression [4, 8, 20, 31]. One study reporting a β
coefficient found a significant association between depres-
sion and hospitalisation costs in patients with diabetes [25],
whereas another study did not find a significant association
[37]. One study did not report sufficient information to
compute effect sizes [34].

The primary studies examining length of stay yielded
inconsistent results (ESM Fig. 2). In patients with diabetes
and depression, length of stay was increased in three studies
compared with diabetic patients without depression (SMD
0.34–0.40) [15, 42, 46]. One study found no differences
between the groups [20]. Another study reporting a β
coefficient found a significant association between depres-
sion and length of stay in depressed patients with diabetes
[25], whereas another study failed to find such an
association [30]. Patients with diabetes and any mental
health problem were found to have a slightly increased
length of stay compared with those without mental
comorbidity in one study [19], whereas another study of
patients with diabetes and any mental health problem did
not find a significant difference between the groups [7].
One study did not report sufficient information to compute
an effect size [26].

Outpatient healthcare Patients with diabetes and comorbid
mental disorders (depression, any mental disorder and
PTSD) had more outpatient visits than diabetic patients
without mental comorbidity, with SMD ranging from 0.09
to 0.64 [6–8, 15, 19–21, 23, 31, 42, 45] (ESM Fig. 3). Two
other studies reporting β coefficients derived from regres-
sion analyses did not find a significant association between
depression and outpatient visits in depressed patients with
diabetes [30, 37], whereas another study of patients with
diabetes and depression found a significant association
between depression and increased outpatient visits [25]. A
study investigating depressive, bipolar and anxiety disorder,
as well as PTSD, found significant associations (β
coefficients) with decreased outpatient visits, except for
depressive disorder, in patients with diabetes [18]. One
study did not report sufficient information to compute an
effect size [26].

Five studies investigating costs of outpatient visits
showed SMDs from 0.11 to 0.43, indicating increased costs
in patients with diabetes and mental disorders (depression,
anxiety disorder and PTSD) compared with diabetic
patients without [4, 8, 14, 20, 31] (ESM Fig. 4). One study
reporting a β coefficient found a significant association
between depression and outpatient costs in patients with

diabetes and depression [25], whereas another study did not
find a significant association [37]. One study did not report
sufficient information to compute an effect size [34].

The frequency of mental health specialist visits was
examined in three primary studies investigating comorbid
depression and panic episodes [7, 8, 21, 36], in which effect
sizes varied between 0.35 and 1.26. Patients with diabetes
and comorbid mental disorders showed higher rates of
mental health specialist visits than diabetic patients without
mental comorbidity. Costs of mental health treatments were
higher in patients with diabetes and depression based on
two primary studies showing effect sizes of SMD 0.33 [4]
and SMD 0.58 [8].

The primary studies investigating frequency of emer-
gency department visits reported increased rates in patients
with diabetes and depression compared with diabetic
patients without depression (SMD 0.10–0.82) (ESM
Fig. 5) [16, 20, 21, 29, 39, 42]. Two other studies reporting
β coefficients derived from regression analyses did not find
a significant association between depression and emergency
department visits in depressed patients with diabetes [30,
37]. One study did not report sufficient information to
compute an effect size [44].

Ciechanowski et al. [4] reported slightly increased
emergency department costs in patients with diabetes and
comorbid mental disorders (SMD 0.17), whereas Egede et
al. [20] did not find differences in costs of emergency room
visits between the two groups (SMD 0.01). One other study
reporting a β coefficient did not find a significant
association between depression and emergency department
costs in depressed patients with diabetes [37]. One study
did not report sufficient information to compute an effect
size [34].

Three studies reported increased costs of medications
(SMD 0.40–0.48) in patients with diabetes and comorbid
depression compared with diabetic patients without [4, 31,
40]. Another study reporting a β coefficient derived from
regression analysis did not find a significant association
between depression and medication costs in patients with
diabetes and depression [37]. Two studies did not report
sufficient information to compute effect sizes [20, 34].

