
DEPRESSION AND ANXIETY IN TYPE 2 DIABETES:  

ASSOCIATIONS WITH DIABETES ONSET, CLINICAL MANAGEMENT, 

AND LONG-TERM MORTALITY 

by Kiyuri Naicker 

 

A thesis submitted to the 

Faculty of Graduate and Postdoctoral Studies 

in partial fulfillment of the requirements for the  

PhD Degree in Epidemiology 

 

School of Epidemiology and Public Health 

Faculty of Medicine 

University of Ottawa 

 

 

 

 

 

© Kiyuri Naicker, Ottawa, Canada, 2018 



ii 
 

Acknowledgements 

This work was made possible by grants from the Ontario Mental Health Foundation, the University 

of Ottawa, and the Applied Psychiatric Epidemiology Across the Life course (APEAL) Lab. Their 

generous funding supported me during my PhD program, allowed me to participate in a number 

of conferences, and funded a research stay in Norway which was necessary to complete this thesis. 

I am grateful for the guidance and expertise provided by each member of my thesis advisory 

committee (Drs. Simon Øverland, Douglas Manuel, Jeffrey Johnson, and Ian Colman). This thesis 

has been strengthened by their considerable investments of time and careful attention to detail. 

You each offered innumerable insights throughout the research process, and encouraged me to 

think critically about my work. Thanks to your efforts, I am a far more confident epidemiologist 

than I was at the beginning of this journey.  

I would also like to thank the Norwegian Institute of Public Health, and to recognize the efforts of 

the wonderful team who hosted me in Bergen (Jens Christoffer Skogen, Børge Sivertsen, Anja 

Ariansen, and Simon Øverland). In addition to coordinating data access, ethics approvals, and 

providing me with office space, they welcomed me warmly into their world and did everything 

possible to make our collaboration a smooth and enjoyable experience.  

My most heartfelt thank you goes to my supervisor, Dr. Ian Colman, who has provided guidance, 

friendship, financial support, and several opportunities for interesting collaborations throughout 

our time together. You encouraged me to pursue a topic of my own devising, and it is difficult to 

express the gratitude I feel for the immense amount of encouragement it has taken to get me to this 

point. Moreover, I am indebted to you for writing the many, many, reference letters that were 

instrumental in every grant award, job opportunity, or apartment rental that I have secured over 

the last 7 years. Your mentorship over this time has been priceless, and you have the gift of making 

academia feel like a fun, warm, and very human place. 

Thank you also to my managers at the Department of National Defense (Barb Strauss and Dr. 

Diane Lu) for giving me the latitude to take the time off to finish this thesis when I needed to, 

thereby saving me many sleepless nights. Your support in this endeavour was truly appreciated.  

I would like to say a special thank you to my family. First, to my parents, for their unwavering 

support of my many ventures (and adventures!) over the years, no matter how far away from home 

they took me. You have always encouraged us to carve our own paths through life, and taught us 

by example that the journey is often more important than the destination. This perspective has 

enriched my life more times than I can count, especially throughout this PhD process. And to my 

sister, for her friendship, anecdotes, and irrepressible sense of humour. You were always ready 

with an encouraging word or a laugh when I needed a boost.   

And lastly, a big thank you to my husband Nick. You provided a strong shoulder and warm hug 

whenever I needed it, kept the household running, and put delicious meals on the table night after 

night. More importantly, you bullied me into fresh air and exercise, and reminded me to breathe 

when things got hectic. I look forward to the next thesis-free chapter of our lives!  



iii 
 

TABLE OF CONTENTS 

 

Abstract……………………………………………………………………………….. v 

List of Tables………………………………………………………………………….. vi 

List of Figures ………………………………………………………………………… ix 

Chapter 1: Introduction……………………………………………………………….. 1 

1.1 Depression and anxiety in Type 2 diabetes………………………………. 4 

1.1.1 Depression and Type 2 diabetes……………………………… 4 

1.1.2 Anxiety and Type 2 diabetes…………………………………. 9 

1.1.3 Concurrent depression-anxiety and Type 2 diabetes…………. 11 

1.2 Potential mechanisms linking depression, anxiety and Type 2 diabetes…. 13 

1.2.1 Behavioural mechanisms……………………………………... 13 

1.2.2 Biological mechanisms……………………………………….. 17 

1.3 Sex-based differences in depression, anxiety and diabetes outcomes……. 21 

1.4 Medical costs and consequences of depression and anxiety……………… 22 

1.5 Purpose and objectives of the thesis……………………………………… 26 

1.6 References………………………………………………………………… 29 

Chapter 2: Depression, anxiety and risk of Type 2 diabetes: A meta-analysis of  

longitudinal studies….………………………………………….…………………….. 41 

Preface………………………………………………………………………… 41 

Abstract……………………………………………………………………….. 42 

Tables and Figures……………………………………………………………. 57 

References…………………………………………………………………….. 66 

Appendices……………………………………………………………………. 73 

2A Ottawa-Newcastle Scale quality assessment scores…...……..…… 73 

2B Interrater reliability (Calculation of Cohen’s kappa)…………....... 75 

2C MOOSE Checklist………………………………………………... 76 

Chapter 3: General methods: Description of data sources and general methodological 

approaches…………………………………………………………………………….. 78 

 3.1 Data source and participants……………………………………….……… 78 

 3.2 Exposure classification: factor analysis of the CONOR-MHI……..……… 81 

 3.3 Diagnosis of Type 2 diabetes...……………………………………………. 83 

 3.4 Statistical analysis…………………………………………………………. 84 

  3.4.1 Handling of missing data………………………………………... 84 

  3.4.2 Model building………………………………………………….. 86 

 3.5 Participant consent and ethical approval…………………...……………... 87 

 3.6 References…………………………………………………...……………. 89 



iv 
 

Chapter 4: Population attributable fractions for Type 2 diabetes: An examination of  

multiple risk factors including symptoms of depression and anxiety....……………… 90 

Preface………………………………………………………………………… 90 

Abstract……………………………………………………………………….. 91 

Tables and Figures……………………………………………………………. 105 

References…………………………………………………………………….. 113 

Appendices……………………………………………………………………. 117 

4A Multiple imputation sensitivity analysis………….…...……..…… 117 

4B STROBE Statement…………………………………...……..…… 118 

4C Journal submission confirmation letter…………….…………....... 120 

4D Manuscript-specific ethics approval.……………………………... 121 

Chapter 5: Symptoms of depression and anxiety in type 2 diabetes: Associations with 

clinical diabetes measures and self-management outcomes….………………………. 122 

Preface………………………………………………………………………… 122 

Abstract……………………………………………………………………….. 123 

Tables and Figures……………………………………………………………. 141 

References…………………………………………………………………….. 145 

Appendices……………………………………………………………………. 148 

5A Multiple imputation sensitivity analysis………….…...……..…… 148 

5B STROBE Statement…………………………………...……..…… 149 

5C Journal acceptance letter…………….…………............................. 151 

5D Manuscript-specific ethics approval.……………………………... 152 

Chapter 6: Type 2 diabetes and comorbid symptoms of depression and anxiety:  

Longitudinal associations with mortality risk ……………………………………….. 153 

Preface………………………………………………………………………… 153 

Abstract……………………………………………………………………….. 154 

Tables and Figures……………………………………………………………. 167 

References…………………………………………………………………….. 173 

Appendices……………………………………………………………………. 176 

6A Multiple imputation sensitivity analysis………….…...……..…… 176 

6B STROBE Statement…………………………………...……..…… 177 

6C Journal acceptance letter…………….…………............................. 179 

6D Manuscript-specific ethics approval.……………………………... 180 

Chapter 7: General discussion………………………………………………………… 181 

7.1 Summary of research findings..…………………………………………… 181 

 7.1.1 Depression and anxiety in diabetes onset……………………….. 181 

 7.1.2 Depression and anxiety in diabetes management………………. 183 

 7.1.3 Depression and anxiety and mortality in Type 2 diabetes……… 184 



v 
 

 

7.2 Discussion and implications………………………………………………. 186 

 7.2.1 Sex-specific reporting of findings………………………………. 186 

 7.2.2 Differentiating between and controlling for symptoms of  

 anxiety and depression………………………………………………... 189 

 7.2.3 Study-specific considerations…………………………………… 192 

 7.2.4 Association versus causation……………………………………. 197 

7.3 Strengths and limitations………………………………………………….. 201 

 7.3.1 Strengths………………………………………………………… 201 

 7.3.2 Limitations and methodological considerations………………… 201 

7.4 Future directions…………………………………………….…………….. 208 

7.5 Conclusions………………………………………………..……………… 212 

7.6 References………………………………………………………………… 213 

 

General appendices…………………………………………………………………… 220 

 8A. University of Ottawa Ethics certificate…………………………………... 220 

 8B. Norwegian Research Ethics Board (REK) approval……………………… 221 

  



vi 
 

ABSTRACT 

Type 2 diabetes is a highly prevalent disease which could affect roughly 552 million people 

globally by the year 2030. In addition to a range of medical complications, individuals with 

diabetes experience higher rates of mental illness (e.g., depression and anxiety) than the general 

population. A growing body of evidence suggests that depression may exert important influences 

at key stages of the diabetes experience, including: diabetes onset, diabetes management, and 

mortality.  A smaller body of research has explored the influence of anxiety on diabetes outcomes, 

and anxiety is demonstrated to elicit similar effects on the dysregulation of endocrinological or 

behavioural process as depression. This is of concern given that depression and anxiety co-occur 

in the majority of primary care cases, and individuals experiencing both disorders tend to have 

poorer prognoses than either alone. This thesis sought to study the independent and concurrent 

contributions of depression and anxiety to key diabetes outcomes in a population-based sample of 

Norwegian adults, through a series of four studies.  The first study uses meta-analysis to 

demonstrate that both depression and anxiety are associated with a moderate increased risk of 

diabetes onset, and that these effects may only be significant in men. The second study illustrates 

that the fraction of incident diabetes cases attributable to metabolic and behavioural factors at the 

population level increases in the presence of depression and anxiety, especially in men. The third 

study demonstrates that depression and anxiety are differentially associated with some diabetes 

management outcomes (i.e., glycemic control, c-reactive protein levels, and diet adherence), with 

variations by patient sex. And the final study provides evidence that long-term mortality risk is 

lowest in diabetic individuals experiencing anxiety, higher in those with concurrent depression-

anxiety, and highest for depression, with variation by sex. Overall, this body of work suggests that 

both depression and anxiety may result in poorer diabetes outcomes in men across all key stages, 

while symptoms of anxiety may provide protection against diabetes onset and risk of mortality in 

women with Type 2 diabetes. Future research should aim to differentiate and control for co-

occurring depression and anxiety when examining diabetes outcomes, and report sex-specific 

estimates as a standard approach. 
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CHAPTER 1: 

INTRODUCTION 

Type 2 diabetes is one of the leading public health concerns of the 21st century [1], with a 

worldwide prevalence of over 8.5% [2]. The current global estimate of approximately 415 million 

people is projected to increase by two thirds to 552 million by the year 2030 [1]. This equates to a 

1 in 11 chance of developing diabetes over an individual’s lifetime, with one death occurring every 

six seconds from this condition [3]. Despite these high rates, as many as one third of individuals 

with diabetes remain undiagnosed [4]. Diabetes is also a costly condition, with worldwide current 

spending exceeding $670 billion USD, constituting roughly 12% of global health expenditure [3]. 

These costs are projected to increase by 20% to over $800 billion USD by 2040 [3]. The recent 

rapid increases in global diabetes rates are primarily attributed to the rise in high calorie diets and 

low physical activity associated with the spread of Western lifestyles, coupled with the 

simultaneous rise in the prevalence of overweight and obesity across developed and developing 

countries [5]. The causes of diabetes are, however, complex and involve a wide range of well-

established risk factors, including obesity, smoking, genetics, physical inactivity, and dietary 

behaviours [6].  

Type 2 diabetes is the predominant form of a group of metabolic disorders that are collectively 

referred to as diabetes mellitus, and alone accounts for 90-95% of all diabetes cases [7].  The main 

pathophysiological features of Type 2 diabetes are impaired insulin secretion through pancreatic 

β-cell dysfunction, and decreased sensitivity of target tissues to insulin, known as insulin resistance 

[8]. The basic consequence of these defects is to disrupt the sensitive interplay between insulin 

and insulin action, thereby preventing the effective uptake and utilization of glucose by cells 
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throughout the body [9]. This induces a chronic state of elevated blood sugar, or hyperglycemia, 

which can be detected through clinical measurements of plasma glucose levels. The thresholds for 

diagnosing Type 2 diabetes based on indicators of glycemic control are listed in Table 1.1. The 

chronic presence of excessive glucose in the body that is characteristic of Type 2 diabetes 

significantly affects the functioning of multiple organ systems, leading to common symptoms such 

as frequent urination (polyuria), excretion of glucose into the urine (glycosuria), dehydration, 

excessive thirst, weight loss, blurred vision, and risks of diabetic coma or diabetic shocks due to 

hyper- or hypoglycemia, respectively [9]. It is also a progressive disease that is associated with a 

number of more severe and potentially life-threatening complications over time, such as heart 

disease and strokes, cancers, amputations, kidney failure, retinopathy, and blindness [10–14].  

Because of the serious and ongoing nature of these health risks, diabetes is a disease that requires 

a high degree of professional support, usually through multidisciplinary health care teams that 

include general physicians, diabetes educators, nurses, endocrinologists, and others. Moreover, it 

is a disease that requires a high degree of vigilance and self-management on the part of the patient. 

Patients are encouraged to maintain strict control of blood glucose, blood pressure and cholesterol 

levels [15] , and are counselled to control their diabetes through a combination of regular exercise, 

modified diet adherence, routine home monitoring of glucose levels, regular checking of feet for 

sores or ulcers, medication adherence, and effective stress management [16]. This involves 

enacting significant lifestyle changes for many individuals, and receiving a diabetes diagnosis and 

the subsequent burden of coping with the disease can have demonstrable psychological impacts 

[17]. Like many other chronic conditions (such as cardiovascular disease [18] and cancers [19]), 

individuals with Type 2 diabetes are markedly more likely to experience psychiatric comorbidities 

such as depression and anxiety during the course of their lifetimes [17, 20]. The study of comorbid 
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mental and physical illness has emerged as an important new research area, and accumulating 

evidence has begun to demonstrate the importance of psychological factors on diabetes outcomes. 

Table 1.1: Diagnostic criteria for Type 2 diabetes, major depression and generalized anxiety 

Disorder Diagnostic Criteria 

Type 2 Diabetes 

[3, 21] 

One or more of the following criteria: 

• Fasting plasma glucose ≥7.0 mmol/L (126 mg/dl) 

• 2-hr plasma glucose ≥11.1 mmol/L (200 mg/dl) following a 75g 

oral glucose load  

• Hemoglobin A1C assay ≥6.5% 

• Random plasma glucose ≥11.1 mmol/L (200 mg/dl)  

Major Depression 
 [22] 

One or both of the following symptoms within a 2-week period (experienced 

most of the day, nearly every day): 

• Depressed mood (e.g., feels sad, empty or hopeless) 

• Lost of interest or pleasure in almost all activities, 

 

Plus 4 (or more) of the following symptoms: 

• Significant change in weight or appetite 

• Insomnia or hypersomnia 

• Psychomotor agitation or retardation 

• Fatigue or loss of energy 

• Feelings of worthlessness or guilt 

• Diminished ability to concentrate or indecisiveness 

• Recurrent thoughts of death or suicidal ideation 

Generalized Anxiety Disorder 

[22] 

Both of the following: 

• Excessive anxiety and worry occurring on the majority of days for 

at least 6 months 

• Inability to manage these symptoms 

 

Plus 3 (or more) of the following symptoms occurring for the past 6 months: 

• Restlessness, feeling keyed up or on edge 

• Being easily fatigued 

• Diminished ability to concentrate 

• Irritability 

• Muscle tension 

• Insomnia or restless sleep  
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1.1  Depression and anxiety in Type 2 diabetes 

Depression and anxiety constitute two of the most common psychiatric disorders globally, and like 

diabetes, occur at high frequencies in the general population. The worldwide 12-month prevalence 

of depression is estimated to be 4.4%, equivalent to over 320 million people [23]. The 

corresponding prevalence of anxiety disorders is 3.6% globally, equivalent to 264 million people 

[23]. Lifetime prevalences of both disorders are far higher, with rates rising as high as 20.8% for 

depression and 33.7% for anxiety [24, 25]. Depression is ranked by the World Health Organization 

as the single largest contributor to global disability, and anxiety disorders are currently ranked 6th, 

accounting for 7.5% and 3.4% of all years lived with disability in 2015, respectively [26]. Table 

1.1. lists the diagnostic criteria for major depression and generalized anxiety disorder, according 

to the 5th edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-V). 

1.1.1  Depression and Type 2 diabetes 

Major depression and Type 2 diabetes are each predicted to be among the five leading causes of 

morbidity and health loss by 2030 [27]. Type 2 diabetes, depression and anxiety can be 

independent or interrelated, as illustrated in Figure 1.1. This figure also diagrams the three 

potential comorbidity types that may occur between Type 2 diabetes and the presence of 

depression and anxiety: 1) Type 2 diabetes comorbid with depression, 2) Type 2 diabetes comorbid 

with anxiety, and 3) Type 2 diabetes comorbid with concurrent depression-anxiety. The size of the 

evidence base varies for each of these comorbidities, and an overview of the current literature 

relevant to each one is given below.  
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Figure 1.1: Diagram of potential comorbidities between depression, anxiety, and Type 2 diabetes  

A long history of observation of the relationship between depression and diabetes has been 

documented, dating as far back to the British physician Thomas Willis in 1684 [28]. In addition to 

being the first physician to identify glycosuria as a sign of diabetes [29], Willis suggested the 

disease often resulted from ‘sadness or prolonged sorrow and other depressions and disorders’ 

[28]. A series of experiments conducted throughout the late 19th century demonstrated the 

appearance of glucose in the urine following exposure to stressful stimuli in both cat and human 

subjects [30], which was given the term ‘emotional glycosuria’. Between 1900 to 1950, many 

observations were made in the literature regarding the sudden or spontaneous appearance of 

diabetes associated with traumatic events [31, 32]. In 1935, Menninger published a study of 22 

cases of mental disorder associated with diabetes [33], which was followed in 1946 by a paper in 

The New England Journal of Medicine by Gendel and Benjamin, titled “Psychogenic factors in 

the etiology of diabetes” [30]. In 1948, George Daniels published an article in Psychosomatic 

Medicine detailing the role of emotion in the onset and course of diabetes [34], along with a series 

of other papers on psychosomatic approaches to diabetes treatment [35, 36]. But it was not until 

Type 2 
diabetes

AnxietyDepression

1 2
3

Strong evidence 
base

Less available 
evidence

Very sparse 
evidence
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the 1990s that the topic started to gain significant traction, and research on the emotional causes 

and consequences of diabetes began in earnest.   

Since then, a large number of high-quality epidemiological studies and meta-analyses have 

demonstrated that diabetic populations experience depression at roughly double the expected rates 

[20, 37], with estimates ranging from 11% to as high as 47% in some studies [20, 38]. In an attempt 

to explore potential causal and etiological linkages between depression and diabetes, numerous 

longitudinal studies have also been performed. These studies reveal the bidirectional nature of this 

relationship [39, 40], the majority of which report stronger effects of depression predicting diabetes 

than for the reverse association (e.g., OR=1.60 versus OR=1.15 [40]). A wealth of research now 

suggests that depression is associated with all stages of the diabetes continuum. For example, 

insulin resistance and prediabetes are both important precursors to Type 2 diabetes onset. A meta-

analysis of 18 studies examining the relationship between depression and insulin resistance found 

a significant pooled standardized effect size of 0.19 (although this review included cross-sectional 

studies) [41]. A more recent longitudinal study of depressive symptom clusters and insulin 

resistance found a highly significant linear relationship between baseline Beck Depression 

inventory scores and insulin resistance over 6 years (β=0.14) [42]. Although the preceding effects 

are small in size (but significant), the evidence relating to diabetes onset itself has been much more 

convincing. Prediabetes is a condition characterised by hyperglycemia that falls just below the 

threshold for diabetes (i.e., 5.6 to 7.0 mmol/L)[43]; the majority of individuals with prediabetes 

will progress to diabetes in the absence of intervention, and reported rates of conversion can reach 

as high as 70% [44]. Depression has been found to more than double an individual’s risk of 

progressing from prediabetes to diabetes over a period of 4.5 years (OR=10.65 versus 4.14) [45], 

and the joint effect of depression and prediabetes has been demonstrated as having a synergistic 
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effect on diabetes risk [45]. Although a handful of individual studies have failed to find an 

association between depression and incident diabetes [46–50], numerous meta-analyses of 

longitudinal studies have now been conducted on this topic, all of which have generated significant 

pooled risk estimates (ranging from RR=1.17 to RR=1.60 [40, 51–55]). These are listed in full in 

Table 1.2.  

Following diabetes onset, depression has been significantly associated with many factors relating 

to diabetes control (e.g., hyperglycemia (standardized effect size=0.17 from meta-analyse of 24 

studies)[56]), and diabetes self-management (e.g., diet nonadherence (OR=2.1), physical activity 

(OR=1.9), and smoking (OR=1.8) [57]. Depressed individuals are shown to have an increased 

tendency to skip blood glucose self-monitoring [58] and avoid medical appointments [59]. A large 

range of medical complications have also been linked to depression (e.g., both microvascular 

(HR=1.36) and macrovascular complications (HR=1.25) [12]) and increased risks of death have 

also been widely observed (HR=1.49 in a meta-analyses of 13 studies [60]. The medical 

consequences of comorbid depression and diabetes are described in more detail in Section 1.3.  
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Table 1.2: Summary of previously published meta-analyses on depression or anxiety and risk of incident diabetes 

a Excluded studies that examined incident Type 1 diabetes from risk estimate 
b Excluded cross-sectional study designs 
c Study calculated two pooled estimates (separately for point estimates and time-to-event) 

 

Author(s) Year 
No. of 

Studies 

Publication Years of 

Included Studies 

No. of 

Participants 

Pooled Depression 

Risk Estimate 

Pooled Anxiety Risk 

Estimate 

Exclusion Criteria 

Type 1 

Diabetesa 

Cross-

Sectionalb  

Knol et al. 2006 9 1996 to 2004 174,035 RR: 1.37 (1.14, 1.63)  Not studied YES YES 

Mezuk et al. 2008 13 1996 to 2007 222,019 RR: 1.60 (1.37, 1.88) Not studied YES YES 

Cosgrove et al. 2008 14  1997 to 2005 284,868 RR: 1.17 (1.05, 1.29) Not studied YES YES 

Hasan et al.c 

Hasan et al.c 

2013 

2013 

8 

6 

1999 to 2010 

1999 to 2010 

115,399 

92,657 

RR: 1.41 (1.13, 1.76) 

HR: 1.24 (1.05, 1.42) 

Not studied 

Not studied 

YES 

YES 

YES 

YES 

Rotella et al. 2013 23 1996 to 2011 424,557 HR: 1.38 (1.23, 1.55) Not studied NO YES 

Smith et al. 2013 12 2003 to 2011 12,626 Not studied OR: 1.25 (1.10, 1.39) NO NO 

Yu et al. 2015 20 1991 to 2012 2,411,641 RR: 1.32 (1.18, 1.47) Not studied YES NO 
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1.1.2  Anxiety and Type 2 diabetes 

Likewise, anxiety disorders occur at high rates in diabetic populations, with prevalence estimates 

ranging anywhere from 14.0 to 21.0% [38, 61]. Additionally, up to 40% of patients with diabetes 

have heightened subthreshold anxiety symptoms [61]. The most common type of anxiety that is 

associated with medical illness is generalized anxiety disorder (GAD) [62], and much of the 

research efforts in the area of medical comorbidities (i.e., cardiovascular disease, cancer, and 

diabetes) have focused on this disorder. Although the available body of research is smaller than 

that related to depression and tends to be more mixed, there is evidence that anxiety is associated 

with most of the major stages of the diabetes continuum. A handful of studies have demonstrated 

higher risks of diabetes in individuals with baseline anxiety (RR=2.19 [63] and OR=2.13 [64], 

while other studies have found mixed or no associations [65, 66]. As with depression, the risk of 

progression from prediabetes to diabetes is demonstrated to be much higher in individuals with 

anxiety than in non-anxious individuals (OR=8.95 versus OR=4.20) [45]. In a meta-analysis of 

studies that determined anxiety from diagnostic interviews, anxiety was also associated with 

hyperglycemia (pooled effect size=0.25) [67]. Recent research suggests that while anxiety is 

associated with measures of self-care such as poor diet adherence (OR=2.71), it is not associated 

with other measures such as monitoring blood glucose, smoking, and physical activity in the same 

sample [68]. Anxiety disorders have also been associated with diabetes complications in a hospital-

based sample of diabetes patients (β=0.17) [69]. To our knowledge, no studies to date have 

examined the effect of anxiety on mortality in individuals with diabetes.  

