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ARTICLE INFO ABSTRACT

Keywords: Background: The importance of co-morbid diabetes and depression is gaining increased attention. Quantifying
Costs and cost analysis the socio-economic and clinical impacts of co-morbidity is important given the high costs of these diseases.
Economics This review synthesised evidence on the economic impact of co-morbidity and potential cost-effectiveness of
Diabetes mellitus prevention and treatment strategies.

25?;?:;?&3, Methods: 11 databases from 1980 until June 2011 searched. In addition, websites and reference lists of studies

scrutinised and hand search of selected journals performed. Reviewers independently assessed abstracts,
with economic data extracted from relevant studies.

Results: 62 studies were identified. 47 examined the impact of co-morbidity on health care and other resource
utilisation. 11 of these included productivity losses, although none quantified the impact of mortality. Most
demonstrated an association between co-morbidity and increasing health service utilisation and cost. Ad-
verse impacts on workforce participation and absenteeism were found. 15 economic evaluations were also
identified. Most focused on primary care led collaborative and/or stepped care, suggesting actions may be
cost effective. We did not identify any studies looking at actions to reduce the risk of diabetes in people with
depression.

Limitations: Most studies are set in the US, which may be due to focus on English language databases. Few
studies looked at impacts beyond one year or outside the health care system.

Conclusion: There is an evidence base demonstrating the adverse economic impacts of co-morbid diabetes and
depression and potential for cost effective intervention. This evidence base might be strengthened through

modelling studies on cost effectiveness using different time periods, contexts and settings.

© 2012 Elsevier B.V. All rights reserved.

1. Background

Diabetes mellitus and depression are debilitating and costly. In
the US in 2008 the prevalence of clinically significant depression
was estimated to be 9%, with severe depression reaching 3.4%
(Centres for Disease Control, 2010). By 2030 depression is expected
to be the leading contributor to the global burden of disease (WHO,
2008). The prevalence of diabetes has also been increasing, as in the
UK where population prevalence rose from 2.8% in 1996 to 4.3% in
2005 (Gonzalez et al., 2009a) and is predicted to reach 9.5% of the
adult population by 2030 (Holman et al., 2011).

Across much of Europe depressive disorders were estimated to
cost €113 billion in 2010 (Gustavsson et al., 2011). Around one
third of costs fall on health systems, estimated in the UK as £1.7
billion per annum in 2007 (McCrone et al., 2007). Diabetes and its
complications also have substantive economic impacts, accounting
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for 10% (£9 billion) of the National Health Service budget (NHS)
in England and Wales in 2008 (Diabetes UK, 2008) and 9% ($11
billion) of this budget in Italy in 2010 (Giorda et al., 2011). Both
conditions have many economic impacts beyond the health system,
including poor performance at work, high levels of absenteeism
and premature retirement (Das-Munshi et al., 2007; Egede, 2004b;
Thomas and Morris, 2003)

1.1. Impacts of co-morbidity

A recent review reported a 1.2-2.6 increase in relative risk of
diabetes in people with depression compared to those without (De
Hert et al, 2011). People with diabetes also are at greater risk
of depression compared to those without, with one recent meta-
analysis reporting a 24% increased risk of depression in people with
type 2 diabetes (Nouwen et al., 2010).

Co-morbidity exacerbates the adverse impacts of diabetes and
depression. It increases the risk of non-adherence to self-care
practices, such as maintenance of diet, regular physical activity
and use of medications. This poor adherence may cause difficulties
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over time in achieving appropriate metabolic control (Ismail et
al.,, 2004), promoting development and progression of micro and
macro vascular complications and functional disabilities (Brown
et al, 2006; Egede, 2004b; Egede, 2004a; Ismail et al., 2004;
Leichter and See, 2005). Co-morbidity also increases mortality risk,
reported to be up to 38% higher in individuals with diabetes and
depression compared to those with diabetes alone, regardless of
socio-demographic characteristics, lifestyle or health status (Katon
et al., 2005b; Katon et al., 2008a).

However, while much is known about the economic impacts of
diabetes or depression in isolation, less attention has focused on co-
morbidity. Additional to impact on health service use, co-morbidity
could exacerbate many adverse social and economic outcomes.
The case for investing in promotion, prevention, diagnosis and
treatment will be strengthened by having more information on both
the costs of co-morbidity and cost effectiveness of interventions.
This paper sets out to map systematically what is known about
the economic impacts of co-morbidity and value for money of
interventions to address the issue.