Diabetes-related preventive services Simon et al. [8] found
a decreased rate of outpatient preventive care visits in
patients with diabetes and depression compared with those
without depression (SMD −0.09 [95% CI −0.16, −0.01]).
The frequency of foot examinations was decreased in
patients with diabetes and depression compared with those
without depression (OR 0.86 [95% CI 0.81, 0.93) in one
study [23], whereas two other studies of patients with
diabetes and any comorbid mental health problem did not
find differences between the groups (OR 0.84 [95% CI
0.40, 1.75] and OR 0.98 [0.88, 1.08]) [7, 19]. Foot sensory
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examinations were not associated with comorbid mental
disorders in patients with diabetes (OR 1.06 [95% CI 1.00,
1.12]) [19], whereas rates of pedal pulse examinations were
decreased (OR 0.72 [95% CI 0.68, 0.77]) [19]. Studies of
receipt of eye examinations yielded inconsistent results (OR
[range] 0.69–1.59) [7, 9, 19, 23, 35]. The rate of urine
protein tests did not differ between patients with diabetes
and any mental disorder [9] or depression [35] compared
with those without mental disorders. Jones et al. [9]
reported a lower rate of HbA1c determinations in patients
with diabetes and mental disorders compared with diabetic
patients without, whereas Desai et al. [19] found no
differences. Two studies reported lower rates of HbA1c

tests in patients with diabetes and comorbid depression than
in those without depression (OR 0.90 [95% CI 0.84, 0.96])
and 0.61 [0.42, 0.90] respectively) [23, 35], whereas Desai
et al. [19] did not find differences for patients with diabetes
and any mental disorder.

Total healthcare costs Seven studies reported increased
total healthcare costs in patients with diabetes and mental
disorders (depression, anxiety disorders, PTSD) compared
with those without mental comorbidities (SMD [range]
0.04–0.86) (ESM Fig. 6) [4, 8, 14, 27, 28, 31, 40]. Three
studies did not report sufficient information to compute
effect sizes [20, 34, 37].

Indirect costs

Work absence Absence from work was increased in
patients with diabetes and depression compared with
diabetic patients without depression in five primary studies
(SMD [range] 0.15–0.98) [22, 41, 42, 46, 47] (ESM Fig. 7).
In line with these findings, Kivimäki and colleagues [33]
reported an increased HR for absence from work in patients
with diabetes and depression (HR 1.98 [95% CI 1.52,
2.59]). Patients with diabetes and any mental disorder had a
higher rate of absence from work than those without mental
comorbidity (SMD 1.13 [95% CI 0.41, 1.85]) [6].

Discussion

The present systematic review investigated the association
between comorbid mental disorders and healthcare costs
based on 31 primary studies of persons with type 1 and type
2 diabetes [4, 6–9, 14–47]. The results highlight the
economic impact of comorbid mental disorders in diabetes.
Hospitalisation rates and costs, number and costs of
outpatient visits, emergency department visits, mental
health specialist visits, medication costs and total healthcare
costs were shown to be increased in patients with diabetes
and comorbid mental disorders compared with diabetic

patients without such disorders. The incremental healthcare
costs and resource utilisation yielded small to moderate
effect sizes. The question of clinical significance of these
increased healthcare costs in patients with diabetes and
comorbid mental disorders should be seen in the context of
the high prevalence rate [48] and the economic burden of
diabetes [49]. Healthcare costs of diabetes in the USA are
estimated to have exceeded $174 billion US dollars in 2007
[49]. Thus, patients with diabetes already use healthcare
services to a notable degree. Against the background of this
ceiling effect, a small to moderate increase of healthcare
costs in the subgroup of diabetic patients with comorbid
mental disorders is highly significant for healthcare
professionals and policy makers. Furthermore, increased
healthcare costs in patients with diabetes and comorbid
mental disorders are not limited to the healthcare system
itself. The available data also emphasise the economic
impact of comorbid mental disorders in patients with
diabetes on indirect costs such as absence from work.

The present review revealed inconsistent evidence on
receipt of diabetes-related preventive services in patients
with diabetes and mental disorders compared with those
without mental comorbidities [7–9, 19, 23, 35]. In general,
the literature suggests that use of recommended diabetes-
related preventive services is suboptimal in patients with
diabetes, irrespective of mental comorbidity status [7, 9].

