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Abstract

Depression is twice as common in patients with diabetes; it is associated with an increased risk of dia-
betes complications and premature mortality. However, the mechanisms linking the two conditions are
poorly understood and current treatments for depression frequently fail to improve diabetes outcomes.
In addition to shared psychological factors, there is increasing evidence that biological mechanisms, such
as elevated inflammation, may contribute to a common underlying mechanism for depression and type
2 diabetes. Improved understanding of such mechanisms has identified novel targets for treatment that
may improve depression and diabetes simultaneously. In the longer term, such pathways may provide
targets to prevent the onset of type 2 diabetes in depression altogether.

1. Introduction

Patients with diabetes are twice as likely to suffer from depression, a relationship seen for both type 1 dia-
betes and type 2 diabetes (1). Compared to those with diabetes alone, patients with comorbid depression
experience poorer quality of life, increased risk of diabetes complications and premature mortality (2-4).
As the worldwide incidence of diabetes continues to rise, delineating the mechanisms linking depression
and diabetes proves ever more important. In addition to psychological and behavioural factors, there

is mounting evidence that shared biological mechanisms may lead to both depression and diabetes,
providing novel treatment targets and even opportunities for primary prevention. Focussing on type 2 di-
abetes, this review briefly summarises the epidemiology and mechanisms of the link between depression
and diabetes, before scrutinising a range of possible treatments, including current and novel therapies.

2. Depression in type 1 diabetes

Type 1 diabetes (T1D) and type 2 diabetes (T2D) can be regarded as distinct conditions. In contrast to
T2D, which is typically diagnosed in mid-adult life and can often be managed with lifestyle modification
or tablet therapies, T1D necessitates life-long insulin injections and is usually diagnosed during adoles-
cence or young adulthood. Unlike T2D, this means that the average age of onset of T1D precedes that of
depression (5). Collectively, these factors suggest that different mechanisms may underlie the respective
relationships between depression and both T1D and T2D. For T1D, these mechanisms are incompletely
understood but may include psychological maladjustment to T1D, fear of hypoglycaemia, interpersonal
difficulties and even biological mechanisms. Because T2D is 10 times more common and more extensive-
ly researched in relation to depression than T1D, the remainder of this review discusses T2D alone. More
extensive reviews of depression in T1D have been published (6).

3. Depression in type 2 diabetes: overview

3.1 Definition of depression

Prevalence estimates of depression in T2D have varied between 10 and 20%, around twice that of the
general population (1). A higher prevalence is generally reported when depression is assessed by self-re-
port questionnaires rather than by using diagnostic interview (7). However, there is evidence that 'sub-
threshold’ depressive symptoms may predict poor long-term outcomes in T2D (8). Because of this, the
current review will include papers that define depression according either to diagnostic criteria or to
self-report questionnaire measures with a validated cut-off score.
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3.2 Complications of depression in T2D

There is consistent evidence that patients with depression and T2D are at increased risk of microvascular
complications (such as retinopathy and neuropathy), macrovascular complications (such as stroke and
heart attack) and premature mortality (2, 3). In addition, depression is associated with a two-fold increase
in the risk of dementia in T2D (9, 10). Understanding the underlying mechanisms is therefore crucial in
targeting strategies to prevent adverse outcomes in patients with depression and T2D.

4. Mechanisms of depression in T2D

4.1 Psychological mechanisms

The traditional explanation for the link between depression and T2D has been the psychological model.
In such a model, the burden of living with a chronic disorder predisposes to depression, which in turn
leads to worsening diabetes self-care and increased risk of diabetes complications (6). Depression in T2D
is associated with poorer diet and concordance with diabetes treatment (11).

Increasingly, however, limitations of the psychological model have become apparent. Despite a modest
cross-sectional association (12), depression is at best weakly associated with worsening of glycaemic
control over time (13, 14). Moreover, the link between depression and T2D is bidirectional: whilst diabetes
increases the risk of incident depression by around 20%, depression increases the risk of incident diabetes
by up to 60% (15, 16). This suggests a more complex relationship between depression and T2D.

4.2 Biological mechanisms

There is striking overlap between depression and T2D in their associated brain changes (17), suggesting
shared biological mechanisms. Several such mechanisms have been proposed for the association be-
tween diabetes and depression throughout the life course, summarised below.

4.2.1 Genetic and epigenetic links

Whereas a study of 17,404 people at risk for T2D found no genetic associations between depression and
T2D (18), a more recent Danish twin study found that genetic effects accounted for the majority of the
covariance observed (19). Future genome-wide association studies are needed to address these inconsist-
encies.