2. Methods

Our objective was to identify studies examining the costs of
co-morbidity between any type of diabetes and depressive disorder.
We also searched for economic evaluations of interventions to
prevent the onset of and/or alleviate co-morbidity.

2.1. Search strategy

For the period January 1980 to June 2011 we searched 11
health, economic and social science databases: PubMed/MEDLINE,
EMBASE, PsychINFO, CINAHL, EconlLit, IBSS, ASSIA, NHS Economic
Evaluation Database (NHS EED), European Network of Health
Economic Evaluation Databases (EURONHEED), Western Pacific
Region Index Medicus and the Cochrane Library. A range of
search terms related to economics, costs, resourcing, diabetes and
depression were used. We also hand searched a number of journals,
websites and conducted a limited Google freetext search.

Any empirical studies that looked at the association between
co-morbid unipolar or bipolar disorder and any type of diabetes
and health system and/or other costs were eligible for inclusion.
All types of study design were eligible for inclusion. In the case
of economic evaluations of interventions to address or prevent
co-morbidity, both empirical and modelling studies were included.
Abstracts were screened independently by three reviewers. Papers
meeting inclusion criteria were retrieved; their reference lists and
citations were also examined.

3. Results

2,398 citations were initially identified. Ultimately, 62 studies
were included (Fig. 1). 47 studies looked at the impact of co-morbid
diabetes and depression on health care and/or other resource
utilisation. Unless otherwise stated these were US studies. Many
did not report variations in cost, but examined changes in resource
utilisation. 11 studied the impact of co-morbidity on employment,
but only five reported both health and non-health sector economic
impacts. Another 15 papers looked at the cost effectiveness of
interventions to address co-morbidity.

3.1. Studies looking at impact on health care resource utilisation

41 studies examined the economic impact of co-morbid diabetes
and depression on health care systems (Table 1). Most report co-

Potentially relevant citations
identified and screened, n=2398

Papers excluded based on title and
abstract, n=2220

v
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Papers retrieved, n=178

Papers excluded based on review of
¥\ full paper, n=125

h 4
Papers included, n=53

Additional papers from reference
ki lists and hand search n=9

Y
Total papers included in review,
n=62

Fig. 1. Flowchart of included/excluded studies.

morbidity leading to statistically significant higher rates of health
care utilisation than seen with a single morbidity. Much is due
to additional use of general health services to manage and treat
complications of diabetes and other somatic health conditions
rather than additional mental health services.

3.1.1. Survey data

Several studies use survey data to point to some increased health
service use due to co-morbidity. The 1996 US Medical Expenditure
Panel Survey (MEPS), which included data on ambulatory care,
emergency visits, inpatient care and drug prescriptions, was used
to compare costs for 85 people with diabetes and depression with
740 people with diabetes alone (Egede et al., 2002). The co-morbid
group used more ambulatory care and prescriptions (P < 0.0001).
Total costs were 4.5 times greater (P <0.0001), but this estimate
may be excessive due to lack of control for disease severity and
health risk behaviours. 176 individuals with co-morbid diabetes
and depression in the US National Health Interview Survey had
significantly more complications and were more likely to visit a
mental health practitioner or attend an emergency room compared
to 1,810 people with diabetes alone (Egede and Zheng, 2003).

Analysis using the 2003 US MEPS examined the impact of
co-morbid minor depression and diabetes (Nichols et al., 2007).
Compared with diabetes alone, co-morbidity increased the risk of
diabetes complications (P < 0.05). Another study comparing self-
care practices among 16,000 people with diabetes found that those
with minor or major depression were significantly less likely to
have eye examinations and 30% to 50% less likely to be physically
active (Egede et al., 2009). Recent prospective longitudinal studies
have however indicated that minor depression may not be asso-
ciated with statistically significant increased risks of complications
and mortality (Lin et al., 2010).