Although our review was not able to clarify the causal
and temporal impact of diabetes and mental disorders on
healthcare costs, the complex task and burden of managing
diabetes may well contribute to psychological distress,
which in turn discourages mentally distressed patients with
diabetes from using adequate diabetes care. Even low levels
of depressive symptoms have been shown to be associated
with non-adherence to diabetes self-care [5]. As a conse-
quence, diabetes complications occur more often in patients
with diabetes and mental health comorbidity than in
diabetic patients without such comorbidities [50], necessi-
tating other costly treatments.

The additional burden of mental disorders may also lead
directly to higher healthcare costs and increased resource
utilisation. Patients with diabetes and mental health
comorbidity need healthcare specifically focused on mental
disorders. This justifiably causes higher healthcare costs in
terms of some cost variables (e.g. mental healthcare
provision in specialist or primary care settings). However,
the finding that patients with diabetes and comorbid mental
disorders even produce higher healthcare costs in other
domains indicates that utilisation and allocation of appro-
priate healthcare services remain inadequate. Another
explanation for these increased costs could be that patients
with diabetes and comorbid mental disorders have a more
severe somatic disease status, which in turn would result in
more frequent healthcare utilisation and higher healthcare
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costs. This hypothesis is supported by previous findings
highlighting the association between the severity of
diseases and the presence of comorbid mental disorders
[51–53]. However, a significant effect of mental disorders
on healthcare costs was found in primary studies that had
adjusted for medical comorbidities or diabetes complica-
tions [9, 14, 19, 20, 25, 26, 29–31, 34, 35, 39, 41, 42, 46,
47]. Thus, mental health comorbidities seem to be an
independent predictor of healthcare costs in patients with
diabetes and appear, at least partly, to explain higher
healthcare costs in such patients with mental disorders.

Arguably, the finding that mental health specialist visits
were increased in patients with diabetes and comorbid
mental disorders is not surprising. In a hypothetically
perfect healthcare system, every patient with diabetes and
comorbid mental disorders could be expected to be
correctly recognised and then treated by a mental health
specialist. On the other hand, persons without mental
disorders would not be treated for such disorders. Accord-
ingly, one would expect the difference in mental health
specialist visits (and thus the effect size of this difference)
to be infinite. Considered thus, the effect sizes found
between SMD 0.35–1.26 might also be interpreted as
under-use of mental healthcare services by patients with
diabetes and comorbid mental disorders or over-use of
mental healthcare services by diabetic patients without
mental comorbidities. This conclusion is supported by
recent reports, which have drawn attention to inadequate
mental healthcare for persons with mental disorders,
irrespective of comorbidities [54–56].

We aimed to conduct subgroup analyses and meta-
regressions to explore clinical heterogeneity between the
primary studies. Type of comorbid mental disorder,
diabetes type and methodological criteria were defined a
priori as potentially relevant effect-modifying variables.
However, due to the small number of primary studies on the
different outcomes, statistical procedures such as subgroup
analyses and meta-regressions did not seem to be meaningful
and were omitted in favour of a qualitative discussion of
factors introducing heterogeneity.

Primary studies mainly investigated depression. Thus,
the results of this review cannot be generalised to other
mental disorders, as relationships to healthcare costs might
differ depending on the mental health problem under study.
For example, extensive worries about one’s health as a
symptom of anxiety disorders could be associated with
frequent use of primary care, but on the other hand might
also lead to inadequate utilisation of healthcare services in
other domains (e.g. emergency department visits). More-
over, serious mental disorders such as schizophrenia or
bipolar disorders have been shown to be risk factors for the
development and course of diabetes [57]. Healthcare
utilisation patterns of patients with diabetes and serious

mental disorders may differ from those of patients with
diabetes and comorbid (mild to moderate) depression.
Hence, future research will have to clarify the relationship
of comorbid mental disorders other than depression (e.g.
anxiety disorders, serious mental illness) with healthcare
costs in patients with diabetes.