Anxiety disorders therefore represent a major comorbidity that remains understudied in diabetic 

populations, despite their strong independent association with depression. Generalized anxiety 

disorder, in particular, is strongly comorbid with (and commonly precedes) major depression [70]. 
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Due to their closely related nature, some theories hypothesize a continuum of illness whereby 

depression and anxiety constitute different phenotypic expressions of the same neurobiological 

origin [70]. Despite observations that they likely share a common cause and are not usually present 

as independent disorders, the secondary presence of anxiety is very rarely accounted for in research 

studies examining the effects of depression. A recent commentary has offered the following 

explanations as to why anxiety disorders are frequently under-recognized, under researched, and 

overlooked as serious mental health problems [71]: first, it may be due to the misconception that 

anxiety disorders only occur amongst the “worried well”, and are more representative of a 

personality trait than a disorder. Second, despite the fact that many anxiety disorders are relatively 

stable chronic conditions, societal impressions regarding the transient nature of fear during 

childhood may lead to a misconception that time or maturation will be enough to cure the 

symptoms. And lastly, the fact that anxiety itself is a normal emotion might make it challenging 

for many individuals to perceive the difference between normal and pathological fear and anxiety.  

As can be seen in the diagnostic criteria listed in Table 1.1, major depression and generalized 

anxiety disorder share four common symptoms (according to DSM-V criteria). They are also 

characterized by heterogenous symptoms that may act in direct opposition to one other (e.g., 

insomnia versus hypersomnia, restlessness versus motor retardation). Anxiety is unique in that 

some of its symptoms may even confer protective benefits. Anxiety has been associated with low 

blood pressure (hypotension) in a large community-based sample of individuals (N=60,700) [72]. 

Although there is some evidence that hypotension may be associated with somatic and 

psychological symptoms [73, 74], it has traditionally been regarded as beneficial or a sign of non-

disease. Anxiety has also been demonstrated to have a U-shaped relationship with mortality, with 

the highest mortality rates occurring in those with the lowest anxiety symptom loads, and the 
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presence of some anxiety symptoms reducing mortality risk [75]. It has been suggested that while 

anxiety might result in relative short-term increases in morbidity, it may actually confer long-term 

advantages against mortality. As observed by Deschenes et al., it is therefore unclear if depressive 

symptoms and anxious symptoms have similar patterns of association with diabetes [45] .  

1.1.2  Concurrent depression-anxiety and Type 2 diabetes 

A wide range of data indicate that comorbid anxiety-depression is more common than either 

disorder alone, with as many as 50-75% of individuals diagnosed with major depression in a 

primary care setting also being diagnosed with a concurrent anxiety disorder [76, 77]. Psychiatric 

patients with comorbid depression-anxiety have a much poorer prognosis than depression alone, 

with greater severity of symptoms and more functional impairment [78]. These patients are also 

more difficult to treat, and require longer time to remission and need for increased medication [76].  

A substantial body of research has provided evidence for robust associations between comorbid 

depression and anxiety and other chronic health outcomes, such as chronic obstructive pulmonary 

disease [79], cancer [80], and cardiovascular disease [80–82]. Mental health comorbidities in 

cardiovascular disease have generated the most research attention to date, demonstrating that the 

prevalence of depression or anxiety in these patients is at least three times higher than in the general 

population [82]. Furthermore, persistent depression and anxiety may substantially increase the risk 

of death in patients with ischemic heart disease [83]. Heart rate variability (a robust predictor of 

cardiac mortality) is shown to be reduced in individuals with major depression, and even greater 

reductions are observed in individuals with concurrent generalized anxiety disorder [84].  Alone, 

clinically diagnosed anxiety has been found to more than double the odds of subsequent coronary 

heart disease and acute myocardial infarction in Swedish men [85].  Other research investigating 
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symptoms of depression and anxiety as predictors of cardiovascular events (i.e., stroke, myocardial 

infarction, or heart failure) in adult women found that depression was a significant predictor of 

cardiovascular events among women with low anxiety scores (HR=2.3), but not high anxiety 

(HR=0.99) [86]; the authors suggest that the clinical utility of depression measures may therefore 

be improved by using them in conjunction with measures of anxiety [86].  

It is worth noting that, while most people with depression also suffer from anxiety disorders, many 

of those experiencing anxiety do not suffer from depression [87].  The National Comorbidity Study 

(a large epidemiological study) showed that 20% of people with lifetime generalized anxiety 

disorder retrospectively report major depression, while 67% of those with major depression 

retrospectively report generalized anxiety [88]. Rates of comorbid depression-anxiety are reported 

as being three times higher in diabetic patients than healthy controls (i.e., 21.0% versus 7.3%) [38]. 

Much of the comorbidity between these conditions appears to stem from the diagnostic overlap of 

symptoms described in Table 1.1, meaning that individuals endorsing only depression (or only 

anxiety) symptoms may be experiencing very different psychopathologies from one another. This 

highlights the importance of efforts to detect and screen for anxiety disorders individually in 

addition to depression [87]. Despite the fact that this is the most common presentation of either 

disorder, even fewer studies have examined the impact of concurrent depression-anxiety on Type 

2 diabetes outcomes than have looked at anxiety alone. However, research has demonstrated that 

individuals with diabetes and concurrent depression-anxiety appear to have higher odds of 

disability (OR=4.17) than either major depression (OR=2.79) or generalized anxiety (OR=3.69)  

alone [89]. A recent study also found co-occurring depression-anxiety to be more strongly 

associated with self-care outcomes (e.g., smoking (OR=1.90) and diet adherence (OR=3.39)) than 

either depression or anxiety alone [68].    
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1.2 Potential mechanisms linking depression, anxiety, and Type 2 diabetes 

As previously mentioned, Type 2 diabetes is a heterogenous disorder caused by a combination of 

genetic, behavioural, and environmental factors. As such, several plausible pathways have been 

developed in the literature to explain the associations between depression, anxiety and diabetes. 

The proposed mechanisms work through intermediary factors that can broadly be defined as 

behavioural or biological in nature, and are discussed under these headings in more detail below.     

1.2.1  Behavioural Mechanisms 

Depression and anxiety are associated with a number of lifestyle factors, including unhealthy 

eating [90], reduced physical activity [91], increased smoking [92], and irregular sleep patterns 

[93]. These may act as mediating factors in the relationship between depression and diabetes onset, 

as illustrated in Figure 1.2. The solid arrows in this figure represent relationships discussed in this 

section. The dotted arrows represent additional relationships established in the literature, and form 

an important part of the overall model of diabetes risk.  

The association between poor diet, obesity and Type 2 diabetes onset has been recognized for 

decades [94]. Depression is associated with higher consumption of processed or fried foods, sugary 

products and simple carbohydrates [90], and it has been theorized that high fat foods may be used 

by depressed individuals as a form of self-medication or attempt to balance neurotransmitters 

involved in the regulation of mood [95]. These poor diets may lead to weight gain and visceral 

obesity, increasing the concentration of adipose tissue in the body and engendering insulin 

resistance through a series of complex mechanisms [94]. Anxiety is less strongly associated with 

diet [90] or body mass index (BMI) in the literature [96], and has been demonstrated as having a  
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Figure 1.2: Potential behavioural mechanisms linking depression and anxiety to diabetes outcomes 

potentially inverted U-shaped association with BMI (with higher anxiety scores occurring with 

medium BMI indices) [97].  

Physical inactivity has simultaneous effects on weight gain [98], vascular function [99], and 

increased inflammatory responses in the body [100], all of which can be diabetogenic. Depressed 

and anxious individuals are shown to be more sedentary and exercise less than their counterparts 

in numerous studies [91], with fatigue and loss of energy being common symptoms of both 

disorders. Conversely, exercise is a modifiable factor that is known to reduce depression and 

anxiety [101, 102], as well as to have beneficial effects on multiple diabetes risk factors. 

Exercise has been suggested as a tool to improve the mood of patients and thereby help them to 

manage their medical problems more effectively [103]. While exercise can have positive chronic 
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influences on individuals who already have diabetes, it also activates acute fluctuations in 

glucose concentrations, and should therefore only be undertaken after consultation with a 

healthcare professional in more severe diabetes cases [104].  

Smoking is a known risk factor for diabetes and other cardiovascular diseases [105], and is thought 

to exert deleterious effects on health through increases in oxidative stress and inflammation [106]. 

The activation of these processes has been shown to mediate insulin resistance and β-cell 

dysfunction [107, 108]. Individuals with depression and anxiety are far more likely to smoke, to 

smoke with higher intensity and frequency, and to have lower success at quitting than those without 

[109]. Interestingly, research suggests that previous studies may have overestimated the 

association between depression and smoking when ignoring comorbid symptoms of anxiety [92]. 

A large population-based study found that associations with smoking were strongest in participants 

with comorbid depression-anxiety, followed by anxiety, and only marginal in depression [92]. 

Sleep represents a physiologic state of decreased metabolism, characterized by reduced glucose 

turnover in metabolically active tissues (particularly during REM sleep) [110]. Disordered sleep 

is therefore associated with metabolic disturbances, and has been associated with both the 

incidence and the prevalence of Type 2 diabetes [111]. There are well-established links in the 

literature between sleep problems and both depression [112, 113] and anxiety [114], and it has 

been estimated that up to 90% of patients diagnosed with depression complain of insomnia or poor 

sleep quality [112]. 

In addition to the diabetogenic processes pictured above, depression and anxiety may exert their 

worst effects on individuals who already have diabetes, leading to higher risks of diabetes 

complications.  Depression and anxiety may be associated with elements of diabetes self-care (e.g., 
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compliance with medical treatment or glucose monitoring at home), and diabetic individuals who 

are depressed may manage their condition less actively [29]. One meta-analysis demonstrated that, 

compared with non-depressed patients, depressed patients have a three-fold increase in odds of  

noncompliance with medical treatment recommendations [115]. No relationship between anxiety 

and noncompliance was observed in the same study [115]. Depression is also demonstrated to be 

associated with significantly poorer participation in diabetes education programs [116], and there 

is even evidence that the relationship between depressive symptoms and the physical symptoms 

of poor glucose control may be entirely mediated by self-care [117]. 

 

  

Figure 1.3: Cyclical relationship between depression and anxiety and poor diabetes control 

A possible explanation for these observations is that certain behavioural (e.g., fatigue, loss of 

energy) or cognitive (e.g., diminished concentration, reduced decision-making abilities, 

dysfunctional assumptions) aspects of depression or anxiety may impede the undertaking of self-

care activities. This could in turn result in poorer diabetes outcomes (including somatic and 

cognitive symptoms of dysglycemia). These symptoms could go on to trigger increases in or 
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persistence of depressive or anxious symptoms, as well as ultimately increasing the overall risk of 

developing diabetes complications.  A model of this cyclical relationship is given in Figure 1.3. 

There is therefore ample evidence that depression and anxiety could work through behavioural and 

lifestyle factors to increase an individual’s rate of progression to diabetes or its complications. 

Many of the behavioural factors discussed here ultimately elicit their effects on insulin action and 

diabetes onset by activating biological pathways, which are detailed in the following section.  

1.2.2  Biological mechanisms  

Given that diabetes is an endocrinological disease, biological pathways necessarily describe the 

most proximal stages of disease onset. Figure 1.4 depicts the same set of relationships introduced 

in the previous section, but this time focuses in on biological factors and the mechanisms through 

which depression and anxiety may influence diabetes outcomes.  

Diabetes has been associated with hyperactivation of the hypothalamic-pituitary-adrenal (HPA) 

axis, which stimulates the release of corticotropin releasing hormone [118] and the subsequent 

increased secretion of glucocorticoids [119], a group of hormones that are involved in glucose 

metabolism. Cortisol is an important and ubiquitous glucocorticoid, and glucose metabolism can 

be highly sensitive to cortisol excesses, with chronic hypercortisolemia resulting in insulin 

resistance [29].  A similar HPA-axis response during depression has been one of the most 

consistent findings of biological psychiatry over the last 40 years [120], and many antidepressants 

are known to directly regulate HPA-axis functioning [121].  Depressed patients are also 

demonstrated to have elevated cortisol levels during the recovery period following exposure to 
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Figure 1.4: Potential biological mechanisms linking depression and anxiety to diabetes outcomes  

psychological stressors than non-depressed counterparts [122], and it has been suggested that this 

may have important implications for the way diabetic individuals cope with challenging or 

stressful situations [119].  The evidence linking anxiety to elevated cortisol levels is more mixed, 

with some studies suggesting modest or no effect in the absence of depression [123, 124].  

As mentioned in Section 1.2.1, obesity is often a consequence of poor diet and physical inactivity, 

and represents one of the strongest risk factors for Type 2 diabetes in the literature. It is a major 

factor in insulin resistance, which may appear very early in the development of obesity and long 

before the appears of Type 2 diabetes [125]. A higher-than normal concentration of adipose tissue 

in the body leads to elevated plasma glucose, triggering subsequent rises in insulin levels. This is 
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a healthy compensatory mechanism for maintaining glycemic control [125], but in a persistent 

state will lead to insulin resistance [94]. In addition, the permanently elevated concentrations of 

plasma free fatty acids (FFAs) associated with obesity represent a major risk factor for insulin 

resistance [125]. Meta-analysis confirms a reciprocal link between obesity and depression [126], 

through many of the behavioural pathways discussed earlier. The evidence for a relationship 

between anxiety and obesity remains mixed, and some research has found that depression is 

associated with abdominal obesity in people with diabetes, while anxiety is not [127]. 

A third potential pathway to diabetes onset is via the autonomic nervous system. The autonomic 

nervous system controls many basic functions, including heart rate, breathing, digestion, and body 

temperature. Autonomic nervous system dysfunction (such as low heart rate variability, digestive 

difficulties, sweating abnormalities, or urinary problems) has been associated with the 

development of diabetes in healthy adults, as well as with fasting insulin and glucose levels 

independent of clinically diagnosed diabetes [128]. Depression is associated with markers of 

autonomic nervous system dysfunction [129], and research suggests that altered autonomic control 

of the heart could be one of the main links between psychological factors and hypertension [130]. 

Interestingly, the latter study tested a range of autonomic parameters in a clinic setting and 

concluded that anxiety could play a more important role in the development of hypertension than 

depression [130]. 

As mentioned previously, inflammation is suggested to play a crucial intermediary role in the 

pathogenesis of diabetes [4] [131]. The most common inflammatory markers include c-reactive 

protein (CRP), tumour necrosis factor (TNF-α), and interleukins 1 and 6 (IL-1 and IL-6).  Meta-

analysis has demonstrated an increased risk of diabetes associated with CRP levels [4], and a 

significant dose-response relationship in diabetes risk with IL-6 [4]. Depression is consistently 
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associated with a wide variety inflammatory biomarkers in the literature [132], and inflammatory 

processes themselves have been shown to be strongly mediated by life stressors [133]. Previous 

researchers have noted the paucity of research on the relationship between anxiety and 

inflammation, and cite that anxiety may be an even stronger risk factor for inflammatory disorders 

than depression [134].  

Lastly, medications for the treatment of depression and anxiety have been proposed as potential 

mediators of the relationship between psychological risk factors and diabetes onset. 

Antidepressants induce weight gain in a substantial proportion of patients [135], which has been 

shown to increase the risk of Type 2 diabetes in this population [136, 137].  However, the literature 

on this topic is inconsistent, and more recently appears to be linked to specific drug type. For 

example, while some classes of antidepressants increase weight gain and diabetes risk (e.g., 

paroxetine and amitriptyline), others are associated with weight loss ((e.g., fluoxetine, 

buproprione), or may actually reduce hyperglycemia and increase insulin sensitivity (e.g., 

desimaprine) [138][135].  Broadly, some research suggests that cognitive behavioural and 

selective serotonin reuptake inhibitor (SSRI) treatments may preferable for treating depressed 

diabetic patients and yield improvements in glycemic control, while tricyclic antidepressants may 

cause metabolic disruption [139]. Drug class therefore appears to be an important moderator of 

these relationships, and more research is needed regarding specific antidepressant drug subtypes 

and the subsequent risk of type 2 diabetes.   

Many of the biological pathways discussed above are linked through a series of regulatory and 

counterregulatory feedback loops, and may also interact with one another in ways not described 

here. Again, while the evidence base surrounding these various pathways is substantial, much of 

the research conducted to date indicates that depression and anxiety increase the risk of diabetes 
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independently of these key lifestyle and biological factors. This suggests that mechanisms may 

also be operating in these associations which have not yet been considered.  

1.3  Sex-based differences in depression, anxiety and Type 2 diabetes outcomes 

Although the majority of research on diabetes and mental health comorbidities tends to report 

combined estimates for both sexes, interesting differences have been noted in the handful of studies 

reporting sex-stratified results.  For example, some studies show that while prevalences of 

depression tend to be consistently higher in women [140], men who experience depression are 

more likely to report issues with glycemic control than depressed women [141]. An additional 

small clinic-based sample of diabetic patients found a stronger association between glycemic 

control and either anxious or depressive symptomatology in men compared to women [142]. 

Evidence also suggests that depression and anxiety differentially predict sex-specific cortisol 

responses to stress in the general population, with depressed men experiencing higher cortisol 

levels during stress and anxiety moderating this effect [143]. Conversely, depressed women tend 

to display lower, flatter cortisol response curves, with anxiety related to higher cortisol reactivity 

in these participants [143].   

Interestingly, in co-ed populations, the literature often shows minimal or conflicting evidence for 

a longitudinal relationship between depression and hypoglycemia over time [144], and mixed 

evidence for the benefits on glycemic control following treatments for depression [145]. This has 

led researchers to seek to shed light on these discontinuities, often by questioning approaches to 

depression assessment and subsequent treatment approaches [146]. The present thesis posits that 

the underlying cause of these discrepancies may relate to sex-based differences in the relationship 

between depression and glycemic control. This is supported by a study using an all male sample 
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(i.e., US veterans) to look at the longitudinal effects of depression on glycemic control, which 

demonstrated significant longitudinal differences in HbA1c levels than normal controls [147]. It 

is unknown whether these differences in outcomes could stem from differences in self-

management behaviours in depressed men versus depressed women, or whether these behaviours 

might be associated with specific depressive or anxious phenotypes and more severe symptom 

profiles.  

1.4 Medical costs and consequences of depression and anxiety in Type 2 diabetes  

As mentioned in Section 1.1, depression and anxiety have been linked to an increased risk of both 

morbidity and mortality in individuals with Type 2 diabetes. A meta-analysis of 27 studies found 

that depressed diabetic individuals are at higher risk of experiencing a range of severe outcomes 

including advanced microvascular complications (e.g. retinopathies, blindness, renal disease, foot 

ulcers, and amputations [12, 148]). Patients with high baseline Beck Depression Inventory scores 

are demonstrated to have 2.5-times the odds of developing diabetic retinopathy, and 3-times the 

odds of progressing to the more severe proliferative diabetic retinopathy, than non-depressed 

diabetic patients over 6 years [149]. Likewise, Novak and colleagues demonstrated an excess risk 

of incident chronic kidney disease in over 930,000 US veterans with diabetes associated comorbid 

depression, as well as an increased risk of all-cause mortality in these patients, compared with non-

depressed patients [150]. The macrovascular complications of diabetes can be more serious, 

including myocardial infarction, stroke and other cardiovascular events, all of which are associated 

with depression in these individuals [151]. Depression and anxiety also have the potential to 

worsen the experience of having these complications, and has shown to increase reported pain 

severity experienced by patients with diabetic peripheral neuropathy [152].  
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One of the most serious consequences of these comorbidities is an increased risk of death. 

Depression is associated with increases in both all-cause mortality and death due to coronary heart 

disease in diabetic individuals across a number of studies [153] [154]. Major depression has been 

associated with a 2.3-fold increase in mortality in diabetic patients over 3 years after controlling 

for multiple other factors, with minor depression yielding a 1.7-fold increase in death in these 

patients [155]. There is less evidence for the influence of anxiety on mortality rates in diabetic 

individuals. Interestingly, however, some general population studies demonstrate a negative 

interaction between anxiety and depression and mortality (i.e., comorbid anxiety lowering 

mortality risk in depressed individuals). In one study examining the effects of anxiety and 

depression on mortality using data from a large general population sample, anxiety levels appeared 

to display a U-shape relationship with mortality and attenuate the effects of depression, indicating 

that moderate levels of anxiety may confer some protective benefits against mortality risk  [156]. 

The greater severity of complications observed in diabetic individuals with comorbid depression 

translates directly into increased functional or work disability and increased medical service use 

[12]. Adults with diabetes and depression are more likely to lose >7 days of work per year [157], 

and have much higher odds of experiencing functional disabilities than either depression or 

diabetes alone [153, 157]. Consequently, they are also more likely to experience a poorer quality 

of life than the non-depressed [158]. Results from the WHO World Health Surveys, which 

included 60 countries around the world, demonstrate that depression produces greater decrements 

in functional health status compared with other chronic conditions (i.e., angina, arthritis, asthma, 

and diabetes) [159]. Furthermore, depression comorbid with any of the latter chronic conditions 

results in greater decrements in health than the comorbidity between two or more chronic 

conditions without depression, and this additive effect is substantially amplified in the specific 
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case of depression comorbid with diabetes [159]. The costs of depression in diabetic patients are 

estimated to be 51% higher in primary care and 73% higher in ambulatory care relative to non-

depressed patients, even after adjustment for diabetes severity and medical comorbidity [160].  