Some studies emphasize poor adherence to diabetes therapies
and lifestyle advice as an explanation for increased costs. In Wash-
ington State, adherence to dietary regimens was significantly poorer
for people with medium and high severity depression in a small
survey (Ciechanowski et al., 2000). Costs in the high and medium
severity groups were 88% and 54% higher than for respondents with
low severity depression (P < 0.05). Another survey of members of
a health maintenance organisation with diabetes in Washington
State measured the relationship between diabetes, depression and
adherence to self-care, and use of oral hypoglycaemic medications
(Lin et al., 2004). Members with depression and diabetes were less
likely to eat healthily or exercise regularly (P <0.0001) but more
likely to smoke (P <0.04). They were also more likely not to ad-
here to medications, including oral hypoglycaemic antihypertensive
and lipid lowering medications (P < 0.0005). Subsequent analysis
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reported a 70% increase in all (non-psychiatric) health care costs in
people with diabetes and co-morbid major depression compared to
non-depressed counterparts (Simon et al., 2005). Total mean health
care costs over six months were $5,361 versus $3,120 (P <0.001;
price year not stated). Only 15% ($275) of this cost increase was for
mental health services.

Some survey-based studies have taken place outside the US. In
South Australia, in three population surveys over ten years health
service use was 49% higher for those with diabetes and depres-
sion compared to diabetes alone (P <0.05) (Atlantis et al., 2012).
Although there was no significant difference in hospital admissions
or adherence to medications, people with diabetes and depression
in the 2000 UK Psychiatric Morbidity Survey were three times
more likely to consult a doctor about physical health compared to
those with depression alone (P < 0.05) (Das-Munshi et al., 2007). A
Canadian survey of 130,000 people reported higher rates of health
care utilisation by those with co-morbidities (P < 0.005) compared
to those with no health problems (Stein et al., 2006). In Hungary
people with depression co-morbidity were 2.6 times more likely to
have hospital stays of 20 plus days (P <0.001) and 1.8 times more
likely to have multiple hospital admissions (P <0.01) compared to
people with diabetes alone (Vamos et al., 2009). This study also
found that increased severity of depression was associated with
increased length of stay (P < 0.001), emergency calls (P < 0.03) and
hospital admissions (P < 0.003). In contrast, analysis of the German
National Health Interview and Examination Survey observed no sig-
nificant difference in physician contact or inpatient days between
100 people with diabetes alone and 40 with a co-morbid mood,
substance abuse or somatoform disorder (Hutter et al., 2009).

3.1.2. Analysis of medical record data

Medical record/claims data have been used for economic anal-
ysis of co-morbidity, again with a trend towards significantly
increased costs. Medicaid claims data indicate higher annual health
care costs in a low income population with diabetes and depression
compared to those with diabetes alone ($12,353 vs. $8131; 2002
prices) (Kalsekar et al., 2006). Private insurance claims data for
404,000 adults with diabetes reported mean annual health care
costs for people with diabetes with and without major depres-
sion of $19,700 and $11,200 respectively (2006 prices) (Le et al.,
2011). The number of visits to inpatient, outpatient and emergency
care was significantly greater in those with co-morbid depression
(P <0.0001).

Co-morbid diabetes and depression was also compared with
co-morbidity between depression and ten other chronic conditions
in 618,000 medical claims records (Welch et al.,, 2009). Nearly
all co-morbid conditions had significantly higher costs, which for
diabetes were around $2,000 per annum. Another analysis of
claims data reported individuals with bipolar disorder and diabetes
had double the one year all-cause costs of those with bipolar
disorder alone (Harley et al., 2007). Analysis of 20,000 insured
people with diabetes, including 2,700 with a mood disorder, also
reported higher inpatient and primary care utilisation for the co-
morbid group (Jones et al., 2004). Higher medical costs were also
observed in small studies comparing diabetes and depression with
diabetes alone (Rosenzweig et al., 2002; Sundaram et al., 2007). In
a Singapore study, diabetes clinic attendees with depression had
more emergency visits, hospitalisations and longer inpatient stays
(P < 0.05) (Subramaniam et al., 2009).

1995 Oklahoman Medicaid data found co-morbid diabetes with
psychosis or acid peptic illness to have annual costs $3,000-$5000
(1995 prices) greater than for diabetes and depression (Garis
and Farmer, 2002). Health care costs of co-morbid diabetes and
depression for a manufacturing company’s staff were also 1.7 times
greater than for employees with one condition at $7,407 (1995
prices) (P <0.001) (Druss et al., 2000).