4.2.2 Inflammation

Elevated inflammation is strongly implicated in the pathogenesis of both depression (20) and T2D (21)
respectively, as well as in the pathogenesis of macrovascular complications (22). In diabetes, anti-inflam-
matory treatments have been found to improve glycaemic control (23), and anti-inflammatory treatments
may improve depression in the general population (24). In the South London Diabetes cohort of 1790
people with newly-diagnosed T2D, patients with depression were found to have elevated concentrations
of several inflammatory markers compared to non-depressed controls, even after controlling for potential
confounders (25). This suggests that an elevated inflammatory response may be an important mediator
of the depression in T2D and of its associated adverse outcomes. The elevated inflammation may occur as
a result of shared stressors throughout the life course, including childhood abuse, work stress and obe-
sogenic lifestyles (6).

4.2.3 Hypothalamic-pituitary-adrenal (HPA) axis

Chronic dysregulation of the HPA axis has been implicated in the pathogenesis of depression (26) and
T2D (27) respectively. Early stress has been found to lead to attenuated hippocampal development (28);
the hippocampus is an area with a high density of glucocorticoid receptors and the latter are strongly
implicated in both depression and T2D. A study of patients with coronary heart disease found that those
with depression had reduced glucocorticoid receptor expression and sensitivity, as well as elevated
concentrations of inflammatory markers (29). Research defining the directionality of such relationships, as
well as research specifically in the comorbid depression and T2D population, is now awaited.




5. Treatments for depression in T2D

5.1 Current treatments

There is good evidence that antidepressant medications, including selective serotonin reuptake inhib-
itors, bring about significant short-term and longer-term improvements in depression in patients with
T2D (30, 31). Cognitive behavioural therapy has also been used to treat depression in T2D, producing
positive effects on depressive symptoms (32), albeit not always sustained (33). For both pharmacologi-
cal and psychological therapy, however, improvements in depression do not consistently translate into
improvements in glycaemic control (34, 35), whilst data on long-term complications such as cardiovascu-
lar disease are lacking. A systematic review of collaborative interventions in patients with diabetes found
a significant overall improvement in both depression and glycaemic control (36). However, depression
remission did not predict better glycaemic control across studies, again suggesting a more complex rela-
tionship between the two conditions.

5.2 Novel treatments

Given the limitations identified in treating depression in isolation, therapies that treat depression and
diabetes simultaneously are warranted. Both psychological and pharmacological approaches have such
potential, and lifestyle interventions to address social interaction, inactivity, diet, smoking and alcohol use
may also lead to improvements in both depression and diabetes (37). Recent epidemiological research
has suggested that depression can be divided into different subtypes with different longer-term progno-
ses (38, 39), and better identification of such subtypes may reduce treatment failure.

In contrast to the large number of psychological and complex intervention studies ongoing in the field of
depression in T2D (35), studies of pharmacological agents are scarce. This is surprising given their promise
in observational research.

In the South London Diabetes study, patients prescribed incretin-based diabetes treatments, which have
potent anti-inflammatory properties, were found to improve in terms of depressive symptoms over time,
compared to patients receiving other therapies (40). This improvement correlated with reduction in
inflammation but not HbA1c, suggesting that inflammation may be an effective target for the treatment
of depression in T2D. However, no previous clinical trial has attempted to reduce inflammation in the
treatment of both depression and T2D.

Modification of the HPA axis provides another target for shared treatment of depression and T2D, al-
though no studies have yet attempted such treatment in this comorbid population.

6. Future directions

A major limitation of current therapy for depression in T2D has been the failure to improve long-term
diabetes outcomes in this high-risk group. One explanation is the lack of precision in the definition of
depressive illness in T2D, leading to ‘one size fits all’ treatments. Future research should therefore investi-
gate whether distinct subtypes of depression can be more clearly phenotyped, both psychologically and
biologically, in order to target precision treatments. The limitations of current treatments may also reflect
their failure to modify underlying biological processes, which therefore continue unabated in driving
adverse diabetes outcomes. Through advances in basic science, neuroimaging and prospective epidemi-
ological research, better identification of the shared origins of depression and T2D could identify targets
for disease-modifying therapies that bring about long-term benefits. For example, reduction in inflamma-
tion could lead to improvements in depression, glycaemic control and subsequent cardiovascular disease
risk. Whilst research into the T2D population continues, future research must also focus on the longitudi-
nal relationship between depression and pre-diabetes stages. Better understanding of these mechanisms
may provide opportunities to delay the onset of diabetes, or even prevent it altogether. As the prevalence
of T2D rises inexorably, research into such preventative interventions is urgently needed.
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