Ciechanowski et al. estimate that the overall costs in individuals with depression and diabetes are 

increased 2-fold compared to costs in those with diabetes alone [151]. Similar findings were 

reported by another large-scale study, which found that diabetic patients with depression reported 

higher diabetes-related costs ($3264 USD) and total medical costs ($19,298) than diabetic patients 

without depression ($1297 USD and $4819 USD, respectively) [161]. By increasing medical 

inpatient, ambulatory, and total health care costs, major depression in Type 2 diabetes accounts 

for a substantial proportion of the current global medical costs [151]. Conversely, research on the 

cost of treating depression in diabetic patients demonstrates that after receiving a systematic 

depression treatment, comorbid patients had spent on average $314 USD less in outpatient service 

costs, and gained an additional 61 days free of depression. After valuing each day lived free of 

depression at $10, the net economic benefit of the program was estimated at $952 [162]. Likewise, 

diabetic individuals in the Pathways depression intervention program demonstrated reduced 5-year 

mean costs of $3907 USD per person when compared to patients in usual care [163].  More 

recently, problem-solving therapy has been shown to stabilize glucose and cholesterol levels for 

individuals with depression or anxiety for up to four months, in a small study conducted in Mexico 

City [164].  A second randomized trial has recently demonstrated that telemedicine-delivered 

behaviour action therapy is successful at lowering mean HbA1c values in a small sample of 

depressed individuals with diabetes [165]. 

As psychiatric symptoms are a frequently neglected contributor to chronic complications in Type 

2 diabetes, this area of research may still be relatively unknown to many healthcare practitioners. 
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It has been recommended that depression and self-care skills be addressed simultaneously to 

achieve optimal diabetes outcomes. The International Diabetes Federation and Diabetes Canada 

clinical practice guidelines both require periodic assessment and monitoring of patients with 

diabetes for depression and psychological distress [166, 167], and the integration of performance 

measures for depression into diabetes clinical guidelines has also been recommended [168]. 

Despite the widespread availability of effective screening tools, depression is frequently missed in 

diabetic patients, and research suggests that most health facilities are poorly equipped to deal with 

these comorbidities [169]. One of the barriers to early recognition of depression in patients with 

diabetes may in fact be the difficulty in differentiating between the symptom of depression and 

symptoms of poor disease management [168].  

There is therefore considerable evidence for the functional impairment, costs, and adverse health 

outcomes associated with depression in diabetes. This increased risk is not limited to individuals 

with diagnosed major depression, but also extends to individuals with elevated symptoms in an 

incremental fashion [153]. As succinctly stated by Pirraglia et al., depression in diabetes is 1) 

prevalent, 2) burdensome, 3) costly and 4) treatable [170]. What is currently less well known is 

whether the same can be said for anxiety or concurrent depression-anxiety. While a fair amount is 

known about how anxiety may act to worsen diabetes control and impede self-management in 

diabetic patients, it is clear that more epidemiologic and physiologic evidence is needed regarding 

the co-occurrence of these conditions, their etiology, and their population-level impacts. Given the 

highly shared symptomatology of depression and anxiety, previous research that has focused 

primarily on depression may be subject to important biases - excluding symptoms of anxiety could 

result in an over- or underestimation of the association between depression and diabetes outcomes, 

either of which may have important implications for diabetes management, prevention, and 
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treatment. Research is therefore needed that examines the effects of these respective comorbidities, 

preferably within the same study population, in order to clarify these relationships.  

1.5  Purpose and objectives of the thesis  

The overall objective of this thesis was to explore the independent and concurrent contributions of 

symptoms of depression and anxiety to key outcomes during major stages of the diabetes 

continuum, namely: Type 2 diabetes onset, diabetes management, and mortality (Figure 1.5).  

 

 

Figure 1.5: Dissertation studies grouped by stages along the diabetes continuum 

Specifically, the aim of the study presented in Chapter 2 was to provide a comprehensive summary 

of the available research on depression, anxiety and concurrent depression-anxiety as risk factors 

for Type 2 diabetes onset. While multiple meta-analyses have estimated the pooled effect of 

depression on diabetes onset using longitudinal studies, no studies to our knowledge have 

estimated the equivalent pooled effect of anxiety or concurrent depression-anxiety on this 

association. More importantly, no meta-analyses have examined whether these longitudinal effects 

are independent of one another, or whether they are moderated by sex. In addition to addressing 

the preceding questions, this literature review may also help to identify possible gaps in the current 
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literature by summarizing the results over a range of relevant study features (e.g., adjustment for 

key covariates, duration of follow-up, and type of diagnostic tool used). The main study hypotheses 

were: 1) that the effect of depression on diabetes onset would be attenuated in studies controlling 

for concurrent symptoms of anxiety, and vice versa, and 2) that these associations with diabetes 

onset would be stronger in men than women.  

The aim of the study presented in Chapter 4 was to examine the risk of diabetes onset associated 

with clusters of risk factors, including symptoms of depression, anxiety, and concurrent 

depression-anxiety, by calculating their respective population attributable fractions (PAFs) in a 

large general population sample. While PAFs have been used previously to estimate the proportion 

of cases attributable to traditional diabetes risk factors, this study may shed some light on the 

proportion of diabetes cases that are attributable to common psychological symptoms, both alone 

and in combination with other traditional risk factors. This novel approach may help to inform 

future prevention efforts by describing the population impact of different baseline combinations 

of modifiable risk factors on diabetes incidence, and help to target high-risk groups more 

effectively. The main study hypotheses were: 1) that symptoms of depression and anxiety would 

amplify the risk associated with traditional risk factors, and 2) that these effects on diabetes onset 

would be stronger in men than in women.   

The aim of the study presented in Chapter 5 was to estimate the associations between these 

psychological exposures and a comprehensive range of key clinical and self-management 

outcomes, in a large community-based sample of individuals with Type 2 diabetes. This approach 

may help to identify important sub-groups of patients who are at risk of experiencing specific types 

of clinical outcomes, and who may require additional support in relation to specific aspects of 

diabetes self-management. While evidence exists for the relationship between many of these 
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outcomes and depression, and to a lesser extent anxiety, little research to date has examined 

concurrent depression-anxiety or attempted to control for the confounding presence of the other. 

In addition, prior studies have rarely explored sex-specific effects in these associations. This study 

may also help to identify potential mediational variables of these relationships, in more specific 

subgroups than have previously been explored. The main study hypotheses were: 1) that symptoms 

of depression, anxiety, and concurrent depression-anxiety would be independently associated with 

clinical indicators of poor glycemic control, 2) that this association would be stronger in men than 

in women, and 3) that symptoms of depression and anxiety would be differentially associated with 

self-management outcomes in both men and women.  

And lastly, the aim of the study presented in Chapter 6 was to estimate the excess mortality risk 

associated with Type 2 diabetes and the above combinations of depressive and anxious symptoms 

over the long term. While prior studies have been conducted to estimate the effect of depression 

on mortality in Type 2 diabetes, these studies do not appear to account for potential confounding 

due to the presence of anxiety, and equivalent estimates have not been documented with respect 

to anxiety or concurrent depression-anxiety. Given the inconsistent relationship between anxiety 

and mortality in the general population, these exposures are of substantial interest. In addition, the 

effect of moderation by sex has not been explored in the above relationships. This study might 

provide a glimpse at the long-term profile of risk associated with baseline symptoms of depression 

and anxiety in individuals with Type 2 diabetes. The main study hypotheses were: 1) that mortality 

risk would be highest in individuals experiencing concurrent depression-anxiety than either 

disorder alone, and 2) that these risks would be higher in men than in women.   

The specific research questions corresponding to each study are listed in Table 1.3.  
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Table 1.3: Research questions corresponding to the four thesis studies 

 

 

Thesis Study Research Questions 

Chapter 2 (Study 1) 

• Do major depression and generalized anxiety increase the risk 

of Type 2 diabetes onset in adults?  

• Are these effects independent of one another?  

• Are these effects independent of anti-depressant use?  

• Are these effects equal in men and women? 

• What is the joint effect of concurrent symptoms of depression 

and anxiety on Type 2 diabetes onset? 

Chapter 4 (Study 2) 

• What proportion of Type 2 diabetes cases are attributable to 

symptoms of depression and anxiety in a general population 

sample? 

• What proportion of Type 2 diabetes cases are attributable to 

concurrent depression and anxiety in the same sample? 

• Do specific combinations of known risk factors, in conjunction 

with symptoms of depression and anxiety, predict diabetes 

incidence more strongly than others? 

• What are the population attributable fractions for Type 2 

diabetes associated with these risk factor combinations? 

• Are these attributable fractions equal in men and women? 

Chapter 5 (Study 3) 

• Are depression and anxiety differentially associated with key 

clinical outcomes in individuals with Type 2 diabetes?  

• Are symptoms of depression and anxiety differentially 

associated with key behavioural and self-management 

outcomes in individuals with Type 2 diabetes? 

• Are concurrent symptoms of depression-anxiety more strongly 

associated with the above outcomes? 

• Are these associations similar in men and women? 

Chapter 6 (Study 4) 

• What is the long-term risk of excess mortality associated with 

symptoms of depression or anxiety in individuals with and 

without Type 2 diabetes? 

• What is the long-term risk of excess mortality associated with 

concurrent depression and anxiety in individuals with and 

without Type 2 diabetes? 

• Are these associations similar in men and women? 
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CHAPTER 2: 

DEPRESSION, ANXIETY AND RISK OF TYPE 2 DIABETES: A SYSTEMATIC 

REVIEW AND META-ANALYSIS OF LONGITUDINAL STUDIES 

Preface 

The purpose of the study presented in this chapter was to systematically summarize the 

available evidence for the associations betwen depression, anxiety, and concurrent depression-

anxiety and Type 2 diabetes onset, and to generate pooled estimates for these effects. This study 

tests the first two hypotheses outlined in Chapter 1, namely: 1) that the effect of depression on 

diabetes onset is attenuated in studies controlling for concurrent symptoms of anxiety and vice 

versa, and 2) that these associations with diabetes onset are stronger in men than women.  

The article presented in this chapter is formatted for submission to a scientific journal with the 

following author list: Naicker.K, Clayborne Z.M., Dupuis G., Øverland S., Johnson JAJ., 

Manuel D., & Colman I.  All tables and figures are marked as primary and supplemental and 

follow the main text as per submission standards. Additional supporting documents related to 

quality assessment and reporting standards are included in appendices at the end of this chapter. 

Ethical approval was not required for this study. 

Contribution Statement: I was responsible for formulating the study hypothesis and design, with 

guidance from supervisors and co-authors. I was one of the two reviewers who screened eligible 

articles at each stage (i.e., abstract screening and full-text review), and who performed quality 

assessments of the included studies. I conducted the necessary statistical analyses, generated all 

of the tables and figures, and drafted the final manuscript. I will also be responding to all 

comments arising from the peer review process.  
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ABSTRACT 

Background/Objective: Depression and anxiety are two of the most frequently occurring 

psychiatric conditions in individuals with Type 2 diabetes. Evidence suggests that both 

depression and anxiety are associated with an increased risk of Type 2 diabetes onset, but 

previous meta-analyses have focused solely on depression. The primary aim of this meta-

analysis was therefore to assess the risk of incident Type 2 diabetes associated with baseline 1) 

depression, 2) anxiety, and 3) concurrent depression-anxiety. The secondary aim was to 

generate pooled estimates of these effects across a range of relevant study characteristics.  

Methods: An electronic search for journal articles was performed on May 1st, 2017 in two 

major health research databases (Ovid MEDLINE and CINAHL). Two reviewers screened all 

abstracts and full-text articles, and performed quality assessments using the Ottawa-Newcastle 

Scale. Random effects models were used to generate pooled effect estimates based on 

adjustment for similar baseline covariates in high quality studies. Time-to-event and point 

estimates were analyzed and reported separately. Funnel plots and Egger’s test statistics were 

generated to assess publication bias.  

Results: Of the 1370 articles originally screened, 47 were included in this review (38 reporting 

on depression, 4 on anxiety, and 1 reporting on both exposures). Publication bias was evident 

in the studies of depression, but not in studies of anxiety. The pooled incident diabetes risk was 

1.81 (95% CI: 1.50, 2.12) for depression and 1.30 (95% CI: 1.08, 1.53) for anxiety, in studies 

controlling for similar baseline covariates. Diabetes risk in both cases was higher in men than 

women when stratified by sex. Higher effect sizes were noted in studies that controlled for 

antidepressant use, had shorter follow-up times (<10 years), and used clinical diagnostic 

interviews rather than self-report to measure depression and anxiety. 
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Conclusion/Interpretation:  Depression and anxiety are moderately associated with diabetes 

onset, and these effects appear to be stronger in men and non-significant in women. Few studies 

of depression adjust for the co-occurring presence of anxiety, and further studies are needed 

that consider anxiety in the literature. No studies to date have examined the risk of diabetes 

onset associated with concurrent depression-anxiety, representing a gap in the current literature. 
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2.1 INTRODUCTION 

Depression is one of the most frequently occurring psychiatric conditions in individuals with 

Type 2 diabetes, with a lifetime prevalence of 17.6%, roughly double that seen in the general 

population [1]. Rates of lifetime anxiety disorders are even higher, with as many as 19.5% of 

diabetic individuals affected [2].  A growing body of evidence suggests that both depression 

and anxiety are associated with increased risk of Type 2 diabetes onset. According to the most 

widely cited meta-analyses to date, depression in non-diabetic individuals is associated with a 

37-60% increase in risk of Type 2 diabetes onset, independent of other major risk factors [3]. 

Other systematic reviews in this area have also reported significant pooled associations between 

depression and risk of developing the metabolic syndrome [4] and insulin resistance [5], both 

of which appear as precursors to diabetes. While a further meta-analysis has determined that 

people with diabetes are more likely to report current anxiety disorders (OR=1.20) and elevated 

anxiety symptoms (OR=1.48) [6], no reviews conducted to date have examined the risk of 

diabetes onset associated with antecedent anxiety.  

A number of pathogenic mechanisms describing the relationship between depression and 

diabetes have been proposed, including activation of stress-mediated neuroendocrinological 

pathways (i.e., through the hypothalamic-pituitary-adrenal axis), followed by glucose 

dysregulation [7]. Depression-related eating disturbances, lethargy, or antidepressant 

medications may also trigger weight gain and visceral obesity, leading to insulin resistance and 

diabetes onset [8]. Depression may also activate proinflammatory and autoimmune responses 

[9], such as increases in circulating cytokine and c-reactive protein levels,  which interfere with 

insulin signalling and can trigger insulin deficiency [10]. Anxiety disorders also have profound 

effects on the endocrine system, most notably by triggering ‘fight or flight’ sympathoadrenal 

responses [11], by disrupting sleep cycles [12], or by inducing hypertension and other 
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autonomic nervous system dysfunctions [13], all of which may lead to issues with glucose 

regulation. There is strong evidence that individuals experiencing both depression and anxiety 

simultaneously have a much poorer prognosis with respect to a range of mental and physical 

outcomes than those experiencing either disorder individually [14]. Depression and anxiety co-

occur at high rates in the general population, with over 50% of individuals diagnosed with major 

depression in primary care settings also receiving a concurrent anxiety disorder diagnosis [14, 

15]. Rates of concurrent depression-anxiety are reported as being three times higher in diabetic 

patients than health controls (i.e., 21.0% versus 7.3%) [16]. Given the potential negative impact 

of psychological comorbidities on diabetes prognoses, the co-occurrence of depression and 

anxiety in Type 2 diabetes is of substantial interest.  

Although previous meta-analyses have attempted to estimate the risk of Type 2 diabetes 

associated with depression [3, 17–21], the two largest and most recent reviews failed to exclude 

either studies that included Type 1 diabetes [21] or cross-sectional studies[20]. These are issues 

that limit our ability to judge the directionality of these associations or to comment specifically 

on Type 2 diabetes incidence. In addition, none of the reviews undertaken to date controlled for 

the presence of anxiety, or reported on concurrent anxiety as a covariate of interest.  The 

primary aim of this meta-analysis was therefore to assess the risk of incident Type 2 diabetes 

associated with baseline 1) depression, 2) anxiety, and 3) concurrent depression-anxiety. The 

secondary aim was to generate pooled estimates of these effects across a range of relevant study 

characteristics (e.g., participant sex, adjustment for antidepressant medication use or body mass 

index, type of diagnostic tool used, and study follow-up length), all of which may influence 

assessments of diabetes risk. We hypothesized that: 1) the effect of depression on diabetes onset 

would be attenuated in studies controlling for concurrent symptoms of anxiety, and vice versa, 

and 2) these associations with diabetes onset would be stronger in men than women.  
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2.2 METHODS 

2.1 Literature Search 

An electronic search for journal articles was performed on May 1st, 2017 in two major health 

research databases (Ovid MEDLINE and the Cumulative Index to Nursing and Allied Health 

Literature (CINAHL)). Keywords included “depression”, “depressive disorders”, “anxiety”, 

“anxiety disorders”, “generalized anxiety disorder”, “diabetes mellitus”, and “type 2 diabetes”, 

among others. The search strategies employed a set of eligibility criteria described in the 

following paragraph, and the detailed search strategy is provided in Supplemental Table 2.1. In 

addition, reference lists from relevant review papers were scanned for eligible articles. Two 

epidemiologists with training and experience in performing systematic reviews independently 

screened all abstracts returned from the search, as well as all full manuscripts that were deemed 

potentially relevant.   

2.2 Eligibility Criteria 

Studies were included in the systematic review if they met the following criteria: 1) the outcome 

of interest was incident Type 2 diabetes; 2) the exposure of interest was either depression, 

anxiety, or both; 3) the study design was longitudinal in nature (cohort, case-control, or RCT); 

and 4) relative measures of effect (relative risk (RR), odds ratios (OR), or hazard ratio (HR)) or 

the data needed to calculate them were reported. If the same dataset was used in multiple 

studies, the most recently published results were selected. We excluded studies that examined 

the use of antidepressant medication only in relation to Type 2 diabetes incidence [22–24].  

2.3 Data Extraction 

Data were extracted on the following study characteristics:  study design, sample size, country, 

follow-up time, % female, mean age, diabetes assessment, exposure assessment tool, effect 
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estimates, and a complete list of covariates.  If multiple datasets were analysed in a single study, 

each respective estimate was included in the meta-analyses. When multiple risk estimates were 

presented for different levels of depressive/anxious symptoms, those corresponding to the 

highest cut-off for symptom severity were used.  A full list of the study characteristics extracted, 

including reported risk estimates and adjustment variables for included studies, are presented 

in Supplemental Tables 2.1 and 2.2.  

2.4 Quality Assessment 

All articles were given a quality score out of 9 based on the Newcastle-Ottawa scale [25]. This 

is a commonly used tool for assessing quality and risk of bias in observational studies, that was 

specifically adapted to be used with both case-control and cohort studies. Studies were 

considered to be sufficiently adjusted if they controlled for age, sex, and BMI at a minimum. 

Two reviewers independently scored each article, and inter-rater reliability was scored using 

Cohen’s kappa.  All disagreements were resolved with input from a third reviewer.   

2.5 Statistical Analyses 

A meta-analysis of the extracted risk estimates was performed. Odds ratios were used as an 

approximation for relative risk, as the incidence of the outcome was deemed to be sufficiently 

low (<5%) in all studies. Time-to-event (i.e., hazard ratios) and point estimates (i.e., relative 

risks) were analyzed and reported separately. When necessary, confidence intervals were 

constructed from standard errors and vice versa. 

Random effects models were used to generate pooled relative risks and pooled hazard ratios. 

This approach is more conservative than fixed-effects models in situations where heterogeneity 

between studies exists [26], and was selected as the study samples in question were drawn from 

a wide range of different study populations. Heterogeneity of studies was quantified using 

Cochrane’s Q test and the I-squared measure. To ensure that our pooled estimates were based 
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only on high quality studies, articles with a quality score below 7 were excluded from the meta-

analyses. Primary pooled estimates were based on models that controlled for similar baseline 

covariates (i.e., age, sex, and BMI only). A secondary set of pooled estimates based on 

maximally adjusted models were also generated, to allow for comparisons with previous 

research. Publication bias was assessed by generating Begg’s funnel plots and corresponding 

Egger’s test statistics. All analyses were performed using STATA 14.0.  
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2.3. RESULTS 

The database searches returned 1,013 articles in Ovid MEDLINE, and 815 records in CINAHL. 

After duplicates were removed, 1,356 unique records were retrieved from database searching.  

An additional 14 articles were identified from hand-searching the reference lists of related 

studies. Titles and abstracts for all 1,370 articles were screened by two investigators. Of these, 

144 abstracts were identified for full-text review. Eighty-four articles were excluded during 

full-text review and 60 were included in quality assessment and data extraction. During data 

extraction, an additional 13 articles were excluded for various reasons (i.e., inappropriate study 

design or no relative effect estimate reported; Figure 2.1). Forty-seven articles were 

subsequently included in this review, 38 reporting on depression as an exposure, 4 reporting on 

anxiety, 1 article reporting estimates for both exposures, and 4 articles that did not differentiate 

between symptoms (which we classified as ‘mixed depression-anxiety’). None of the retrieved 

articles reported on the concurrent effect of depression and anxiety on diabetes onset. The 

number of included participants was 888,111 for depression studies, 190,836 for anxiety 

studies, and 173,563 for mixed depression-anxiety studies.  A full list of the included studies 

and their study characteristics is given in Supplemental Table 2.2. 

All included articles were published between 1996 and 2015. Publication bias was evident in 

the Begg’s funnel plot of risk of estimates for depression studies (Figure 2.2), as well as the 

Egger’s test (p<0.01). No evidence of publication bias was present in studies of anxiety (Egger’s 

test: p=0.43).  The mean quality score across studies was 6.7, and 27 studies were awarded a 

quality score higher than 7 (i.e., 23 depression studies and 4 anxiety studies). None of the 4 

studies reporting on mixed depressive and anxious symptoms received a quality score above 7 

and were therefore excluded from meta-analyses. We observed a high degree of concordance 

between reviewers (358 out of 414 questions, Cohen’s kappa=0.85). Of the included high-



50 
 

quality studies, 19 depression studies and 4 anxiety studies controlled for similar baseline 

covariates and were included in meta-analyses. 

Overall, the pooled incident diabetes risk was 1.81 (95% CI: 1.50, 2.12) for depression and 1.30 

(95% CI: 1.08, 1.53) for anxiety, in studies controlling for similar baseline covariates (Figure 

2.3). The corresponding risk estimates using fully adjusted estimates were 1.53 (95% CI: 1.32, 

1.73) for depression, and 1.13 (95% CI: 0.98, 1.28) for anxiety. When stratified by estimate 

type, the pooled relative risk of Type 2 diabetes onset associated with depression was 2.03 (95% 

CI: 1.60, 2.46), and the hazard ratio was 1.63 (95% CI: 1.23, 2.04) (Figure 2.4). The relative 

risk associated with anxiety was 1.28 (95% CI: 0.75, 2.18) (this estimate was based on one 

study only [27]). The pooled hazard ratio associated with anxiety was 1.31 (95% CI: 1.07, 1.55). 