Few of these studies report economic impacts beyond one year.
One found mean Medicare costs between 1999 and 2002 to be
50% higher for people with diabetes and different co-morbidities,
including depression, compared with diabetes only (Gilmer et
al.,, 2005) (US$31,967 vs. US$21,609; P <0.05; 2002 prices). One
study suggested that quality improvement strategies emphasising
pharmaceutical therapy for depression would increase costs of care
by $2,962, P=0.038; 2002 prices) (Gilmer et al., 2006). This finding
contradicts most studies we have reviewed where improvements in
quality of care and outcomes tend to lower total health care costs
compared to usual care.

3.1.3. Analysis for population sub-groups

Some studies have focused on specific age or ethnic groups.
Analysing 1.3 million Medicare records, mean annual non-mental
health care costs of people with co-morbid diabetes and major
depression in 1997 were $25,360 compared to $10,358 and $13,153
for groups with diabetes or major depression alone (2001 prices)
(Finkelstein et al., 2003). In the US 13,000 Medicare recipients with
co-morbid diabetes and depression were 2.83 and 3.42 times more
likely to have emergency department visits, or hospital inpatient
admissions respectively, compared to people with diabetes alone
(Himelhoch et al., 2004). Similar findings were seen in a survey
of Medicare enrolees with diabetes and depression, compared to
people with diabetes only in a Health Maintenance Organisation
(Pawaskar et al., 2007).

The presence of co-morbid depression alongside diabetes or
congestive heart failure in 15,000 Medicare claimants in Florida
increased annual mean costs to $15,750 versus $10,673 (P <0.01).
Mental health services accounted for just 1% of costs (Unutzer et al.,
2009). Costs also increased with severity of co-morbidity in those
with or without a diagnosis of depression: $37,392 versus $21,940
for quartile with severest co-morbidity. We only found one study
looking at older people with diabetes and depression outside the
US. In Hong Kong, compared with people with diabetes alone, they
were three times more likely to use emergency care services (Chou
et al., 2005).

Several US studies examined military veteran data. Mean annual
inpatient and outpatient health expenditure in 2000 was $6,185
and $9,871 for 355,000 and 35,000 veterans with diabetes only
or co-morbid depression or bipolar disorder respectively (Banerjea
et al., 2008). Mental health treatment of depression or bipolar
disorder covered just 9% of these costs. In another study of 47,000
veterans, those with either bipolar disorder or depression alongside
diabetes were less likely to have more than one outpatient visit
to a Veterans Affairs (VA) clinic per annum compared to veterans
without psychiatric illness (Cradock-O’Leary et al., 2002).

In contrast, analysis of 146 VA clinics over one year reported
significantly higher use of primary care, specialists and inpatient
stays in people with diabetes and any mental health problem (Desai
et al,, 2002). Similarly, higher rates of outpatient and inpatient
service use were seen in those with co-morbid diabetes and serious
mental illness, including bipolar disorder (Krein et al., 2006). Of
14,000 New York veterans with diabetes, those with co-morbid
post-traumatic stress disorder and/or depression had more primary
care visits and were more likely to be treated with insulin than
veterans with diabetes alone (P < 0.001) (Trief et al., 2006).

There has been also been some analysis of the impact of co-
morbidity for minority groups. Survey data from five southern
US states highlighted excessive rates of diabetes complications in
over 600 older Mexican-Americans with diabetes and depressive
symptoms versus those without depression (Black, 1999). They
were less likely to use oral hypoglycaemic agents, but had more
aggressive insulin therapy. Higher complication rates, and adverse
impacts on activities of daily living and mortality were seen over
seven years (Black et al., 2003). A study of a low-income African
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American primary care population reported that people over 40
with co-morbid diabetes and depression had 2.75 and 3 times
more emergency visits and inpatient days than those with neither
condition (P < 0.01) (Husaini et al., 2004).

3.1.4. Type 1 diabetes and depression

Few costing studies focused on type 1 diabetes. One rare exam-
ple examined depressive symptoms as a predictor of hospitalisation
for diabetes-related events in 231 outpatients with type 1 diabetes
aged 11 to 18 over two years (Stewart et al., 2005). They were
2.5 times more likely to be hospitalised than in non-depressed
counterparts. Another cross-sectional study of people aged 10-21
in six US states, 85% with type 1 diabetes, reported more emergency
department visits over six months by those with higher levels of
self-reported depressed mood (Lawrence et al., 2006).