Furthermore, most primary studies did not differentiate
healthcare costs according to type of diabetes (i.e. types 1
and 2). Yet relevant healthcare services might well differ
according to diabetes type. For example, close monitoring
of insulin self-management in primary or diabetes specialty
care is crucial for glycaemic control in type 1 diabetes,
whereas patient education regarding lifestyle changes (e.g.
diet and physical activity) may play a more important role
in type 2 diabetes. Hence, further studies are needed to
clarify the differential effects of comorbid mental disorders
on healthcare costs in patients with type 1 diabetes
compared with those with type 2 diabetes.

The assessment of comorbid mental disorders was
mainly based on screening instruments. When assessed
through screening questionnaires, the group of patients with
comorbid disorders could comprise patients with clinical
disorders as well as patients with subthreshold syndromes.
This association is ambiguous and further studies are
therefore needed to clarify the impact of different severity
grades of mental disorders on healthcare costs in patients
with diabetes. The assessment of diabetes was based on
either physicians’ diagnoses or patients’ self-reports. Self-
reports run the risk of false-positive and false-negative
diagnoses. With regard to diabetes, however, recent studies
comparing patients’ self-reports with physicians’ diagnoses
have reported moderate to high agreement rates, lowering
the risk of misclassification bias [58–60].

With regard to the assessment of healthcare utilisation
variables, most primary studies used medical records, while
some relied on patient-reported data on healthcare utilisation.
Patients’ self-reports might have led to bias (e.g. recall bias).
However, the impact on heterogeneity between primary
studies may be of minor importance, because reliability
analyses of retrospective, patient-reported healthcare costs
compared with cost data from administrative databases and
prospective patient diaries showedmoderate to high reliability
[61, 62].

Finally, effects of comorbid mental disorders in patients
with diabetes on healthcare costs could be moderated by
type of healthcare system and health insurance coverage.
The primary studies included were mainly conducted in the
USA (n=24). The seven other studies stem from seven
different countries with different public healthcare systems.
Hence, the results cannot be generalised to other than the
US healthcare system, and further studies are needed to
evaluate cross-cultural differences in healthcare costs of
comorbid mental disorders in patients with diabetes.
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When interpreting the results of this systematic review,
the following aspects should be noted. First, feasibility
considerations led us to restrict the review to English- and
German-language studies. Second, the selection process of
primary studies may have been biased. A preliminary
selection process by one reviewer reduced the amount of
4,273 potentially relevant articles to 502 hits, which were
independently examined by two reviewers. Furthermore,
publication bias may have occurred and it remains unclear
to what extent insignificant study results were not pub-
lished. However, with our comprehensive search strategy
identifying 31 primary studies, we believe that the present
review constitutes a comprehensive and representative view
of the topic. Third, the synthesis of the healthcare cost data
was hampered by methodological heterogeneity of the
primary studies included. The primary studies differ with
regard to the selection of the sample (e.g. clinical or
population-based samples), the assessment of the comorbid
mental disorders (standardised interview, screening ques-
tionnaire, self-report), the comparability of the groups
(adjustment of relevant confounding variables) and assess-
ment of outcome (monetarily/resource utilisation). At the
same time, this heterogeneity allows for a broad overview
of healthcare costs in patients with diabetes and comorbid
mental disorders in comparison to diabetic patients without
such disorders.

Conclusion

Overall, comorbid mental disorders in patients with diabetes
were found to be associated with increased healthcare costs.
With regard to suboptimal utilisation of recommended
diabetes-related preventive services, further research is needed
to clarify the causal and temporal implications of comorbid
mental disorders in this patient group. As yet, mainly
depression has been studied, and other mental disorders
should be investigated. Future studies should adjust for disease
severity in order to examine mental disorders as an indepen-
dent predictor of healthcare costs. The question of adequate
allocation of healthcare resources tailored specifically to
patients’ needs requires further attention in clinical practice
and research. The diagnosis and treatment of comorbid mental
disorders in patients with diabetes should be further improved
in order to minimise over- or under-use of healthcare services
and to assure timely receipt of preventive healthcare services.
Finally, there is great need to examine results from other
countries and healthcare systems other than those of the USA
in order to better understand what types of delivery models are
most cost efficient in managing both comorbidities.
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