By sex, the only significant effect estimates corresponded to an increased risk of diabetes onset 

in men with baseline depression (RR=1.38 (95% CI: 1.17, 2.73); HR=1.82 (95% CI: 1.55, 2.10) 

and anxiety (RR=2.31 (95% CI:1.27, 4.19); HR=1.40 (95% CI: 1.12, 1.68)) (Table 2.1). Pooled 

estimates for incident diabetes in women only were not significant.  

The majority of studies used self-report rather than clinical diagnostic tools to measure 

depression and anxiety (Table 2.1). For studies of depression, those using clinical diagnostic 

tools returned higher pooled estimates (RR=2.43 (95% CI:1.64, 3.22) and HR=1.77 (95% CI: 

1.04, 2.50) than those using self-report. Only one study of depression reported using a clinical 

diagnostic tool (RR=1.28 [95% CI: 0.75, 2.18).  In studies that controlled for body mass or 

weight, the relative risk and hazard ratio were attenuated downward in depression studies (Table 

2.1). All four anxiety studies controlled for this factor. The majority of depression studies did 

not control for antidepressant use, but in those that did the relative risk associated with 

depression (RR=3.17 (95% CI: 2.08, 4.26); HR=1.68 (95% CI: 1.08, 2.62)) appeared to be 

higher than in those that did not (RR=1.78 and HR=1.63, respectively). No studies of depression 

controlled for concurrent symptoms of anxiety at baseline, and studies with shorter follow-up 
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times (2-10 years) yielded stronger and more significant pooled estimates than those with 

follow-up times greater than 10 years. 
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2.4. DISCUSSION 

This large meta-analysis of high quality longitudinal studies found moderate increases in the 

relative risk of incident Type 2 diabetes associated with baseline depression and anxiety, 

respectively. Of the 47 included studies, 15 new studies of depression were added since the last 

meta-analyses was conducted on the association between depression and diabetes [20]. A 

pooled estimate for anxiety was also calculated based on four longitudinal studies, which to our 

knowledge is the first time this has been done to date. This is also the first time a meta-analysis 

on this topic has reported separate pooled time-to-event and point estimates over a range of 

relevant study characteristics. Overall, we found the retrieved literature to be dominated by 

studies of depression, with relatively sparse (albeit more recent) attention paid to anxiety 

disorders. Furthermore, we found that no studies examined diabetes risk associated with 

concurrently high depression and anxiety. We were therefore unable to determine whether 

comorbidity between these psychiatric conditions substantially increases diabetes risk beyond 

their individual presences.  To our mind, this represents a significant gap in the current research 

literature.  

A number of important study characteristics were highlighted in this review. While the majority 

of studies adjusted for sex, only six depression studies and two anxiety studies reported sex-

specific risk estimates. These results revealed a more than two-fold increase in diabetes risk 

associated with baseline anxiety in men, as well as a similar increased risk associated with 

depression. Neither of the corresponding associations were significant in women, and baseline 

anxiety was associated with a lower diabetes risk in women, although this relationship was not 

significant. While mood disorders tend to be diagnosed more frequently in women [28], there 

is evidence that men are disproportionately more likely to develop dysglycemia in the presence 

of depression [29, 30], and heightened pro-inflammatory responses in the presence of anxiety 
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[31]. Comorbid depression and anxiety have also been shown to result in higher increases in 

mortality risk in men with Type 2 diabetes [32]. Conversely, anxiety is shown to have positive 

associations with diet adherence in women [33], and the presence of comorbid anxiety is 

associated with lower mortality risk in women with Type 2 diabetes [32]. While the majority 

of research in this area continues to adjust for rather than stratify by sex, these findings point to 

the potential importance of the latter approach. 

Differences were also observed with respect to the type of diagnostic tool used, with higher 

estimates reported in studies using structured clinical interviews for depression. While the 

validity of self-report psychiatric instruments in epidemiological studies has received some 

scrutiny [34], these tools are also lauded as being more sensitive to clinically relevant 

subthreshold events than binary diagnostic measures [35]. Research from the Baltimore 

Epidemiologic Catchment Area follow-up suggests that self-report tools display a bias towards 

underreporting when compared with clinical psychiatric assessments, and that risk estimates 

using these measures tend to be conservative [34]. The present meta-analysis supports these 

findings, suggesting that diabetes risk may be underestimated in studies using self-report tools 

to measure depression. The small number of anxiety studies using clinical diagnostic tools made 

a corresponding comparison difficult.  

A further key finding of this review is that very few of the included studies demonstrated 

sufficient rigor in controlling for, or differentiating between, concurrent symptoms of 

depression and anxiety. Of the four studies we included in the ‘mixed depression-anxiety’ 

category, two originally claimed to report specifically on the effect of depressive symptoms, 

but actually measured depression using a scale that included both depressive and anxious 

symptoms (e.g., MHI-5) [36, 37]. In addition, none of the included longitudinal studies of 

depression appear to have controlled for concurrent anxiety symptoms. Given the high cross-

over between these disorders, it is therefore difficult to disentangle the effects of depression 
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from that of anxiety in these studies, despite the relatively large number of studies conducted 

on this topic. Studies of anxiety, on the other hand, tended to control for depression as a key 

covariate, making these estimates more independent in this regard.  

The effect of depression on diabetes onset was attenuated downwards in studies controlling for 

BMI or weight, indicating a partial confounding or mediation of this relationship. BMI or 

obesity is one of the strongest predictors in the literature of Type 2 diabetes incidence, and is 

itself independently associated with depression onset [38]. Although previous research has 

found that depression is associated with abdominal obesity in people with diabetes, while 

anxiety is not [39], it is worth noting that all of the included studies of anxiety controlled for 

BMI. Conversely, very few studies controlled for antidepressant use, despite evidence that some 

of these medications can have diabetogenic effects, while others may actually reduce 

hyperglycemia and normalise glucose homeostasis [40]. Although our results revealed stronger 

estimates in studies that controlled for antidepressant use, we did not have data on the types of 

antidepressants used, and the number of relevant studies was low. It is therefore difficult to 

anticipate the overall influence of this variable on study results. Lastly, we found that studies 

with a longer follow-up time tended to report weaker estimates. This finding is supported by a 

previous review, which found that studies with 5 years or less of follow up time produced a 

significantly higher RR than longer studies [41]. This may be due to the proximal effects of 

depression or anxiety exerting indirect effects on diabetes onset through important mediational 

variables (e.g., obesity, diet, or hypertension), which may account for larger and larger 

proportions of the total effect over time. Or, conversely, cases of prediabetes or insulin 

resistance at baseline may be uncontrolled for in some studies and associated with depression 

and/or anxiety, calling into question the possibility of reverse causation in these relationships.  
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4.1 Limitations 

Publication bias was evident in studies reporting on depression as an exposure, indicating that 

this pooled estimate might in fact be an artifact of bias. Other work examining publication bias 

indicates that it is difficult to interpret these effects in the presence of between-study 

heterogeneity, and that current methods of testing or adjusting for publication bias in the 

presence of heterogeneity are ineffective unless the meta-analyses in question is extremely large 

[42]. Given the presence of between-study heterogeneity in the present analyses, we therefore 

did not perform any adjustments on this value, and this assessment of publication bias should 

be interpreted with caution. It is also likely that the pooled risk estimate associated with 

depression is confounded by anxiety, as none of the included studies adjusted for anxiety as a 

covariate. Furthermore, the assessments of both depression and anxiety were performed using 

a wide range of measurement tools, some of which are infrequently used in research practice. 

These scores are also prone to vary naturally over time, as both depression and anxiety can be 

episodic in nature [43, 44], but the majority of the studies in question used only one 

measurement at baseline. The presence of unmeasured or residual confounding in studies also 

cannot be excluded as an explanation for the observed associations.  

4.2 Strengths 

Unlike previous reviews, we performed a comprehensive quality assessment of all studies and 

included only high-quality studies in the final meta-analyses. We excluded studies in which the 

time sequence of events was unclear, as well as studies that did not differentiate between Type 

1 and Type 2 diabetes. Given the high degree of heterogeneity in the included study samples, 

we selected a conservative random effects model in our analyses. As previous reviews have 

found that different patterns of confounders across studies added to the heterogeneity of results 
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[20], we also generated our primary pooled estimates using a consistent set of confounders 

selected a priori. 

4.3 Conclusions 

Depression is associated with a modest increase in Type 2 diabetes risk, though we are unable 

to determine if these effects are independent from symptoms of anxiety. Anxiety appears to be 

associated with a similar increase in diabetes risk, independent from symptoms of depression. 

Further research is needed to determine if concurrent depression and anxiety increase diabetes 

risk beyond their individual estimates. Given the relative lack of studies on anxiety, further 

studies are needed that consider this exposure in the literature. Self-report scales for depression 

and anxiety may slightly underestimate diabetes risk compared to diagnostic tools in these 

studies. Future research should aim to better differentiate and control for co-occurring 

depression and anxiety at the study design stage, and endeavour to report sex-specific estimates 

as a standard approach. 

 



57 
 

 

 

 

 Figure 2.1. PRISMA flow diagram illustrating selection of studies for meta-analyses 
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  Figure 2.2. Begg’s funnel plot of risk estimates for a) depression (Egger’s test: p<0.01); b) 

anxiety (Egger’s test: p=0.43); and c) mixed anxiety and depression (Egger’s test: p=0.03) 
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Figure 2.3. Forest plot of incident Type 2 diabetes risk associated with baseline depression and 

anxiety (high quality studies only, using estimates controlling for similar baseline covariates) 
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Figure 2.4. Forest plot of incident Type 2 diabetes risk associated with baseline depression,  

by estimate type (point estimate versus time-to-event) 
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Table 2.1. Pooled relative risks (RRs) and hazard ratios (HRs) for incident Type 2 diabetes associated with baseline presence of depression or 

anxiety, stratified by characteristics of included studies* 
 
 

 
Pooled RR (95% CI) Pooled HR (95% CI) 

(n) Depression (n) Anxiety (n) Depression (n) Anxiety 

Sex 
        Men 
        Women 

 
2 
3 

 
1.38 (1.17, 2.73) 
1.50 (0.74, 2.26) 

 
1 
1 

 
2.31 (1.27, 4.19) 
0.85 (0.56, 1.27) 

 
2 
2 

 
1.82 (1.55, 2.10) 
1.53 (0.14, 2.91) 

 
1 
2 

 
1.40 (1.12, 1.68) 
1.01 (0.84, 1.18) 

Diagnostic tool (exposure) 
        Self-report 
        Clinical diagnoses/screening 

 
9 
3 

 
1.76 (1.11, 2.34) 
2.43 (1.64, 3.22) 

 
2 
1 

 
1.40 (0.05, 2.79) 
1.28 (0.75, 2.18) 

 
3 
4 

 
1.55 (1.30, 1.81) 
1.77 (1.04, 2.50) 

 
4 
0 

 
1.31 (1.07, 1.55) 
- 

Control for antidepressant use 
         Yes 
         No 

 
1 
11 

 
3.17 (2.08, 4.26) 
1.78 (1.24, 2.33) 

 
1 
2 

 
1.28 (0.75, 2.18) 
1.40 (0.05, 2.79) 

 
1 
6 

 
1.68 (1.08, 2.62) 
1.63 (1.18, 2.08) 

 
1 
3 

 
1.50 (1.06, 2.07) 
1.28 (1.01, 1.54) 

Control for body mass or weight 
        Yes 
        No 

 
9 
3 

 
1.80 (1.16, 2.44) 
2.32 (1.21, 3.43) 

 
3 
0 

 
1.20 (0.58, 1.82) 
- 

 
5 
2 

 
1.61 (1.35, 1.86) 
1.53 (0.57, 2.49) 

 
4 
0 

 
1.31 (1.07, 1.55) 
- 

Control for concurrent symptoms of 
depression or anxiety at baseline 
        Yes 
        No 

 
 
0 
12 

 
 
- 
1.93 (1.36, 2.50) 

 
 
1 
2 

 
 
1.28 (0.75, 2.18) 
1.40 (0.05, 2.79) 

 
 
0 
7 

 
 
- 
1.63 (1.23, 2.04) 

 
 
1 
3 

 
 
1.50 (1.08, 2.07) 
1.28 (1.01, 1.54) 

Follow-up time 
        2 - 10 years 
        >10 years  

 
6 
6 

 
2.10 (1.63, 2.57) 
1.64 (0.77, 2.50) 

 
1 
2 

 
2.04 (1.51, 2.75) 
1.20 (0.58, 1.82) 

 
5 
2 

 
1.77 (1.43, 2.11) 
1.26 (0.70, 1.82) 

 
0 
4 

 
- 
1.31 (1.07, 1.55) 

         

* Calculated using high-quality studies only, using estimates from models controlling for similar baseline covariates (age, sex, SES and BMI) 
* n = number of study datasets  
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Supplemental Table 2.1. Database search strategies employed for meta-analysis 

 

Database Searched 

MEDLINE (OVID) CINAHL 
1. Depression/  

2. Depressive Disorder/  

3. Dysthymic Disorder/  

4. Depressive Disorder, Major/  

5. depress*.ti,ab.  

6. dysthym*.ti,ab.  

7. 1 or 2 or 3 or 4 or 5 or 6  

8. Anxiety/ or Anxiety Disorders/  

9. anxiety.ti,ab.  

10. anxiety disorders.ti,ab.  

11. 8 or 9 or 10  

12. diabetes mellitus/ or diabetes mellitus, type 2/ 

13. exp cohort studies/  

14. Longitudinal.ti,ab.  

15. (cohort adj (study or studies)).ti,ab.  

16. (observational adj (study or studies)).ti,ab.  

17. Cohort analy$.ti,ab.  

18. 13 or 14 or 15 or 16 or 17  

19. 7 or 11  

20. 12 and 18 and 19  

21. (diabetes adj3 onset).ti,ab.  

22. 18 or 21  

23. 12 and 19 and 22  

24. (diabetes adj3 inciden*).ti,ab.  

25. 18 or 24 or 21  

26. 12 and 19 and 25 

TI ( ( (MH "Anxiety") OR "anxiety" OR (MH 

"Anxiety Disorders") OR (MH "Generalized Anxiety 

Disorder") OR (MH "Self-Rating Anxiety Scale") ) 

OR ( (MH "Depression") OR (MH "Self-Rating 

Depression Scale") OR (MH "Hamilton Rating Scale 

for Depression") OR (MH "Geriatric Depression 

Scale") OR (MH "Edinburgh Postnatal Depression 

Scale") OR (MH "Death Depression Scale") OR (MH 

"Center for Epidemiological Studies Depression 

Scale") OR (MH "Beck Depression Inventory, 

Revised Edition") ) ) AND TI ( (MH "Diabetes 

Mellitus, Type 2") OR "type 2 diabetes" ) 
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Supplemental Table 2.2. Characteristics of included studies 

 
Study 

Countr

y 
N Study Design 

Follow-up 

(years)  

Age  

(mean) 
Diabetes Assessment  

Qualit

y Score  

Studies reporting on depression       

Atlantis et al. 2010 [45] Australia 1,000 Prospective cohort 10 ≥65 Self-report/medication  6 

Au et al. 2014 [46] UK 4,955 Prospective cohort 5.3  64.8* Self-report 7 

Bai et al. 2013 [47] Taiwan 2,085 
Case-control, 

prospective 
10 46.5 Medication use 5 

Brown et al. 2005 [48] Canada 92,497 
Case-control, 

retrospective 
3 52 ICD-9  8 

Campayo et al. 2010 [49] Spain 3,521 Prospective cohort 5 71.8* Self-report 7 

Carnethon et al. 2003 [50] USA 6,190 Prospective cohort 15.6 48.4* Self-report/medical record 7 

Carnethon et al. 2007 [51] USA 4,681 Prospective cohort 10 72.7 Medication/FG 7 

Chen et al. 2013 [52] Taiwan 11,694  
Case-control, 

prospective 
7 60.1 ICD-9  7 

Demakakos et al. 2014 [53] UK 2,914 Prospective cohort 6 61.9* Self-report 7 

Eaton et al. 1996 [54] USA 3,481 Prospective cohort 13 ≥18 Self-report 8 

Everson-Rose et al. 2004 [55] USA 2,662 Prospective cohort 3  46.4 Self-report/FG 8 

Frisard et al. 2015 [56] 
a) USA 

b) USA 

68,169 

52,326 

Clinical Trial 

Prospective cohort 

7.6 

7.6  

62.8* 

63.6* 

Self-report 

Self-report 
6 

Gangwisch et al. 2015 [57] USA 10,025 Prospective cohort 8-10 25-74 Self-report/medical records 6 

Golden et al. 2004 [58] USA 11,615 Prospective cohort 6  56.4* Self-report/FG/medication 7 

Golden et al. 2008 [59] USA 5,201 Prospective cohort 3.2  61.5* FG/medication 8 

Hasan et al. 2014  [60] Australia 3,663 Prospective cohort 21  25.5 Self-report 6 

Icks et al. 2013 [61] Germany 3,547 Prospective cohort 5.1  58.8 Self-report/FG/medication 6 

Karakus et al. 2011 [62] USA 3,645 Prospective cohort 12  55.8 Self-report 7 

Kawakami et al. 1999 [63] Japan 2,764 Prospective cohort 8  18-53 OGTT/FG 7 

Kivimaki et al. 2010 [64] Finland 5085 
Case-control 

retrospective 
4.8 - ICD-10  9 

Kumari et al. 2004 [65] UK 10,308 Prospective cohort 10.5  35-55 Self-report/OGTT 6 

Mallon et al. 2005 [66] Sweden 1,187 Prospective cohort 12 
M=54.2; 

F=54.6* 
Self-report 7 

Mezuk et al. 2008 [67] USA 3,481 Prospective cohort 23  47.4* Self-report 8 



64 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* measured in non-depressed group or non-cases at baseline; FG = test for fasting glucose; OGTT = oral glucose tolerance test   

Study Country N 
Study 
Design 

Follow-up 
(years) 

Age  Diabetes Assessment  
Quality 
Score 

Mezuk et al. 2013 [68] Sweden 336,340 Prospective cohort 7  30+ ICD-10/medication 7 
Nichols et al. 2011 [69] USA 58,056 Prospective cohort 5 56.8* ICD-9 /medication/FG 9 
Palinkas et al. 2004 [70] USA 971 Prospective cohort 8  66.2 Self-report/medication/FG 8 
Poulsen et al. 2014 [71] Denmark 7,305 Prospective cohort 7 30-69 National Diabetes Register 6 

Ratliff et al. 2015 [72]  USA 8,704 Prospective cohort 9.76  51-64 Self-report 6 

Sambamoorthi et al. 2013 [73] USA 10,134 Prospective cohort 3 65+ Self-report/ICD-9 7 

Saydah et al. 2003 [74] USA 8,870 Prospective cohort 9.0 54.8* Self-report/hospital record 6 

Schmitz et al. 2016 [75] Canada 2,525 Prospective cohort 4.6  53.9 Self-report 7 

Shirom et al. 2012 [76]  Israel 2,807 Prospective cohort 20 - Self-report/medication/FG 5 

Stellato et al. 2000 [77] USA 1,096 Prospective cohort 9  53.9 Self-report or medication 6 

Tsai et al. 2015 [78] Taiwan 2,995 Prospective cohort 4 53+ Self-report 7 

Van den Akker et al. 2004 [79] 
Netherlands 68,004 

Retrospective 
cohort 

15.6 38.1* Diagnosis (IHCPPC-2) 9 

Vimalananda et al. 2014 [80] USA 35,898 Prospective cohort 12 42.1* Self-report 5 

Wilkins et al. 2011 [81] USA 26,990 Prospective cohort 2  22+ Self-report/medication    6 

Studies reporting on anxiety       

Abraham et al. 2015 [82] USA 5598 Prospective cohort 9.1  61.8 Self-report/OGTT 7 
Edwards et al. 2013 [27] USA 1,920 Prospective cohort 11  55.2* Self-report 7 
Farvid et al. 2014 [83]       6 

1. HPFS USA 30,791 Prospective cohort 20  54.3* Self-report - 
2. NHS I USA 68,904 Prospective cohort 20  54.0* Self-report - 
3. NHS II USA 79,960 Prospective cohort 18  38.0* Self-report - 

Hasan et al. 2016 [84] Australia 3,663 Prospective cohort 21  25.5 Self-report 6 

Studies reporting on both depression and anxiety     

Arroyo et al. 2004 [36] USA 72,178 Prospective cohort 4 58.8* Self-report 5 
Atlantis et al. 2012 [85] Netherlands 2,981 Prospective cohort 2 42 Self-report/medication/FG 6 
Demmer et al. 2015 [86] USA 3,233 Prospective cohort 17  49 Self-report/medical records 8 
Engum 2007 [87] Norway 37,291 Prospective cohort 10 55.2* Self-report/NFG 6 
Pan et al. 2010 [37] USA 57 880 Prospective cohort 10  62.1* Self-report 6 
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Supplemental Table 2.3. Reported risk estimates and adjustment variables for included studies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Study Exposure Assessment Tool 
% 

Female 
Risk Estimate 

Adjustment for Confounders 

Studies reporting on depression     

Atlantis et al. 2010 [45] 
Psychogeriatric Assessment Scale (PAS) - 

D 
53.3 HR: 2.38 (1.28, 4.45) d, i, j, k 

Au et al. 2014 [46] CES-D 51.5* HR: 2.03 (1.14, 3.61) a, b, d, e,f, g, i, j, n 

Bai et al. 2013 [47] ICD-9  65.5 HR: 1.40 (0.96, 2.06) a, b, e, x 

Brown et al. 2005 [48] Anti-depressant use + ICD-9  49 OR: 1.47 (1.14, 1.90) a, b, x 

Campayo et al. 2010 [49] Geriatric Mental State Schedule 51.9* HR: 1.65 (1.02, 2.66) a, b, d, e, f, g, i, j, k, m, n, t 

Carnethon et al. 2003 [50] General Wellbeing Survey (Dep Subscale) 48.2* RR: 2.52 (1.73, 3.67) a, b, c 

Carnethon et al. 2007 [51] CES-D 59.2 HR: 1.56 (1.07, 2.28) a, b, c, d, f, i, j, s 

Chen et al. 2013 [52] ICD-9  59.6 HR: 2.02 (1.80, 2.27) a, b, n, x 

Demakakos et al. 2014 [53] CES-D 52.5* OR: 2.81 (1.40, 5.62) a, b, d, e, f, g, i, j, n 

Demmer et al. 2015 General Wellbeing Depression Subscale 52 RR: 1.06 (0.59, 1.90) a, b, c, e, f, i, j 

Eaton et al. 1996 [54] Diagnostic Interview Schedule (DIS) 62.0 RR: 2.23 (0.90, 5.55) a, b, c, j 

Everson-Rose et al. 2004 [55] CES-D 100 OR: 1.66 (1.05, 2.61) a, b, c, e, i, j, k, x 

Frisard et al. 2015 [56] 
a) WHO-OS: CES-D 

b) WHO-CT: CES-D 

100 

100 

HR: 1.12 (1.03, 1.23) 

HR: 1.12 (1.03, 1.22) 
a, c, e, g, h, i, k, m, x 

Gangwisch et al. 2015 [57] CES-D - HR: 0.94 (0.72, 1.25) b, e 

Golden et al. 2004 [58] Vital Exhaustion Scale - HR: 1.31 (1.04, 1.64) a, b, c, e, f, h, i, j, o, p, q, r, x 

Golden et al. 2008 [59] CES-D 50* HR: 1.21 (0.87, 1.67) a, b, c, e, f, g, h, i, j, o, p, q, r, s, x 

Hasan et al. 2014 DSSI/sAD 100 OR: 2.23 (1.09, 4.57) a, b, d, e, j 

Icks et al. 2013 [61] CES-D 52.5 OR: 1.11 (0.74, 1.65) a, b, d, e, f, i 

Karakus et al. 2011 [62] CES-D 49.0 OR: 1.50 (1.01, 2.24) a, b, c, d, e, i, j 

Kawakami et al. 1999 [63] Zung Self-Rating Depression Scale 0 HR: 2.31 (1.03, 5.20) a, b, e, f, g, i, j, m, n 

Kivimaki et al. 2010 [64] ICD-10/psychotherapy/work disability  - 
OR: 1.05 (0.55, 2.04)  

OR: 2.76 (1.93, 3.94) 
a, b, e, k, x (no antidep) 

Kumari et al. 2004 [65] GHQ (depression subscale) 31 OR: 1.25 (1.00, 1.60) a, b, e, k, x (+ antidep 

Mallon et al. 2005 [66] Self-report, single item 53 
RR:  0.60 (0.20, 2.00) 

RR:  0.80 (0.30, 3.20) 
a, b, d, f, g, j, n, x 

Mezuk et al. 2008 [68] Diagnostic Interview Schedule 62 HR: 2.04 (1.09, 3.81) a, b, c, d, e, f, g, h, i, j, k 

Mezuk et al. 2013 [69] ICD-10  57.6 OR: 1.11 (1.07, 1.15) a, b, c, e, m, n 

Nichols et al. 2011 [70] ICD-9  55.9* RR: 1.10 (1.02, 1.20) a, b, f, j, n, o, p, q 



66 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a=age; b=sex; c=ethnicity/place of birth; d=marital status; e=education/income/employment; f=smoking; g=alcohol consumption or substance use; h=diet; i=physical activity; 

j=BMI/waist girth/overweight; k=antidepressant/antipsychotic treatment; l=mental health/depression/anxiety; m=family history of diabetes; n=chronic conditions;  o=triglycerides; 

p=cholesterol; q=blood pressure; r=insulin; s=inflammatory markers; t=other medications (statins etc.);   x=all other variables (e.g., access to medical care, health insurance, 

menopausal status, sleep quality).