3.1.5. Diabetes complications and depression

There has been some analysis of the additional costs of diabetes
complications, including diabetic neuropathy, with co-morbid de-
pression. Using eight years of claims data (Le et al., 2006), one study
found not only significantly higher mean costs for diabetes and de-
pression versus diabetes alone: $19,398 vs. $4,819 (P < 0.0001 2003
prices), but costs tripled for those with diabetic neuropathy and
depression, compared to individuals with diabetes and depression
($47, 214 vs $14,785, P < 0.0001).

Another study assessed 4,800 individuals with depression or
anxiety and diabetic neuropathy compared with 34,000 people
with diabetic neuropathy alone (Boulanger et al., 2009a). Again,
annual mean healthcare costs were higher for co-morbid patients:
$26,718 vs. $17,483 for patients aged 65+ and $29,775 vs. $19,386
(2006 prices) for those aged 18-64 (P <0.05). The co-morbid
group had greater utilisation of medications, inpatient visits and
emergency care (P < 0.01) (Boulanger et al., 2009b).

3.2. Impacts on productivity

It is important to look at impacts on productivity. Individuals
may have higher rates of absenteeism or prematurely retire from
work (Von Korff et al., 2005; Friis and Nanjundappa, 1986; Egede,
2004b). Co-morbidity may hamper the ability to do household tasks
or voluntary work, all of which contribute to economic output.
Relatives may need to cut back on paid and unpaid activities to
provide informal care (Jonkers et al., 2009).

Mortality also contributes to productivity losses. Mortality risk is
higher in individuals with diabetes and depression compared with
diabetes alone (Bogner et al., 2007; Zhang et al., 2005; Ismail et
al,, 2007; Katon et al., 2005b). Adverse impacts of depression on
self-care could also increase the risk of cardiovascular disease, itself
the leading cause of mortality in people with diabetes (Black et al.,
2003; Rush et al., 2008).

Table 2 summarises findings of 11 studies, five US and six
non-US, on productivity losses, although only two assign these a
monetary value and none include premature mortality or informal
care. The omission of these aspects of productivity loss is remark-
able given that they are often reported in studies looking solely
at diabetes or depression (Chatterjee et al., 2011; Gonzalez et al.,
2009b; Hogan et al., 2003; Hu et al., 2007; Salvador-Carulla et al.,
2011; Thomas and Morris, 2003).

Five studies used survey data. UK Psychiatric Morbidity Survey
data indicate that over a year individuals with diabetes and
depression were 7.7 and 5.3 times more likely to take sick days and
have work/regular activities impaired by poor health respectively
compared to people with diabetes alone (P <0.05) (Das-Munshi
et al, 2007). A national survey in Hungary found that people
with diabetes and depression had significantly lower rates of
employment compared to those with diabetes alone - 7.4% vs

24% (P <0.001) (Vamos et al., 2009). They were 3.3 and 2.7 times
respectively to lose more than 10 workdays (P < 0.05) or spend
more than 20 days in bed (P < 0.001).

In the 1999 US National Health Interview Survey, 170 people
with diabetes and depression were three, five and seven times more
likely to have work loss days, bed disability days and functional
disabilities respectively compared to those with neither condition
(Egede, 2004b; Egede, 2004a). Further analysis, examining depres-
sion and several chronic conditions, including diabetes, concluded
that co-morbid major depression is associated with significant in-
creases in lost productivity and functional disability (Egede, 2007).
In a Canadian survey of 130,000 adults however, no significant
differences in work absence over just one week or on activities
of daily living over six months were found between co-morbid
and diabetes or depression alone groups. Co-morbidity did predict
increased risk of disability in the two weeks prior to the survey
(P < 0.005) (Stein et al., 2006).

Two studies examined employee experiences. One linked cer-
tified sickness absence to health status in 33,000 public sector
employees in Finland. Non-cardiovascular co-morbid conditions for
employees with diabetes, including depression, accounted for over
50% of excess risk of sickness absence (Kivimaki et al., 2007). A US
study of a manufacturing company with 15,000 employees reported
13.48 sick days per annum on average due to depression and
physical co-morbidity (diabetes, heart disease, hypertension or back
problems) compared to 6.64 and 8.79 days for those with a physical
condition or depression alone. Total mean costs, including health
care and disability, per employee with co-morbidity were $7,906
(1995 prices). This is conservative: the costs of poor performance at
work were not included (Druss et al., 2000).

Three studies examined the experience of different groups of
people with a primary diagnosis of diabetes. In one cross-sectional
study in Washington State (Von Korff et al., 2005), 26% of those with
depressive co-morbidity were unemployed. Even co-morbid minor
depression increased the risk of being disabled or unemployed
by 70% (P <0.05). Major depression doubled risk and increased
the risk of severe difficulty with work tasks fivefold (all P <0.01).
Analysis of 56 people with diabetes compared to matched controls
illustrated that those in employment were significantly less likely
to be depressed (Friis and Nanjundappa, 1986). A study of diabetes
centre attendees in Singapore highlighted that people with co-
morbid depression lost an extra half day of work over three months
compared to those with diabetes alone (1.9 vs. 1.4, P=0.001)
(Subramaniam et al., 2009).

Finally an econometric study examined the association between
annual income and depression in individuals with diabetes (Dis-
muke and Egede, 2010). Using the 2006 US MEPS, mean annual
incomes for those with diabetes alone versus diabetes and depres-
sion were $33,391 and $17,786. Accounting for confounding factors
such as education or ethnicity, co-morbid major depression was
independently associated with a $2,838 reduction in mean annual
income, with a decrease in income of $1,235 for each additional
depressive symptom.

3.3. Economic evaluations of interventions for prevention or treatment
of co-morbidity

It is not enough to know the health care costs associated with co-
morbidity, it is important to explore whether potential investments
in tackling co-morbid diabetes and depression represent better
value for money than alternative actions in the health system or
other sectors. Economic evaluation can help with this question.
It compares the costs and effectiveness of two or more actions.
Different techniques are available; all value cost in the same way
but differ on outcome measurement. Cost effectiveness and cost
consequences analyses use condition specific outcome measures
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while cost utility analyses may use quality adjusted life years
(QALYs), allowing easier comparison of investments within the
health care system. Cost benefit analysis places a monetary value
on benefits, making it possible to compare investment in health
with investments in other sectors, such as education.

Table 3 provides a summary of 15 studies identified, generally
supporting investment in action to tackle co-morbidity. Most
focus on collaborative or stepped care, particularly on depression
management. With the exception of two studies (King et al,
2011; Jonkers et al., 2009), all 11 completed economic evaluations
examined the impact on costs from a health system perspective
alone, potentially ignoring productivity losses. Four studies used
costs per QALY gained (Hay et al., 2012; Jonkers et al., 2009; Katon
et al,, 2006; King et al., 2011), while two were cost benefit analyses
(Simon et al., 2007; Katon et al., 2006).

Several studies built on the Improving Mood-Promoting Access
to Collaborative (IMPACT) trial previously shown to double the
effectiveness of depression treatment for older adults in primary
care settings (Unutzer et al, 2002). Intervention consisted of
stepped collaborative care led by a care manager (usually a
nurse) supervised by a psychiatrist. It included behaviour activation
and a choice of starting treatment with six to eight sessions of
psychotherapy for problem-solving or antidepressant medication.
It has been compared to usual primary care services, including
use of antidepressants and referral to mental health services. The
intervention improved depression and some diabetes outcomes in
co-morbid individuals over two years (Williams et al., 2004). It was
also cost effective in depression management (Katon et al., 2005c;
Unutzer et al., 2008).

An economic evaluation of the above IMPACT diabetes de-
pression sub study reported 115 additional depression free days
gained at an increased cost of $25 in outpatient services, with an
incremental cost per QALY gained between $198 and $397 (price
year unspecified) (Katon et al., 2006). These economic benefits
of stepped collaborative care are conservative, as substantial cost
savings for inpatient care services if included would mean net costs
avoided of $896. Previous analysis had observed a willingness to
pay of $11 per depression free day gained (Unutzer et al., 2003).
Using this method the intervention would generate a net benefit of
$1,129 per patient.