Study Exposure Assessment Tool % Female Risk Estimate Adjustment for Confounders 

Palinkas et al. 2004 [71] Beck Depression Inventory 57 OR: 2.50 (1.29, 4.87) a, b, i, j, r 

Poulsen et al. 2014 [72] Major Depression Inventory (Danish)  97.5 OR: 1.14 (0.67, 1.93) a, b, c, e, f, i, x 

Ratliff et al. 2015 [73]  CES-D 59.5* HR: 1.06 (1.02, 1.09) a, b, c, e, f, g, i, j, k  

Sambamoorthi et al. 2013 [74] ICD-9  58.8 OR: 2.04 (1.51, 2.75) a, b, c, e, f, i, j, n, x 

Saydah et al. 2003 [75] CES-D 58.1* HR: 1.11 (0.79, 1.56) a, b, c, e, i 

Schmitz et al. 2016 [76] PHQ-9 61.0* OR: 1.28 (0.81, 2.03) a, b, c, e, f, h, i, m  

Shirom et al. 2012 [77]  PHQ-8 30 OR: 1.33 (no CI) a, b, e, f, i, j, m, n, o 

Stellato et al. 2000 [78] CES-D 0 OR: 3.09 (1.34, 7.12) j, n, x 

Tsai et al. 2015 [79] CES-D 46.6 OR: 1.50 (1.05, 2.12) a, b, e, f, g, i, j, n 

Van den Akker et al. 2004 [80] ICHPPC-2 50.9* HR: 1.04 (0.84, 1.28) a, b, e, j 

Vimalananda et al. 2014 [81] CES-D-20 100 RR: 1.22 (1.04, 1.43) a, e, f, g, h, i, j, m, x 

Wilkins et al. 2011 [82] ICD-9 52.0 OR: 1.23 (0.66, 2.29) a, b, c, d, e, f, i, j, k, n, x 

Studies reporting on anxiety    

Abraham et al. 2015 [82] Spielberger Trait Anxiety Scale  53.6 HR: 1.45 (1.00, 2.09) a, b, c, e, f, g, h, i, j, k, l, p, q, s 

Demmer et al. 2015 [86] General Wellbeing Anxiety Subscale 52 

RR: 1.07 (0.69, 1.67) 

F: 0.85 (0.56, 1.28) 

M: 2.19 (1.17, 4.09) 

a, b, c, e, f, i, j 

Edwards et al. 2013 [27] Diagnostic Interview Schedule (DIS) 60.6* OR: 1.00 (0.53, 1.89) a, b, c, d, e, f, g, i, j, l, x 

Farvid et al. 2014 [83]     

1. HPFS Crown-Crisp Index 0 HR: 0.90 (0.74, 1.08) a, b, d, g, h, i, j 

2. NHS I Crown-Crisp Index 100 HR: 1.13 (1.05, 1.22) a, b, d, e, g, h, i, j, x 

3. NHS II Crown-Crisp Index 100 HR: 1.29 (1.17, 1.41) a, b, d, e, g, h, i, j, x 

Hasan et al. 2016 [84] 
Delusion Symptoms States Inventory: 

State of Anxiety and Depression  
100 OR: 2.31 (1.39, 3.86) a, d, e, j, l, k  

Studies reporting on mixed depression and anxiety   

Arroyo et al. 2004 [36] Mental Health Index (MHI-5) 100 RR: 1.22 (1.00, 1.50) a, f, g, i, j, m, n, x  

Atlantis et al. 2012 [85] CIDI + IDS-30 + Beck Anxiety Inventory  67.0 OR: 10.9 (1.7, 455.6) a, j 

Engum 2007 [87] Anxiety and Depression Index 51.0* 
M: 1.42 (1.11, 1.84) 

F: 1.59 (1.24, 2.04) 
a, b, d, e, f, i, j, n, o, p 

Pan et al. 2010 [37] MHI-5/antidepressant use/self-report  100 RR: 1.17 (1.05, 1.30) a, d, f, g, h, i, j, m 
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Appendix 2A. Quality assessment of included articles in systematic review using the Ottawa-Newcastle Scale 

  

Article 
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 

R1 R2 All R1 R2 All R1 R2 All R1 R2 All R1 R2 All R1  R2 All R1 R2 All R1 R2 All R1 R2 All 

Abraham et al. 2015  * * * * * * - - - * * * * * * * * * - * * * * * - - - 

Arroyo et al. 2004 - - - * * * - - - * * * * * * * * * - - - * * * - - - 

Atlantis et al. 2010 * * * * * * * - - * * * - * * * * * - - - * * * - - - 

Atlantis et al. 2012 - - - * * * * * * * * * * * * * * * - - - * * * * * * 

Au et al. 2014 * * * * * * - - - * * * * * * * * * - - - * * * * - * 

Bai et al. 2013 - * - * * * * * - - * * - - - * * * - * * * * * - - - 

Brown et al. 2005 - * * * * * * * * * * * - - - * * * * * * * * * - * * 

Campayo et al. 2010 * * * * * * - * * * * * * * * * * * - - - * * * - - - 

Carnethon et al. 2003 * * * * * * - - - * * * * * * * * * - * - * * * * - * 

Carnethon et al. 2007 * * * * * * - - - * * * * * * * * * - - - * * * * * * 

Chen et al. 2013 - * * * * * * * * * * * - - - * * * * * * * * * - - - 

Demakakos et al. 2014 * * * * * * - - - * * * * * * * * * - - - * * * * - * 

Demmer et al. 2015 * * * * * * - * - * * * * * * * * * - * * * * * * - * 

Eaton et al. 1996 * * * * * * * * * * * * * * * * * * - - - * * * - * * 

Edwards et al. 2013 * * * * * * * * * * * * * - * * * * - * - * * * - - - 

Engum 2007 * * * * * * - - - * * * * * * * * * - - - * * * - - - 

Everson-Rose et al. 2004 * * * * * * - - - * * * * * * * * * - * * * * * * * * 

Farvid et al. 2014 - - - * * * - - - * * * * * * * * * - * - * * * - - - 

Frisard et al. 2015 * * * * * * - - - * * * * * * * * * - - - * * * - - - 

Gangwisch et al. 2015 * * * * * * - - - * * * * - - * * * - - - * * * * * * 

Golden et al. 2004 * * * * * * - - - * * * * * * * * * - * * * * * - - - 

Golden et al. 2008 * * * * * * - - - * * * * * * * * * * * * * * * * - * 

Hasan et al. 2014 * - - * * * - - - * * * * * * * * * - - - * * * * * * 

Hasan et al. 2015 * - - * * * - - - * * * * * * * * * - - - * * * * * * 

Icks et al. 2013 * * * * * * - - - * * * - - - * * * - - - * * * * * * 
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Appendix 2B.  Calculation of Cohen’s kappa 

 

 

 

 

 

 
 
 

κ = (Po – Pe) / 1 – Pe 

 

where Po = the relative observed agreement among raters 

 Pe = the hypothetical probability of chance agreement 

 

Po = number in agreement/total = (278 + 80)/414 = 0.86 

 

Chance of random “yes” agreement: R1 = 300/414 = 0.72 

     R2 = 312/414 = 0.75 

     Total = 0.72 * 0.75 = 0.54 

 

Chance of random “no” agreement:  R1 = 114/414 = 0.28 

     R2 = 102/414 = 0.25 

     Total = 0.28 * 0.25 = 0.07 

 

Pe = 0.54 x 0.07 = 0.04 

 

κ = (Po – Pe) / 1 – Pe = (0.86 – 0.04) / 1 – 0.04 = 0.82/0.96 = 0.85 

 Reviewer 2  

Reviewer 1 Yes No Total 

Yes 278 22 300 

No 34 80 114 

Total 312 102 414 
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Appendix 2C.    MOOSE Checklist for meta-analyses 

 
 
 Reported 

on page 

Comments 

Reporting of background should include 

Problem definition 44-45  

Hypothesis statement 45  

Description of study outcome(s) 46  

Type of exposure or intervention used 46  

Type of study designs used 46  

Study population 46  

Reporting of search strategy should include 

Qualifications of searchers (e.g. librarians and 

investigators) 

46  

Search strategy, including time period used in the 

synthesis and key words 

46, 62 Supplemental Table 2.1 

Effort to include all available studies, including 

contact with authors 

46  

Databases and registries searched 46  

Search software used, name and version, including 

special features used (e.g. explosion) 

46  

Use of hand searching (e.g. reference lists of obtained 

articles) 

46  

List of citations located and those excluded, including 

justification 

57  

Method of addressing articles published in languages 

other than English 

57  

Method of handling abstracts and unpublished studies - None found 

Description of any contact with authors - None needed 

Reporting of methods should include 

Description of relevance or appropriateness of studies 

assembled for assessing the hypothesis to be tested 

46-47  

Rationale for the selection and coding of data (e.g. 

sound clinical principles or convenience) 

46-47  
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Documentation of how data were classified and coded 

(e.g. multiple raters, blinding and interrater reliability) 

46-47  

Assessment of confounding (e.g. comparability of 

cases and controls in studies where appropriate) 

46-47  

Assessment of study quality, including blinding of 

quality assessors, stratification or regression on 

possible predictors of study results 

47  

Assessment of heterogeneity 47  

Description of statistical methods (e.g. complete 

description of fixed or random effects models, 

justification of whether the chosen models account for 

predictors of study results, dose-response models, or 

cumulative meta-analysis) in sufficient detail to be 

replicated 

47-48  

Provision of appropriate tables and graphics 57-66  

Reporting of results should include 

Graphic summarizing individual study estimates and 

overall estimate 

59-60  

Table giving descriptive information for each study 

included 

63-66 Supplemental Tables 2-3 

Results of sensitivity testing (e.g. subgroup analysis) 61  

Indication of statistical uncertainty of findings 58-60  

Reporting of discussion should include 

Quantitative assessment of bias (e.g. publication bias) 58  

Justification for exclusion  46  

Assessment of quality of included studies 63-64, 

73-75 

Supplemental Table 2.2 

Appendix 2A, 2B 

Reporting of conclusions should include 

Consideration of alternative explanations for observed 

results 

55  

Generalization of the conclusions (i.e. appropriate for 

the data presented and within the domain of the 

literature review) 

52-56  

Guidelines for future research 56  

Disclosure of funding source -  

 
From:  Stroup DF, Berlin JA, Morton SC, et al (2000) Meta-analysis of observational studies in 

epidemiology: A proposal for reporting. JAMA 283:2008–2012. doi:10.1001/jama.283.15.2008. 
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CHAPTER 3: 

GENERAL METHODS:  DESCRIPTION OF DATA SOURCE AND 

METHODOGICAL APPROACHES 

This chapter describes the methodological elements common to the three following studies 

(Chapters 4-6). These elements include: a description of the data source and participants involved 

in each study; a description of how the exposures and outcomes were defined; general approaches 

to statistical analyses (including treatment of missing data and model building); and ethical 

approval and consent. Analytic approaches and documentation specific to each study are described 

within each chapter and their respective appendices. As each thesis study was written as a stand-

alone manuscript for publication, the methods detailed here will often be repeated in the 

subsequent chapters. 

3.1  Data Source and Participants 

The primary data source for this thesis was the Norwegian Nord-Trøndelag Health Study, also 

known as the HUNT Study. The HUNT study is a large, population-based survey of residents in a 

restricted geographic area made up of 24 municipalities, known as Nord-Trøndelag, in central 

Norway. The population of Nord-Trøndelag county is highly stable, with a reported net out-

migration of 0.3% per year, and fairly homogenous (over 97% Caucasian) [1]. Nord-Trøndelag is 

similar to the rest of Norway with respect to geography, economy, industry, age distribution, 

morbidity, and mortality [1]. The HUNT study was primarily set up to collect detailed health-

related data on the general population, and to address four high-priority health issues: arterial 

hypertension, diabetes, tuberculosis screening, and quality of life [2]. The survey was conducted 
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in three waves, beginning in 1984-86, with the most recent wave occurring in 2006-08. All 

inhabitants of the county (roughly 90,000 people) aged ≥20 years were invited to participate. The 

questionnaires included items on demographic characteristics, health status, lifestyle and health 

habits, living conditions, and mental health. Clinical examinations and physical tests were also 

performed during each wave. Starting in HUNT 2, blood samples were also collected and analyzed. 

The HUNT Study now includes a state-of-the art biobank for the storage and biochemical analysis 

of a variety of biological samples, including blood, serum, plasma, urine, and buccal swabs for 

DNA analyses and genotyping [3]. The HUNT Study biobank and databanks are administered by 

the Norwegian University of Science and Technology (NTNU) in Levanger, Norway.  

 

Figure 3.1 Diagram of HUNT Study cohorts used in each thesis study1 

                                                           
1 Adapted from Figure 2 in Krokstad, S., et al. "Cohort profile: the HUNT study, Norway." International journal of 

epidemiology 42.4 (2012): 968-977. 

HUNT 1 (1984-86)

Not used

HUNT2 (1995-97)
Participants: 65 237

HUNT 2-3
Participants: 37 071

HUNT3 (2006-08)
Participants: 50 807
With diabetes: 2 035

HUNT 2-3
Participants: 37 071

Norwegian 
National 
Causes of 

Death (COD) 
Registry

Study 4Study 3

Study 2
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As illustrated in Figure 3.1, each of the studies in Chapters 4-6 used a different study sample or 

cohort, described on the following page. HUNT 1 did not include measurements of mental health 

symptoms consistent with the more recent survey waves, so it was not used in the current studies.  

HUNT 2-3 Cohort (Chapter 4): This longitudinal cohort consists of 37,071 individuals who were 

followed up from the second wave of the HUNT Study in 1995-97 to the third wave in 2006-08. 

This included 72% of women and 69% of men from HUNT 2 who participated in HUNT 3. The 

sample from this study included only individuals who were diabetes-free at baseline (regardless of 

diabetes type), and who had information on diabetes status in HUNT 3, resulting in a total study 

sample of 36,161 individuals.  

HUNT-3 (Chapter 5): This represented the third wave of the HUNT study conducted in 2006-

2008. Of the 93,860 residents invited, 50,807 completed the initial HUNT 3 questionnaire. Of 

these individuals, 2,255 were invited to participate in a detailed diabetes sub-study and 

questionnaire. This included a clinical confirmation of diabetes and clinical measurements (e.g., 

blood pressure, heart rate, BMI, etc.) and serum blood work (e.g., HBa1C levels, fasting glucose, 

total and HDL cholesterol, triglycerides, etc.). The final sample for the study in chapter 5 consisted 

of a cross-sectional sample of 2,035 individuals with Type 2 diabetes.  

HUNT 2 with linkage to National Causes of Death Registry (Chapter 6): This longitudinal cohort 

consisted of individuals followed from the second wave of the HUNT Study in 1995-1997 through 

to 2013. Of the 93,898 individuals invited to participate in this wave, 65,237 individuals 

responded. This study included individuals both with and without diagnosed Type 2 diabetes at 

baseline, but excluded other types of diabetes (Type 1, gestational, or latent autoimmune diabetes 

of adults (LADA)). The final cohort consisted of 64 177 individuals.     
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These study participants were then linked through their Norwegian citizen personal identity 

number to the Norwegian Causes of Death Registry Norway in order to assess all-cause mortality.  

This registry is maintained by the Norwegian Institute of Public Health, and endeavours to cover 

all deaths occurring in Norway (regardless of whether the deceased were registered Norwegian 

residents or not), as well as the deaths of all Norwegians who die abroad.  

3.2  Exposure Classification 

The most recent two waves of the HUNT study (HUNT 2 and HUNT 3) included an assessment 

of mental health symptoms known as the CONOR Mental Health Index (CONOR-MHI). The 

CONOR-MHI is not a clinical assessment of depression or anxiety, but is a modified version of 

the General Health Questionnaire (GHQ-9) and the Hopkins Symptom Checklist (HSCL-10), 

which were primarily designed to provide an overall measure of psychological distress. It has been 

evaluated against the HSCL-10 and Hospital Anxiety and Depression Scales (HADS) within both 

the HUNT Study and Oslo Health Study cohorts, and found to have strong accuracy when tested 

against each of these scales (AUC=0.902 and AUC=0.909, respectively) [4]. The internal 

consistency of the CONOR-MHI was also high (Cronbach alpha ≥0.80) across other large 

Norwegian datasets [4]. Like many mental health scales, the majority of items relate to either 

anxiety or depression. Specifically, individuals were asked: “In the last two weeks, have you 

felt...?” with respect to the following items (translated from the original Norwegian): ‘Calm and 

confident’; ‘Nervous and restless’; ‘Troubled by anxiety’; ‘Happy and optimistic’; ‘Irritable’; 

‘Down or depressed’; and ‘Lonely’. The response set of each item consisted of four options: 1) 

“No”, 2) “A little”, 3) “A good amount”, and 4) “Very much”.   
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In order to verify the loadings of these items onto distinct anxiety and depression factors, with the 

aim of further examining associations between symptoms relating to depression and anxiety in our 

sample, we performed a confirmatory factor analysis on the CONOR-MHI. One-factor and two-

factor models were compared. The best-fitting model consisted of a two-factor structure with 

distinct anxiety and depression dimensions, and excluded the optimism item (Figure 3.2).  

 

                                     

Figure 3.2: Best fitting structure of the CONOR-MHI - 2-factor structure (excludes optimism item)  

The Chi-squared, comparative fit index (CFI), Tucker Lewis index (TLI), and root mean square 

error of approximation (RMSEA) statistics were calculated to determine model fit. These values 

were interpreted using the following cut-offs: for the RMSEA, values less than 0.6 are suggested 

to indicate good model fit, with values between 0.06 to 0.10 indicating mediocre fit and above 

0.10 indicating poor fit [5, 6]. For the CFI, values ≥0.95 to 0.97 indicate good model fit [5, 6]. 

Similarly, for the TLI (also known as the Non-Normed Fit Index (NNFI)) values  ≥0.95 to 0.97 

indicate good model fit [5, 6]. The fit indices were quite strong for the above two-factor structure, 

as given in Table 3.1. It is worth noting that, although the p-values for the chi-square statistic were 

significant, the chi-square as an index of fit for factor analyses is affected by a number of issues 

(most notably sample size) [6]. The chi-square value increases with increasing sample size, and 
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large sample models are often unfairly rejected even with very small discrepancies between 

implied and obtained covariance matrices, and models using small samples may be too likely to 

be accepted (i.e., a Type II error) [5].  It is therefore recommended that a significant chi-square 

value should be disregarded if both the sample size exceeds 200, and other fit indices indicate that 

the model is acceptable. In our study, the sample sizes exceeded this and all other fit indices 

indicated a very good model fit.  

Table 3.1: Fit statistics for factor solutions for the CONOR-MHI* (N=58,360) 

 X2  (df) P-value CFI TLI RMSEA (90%CI) 

One factor 27300.724 (14) <0.0001 0.930 0.895 
0.201  

[0.199-0.203] 

One factor, 

excluding item #2 
2932.142 (9) <0.0001 0.985 0.974 

0.082  

[0.079-0.084] 

Two factor 28173.934 (13) <0.0001 0.928 0.883 
0.211  

[0.209-0.214] 

Two factor, 

excluding item #2 
773.681 (8) <0.0001 0.996 0.992 

0.044  

[0.042-0.047] 

    *Using weighted least squares means and variance adjusted estimator (WLSMV) 

 

3.3  Diagnosis of Type 2 diabetes  

Type 2 diabetes status was determined in two stages in the HUNT Study. First, by response to a 

self-report item on the general questionnaire coupled with a test of non-fasting glucose levels. This 

was followed by a more detailed clinical and laboratory confirmation of diabetes type in all 

individuals who flagged as having diabetes in the first round. Type 2 diabetes was classified as 

those individuals who had were anti-glutamic acid decarboxylase (anti-GAD) and anti-insulinoma-

associated (anti-IA-2) negative, to exclude latent autoimmune diabetes in adults (LADA) cases, 
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and confirmed as having not begun insulin treatment within one year of their diabetes diagnosis to 

exclude Type 1 cases.  

As the focus of this thesis was Type 2 diabetes (and all cases of Type 1 diabetes and other types 

were excluded from analyses), we will frequently refer to Type 2 diabetes simply as ‘diabetes’ 

throughout the manuscript for brevity. It is also worth noting that this thesis is an exploration of 

the multi-morbidity between depression, anxiety, and Type 2 diabetes; as such, all of these 

disorders may be comorbid with one another at various points in the subsequent studies. In order 

to minimize confusion, as was done throughout the introduction, we will use the term ‘comorbid’ 

to refer to the co-occurrence of diabetes with either depression or anxiety, and the term 

‘concurrent’ to refer to the co-occurrence of depression and anxiety with one another. 