The Pathways study in Washington State was another controlled
trial of a stepped collaborative care model for the treatment of
depression in individuals with diabetes. Intervention dominated
usual care; with 12 months of treatment, the intervention group
gained 61 additional depression free days over two years. Additional
costs of participating in the programme were offset by a reduction
in other outpatient expenditures (Simon et al., 2007). Using a
willingness to pay value of $10 per depression free day generated
there were net benefits of $952 (2003 prices). No difference in
inpatient costs was observed due to small sample size.

A subsequent evaluation of Pathways using the same population
sample looked at trends over five years (Katon et al., 2008b); a
consistent trend towards lower costs in the intervention group was
seen, with mean five-year total savings of US $3,900 per patient, but
the small sample size meant no significant differences in costs were
identified. The authors noted that the greatest level of cost savings
might be realised in the third of the patient sample with the most
severe morbidity.

In another trial in Washington State, the integration of disease
management programmes for diabetes and cardiovascular disease
with collaborative stepped care to tackle depression was associated
with significantly improved outcomes for depression and physical
co-morbidities over one year (Katon et al.,, 2010). Average costs
per patient were $1,224 (price year not stated), which were offset
by savings in total outpatient costs over 24 months. Compared to
usual primary care controls, the intervention group showed a total

24-month saving of $594 per patient (Katon et al., 2012). This study
is unique because it measured potential gains in QALYs associated
with intervention benefits on depression, HbA;. LDL cholesterol and
systolic blood pressure and found a 99% probability the intervention
would cost less than $20,000 per QALY gained.

Some economic analysis of the IMPACT model was examined
in an uncontrolled study of a Spanish speaking population in
the US (Gilmer et al., 2008). Implemented alongside a culturally
specific diabetes management programme (Project Dulce), 99 of
154 individuals completed the programme at a cost of $512 per
person (2008 prices). They had significant reductions in depressive
symptoms and improvements in diabetes self-care. The intervention
is likely to be cost effective, as Project Dulce had been shown as
cost effective for diabetes management in low income populations,
with a cost per QALY gained of $10,141 (2007 prices) (Gilmer et al.,
2007).

Another evaluation examined a culturally adapted collaborative,
stepped care model for diabetes and depression alongside an 18
month randomised controlled trial targeted at 387 low-income
Hispanics with diabetes and depression (Hay et al., 2012; Ell et
al,, 2010). It was compared with enhanced usual care (standard
clinical care, pamphlets on depression education and a resource
list for relevant services). The intervention group showed greater
improvements in depression than controls, with a cost per QALY
gained of $4,053 (2009 prices). At a cost per QALY gained threshold
of $12,000 the intervention had a 90% chance of being cost
effective. There was also significantly less deterioration in the
financial circumstances of the intervention group compared with
controls over 6 and 12 months (Ell et al., 2010).

A modelling approach was used to synthesise data from US stud-
ies on potential depression free days gained through collaborative
care with cost data from an English NHS perspective NHS (King
et al, 2011). Impacts on productivity losses were also included.
Over two years the incremental cost per QALY gained was £3,614
(2009 prices). While changes in the costs of diabetes care were not
included, avoidance of some diabetes complications would make
the intervention cost saving.

Only one other economic evaluation examined costs beyond the
health care system, although this is also examined in three on-
going studies, one in the Netherlands (Horn et al., 2007) and two in
Germany (Chernyak et al., 2010; Chernyak et al., 2009; Petrak et al.,
2010). The completed study is for a clinical trial of a primary care
nurse-led minimal psychological intervention (MPI) compared with
usual care in the Netherlands (Jonkers et al., 2009). The intervention
group received a combination of home-based cognitive behavioural
therapy and self-management therapy, in addition to usual care for
three months. Patient diaries captured costs beyond the health care
system, such as informal care, domestic help and work absenteeism.
No significant differences in depressive symptoms or costs were
reported. The intervention had a 63% chance of having lower costs
and better outcomes than usual care and an 82% chance of being
cost effective given a cost per QALY gained threshold of €20,000.