3.4  Statistical Analysis 

3.4.1 Missing Data 

While the amount of missing data for most of the HUNT Study variables of interest was fairly low 

(i.e., 1% to 7%), some exceptions on key variables within each study wave were noted (Table 3.2). 

Complete-case analyses is often the simplest and most widely used approach to handling missing 

data in epidemiological studies; however, there is evidence that complete case analysis often 

requires strong assumptions and can produce biased parameter estimates [7].  To mitigate the effect 

of loss of information and bias introduced by missing data in the HUNT Study, we used a multiple 

imputation approach for each study in chapters 4-6, as outlined below. Whereas single imputation 

can results in estimated standard errors that are too small, multiple imputation has been 

demonstrated to result in correctly estimated standard errors and confidence intervals [7]. In 

addition, while single imputation is only valid with small amounts of missing values, multiple 
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imputation is theoretically sound for larger percentages of missing values (i.e., less than 50%), 

especially when the amount of missing data on auxiliary variables is low. 

Table 3.2 Percentage of missing data on key thesis covariates in the HUNT Study 

Variable 
% Missing 

HUNT 2 HUNT 3 

Age 0.00 0.00 

Sex 0.00 0.00 

Smoking  2.20 2.83 

Education*  5.33 - 

Chronic Conditions  7.03 0.02 

Family history 28.51 4.62 

Alcohol consumption 35.42 39.88 

Physical activity 30.32 37.74 

Type 2 diabetes status 1.63 1.32 

   

Clinical measures   

Waist girth  1.64 0.88 

BMI  1.2 0.79 

Fasting glucose  0.71 2.89 

Serum triglycerides 0.66 1.48 

Systolic BP  0.78 0.65 

HDL cholesterol  

 

0.70 2.89 

CONOR-MHI Items    

Depressed 11.72 6.03 

Lonely 10.78 5.76 

Irritable 11.70 6.56 

Nervous or restless 11.32 6.32 

Anxious 11.85 6.10 

Calm 10.96 6.61 

          *Not measured in HUNT 3 

For the majority of the variables listed in this table, the percentage of missing values in the HUNT 

2 dataset ranged from 0.7% to 5.3%.  The mental health index items were slightly higher with 

10.7% to 11.70% missing. For family history of diabetes, alcohol, and physical activity, the 

percentage missing was higher (28% to 35%). For the HUNT 3 cohort, these ranges decreased for 

the mental health items (5.7% to 6.6%) and increased slightly for alcohol consumption and 

physical activity (39.8% and 37.7%).  
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Prior to imputation, patterns of missingness among the variables were examined.  In the HUNT 

dataset, all variables appeared to be missing at random (MAR), and as such multiple imputation 

by chained equations (MICE) was chosen as an appropriate and flexible technique for handling 

the missing data.  This technique was used to create 30 imputed datasets, from which pooled 

estimates for each variable were computed. Research shows that multiple imputation is often 

unbiased with missing not-at-random (NMAR) data, even when data is assumed to be MAR [8]. 

In order to create an imputation model that was more general than the analysis model and allowed 

for all possible interactions between predictor variables, a range of auxiliary variables and all 

associated interaction terms were included. We have included a sensitivity analyses in the 

appendix of each study comparing imputed and non-imputed (i.e., complete case analyses) values 

for the main regression models. Overall, we found very minor differences between the imputed 

and non-imputed results, which did not impact our study findings or their interpretation.  

3.4.2 Model Building 

All of the outcomes of interest in Chapters 4-6 were binary in nature, and used either logistic 

regression or proportional hazards modelling to generate relative measures of effect. These models 

included all key variables identified in our literature review and available in the dataset, in both 

continuous and dichotomous forms. In the latter case, each variable was first checked for outliers 

and subsequently dichotomized. Continuous variables, such as age, were included using cubic 

splines as per Harrell’s method [9]. This was done to allow for the inclusion of non-linear 

relationships in our model (e.g., between mortality and age), and to avoid the pitfalls regularly 

associated with categorization of continuous variables [10]. 
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For each statistical model, relationships between covariates and the study outcome were first 

explored in univariate analysis. Statistical models were then built using backwards selection, in 

which all possible covariates were initially included in the models. Variables with the largest p-

values (p>0.10) were eliminated one at a time until only those significant at this level were 

retained. Multicollinearity was assessed by determining the variance inflation factors (VIF) for all 

variables in the adjusted models. All analyses were performed using STATA 14.0.  

3.5  Participant Consent and Ethical Approval 

Residents of Nord-Trøndelag were invited to participate in the HUNT surveys by mail, using 

invitation rosters created from monthly updated national census data. The invitation package 

included the invitation letter, an information pamphlet, a consent form, and the first questionnaire. 

The information pamphlets for HUNT 2 and HUNT 3 were elaborated in co-operation with the 

Data Inspectorate of Norway, the Health Directorate and the Regional Committee for Medical and 

Health Research Ethics. Participants delivered the signed consent forms and completed 

questionnaires at the health facilities upon their first clinical examination. All participants were 

apprised of the study purpose and potential harms and benefits, and provided full written consent 

prior to study particpation.  

The collected data and samples were then stored centrally in a de-identified format with strict data 

access rules. The subset of data provided for this project was securely housed and accessed a host 

office within the Norwegian Institute of Public Health in Bergen, Norway. It was transferred to 

this location as a locked/encrypted file, and a building pass or escort were required to enter or exit 

the offices where the dataset was located.  
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Only research groups affiliated with a Norwegian Research Institute can apply for access to HUNT 

data. Projects must be approved by The Regional Committee for Medical Research in Norway 

(REK) and be registered with The Norwegian Social Science Data Services (NSD). This project is 

approved by the REK to be completed by 2019, and no subset of data provided for this project will 

be retained after this period. The REK approval letter is provided in Appendix A1. In addition, 

each published manuscript using HUNT data must be vetted and approved prior to publication. 

These individual letters of approval are provided at the end of each study chapter.  Ethical approval 

was also obtained from the University of Ottawa Health Sciences and Science Research Ethics 

Board. A copy of this letter is provided in Appendix A1.  
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CHAPTER 4: 

POPULATION ATTRIBUTABLE FRACTIONS FOR TYPE 2 DIABETES:  

AN EXAMINATION OF MULTIPLE RISK FACTORS INCLUDING SYMPTOMS 

OF DEPRESSION AND ANXIETY 

Preface 

The purpose of the study presented in this chapter was to was to examine the risk of diabetes onset 

associated with clusters of risk factors, including symptoms of depression, anxiety, and 

concurrent depression-anxiety, by calculating their respective population attributable fractions 

(PAFs). The main study hypotheses were: 1) that symptoms of depression and anxiety would 

each amplify the risk associated with traditional risk factors, and 2) that their effects on diabetes 

onset would be stronger in men than in women.   

The article presented in this chapter was submitted to Diabetes Care on September 1, 2017 (see 

Appendix 4C for confirmation letter), with the following author list: Naicker, K., Manuel, D., 

Øverland, S., Skogen, J., Johnson, J., Sivertsen, B., & Colman, I. All tables and figures are 

marked as primary and supplementary corresponding to the submitted version. Additional 

supporting documents, including sensitivity analyses and ethical approval, are included in 

appendices at the end of this chapter. 

Contribution Statement: I was responsible for generating the study hypothesis and design, with 

guidance from supervisors and co-authors. I conducted the necessary statistical analysis, created 

all of the tables and figures, and drafted the final manuscript. I will also be responding to all 

comments arising from the peer review process.  
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ABSTRACT 

Background/Objective: Population attributable fractions (PAFs) are frequently used to 

quantify the proportion of Type 2 diabetes cases due to single risk factors, an approach which 

may result in an overestimation of their individual contributions. This study aimed to examine 

Type 2 diabetes incidence associated with multiple risk factor combinations, including the 

metabolic syndrome, behavioural factors, and symptoms of depression and anxiety.  

Research Design and Methods: Using data from the population-based HUNT cohort, we 

examined incident diabetes in 36,161 Norwegian adults from 1995 to 2008. Attributable 

fractions were calculated using Miettinen’s case-based formula, using relative risks estimated 

from multivariate regression models.  

Results: Overall, the studied risk factors accounted for 50.5% of new diabetes cases (78.2% in 

men and 47.0% in women). Individuals exposed to both behavioural and metabolic factors were 

at highest risk of diabetes onset (PAF=22.9%). Baseline symptoms of anxiety and depression 

contributed a further 13.6% of new cases to this combination. Important differences were noted 

by sex, and the risk of diabetes onset was highest in men experiencing all four factors.  

Conclusion/Interpretation: While traditional risk factors confer the highest risk for diabetes 

onset, symptoms of depression and anxiety have a significant potential to amplify the risk 

associated with these factors. Men appear to be particularly vulnerable to the interaction 

between metabolic, behavioural and psychological risk factors. This study highlights the 

importance of risk factor clustering in diabetes onset, and is the first that we know of to quantify 

the excess fraction of incident diabetes associated with psychological risk factor interactions.  
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4.1  INTRODUCTION 

Over 400 million adults worldwide are currently diagnosed with Type 2 diabetes, a prevalence 

that has more than doubled over the past three decades and continues to rise [1]. To address 

what is increasingly referred to as a global health crisis, many countries are investing in 

programs aimed at reducing the main modifiable risk factors of diabetes: obesity, smoking, 

unhealthy eating, and physical inactivity. Alongside these traditional risk factors, psychological 

factors are increasingly noted as being important to the pathogenesis of diabetes [2]. It has long 

been suggested that the risk of Type 2 diabetes is elevated by depression [3], and a growing 

evidence base has established depression as an independent risk factor for diabetes onset. This 

body of research extends to the effects of depression on obesity [4], physical activity [5], insulin 

resistance [6], and glycemic control [7]. Anxiety disorders represent a less frequently studied 

risk factor for diabetes onset, but anxiety is shown to elicit similar effects on the dysregulation 

of metabolic and inflammatory processes as depression (e.g., through HPA-axis activation [8] 

or cytokine-mediated autoimmune responses [9]). Notably, anxiety disorders and depression 

are seen to occur together in over 50% of primary care cases [10].  

In 2008, Cosgrove et al. estimated the attributable risk of developing Type 2 diabetes following 

an episode of depression to be 20%, and the total population fraction of diabetes cases 

attributable to depression at 4% [11]. Population attributable fractions (PAFs) are a common 

and useful method of quantifying the burden of disease attributable to a specific risk factor, and 

take into account both the strength of the association between the risk factor and disease and 

the wider population health impact of that risk factor [12]. PAFs have been used to describe the 

proportion of Type 2 diabetes cases due to physical inactivity [12], obesity [13], sugar intake 

[14], metabolic factors [15], and specific genetic variants [16]. For example, a recent study 

concluded that the proportion of diabetes cases attributable to sugar-sweetened beverages was 
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8.7% (3.9% to 12.9%) in the United States [14]. The authors concluded that, under an 

assumption of causality, these beverages are expected to cause approximately 2 million excess 

diabetes cases over 10 years in the US [14].  

Although researchers are often compelled to quantify the PAFs for individual factors, the reality 

is that risk factors often cluster and may interact to amplify the risk associated with any one 

factor. Various studies have documented that individuals with certain combinations of risk 

factors are at higher risk of cardiovascular disease [17, 18], and that screening can be more 

efficient if multiple risk factors are considered [19]. As the bulk of chronic diseases and 

subsequent mortality are attributable to risk factor combinations, the calculation of the PAF for 

any risk factor individually may greatly overestimate the risk associated with that factor [20]. 

A relatively sparse body of research has used a multiple risk factor approach to quantify the 

burden of diabetes onset [21], and no studies to date appear to have included an examination of 

depression and anxiety. The purpose of this study was to determine the PAF for multiple risk 

factor combinations for Type 2 diabetes, including symptoms of depression and anxiety, in a 

population-based sample of Norwegian adults. 
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4.2 METHODS 

4.2.1 Data source and participants 

This study used cohort data from The Norwegian Nord-Trøndelag Health Study (HUNT Study), 

a population-based survey conducted over 3 waves: HUNT 1 (1984-86), HUNT 2 (1995-97) 

and HUNT 3 (2006-08). The HUNT study was initially established to address four major health 

outcomes (i.e., diabetes, hypertension, tuberculosis, and quality of life). The scope has 

broadened over time to include prevalence and incidence of disease, health determinants, and a 

state-of-the-art biobank [22]. Every citizen of Nord-Trøndelag county aged 20+ years was 

invited to participate. A total of 77,212 (89.4%) of those invited participated in the first wave 

of the survey, followed by 65,237 (69.5%) in HUNT 2, and 50 807 in HUNT 3 (54.1%) [22]. 

Further details of the HUNT cohort profile and methodology are well-described elsewhere [22]. 

The longitudinal HUNT 2-3 cohort consisted of 37,071 individuals who participated in the two 

most recent waves of the study. Our study sample consisted of participants in this cohort who 

did not have a confirmed diagnosis of diabetes (Type 1, Type 2, or LADA) at baseline in 1995-

97 (HUNT 2), totaling 36,161 individuals. All participants provided written informed consent, 

and study protocols were approved by Norway’s Regional Committee for Medical and Health 

Research Ethics (2014/2160/REK West).  

4.2.2 Primary outcome: Type 2 diabetes onset 

Our primary outcome was new Type 2 diabetes cases occurring between 1995 and 2008. 

Diabetes incidence was assessed in 2006-08 (HUNT 3), and confirmed based on results of three 

repeated laboratory tests (fasting plasma glucose, oral glucose tolerance, and serum HbA1c 

levels). All individuals were additionally confirmed to be anti-glutamic acid decarboxylase and 

anti-insulinoma-associated negative (to exclude LADA cases). 
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4.2.3 Risk factors for Type 2 diabetes onset 

Our primary study risk factors were divided into three categories: metabolic, behavioural, and 

psychological. We classified the metabolic syndrome according to the International Diabetes 

Federation consensus worldwide definition [23]. Central obesity was indicated if waist 

circumference exceeded 94 cm for men or 79 cm for women. Low high-density lipoprotein 

(HDL) cholesterol was indicated at levels below 40 mg/dL (1.03 mmol/L) in men and 50 mg/dL 

(1.29 mmol/L) in women. Hypertension was indicated at a systolic blood pressure >130 mm 

Hg or diastolic >85 mm Hg. Random plasma glucose ≥200 mg/dL (11.1 mmol/L) was used to 

indicate hyperglycemia  (as fasting glucose measurements were not available). The metabolic 

syndrome was defined as having central obesity plus any two of the latter four factors [23]. 

Two major behavioural factors in the onset of diabetes were included: physical inactivity and 

smoking. Individuals were classified as physically inactive if they fell below the cut-off of 150 

minutes of moderate or 60 minutes of vigorous physical activity per week (corresponding to 

World Health Organization guidelines [24]). Smoking was included if either former or current 

daily smoking were reported, as both have known associations with diabetes onset [25], and 

included as total number of packyears smoked (calculations based on 20 cigarettes/pack). The 

presence of either of these two factors were considered an indicator of behavioural risk in 

calculations of population attributable fractions. 

Symptoms of depression and anxiety were measured using a 7-item mental health index 

(CONOR-MHI). These items consisted of widely validated items from the General Health 

Questionnaire and the Hopkins Symptom Checklist (HSCL). The index was evaluated against 

both the HSCL-10 and the Hospital Anxiety and Depression Scale (HADS) within both the 

HUNT Study and Oslo Health Study cohorts, and found to have strong accuracy when tested 

against each of these scales as a gold standard (AUC=0.902 and AUC=0.909, respectively) 
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[26]. Individuals were classified as having depression or anxiety if their mean scores on 

depression or anxiety items fell above the recommended cut-off of 2.15 [26]. 

4.2.4 Additional covariates 

Age was considered as a continuous covariate and specified using restricted cubic splines in 

multivariate regression analyses, to account for the non-linear relationship between age and 

diabetes onset (as per Harrell’s method [27]). Education was classified as having completed 

any post-secondary versus no higher education. The presence of any additional chronic 

conditions (i.e., asthma, angina pectoris, any type of cancer or thyroid disease) was included 

dichotomously. 

4.2.5 Statistical analysis 

Relative risks were estimated using univariate and multivariate regression models. Analyses 

were performed using generalized linear mixed models for binary data in STATA 14.0. All 

models controlled for age and were stratified by sex. Adjusted models were constructed using 

all covariates and all possible two-way interaction terms. Models were built using backwards 

selection, and all variables significant at the α=0.10 level were included in the final models. 

Regressions were conducted following imputation of missing covariate values, under the 

multiple imputation by chained equations (MICE) method [28]. This technique created 30 

imputed datasets, from which reported estimates were computed. The amount of data missing 

was low (1% - 7%) on almost all covariates.  

The population attributable fraction (PAF) was then calculated for strata in which the relative 

risk was greater than 1.0 and significant at the α=0.05 level. PAFs were calculated using 

Miettinen’s case-based formula PARi=(RRi-1)/RRi x CFi, where RRi equals the relative risk 

associated with the strata in question and CFi denotes the case fraction (CF=number of exposed 
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cases/total number of cases) [29]. This approach was selected over the original formula for 

calculating attributable fractions popularized by Levin [30], as it produces internally valid 

estimates in the presence of confounding and when adjusted relative risks must be used. A 

sensitivity analysis comparing the two approaches was also conducted (see Supplemental Table 

4.5).  
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4.3 RESULTS 

Of the 36,161 participants, 55% were female and the majority were between 20-61 years of age 

(Table 4.1). Men and women differed to some extent with respect to all baseline diabetes risk 

factors, with the most pronounced differences corresponding to higher rates of central obesity 

and physical inactivity in women, and higher rates of hypertension and elevated triglycerides 

in men (Table 4.1). Overall, symptoms of either depression or anxiety were present in 8.8% of 

individuals at baseline. A total of 1,324 incident cases of diabetes were reported during the 

study period, 655 cases occurring in women and 669 cases in men. 

In univariate analysis, the relative risk of diabetes incidence increased more than five-fold in 

the presence of the metabolic syndrome (Supplemental Table 4.1). Smoking was associated 

with diabetes incidence in men only (RR=1.63 [95% CI: 1.33, 2.00]), as were symptoms of 

depression and comorbid depression-anxiety (RR=1.65 [95% CI: 1.24, 2.20], and RR=2.07 

[95% CI: 1.41, 3.05], respectively). Physical inactivity was associated with a 1.5-fold increase 

in diabetes risk for both sexes. Symptoms of anxiety alone were not associated with elevated 

diabetes risk in either sex. A dose-response increase in diabetes risk was also observed, with 

respect to the number of metabolic, behavioural and mental health risk factors present. This 

ranged from two factors (RR=2.62 [95% CI: 1.97, 3.50]) to ≥4 factors (RR=11.89 [95% CI: 

9.22, 15.34]).   

The final multivariate model included education and age as covariates, and excluded the 

presence of other chronic conditions (Supplemental Table 4.2). The presence of the metabolic 

syndrome alone contributed 8.4% of cases (Figure 4.1; Table 4.2). Behavioural factors alone 

were not associated with any new cases; however, behavioural factors in conjunction with the 

metabolic syndrome were associated with 22.9% of cases. In conjunction with concurrent 

depression-anxiety, behavioural factors contributed an additional 1.4% of cases. The strata 
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associated with the most incident diabetes cases was therefore the metabolic syndrome in 

conjunction with behavioural factors (PAF=22.9%). The presence of either depression, anxiety 

or concurrent depression-anxiety conferred an additional 13.6% of cases to this risk factor 

combination (PAFs= 2.5%, 4.9%, and 6.2%, respectively). No diabetes cases in the overall 

sample were attributable to the presence of psychological risk factors alone (Table 4.2).   

The highest adjusted relative risk of incident diabetes was observed in individuals with all four 

risk factors (RR=7.47 [95% CI: 5.79, 9.64]), but this combination occurred in less than 2% of 

exposed individuals, resulting in a PAF of 6.2% overall.  In men experiencing all four risk 

factors, the relative risk of diabetes was 12.57 (95% CI: 8.67, 16.22) and the PAF was 8.4% 

(Supplemental Table 4.4; Figure 4.1). These were substantially higher than the results observed 

in women (RR=4.49 [95% CI: 3.06, 6.60], PAF=4.0%) (Supplemental Table 4.3; Figure 4.2).  

As illustrated in Figure 4.2, the pattern of risk for diabetes incidence was more pronounced in 

men than in women. Behavioural factors alone conferred a substantial proportion of cases in 

men only (PAF=8.9%). This proportion was even higher in the presence of symptoms of 

depression (PAF=10.9%). Conversely, a larger proportion of cases were attributable to the 

metabolic syndrome alone in women than men (PAFs= 9.8% and 6.7%, respectively). The total 

PAF for all risk factor combinations was 50.5% (women=47.0%, men=78.2%). In all instances, 

the Miettinen PAF estimates were more conservative than those calculated using Levin’s 

formula (Supplemental Table 4.5). 
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4.4 DISCUSSION 

This study examined the population attributable fraction of Type 2 diabetes incidence 

associated with the metabolic syndrome, behavioural factors, and symptoms of depression and 

anxiety in a cohort of Norwegian adults. Overall, these factors accounted for 50.5% of new 

diabetes cases, a proportion that was higher in men (78.2%) than women (47.0%). Symptoms 

of depression and anxiety contributed to diabetes incidence, but they did so only in conjunction 

with metabolic and behavioural risk factors. The group at highest risk for diabetes incidence 

was individuals exposed to both behavioural and metabolic factors (PAF=22.9%); symptoms 

of anxiety and depression contributed a further 13.6% of new cases to this combination. Men 

appeared to be particularly vulnerable to the interaction between metabolic, behavioural and 

psychological risk factors. 

In the overall cohort, the PAFs associated with symptoms of depression or anxiety alone were 

negligible, despite our multivariate analysis reflecting a relative risk of diabetes onset of 

roughly 1.40 for depression, which is in line with previous research [31]. However, as 

mentioned above, symptoms of depression and anxiety in combination with behavioural and/or 

metabolic factors contributed to a substantial proportion of excess cases - a total of 19.2% across 

strata. For all strata containing depressive symptoms the PAF was 12.5%, considerably 

exceeding the 4.0% for depression alone estimated by Cosgrove et al. based on a risk estimate 

of 1.25 [11]. It is worth noting that the latter PAF was calculated using Levin’s formula and 

examined depression risk independently, both of which could overestimate the independent 

PAF associated with depression when compared to our calculations. Our findings suggest that 

the joint effect of these factors may be more relevant to diabetes onset than their independent 

effects, and underscore the potential influence of psychological factors on both metabolic and 

behavioural processes. While many relevant mediating relationships have been documented 
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with respect to depression and diabetes risk factors [4–6], symptoms of anxiety appeared to 

have a larger impact on these relationships in our study (primarily due to the higher prevalence 

of anxiety in the population). Further studies in this area should examine interactions with 

traditional risk factors when attempting to model diabetes risk associated with depression or 

anxiety, as this may provide a truer depiction of their associated risk than is available in the 

current literature.  

With respect to the metabolic syndrome, a combined fraction of 49.1% of new diabetes cases 

was observed across all strata containing this factor. This is in line with previous research 

demonstrating a metabolic syndrome PAF of 30-52% for diabetes across multiple studies [15]. 

The independent effect of the metabolic syndrome alone conferred a higher proportion of cases 

in women (9.8%) than men (6.7%). This is somewhat unexpected given that men had higher 

frequencies of all metabolic risk factors at baseline, with the exception of central obesity, and 

may point to the increased tendency of men with the metabolic syndrome to experience 

behavioural and psychological comorbidities than women. This finding may be partly explained 

by the higher prevalence of central obesity in women (47.9% versus 36.9% in men), and is in 

line with previous research demonstrating that central obesity is a stronger predictor of 

metabolic syndrome status in women than men [32]. These findings suggest that women who 

do not have any concurrent behavioural or psychological risk may still be particularly 

vulnerable to the negative consequences of metabolic risk factors such as central obesity. 

Conversely, smoking and physical inactivity alone did not independently confer diabetes risk 

in women in our study, yet accounted for 8.9% of incident cases in men. In conjunction with 

symptoms of depression or anxiety, these factors were associated with another 15.0% of 

incident cases in men. One partial explanation for this sex-related difference may be the higher 

prevalence of former smoking reported by men, as well as the total number of packyears. The 

relationship between smoking and diabetes incidence is particularly pernicious in men, with 
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research reflecting that men require double the length of time following smoking cessation to 

return to non-smoking diabetes risk levels (≥10 years, as opposed to ≥ 5 years in women) [33].  

As illustrated in Figure 2, the interaction of metabolic, behavioural, and psychological factors 

had a more profound impact on diabetes incidence in men than women. The relative risk was 

12.5 times higher in men experiencing all four factors, accounting for 8.4% of new diabetes 

cases. By comparison, this risk was one third the size in women and accounted for only 4.0% 

of new cases. Previous research has demonstrated stronger effects of depression on glycemic 

control in men only [34], as well as the presence of elevated inflammation in men but not 

women with anxiety disorders [35]. Recent research also demonstrates higher mortality rates in 

men with Type 2 diabetes experiencing concurrent depression and anxiety than women [36]. It 

may be possible that men experiencing all four equivalent risk factors are more susceptible to 

their effects than women, or alternately that men reporting depression and anxiety at baseline 

tend to have a more severe metabolic or behavioural risk profile than women reporting these 

symptoms within the same strata. Future research should attempt to unpack these interactions 

within this high-risk group.  

4.4.2 Strengths and limitations 

This study used a large population-based sample of Norwegian adults, and allowed for an 

appropriate follow-up time to assess diabetes incidence. We rigorously controlled for a range 

of clinical and sociodemographic covariates and exposures. We also used a formula for 

calculating population attributable risk that was valid in the presence of confounding and 

interaction, and provided an intuitive presentation of these results. Instead of focusing on the 

potential proportion of diabetes cases that could be reduced by eliminating depression or 

anxiety in the population overall, the current analysis allows an examination of strata in which 

targeted treatment of these symptoms might be more beneficial. For example, of our study 
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population who experienced symptoms of depression and anxiety at baseline, only 13.6% of 

these individuals developed diabetes during follow-up, yet they accounted for 19.2% of new 

cases. Given these findings and the current diabetes epidemic, research to determine whether 

treating anxiety and depression in people exposed to other diabetes risk factors is effective in 

reducing the incidence rate may therefore prove to be useful. 

However, we are unable to assume a direct causal link between symptoms of depression and 

anxiety and diabetes incidence. These results represent an ‘excess fraction’, rather than an 

‘etiologic fraction’ (as defined by Greenland and Robins [37]). As noted by Flegal et al (2015), 

direct causal assumptions are not necessarily warranted when using PAFs [38] - as a result of 

mediational processes, different methods of intervening on a modifiable factor such as obesity 

may lead to different counterfactual outcomes, even if they achieve identical reductions in 

weight [39]. We were also unable to calculate partial or summary attributable risks as not all 

relative risks were greater than 1, and were therefore unable to report the summed contributions 

of each individual risk factor (i.e., ‘column totals’). This highlighted the importance of the 

interaction between psychological factors and metabolic and behavioural factors in eliciting 

effects on diabetes onset.  

In addition, as risk factors were measured simultaneously at baseline, it was not possible to 

assess mediating relationships or to differentiate between distal and proximal mechanisms of 

risk underlying these associations. Although the diabetes risk related to behavioural factors was 

relatively low in this study, these factors tend to confer disease risk through their subsequent 

effects on metabolic processes. For example, physical inactivity or smoking in individuals prior 

to baseline may have precipitated changes in metabolic health which persisted even if their 

behavioural risk status had changed by the time of assessment. It is therefore likely that we have 

underestimated the true impact of behavioural factors in the present study. Previous research 

on non-participation in the HUNT 3 study has also demonstrated that both mental health and 
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diabetes status are linked to study non-participation [40], and it is therefore possible that this 

study underestimated the true incidence rate of diabetes in the Norwegian population. As with 

all observational studies, our results are also vulnerable to the presence of unmeasured 

confounding.  

It is worth noting that PAFs are highly influenced by the population prevalence of the risk factor 

of interest. In the aforementioned study of sugar sweetened beverages, the authors reported that 

while the PAF for diabetes cases in the USA was 8.7%, it was only 3.6% in the UK. These 

values may therefore vary in countries outside of Norway, where the prevalence of diabetes risk 

factors differs. Future research should quantify these effects within each target population of 

interest prior to using them to inform local health strategies. 

4.4.3 Conclusions 

 

Overall, the presence of the metabolic syndrome in conjunction with behavioural factors was 

the largest contributor to diabetes incidence in the Norwegian population. In addition, 

symptoms of depression and anxiety increased the percentage of excess diabetes cases 

attributable to common behavioural and metabolic factors, particularly in men. This study 

highlights the importance of risk factor clustering in diabetes onset, and is the first that we know 

of to quantify the excess fraction of incident diabetes associated with psychological risk factor 

interactions. 
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Table 4.1. Baseline Characteristics of the HUNT 2-3 Cohort 

 

 

 

 

 

 

 

 

 

 

 

  

  

  

         * Waist circumference ≥ 94 cm for men; ≥ 80 for women 
              † Systolic blood pressure >130 mm Hg or diastolic >85 mm Hg  
              ‡ Less than 150 minutes of moderate or 60 minutes of vigorous physical activity per week  

 WOMEN (n=20,014) MEN (n=16,147)   ALL (N=36,161) 

Demographic factors    

Age (mean, SD) 

20-34  

35-44 

45-54 

55-64 

≥ 65 

46.8 (13.7) 

22.1% 

24.3% 

26.7% 

17.0% 

11.5% 

47.3 (13.1) 

19.5% 

24.2% 

27.9% 

17.7% 

10.6% 

47.0 (13.4) 

20.9% 

24.3% 

26.7% 

17.0% 

11.1% 

Education (any post-secondary) 33.2% 30.1% 31.8% 

Metabolic factors    

Central obesity* 47.9% 36.9% 42.9% 

Hypertension† 46.2% 66.5% 55.3% 

Triglycerides (high) 28.5% 48.5% 37.4% 

HDL cholesterol (low) 24.9% 29.1% 26.8% 

Plasma glucose (high) 2.1% 3.3% 2.6% 

Metabolic syndrome present 20.2% 23.1% 21.5% 

Behavioural factors    

Smoking (packyears, mean) 

Former smoking (daily) 

Current smoking (daily) 

12.8 (10.2) 

24.2% 

27.9% 

17.2 (13.6) 

33.5% 

24.5% 

14.9 (12.1) 

28.4% 

26.4% 

Physical inactivity‡  54.3% 48.2% 51.5% 

Psychological factors    

Depression only 3.9% 2.3% 3.6% 

Anxiety  only 8.3% 5.5% 6.9% 

Concurrent dep-anx 4.6% 2.9% 3.3% 
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Figure 4.1. Attributable fractions for Type 2 diabetes onset in Norwegian adults associated with 

multiple risk factors (N=36,161) 
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Figure 4.2. Relative Risk for Type 2 diabetes onset in Norwegian adults associated with multiple 

risk factors, by sex (N=36,161). 
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Table 4.2. Multivariate relative risks and population attributable fractions (PAF) for Type 2 diabetes onset in Norwegian adults associated with 

metabolic, behavioural and psychological risk factors (N=36,161)* 

* Adjusted for age and sex 
† Physical inactivity and smoking factors 
‡ Metabolic syndrome (as defined by the International Diabetes Federation [23]) 

  

  

Behavioural† 

 

MetSyn‡ Depression  Anxiety  Concurrent 

Dep-anx 

# Exposed Exposure 

prevalence 

Diabetes 

cases 

RR (95% CI) PAF 

0 0 0 0 0 7,602 21.02% 123 1.00   

 

0 0 1 0 0 803 2.22% 10 0.93 (0.49, 1.76) - 

0 0 0 1 0 1,461 4.04% 13 0.56 (0.32, 0.98) - 

0 0 0 0 1 1,319 3.65% 25 1.31 (0.85, 2.00) - 

  

1 0 0 0 0 11,309 31.27% 218 1.13 (0.91, 1.41) - 

1 0 1 0 0 1,256 3.47% 24 1.30 (0.85, 2.00) - 

1 0 0 1 0 2,447 6.77% 52 1.26 (0.91, 1.73) - 

1 0 0 0 1 2,435 6.73% 56 1.49 (1.09, 2.04) 1.4 

 

0 1 0 0 0 1,561 4.32% 145 4.42 (3.49, 5.60) 8.4 

0 1 1 0 0 135 0.37% 15 6.87 (4.16, 11.35) 1.0 

0 1 0 1 0 278 0.77% 30 4.88 (3.17, 7.53) 1.8 

0 1 0 0 1 255 0.71% 22 5.46 (3.74, 7.97) 1.4 

 

1 1 0 0 0 3,493 9.66% 376 5.26 (4.30, 6.42) 22.9 

1 1 1 0 0 342 0.95% 39 6.13 (4.36, 8.62) 2.5 

1 1 0 1 0 766 2.12% 81 5.29 (4.03, 6.93) 4.9 

1 1 0 0 1 699 1.93% 95 7.47 (5.79, 9.64) 6.2 

  TOTAL   36,161 100% 1324  50.5 
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Supplemental Table 4.1 Univariate relative risks of Type 2 diabetes incidence associated with primary study risk factors (N=36, 161) 

   

 WOMEN (95% CI) MEN (95% CI) ALL (95% CI)* 

DEMOGRAPHIC    

20-34  
35-44 
45-54 
55-64 
≥ 65 

Ref 
3.25 (2.12, 4.97) 
6.40 (4.29, 9.54) 

10.89 (7.32, 16.21) 
9.11 (6.02, 13.79) 

Ref 
4.00 (2.65, 6.24) 

7.12 (4.65, 10.90) 
9.37 (6.10, 14.40) 
9.63 (6.18, 15.01) 

Ref  
3.61 (2.66, 4.91) 
6.75 (5.05, 9.04) 

10.10 (7.54, 13.52) 
9.36 (6.91, 12.67) 

Education (no post-secondary) 1.60 (1.29, 1.99) 1.41 (1.17, 1.71) 1.50 (1.30, 1.73) 

METABOLIC SYNDROME 5.59 (4.72, 6.62) 5.07 (4.32, 5.96) 5.29 (4.71, 5.94) 

Central obesity  6.84 (5.37, 8.70) 4.56 (3.82, 5.43) 5.31 (4.62, 6.11) 
Hypertension 2.52 (2.08, 3.05) 1.86 (1.53, 2.26) 2.16 (1.89, 2.48) 
Triglycerides  3.82 (3.25, 4.49) 3.17 (2.67, 3.77) 3.48 (3.09, 3.91) 
HDL Cholesterol  3.37 (2.91, 3.91) 2.87 (2.47, 3.32) 3.11 (2.80, 3.45) 
Plasma glucose  7.14 (5.84, 8.72) 5.22 (4.28, 6.37) 5.98 (5.19, 6.89) 

BEHAVIOURAL  1.10 (0.94, 1.28) 1.78 (1.49, 2.13) 1.36 (1.21, 1.52) 

Physical Inactivity  1.33 (1.12, 1.56) 1.76 (1.51, 2.06) 1.55 (1.38, 1.74) 
Smoking  
Former (daily) 
Current (daily) 

 
0.92 (0.76, 1.11) 
1.09 (0.91, 1.32) 

 
1.66 (1.38, 2.01) 
1.63 (1.33, 2.00) 

 
1.21 (1.06, 1.37) 
1.27 (1.11, 1.45) 

MENTAL HEALTH    

Depression only 1.24 (0.71, 2.17) 1.65 (1.24, 2.20) 1.45 (1.18, 1.77) 
Anxiety  only 1.28 (0.96, 1.70) 1.14 (0.60, 2.16) 1.19 (0.78, 1.82) 
Concurrent Dep-Anx 1.05 (0.63, 1.73) 2.07 (1.41, 3.05) 1.51 (1.11, 2.06) 

# of risk factors    

0 to 1 factors Ref Ref Ref 
2 factors 2.62 (1.83, 3.75) 2.75 (1.68, 4.50) 2.62 (1.97, 3.50) 
3 factors 5.62 (4.02, 7.85) 5.52 (3.48, 8.76) 5.43 (4.15, 7.10) 
4  or more factors  11.60 (8.43, 15.96) 12.95 (8.36, 20.06) 11.89 (9.22, 15.34) 
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Supplemental Table 4.2. Multivariate Relative Risk of Incident Type 2 Diabetes in HUNT 2-3 Cohort, by Sex 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

* Waist circumference ≥ 94 cm for men; ≥ 80 for women 
† Systolic blood pressure  >130 mm Hg or diastolic >85 mm Hg  
‡ Less than 150 minutes of moderate or 60 minutes of vigorous physical activity per week 

  

 Women (n=20,014) Men (n=16,147) All (n=36,161) 

 RR 95% CI RR 95% CI RR 95% CI 

Demographic Factors       

Age 

     20-34 

     35-44 

     45-54 

     55-64 

     ≥ 65 

 

Ref 

2.42  

3.53 

4.23 

2.97  

 

Ref 

1.57, 3.74 

2.33, 5.36 

2.76, 6.48 

1.88, 4.70 

 

Ref 

2.97 

4.45 

5.68 

5.41  

 

Ref 

1.90, 4.63 

2.90, 6.83 

3.68, 8.77 

3.43, 8.52 

 

Ref 

2.68 

3.82 

4.72 

3.88 

 

Ref 

1.97, 3.65 

2.84, 5.14 

3.50, 6.37 

2.83, 5.32 

Education (any post-secondary) 1.20  0.96, 1.50 1.19  1.00, 1.44 1.20 1.04, 1.38 

Metabolic Factors    

Central obesity* 4.77 3.64, 6.25 3.31 2.75, 3.99 3.59 3.08, 4.18 

Hypertension† 1.67 1.37, 2.04 1.49 1.22, 1.81 1.54 1.34, 1.77 

Triglycerides 1.98 1.63, 2.41 1.79 1.47, 2.19 1.77 1.55, 2.03 

HDL cholesterol 2.13 1.78, 2.54 1.84  1.57, 2.16 1.86 1.66, 2.10 

Plasma glucose 3.68 2.40, 4.03 5.58 3.31, 6.90 4.05 3.55, 4.62 

Behavioural Factors    

Smoking  

     Never 

     Former (daily) 

     Current (daily) 

 

Ref 

0.87  

0.99  

 

Ref 

0.71, 1.07 

0.82, 1.22 

 

Ref 

1.43 

1.50 

 

Ref 

1.18, 1.72 

1.22, 1.85 

 

Ref 

1.13 

1.21 

 

Ref 

0.99, 1.29 

1.05, 1.39 

Physical Inactivity‡  1.05 0.88, 1.24 1.38 1.18, 1.61 1.23 1.08, 1.36 

Psychological Factors    

Depression only 1.14   0.63, 2.08 1.94 1.34, 2.83 1.37 1.01, 1.87 

Anxiety  only 1.24  0.92, 1.68 1.16  0.62, 2.16 1.16 0.76, 1.80 

Concurrent Dep-Anx 0.93  0.56, 1.55 1.50 1.13, 2.00 1.36  1.10, 1.68 
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Supplemental Table 4.3. Multivariate relative risks and PAFs for Type 2 diabetes onset in Norwegian adults associated with metabolic, behavioural 

and psychological risk factors, women only (N=20,014)a 

 

a Adjusted for age and sex 
b Physical inactivity and smoking factors 
c Metabolic syndrome (as defined by the International Diabetes Federation (24)) 

   

Behaviouralb 

 

MetSync Depression  Anxiety  Concurrent 

Dep-anx 

# exposed Exposure 

prevalence 

Diabetes 

cases 

RR (95% CI) PAF 

0 0 0 0 0 4,202 21.00% 80 0.0  

 

0 0 1 0 0 481 2.40% 5 0.68 (0.28, 1.68) - 

0 0 0 1 0 811 4.05% 6 0.39 (0.17, 0.88) - 

0 0 0 0 1 798 3.99% 13 0.96 (0.54, 1.72) - 

  

1 0 0 0 0 6,185 30.90% 86 0.73 (0.54, 0.98) - 

1 0 1 0 0 824 4.12% 11 0.81 (0.43, 1.51) - 

1 0 0 1 0 1,342 6.71% 23 0.88 (0.56, 1.40) - 

1 0 0 0 1 1,469 7.34% 30 1.16 (0.76, 1.76) - 

 

0 1 0 0 0 905 4.52% 88 3.70 (2.74, 4.99) 9.8 

0 1 1 0 0 70 0.35% 9 6.80 (3.60, 12.89) 1.2 

0 1 0 1 0 162 0.81% 22 4.40 (2.57, 7.56) 2.6 

0 1 0 0 1 150 0.75% 14 5.53 (3.54, 8.62) 1.8 

 

1 1 0 0 0 1,680 8.39% 180 4.51 (3.48, 5.84) 21.4 

1 1 1 0 0 185 0.92% 19 5.00 (3.11, 8.02) 2.3 

1 1 0 1 0 394  1.97% 35 3.67 (2.50, 5.39) 3.9 

1 1 0 0 1 356 1.78% 34 4.49 (3.06, 6.60) 4.0 

TOTAL 20,014 100% 655 - 47.0 
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Supplemental Table 4.4. Multivariate relative risks and PAFs for Type 2 diabetes onset in Norwegian adults associated with metabolic, behavioural 

and psychological risk factors, men only  (N=16,147)a 

 

a Adjusted for age and sex 
b Physical inactivity and smoking factors 
c Metabolic syndrome (as defined by the International Diabetes Federation (24)) 

  

Behaviouralb 

 

MetSync Depression  Anxiety  Comorbid 

Dep-anx 

# exposed Exposure 

prevalence 

Diabetes 

cases 

RR (95% CI) PAR 

0 0 0 0 0 3,400 21.03% 43 0.0 - 

 

0 0 1 0 0 322 1.99% 5 1.37 (0.55, 3.43) 2.0 

0 0 0 1 0 650 4.03% 7 0.88 (0.40, 1.95) - 

0 0 0 0 1 521 3.23% 12 1.94 (1.03, 3.65) 0.9 

  

1 0 0 0 0 5,124 31.73% 132 1.82 (1.30, 2.56) 8.9 

1 0 1 0 0 432 2.68% 13 2.30 (1.25, 4.23) 10.9 

1 0 0 1 0 1,105 6.84% 29 1.93 (1.21, 3.07) 2.1 

1 0 0 0 1 966 5.98% 26 2.08 (1.29, 3.37) 2.0 

 

0 1 0 0 0 656 4.06% 57 5.83 (3.96, 8.58) 6.7 

0 1 1 0 0 65 0.40% 6 7.37 (3.28, 16.59)  0.8 

0 1 0 1 0 116 0.72% 8 4.85 (2.35, 10.01) 0.9 

0 1 0 0 1 105 0.65% 8 5.64 (2.74, 11.63) 1.0 

 

1 1 0 0 0 1,813 11.23% 196 6.87 (4.96, 9.52) 24.9 

1 1 1 0 0 157 0.97% 20 8.29 (5.02, 13.70) 2.6 

1 1 0 1 0 372 2.30% 46 8.30 (5.56, 12.39) 6.1 

1 1 0 0 1 343 2.12% 61 12.57 (8.67, 16.22) 8.4 

TOTAL 16,147 100% 669 - 78.2 
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Supplemental Table 4.5 Comparison of Miettinen and Levin’s formulas for calculating population attributable fractions (PAFs) 

 

Behavioural MetSyn Depression Anxiety 
Concurrent 

Dep-anx 
ALL WOMEN MEN 

 Miettinen Levin Miettinen Levin Miettinen Levin 

0 0 0 0 0     -  

 

0 0 1 0 0 - - - - 2.0 0.7 

0 0 0 1 0 - - - - - - 

0 0 0 0 1 - - - - 0.9 2.9 

 

1 0 0 0 0 - - - - 8.9 20.6 

1 0 1 0 0 - - - - 10.9 3.4 

1 0 0 1 0 - - - - 2.1 6.0 

1 0 0 0 1 1.4 3.2 - 1.1 2.0 6.1 

 

0 1 0 0 0 8.4 12.9 9.8 10.9 6.7 16.4 

0 1 1 0 0 1.0 2.1 1.2 2.0 0.8 2.5 

0 1 0 1 0 1.8 2.9 2.6 2.7 0.9 2.7 

0 1 0 0 1 1.4 3.1 1.8 3.3 1.0 2.9 

 

1 1 0 0 0 22.9 29.1 21.4 22.7 24.91 39.7 

1 1 1 0 0 2.5 4.7 2.3 3.5 2.6 6.6 

1 1 0 1 0 4.9 8.3 3.9 5.0 6.1 14.4 

1 1 0 0 1 6.2 11.1 4.0 5.8 8.4 19.7 

  TOTAL   50.5 77.4 47.0 55.9 78.2 144.6 
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Appendix 4A. Sensitivity analysis comparing imputed versus unimputed multivariate relative risks for Type 2 diabetes onset in Norwegian adults  

associated with metabolic, behavioural and psychological risk factors (N=36,161)* 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Adjusted for age and sex 
† Physical inactivity and smoking factors 
‡ Metabolic syndrome (as defined by the International Diabetes Federation [23]) 

Behavioural† 

 

MetSyn‡ Depression  Anxiety  Concurrent 

Dep-anx 

 UNIMPUTED RR 

(95% CI) 

IMPUTED RR  

(95% CI) 

0 0 0 0 0  1.00 1.00  

0 0 1 0 0  1.10 (0.87, 1.43) 0.93 (0.49, 1.76) 

0 0 0 1 0  0.78 (0.75, 1.02) 0.56 (0.32, 0.98) 

0 0 0 0 1  0.95 (0.79, 1.13) 1.31 (0.85, 2.00) 

        

1 0 0 0 0  0.98 (0.85, 1.20) 1.13 (0.91, 1.41) 

1 0 1 0 0  1.10 (0.61, 1.17) 1.30 (0.85, 2.00) 

1 0 0 1 0  0.98 (0.77, 1.03) 1.26 (0.91, 1.73) 

1 0 0 0 1  1.28 (1.03, 1.86) 1.49 (1.09, 2.04) 

        

0 1 0 0 0  4.59 (4.21, 5.02) 4.42 (3.49, 5.60) 

0 1 1 0 0  6.38 (5.17, 7.40) 6.87 (4.16, 11.35) 

0 1 0 1 0  5.10 (4.63, 5.81) 4.88 (3.17, 7.53) 

0 1 0 0 1  5.78 (5.08, 6.56) 5.46 (3.74, 7.97) 

        

1 1 0 0 0  4.97 (4.37, 6.12) 5.26 (4.30, 6.42) 

1 1 1 0 0  5.97 (4.28, 6.76) 6.13 (4.36, 8.62) 

1 1 0 1 0  5.50 (4.07, 5.98) 5.29 (4.03, 6.93) 

1 1 0 0 1  7.09 (5.58, 8.66) 7.47 (5.79, 9.64) 
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Appendix 4B.  STROBE Statement 

 Item 

No Recommendation 

Page 

number 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or 

the abstract 

90 

(b) Provide in the abstract an informative and balanced summary of 

what was done and what was found 

91 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation 

being reported 

92-93 

Objectives 3 State specific objectives, including any prespecified hypotheses 93 

Methods  

Study design 4 Present key elements of study design early in the paper 94 

Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection 

94 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and 

methods of selection of participants. Describe methods of follow-up 

94 

 

  

Variables 7 Clearly define all outcomes, exposures, predictors, potential 

confounders, and effect modifiers. Give diagnostic criteria, if applicable 

94-97 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of 

methods of assessment (measurement). Describe comparability of 

assessment methods if there is more than one group 

94-97 

Bias 9 Describe any efforts to address potential sources of bias 96-97 

Study size 10 Explain how the study size was arrived at 94 

Quantitative 

variables 

11 Explain how quantitative variables were handled in the analyses. If 

applicable, describe which groupings were chosen and why 

94-96 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for 

confounding 

96-97 

(b) Describe any methods used to examine subgroups and interactions 96-97 

(c) Explain how missing data were addressed 96-97 

(d) Cohort study—If applicable, explain how loss to follow-up was 

addressed 

94,96 

(e) Describe any sensitivity analyses 97 
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Appendix 4B.  STROBE Statement (continued) 

 

  

Results Page 

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers 

potentially eligible, examined for eligibility, confirmed eligible, 

included in the study, completing follow-up, and analysed 

94 

(b) Give reasons for non-participation at each stage - 

(c) Consider use of a flow diagram - 

Descriptive 

data 

14* (a) Give characteristics of study participants (eg demographic, 

clinical, social) and information on exposures and potential 

confounders 

98, 105 

(b) Indicate number of participants with missing data for each variable 

of interest 

85 

(c) Cohort study—Summarise follow-up time (eg, average and total 

amount) 

- 

Outcome data 15* Cohort study—Report numbers of outcome events or summary 
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CHAPTER 5: 

SYMPTOMS OF ANXIETY AND DEPRESSION IN TYPE 2 DIABETES:  

CROSS-SECTIONAL ASSOCIATIONS WITH CLINICAL DIABETES MEASURES 

AND SELF-MANAGEMENT OUTCOMES 

Preface 

The purpose of the study presented in this chapter was to estimate the associations between 

symptoms of depression, anxiety and a comprehensive set of key clinical and self-management 

diabetes outcomes. The main study hypotheses were: 1) that symptoms of depression, anxiety, 

and concurrent depression-anxiety would be independently associated with poor glycemic 

control, 2) that the latter associations would be stronger in men than in women, and 3) that 

symptoms of depression and anxiety would be differentially associated with diabetes self-care 

outcomes in men and women. 