We also identified a US study that observed a significant asso-
ciation between good adherence to antidepressants and adherence
to diabetes management treatments in claims records of 2,500
adults with diabetes and depression (Katon et al., 2005a). Over
one year, compared to co-morbid patients with poor adherence
to antidepressants, patients with good adherence had 12% lower
medical charges; for patients with multiple co-morbidities, total
medical charges were 20% lower (P <0.05). The study did not in-
clude pharmaceutical costs; better adherence to medication would
thus reduce some cost offsets.
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4. Discussion

Despite limitations, this review provides the most compre-
hensive assessment both of literature measuring the association
between co-morbid diabetes and depression and impacts on health
and non-health care systems, and in identifying completed and on-
going economic evaluations. The review indicates growing evidence
demonstrating the substantial adverse economic impact of co-
morbidity. This relationship is complex and will vary depending on
factors including severity of co-morbidity and the socio-economic
environment where services are delivered. Most studies focused on
type 2 diabetes, but adverse economic impacts of co-morbidity with
type 1 diabetes and with complications such as diabetic neuropathy
were reported. No studies looked at gestational diabetes.

4.1. Limitations

While we did not have any language restrictions in our review,
we did not search non- English language databases. This may
contribute to the dominance of US literature that may limit the
generalisability of findings to non-US settings. We sought to identify
more studies by including papers that reported impacts on health
system resource utilisation, even if not reporting actual increments
in health care costs, but are likely to have missed papers that do
discuss resource utilisation, but are not key worded or indicated in
their abstracts as having cost or resource relevant information. The
limited number of studies found may also reflect the predominance
of cross-sectional analysis of datasets, making it difficult to link
co-morbidity directly with cost impacts.

4.2. Implications

Despite limitations, these findings are consistent with previous
reviews. One review of the costs of co-morbid mental disorders
on people with diabetes identified 31 papers, including 27 on
diabetes and depression, observing a trend between co-morbidity
and increased health care resource use and productivity losses
(Hutter et al., 2010). A German language review of economic
evaluations could only find US studies (Chernyak et al., 2011).

The importance of the economic impact of co-morbid diabetes
and depression is likely to be further strengthened, not only by
more analysis of non-US populations, but also if more studies
consider economic impacts beyond the health care system. We
were only able to identify 11 studies that looked at costs beyond
the health care system, yet the impacts of diabetes and depression
in isolation on participation in work, in particular, are well known.

Understanding the magnitude of costs is itself an insufficient
argument for investment. From a health policy perspective, it is
important to identify whether interventions that improve health
outcomes are cost effective. We identified 11 completed economic
evaluations, mostly conducted alongside clinical trials. While cau-
tion must be exercised in their interpretation, all suggest that
actions to manage depression in people with diabetes have the
potential to improve quality of life and generate economic benefits.
In contrast, we were unable to identify any studies on the economic
benefits for measures to reduce the risk of diabetes in people with
depression. This is one area for analysis in future research.

Stepped/collaborative care is recommended in English guidelines
on the management of depression in individuals with chronic phys-
ical illness (National Institute for Health and Clinical Excellence,
2009). Favourable cost per QALY ratios or positive net benefits in
the US for stepped care and/or collaborative approach to depression
management for people with diabetes have been reported. These
economic gains may be conservative as most QALY gains have
looked solely at the additional utility from depression free days and
have not included impacts on diabetes.

The economic case will be more robust if benefits beyond the
health sector are considered. Only two studies have looked at
productivity losses due to work absenteeism, and none at impacts
on premature mortality or informal care. It is also important to
consider the cost effectiveness of any screening strategies for dia-
betes or depression, including any impacts of false positive/negative
screenings on cost and quality of life. Long-term analyses are
needed: only one economic evaluation examined economic impacts
beyond two years, despite the chronic nature of both conditions.

Thus, the challenge for policy makers remains to build up the
evidence base on the cost effectiveness of different interventions
in different real world settings. We identified three evaluations
underway in Europe, but again these are short-term in duration.
Longer follow-up and broader perspectives (such as impacts on
social services, lost productivity or families) will strengthen the
evidence base. One way to do this is through modelling approaches
that synthesise data on the effectiveness of interventions and the
consequences of not taking action, considering how interventions
may need to be adapted for different localities, and attaching local
resources and unit costs. We know of only one such modelling
study from England (King et al., 2011). This leaves plenty of scope
for rapidly building on promising cost effective actions to examine
different approaches to tackle co-morbid diabetes and depression
in different contexts and settings.
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