The article presented in this chapter was published in Psychoneuroendocrinology in October 

2017, and is cited as: Naicker, K., Øverland, S., Johnson, J. A., Manuel, D., Skogen, J. C., 

Sivertsen, B., & Colman, I. (2017). Symptoms of anxiety and depression in type 2 diabetes: 

Associations with clinical diabetes measures and self-management outcomes in the Norwegian 

HUNT study. Psychoneuroendocrinology, 84, 116-123 (see Appendix 5B for journal 

acceptance letter). All tables and figures are marked as primary and supplementary 

corresponding to the submitted version. Additional supporting documents, including sensitivity 

analyses and ethical approval, are included in appendices at the end of this chapter. 

Contribution Statement: I was responsible for generating the study hypothesis and design, with 

guidance from supervisors and co-authors. I conducted the necessary statistical analysis, created 

all of the tables and figures, and drafted the final manuscript. I also responded to all comments 

arising from the peer review process.  
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ABSTRACT 

Background/Objective: Depression is strongly linked to poor outcomes in Type 2 diabetes, 

and is shown to influence both patient behaviour and underlying biological processes. The 

objective of this study was to determine if symptoms of depression and anxiety are differentially 

associated with clinical diabetes measures and self-management behaviours in individuals with 

Type 2 diabetes, and whether these associations vary by patient sex.     

Research Design and Methods: A cross-sectional analysis using data from 2,035 adults with 

Type 2 diabetes in the Nord-Trøndelag Health Study. Multivariate logistic regression was used 

to explore associations between symptoms of depression and anxiety and waist girth, HDL 

cholesterol, systolic blood pressure, triglycerides, c-reactive protein, glycemic control, diet 

adherence, exercise, glucose monitoring, foot checks for ulcers, and the subjective patient 

experience. Analyses were stratified by sex.  

Results:  Depressive symptoms were associated with a lower likelihood of avoiding saturated 

fats (OR=0.20 [95% CI: 0.06, 0.68]) and increased odds of physical inactivity (OR=1.69 [95% 

CI: 1.37, 2.72]. Anxious symptoms were associated with increased odds of eating vegetables 

(OR=1.66 [95% CI: 1.02, 2.73], and an over two-fold increase of feeling that having diabetes 

is difficult. In women, anxiety was associated with elevated c-reactive protein levels (OR=1.57 

[95% CI: 1.05, 2.34]). In men, depressive symptoms were associated with elevated HbA1c 

(OR=5.00 [95% CI: 1.15, 8.23). 

Conclusion/Interpretation: Symptoms of depression and anxiety were differentially 

associated with some key diabetes-related measures. Our results suggest sex-specific 

differences with respect to two important clinical outcomes (i.e., anxiety and CRP in women 

and depression and glycemic control in men). These findings should alert practitioners to the 

importance of detection and management of psychological symptoms in individuals with Type 

2 diabetes. 
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5.1 INTRODUCTION 

Type 2 diabetes represents an increasing global health challenge, due to its growing prevalence 

worldwide and the chronic complications and functional impairment associated with this 

condition.  Patients with Type 2 diabetes frequently suffer from unipolar depression and anxiety 

disorders, at rates at least double those observed in diabetes-free populations [1, 2]. There is 

increasing evidence that psychosomatic processes contribute to a range of Type 2 diabetes 

outcomes, and unipolar depression has been shown to influence the management and prognosis 

of Type 2 diabetes through adverse effects on factors such as glycemic control [3], self-care 

behaviours [4], and body mass index [5]. In line with this, the presence of comorbid depression 

in diabetes patients often leads to increased health-care costs, higher risks of vascular 

complications [6, 7], and excess mortality rates [8].  

Although anxiety disorders often co-occur with depression, anxiety is a far less well understood 

comorbidity of diabetes. One notable limitation of studies in this area is that they tend to focus 

on one disorder type at a time, while failing to account for the presence of the other [9–12]. 

This makes it particularly challenging to assess the scope of the impact of anxiety disorders (or 

indeed, depression) on diabetes-related outcomes. Both psychiatric disorders share a significant 

overlap of features (e.g., generalized distress and low serotonin levels [13]), and  over 40% of 

Type 2 diabetes patients presenting with major or minor depression in primary care settings are 

diagnosed with a concurrent anxiety disorder [1]. However, depression and anxiety also display 

important phenotypic differences. Whereas depression is uniquely associated with anhedonia 

and physiological responses such as lethargy and fatigue, anxiety is marked by excessive worry 

and physiologic hyperarousal such as trembling, sweating, and muscle tension [14, 15]. 

Evidence suggests that, like depression, anxiety may have important associations with diabetes 

outcomes such as an increased risk of hypertension, inflammation, and glycemic control [16, 
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17]. It is also evident that important sex differences may exist with respect to these associations; 

for example, depression has been linked to poor glycemic control in men, but not women [3]. 

Similar results have been noted with respect to anxiety disorders and risks of heightened 

inflammation in men [16].  

The experience of concurrent symptoms of anxiety and depression is also associated with worse 

treatment outcomes than either disorder alone, including poorer adherence to treatment, higher 

costs, and lower quality of life [18]. Recent research in patients with cancer demonstrated that 

concurrent anxiety-depression was present in over 60% of patients with depression, and that 

this phenotype was only associated with specific cancer subtypes [19]. To our knowledge, no 

similar research has been conducted with respect to affective symptom phenotypes and diabetes 

outcomes. By failing to adequately differentiate between these phenotypes, existing studies may 

link complications related to the presence of anxiety or its correlates erroneously to depression, 

or vice versa. A proper understanding of these relationships may inform the development of 

more refined and integrated approaches to treatment in the future, as certain affective symptom 

phenotypes may be more relevant to specific Type 2 diabetes outcomes, and these associations 

could vary across patient populations.   

The purpose of this study was to investigate the mutually exclusive associations between 

symptoms of depression and/or anxiety and several important clinical and behavioural 

outcomes in Type 2 diabetes, as well as to document any variations in patient outcomes by sex.   
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5.2  METHODS 

5.2.1  Data Source and Participants 

This was a cross-sectional study which used data from the third wave of the Norwegian Nord-

Trøndelag Health Study (HUNT).  The HUNT study is a large population-based survey 

conducted over three waves, in 1984/86 (HUNT 1), 1995/97 (HUNT 2) and 2006/08 (HUNT 

3). The survey was conducted using a simple non-stratified design that included every adult 

resident of the Nord-Trøndelag County.  The initial HUNT study was primarily established to 

address arterial hypertension, diabetes, tuberculosis screening and quality of life, and includes 

an advanced biobank initiative established in the third wave of the survey [20].  For the HUNT 

3 wave, 93 860 individuals aged 20 years or older received a personal invitation to participate 

between October 2006 to June 2008, based on monthly updated census data. Of these, 50 847 

(54.1%) participated by completing the initial questionnaire, and 2,255 individuals who self-

reported having diabetes were invited to participate in a detailed diabetes sub-study. The HUNT 

cohort profile and methodology has been well-described elsewhere [20], and a detailed analysis 

of the non-responders from HUNT 3 is also available [21]. 

Our sample consisted of 2,035 individuals who were confirmed in the sub-study to have Type 

2 diabetes, based on results of three repeated laboratory tests (fasting plasma glucose, oral 

glucose tolerance, and serum HbA1c levels). All individuals were additionally confirmed to be 

anti-glutamic acid decarboxylase and anti-insulinoma-associated negative (to exclude latent 

autoimmune diabetes in adults (LADA) cases), and confirmed as having not begun insulin 

treatment within one year of diagnosis to exclude Type 1 cases.  
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5.2.2  Exposure Variables 

Our three primary exposures of interest were the participant’s current experience of high levels 

of 1) depressive symptoms only, 2) anxious symptoms only, and 3) comorbid anxious-

depressive symptoms, each compared to a referent group experiencing no or low levels of 

affective symptoms. The exposure categories were mutually exclusive; each category excluded 

individuals who were experiencing symptoms of the other.   

These symptoms were measured in HUNT 3 using a 7-item mental health index (CONOR-

MHI). This tool is a modified version of the General Health Questionnaire and the Hopkin’s 

Symptoms Checklist (HSCL), and consists of widely validated scale items. It was further 

evaluated against both the HSCL-10 and Hospital Anxiety and Depression Scales (HADS) 

within both the HUNT Study and Oslo Health Study cohorts, and found to have strong accuracy 

when tested against each of these scales (AUC=0.902 and AUC=0.909, respectively) [22]. The 

internal consistency of the CONOR-MHI was also high across other large Norwegian datasets 

(Cronbach alpha ≥0.80) [22].  

Individuals were asked “In the last two weeks, have you felt...?” with respect to the following 

items (translated from the original Norwegian): ‘Calm and confident’; ‘Nervous and restless’; 

‘Troubled by anxiety’; ‘Happy and optimistic’; ‘Irritable’; ‘Down or depressed’; and ‘Lonely’. 

The response set of each item consisted of four options: 1) “No”, 2) “A little”, 3) “A good 

amount”, and 4) “Very much”.  The former three items loaded onto the anxiety factor and the 

latter three onto the depression factor, with the optimism factor excluded (see ‘Statistical 

Analysis’ below).  Individuals were classified as having “high” symptom levels if their mean 

scores on these items fell above the recommended cut-off of 2.15, and as having “low or none” 

if their mean scores fell below this value [22]. 
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5.2.3  Outcome Variables 

Our outcomes of interest included a selection of clinical measures that are considered important 

in diabetes control and complications, as well as behavioural measures related to optimal 

disease self-management.   

Seven clinical outcomes were dichotomized in accordance with either the International 

Diabetes Federation definition of the metabolic syndrome [23], or other commonly used metrics 

of glycemic control [24], as follows:  

• Waist circumference:  ≥ 94 cm for men; ≥ 80 for women  

• Triglyceride levels: ≥ 150 mg/dL (1.7 mmol/L)  

• HDL cholesterol:  < 40 mg/dL (1.03 mmol/L) for men; < 50 mg/dL (1.29 mmol/L) for 

women 

• Systolic blood pressure: ≥ 130 mm Hg  

• Hemoglobin A1C (HbA1C): > 7.0% (53 mmol/mol ) 

• Random plasma glucose levels: ≥ 11.1 mmol/L    

Serum C-reactive protein was also included, due to its associations with inflammation and 

cardiovascular disease outcomes [25], and growing evidence for its association with depression 

[26]. A cut-point of 3.0 mg/l was used, as recommended by the American Heart Association, 

corresponding  roughly to the upper tertile of serum CRP in our sample [25].  

Seven self-management variables were also included. These related to health behaviours, 

diabetes-specific tasks, and the subjective experience of having diabetes, and were defined as 

follows:  
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• Glucose monitoring at home (participants were asked “At home, do you measure how 

much sugar (glucose) you have in your blood (blood sugar)?” by themselves or 

someone else) 

• Checking feet for sores or ulcers (participants were asked “Are your feet examined 

regularly by yourself/pedicurist/home care nurse/other?”) 

• Exercise < 2-3 times per week (participants were asked “How often do you exercise? 

By exercise we mean going for walks, skiing, swimming and working out/sports.”) 

• Diet adherence: saturated fats (participants responded to “On most days I try to avoid 

saturated fat.”) 

• Diet adherence: eating vegetables (participants responded to “On most days I eat a lot 

of vegetables.”) 

• Subjective experience: diet adherence (participants responded to “I see it as a problem 

I cannot eat what I want.”) 

• Subjective experience: difficulty with diabetes (participants responded to “I find having 

diabetes difficult.”)  

5.2.4  Covariates 

Covariates included age, sex, marital status, current smoking status, pack years smoked, alcohol 

consumption, family history of diabetes, and comorbid chronic conditions. Age was included 

as a continuous covariate. Marital status was included due to its potential effects on the 

completion of self-management tasks, and defined as “married/common-law” or 

“single/widowed/divorced”. Current smoking status was categorized as “yes”, “no” or 

“former.” Pack years smoked were defined as years of daily or occasional smoking, multiplied 

by the number of packs smoked per day. Alcohol consumption was defined as the mean number 

of drinks consumed weekly, and immediate family history of diabetes (i.e., siblings or parents) 
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was included as a binary variable. The presence of one or more additional self-reported chronic 

physical condition was also included as a binary variable (i.e., the presence of any cancer, 

cardiac disease, asthma, allergies, epilepsy, or thyroid disease).  

5.2.5 Statistical Analysis 

To ascertain the structural validity of the CONOR mental health index, we performed a 

confirmatory factor analysis on the 7-item index using weighted least squares means and 

variance adjusted estimator (WLSMV). One factor, two-factor and bi-factor models were 

tested. The Chi-squared, comparative fit index (CFI), Tucker Lewis index (TLI), and root mean 

square error of approximation (RMSEA) statistics were calculated to determine model fit. This 

analysis was conducted using MPlus Version 7. 

Univariate and multivariate logistic regression models were then used to examine mutually 

exclusive associations between anxiety, depression and comorbid anxiety-depression exposures 

and each study outcome. Each exposure therefore served as an independent variable for 14 

different regression models, corresponding to the outcomes described above. All variables were 

checked for outliers and subsequently dichotomized. In addition, variance inflation factors 

(VIFs) were calculated for adjusted models and multicollinearity was determined not to be an 

issue. Models were built using backward selection, and all variables significant at the α=0.10 

level were included in the final adjusted models. Models examining clinical outcomes were 

additionally adjusted for all other clinical outcomes in the table.  A formal test for interaction 

by sex was included in each model of the overall sample, and analyses were subsequently 

stratified by sex. All regression analyses were conducted using STATA 14.0.  

Prior to regression analysis, the rate of missingness of each variable was calculated and patterns 

of missingness were examined. Variables appeared to be missing at random (MAR). Logistic 
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regression was then performed using imputation of missing covariate values, under the multiple 

imputation by chained equations (MICE) method [27]. This technique created 30 imputed 

datasets, from which reported estimates were computed. The amount of data missing was low 

on almost all covariates. Due to the simple sampling design of the HUNT survey, sampling 

weights were not recommended nor used.  
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5.3   RESULTS 

We included 2,035 participants confirmed to have Type 2 diabetes and who completed the items 

on mental health (CONOR-MHI). Of our total study sample, 839 (41.2%) individuals were 

above the cut-off for affective symptoms (i.e., depression only (n=258), anxiety only (n=402), 

and concurrent depression and anxiety (n= 179)) (Table 5.1). Individuals experiencing high 

levels of affective symptoms had higher rates of physical inactivity and smoking (Table 5.1); 

in addition, while more women than men had either depressive or anxious symptoms only, 

slightly more than half of those individuals with comorbid depression-anxiety were men. 

Alcohol consumption, pack years smoked, and chronic physical conditions did not meet the a 

priori threshold for inclusion (i.e., p<0.10) in any of the adjusted models, and were therefore 

not retained in any of the analyses described below. 

Overall, depressive symptoms were associated in unadjusted models with serum c-reactive 

protein and the subjective diabetes experience (Table 5.2). After adjustment for all other factors, 

symptoms of depression were associated with a lower likelihood of avoiding saturated fats 

(OR=0.20 [95% CI: 0.06, 0.68]), and a more than two-fold increased odds of feeling that 

diabetes is difficult (OR=2.41 [95% CI: 1.10, 4.30]). Anxious symptoms were associated with 

c-reactive protein, glucose, exercise, and the subjective diabetes experience in unadjusted 

models. After adjustment, anxiety was associated with a lowered risk of high blood pressure 

(OR=0.71 [95% CI: 0.52, 0.97]), increased odds of having high blood glucose (OR=1.87 [95% 

CI: 1.32, 2.63]), increased odds of eating vegetables (OR=1.66 [95% CI: 1.02, 2.73], increased 

odds of physical inactivity (OR=1.57, [95% CI: 1.08, 2.27]), and an over two-fold increase in 

the likelihood of feeling that diet adherence is problematic (OR=2.66 [95% CI: 1.71, 4.16]) or 

the feeling that having diabetes is difficult (OR=2.56 [95% CI: 1.68, 3.91]). Lastly, concurrent 

anxious and depressive symptoms were associated with high c-reactive protein levels, physical 
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inactivity, and the subjective diabetes experience in unadjusted models. After adjustment, 

concurrent anxious-depressive symptoms were associated with physical inactivity (OR=1.55 

[95% CI: 1.03, 2.44]), an over two-fold increase in the likelihood of feeling that diet adherence 

is problematic (OR=2.26 [95% CI: 1.30, 3.95]), and the feeling that having diabetes is difficult 

(OR=2.26 [95% CI: 1.30, 3.92]). A significant interaction by sex was observed with respect to 

symptoms of anxiety and CRP levels, as well as saturated fat consumption (Table 5.2). In 

addition, a significant interaction by sex was observed with respect to both symptoms of 

depression and concurrent depression-anxiety and both measures of glycemic control (i.e., 

HbA1c and serum glucose).  

When stratified by sex, symptoms of depression, anxiety and comorbid depression-anxiety were 

associated with physical inactivity and the subjective diabetes experience in both women (Table 

5.3) and men (Table 5.4). Across sexes, comorbid anxious-depressive symptoms were 

associated with a three-fold increase in the odds of feeling that diet adherence is problematic 

(women: OR=3.32 [95% CI: 1.78, 6.17]; men: OR=2.95 [95% CI: 1.43, 6.09]), higher than 

either symptom group alone.  The odds of feeling that having diabetes is difficult were greatest 

in women experiencing concurrent anxious-depressive symptoms (OR=3.90 [95% CI: 2.00, 

7.60]), and in men experiencing high levels of anxious symptoms (OR=3.39 [95% CI: 2.08, 

5.52]).  Anxious symptoms alone were associated with high serum CRP levels in women 

(OR=1.57 [95% CI: 1.05, 2.34]), as well as a greater tendency to report avoiding saturated fats 

in women (OR=1.17 [1.17, 1.94]). In men, all affective symptoms were associated with high 

non-fasting glucose levels, with the greatest likelihood of high glucose occurring in men 

experiencing concurrent anxious-depressive symptoms (OR=3.20 [95% CI: 1.64, 6.20]). 

Depressive symptoms were similarly associated with elevated HbA1C levels in men (OR=3.78 

[95% CI: 1.29, 4.78]), with the highest likelihood again found in men experiencing high levels 

of anxious-depressive symptoms (OR=5.00 [95% CI: 1.15, 8.23).   
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5.4 DISCUSSION 

This population-based study of Norwegian adults demonstrates that symptoms of depression 

and anxiety are differentially associated with behavioural and clinical outcomes in individuals 

with Type 2 diabetes. Overall, we confirmed the high prevalence of anxious and depressive 

symptoms previously documented in individuals with Type 2 diabetes [28, 29]. We observed 

associations between these symptoms and diet adherence, the subjective diabetes experience, 

c-reactive protein levels, and glycemic control, and highlight several differences according to 

symptom type and sex below.  Symptoms of depression and anxiety were not associated with 

the remaining clinical (i.e., waist girth, HDL cholesterol, and triglyceride levels) and 

behavioural (i.e., glucose monitoring and foot checks at home) outcomes in our study.  

Interestingly, we observed that symptoms of depression alone were associated only with 

behavioural measures following adjustment for covariates. For example, depressed individuals 

were less likely to report avoiding saturated fats.  Negative mood and fat consumption have 

been consistently linked throughout the literature, and high fat foods may be used by depressed 

individuals as a form of self-medication or attempt to balance neurotransmitters involved in the 

regulation of mood [30]. Contrary to this, women who experienced symptoms of anxiety (either 

alone or concurrently with symptoms of depression) reported being more likely to avoid high 

fat foods. This may be attributable to a tendency towards increased health seeking behaviour in 

anxious individuals [31], and previous studies show that females who are anxious about their 

health are more inclined to diet than non-anxious individuals [32].  This sex-specific pattern 

was also observed with respect to vegetable consumption (although it was not statistically 

significant). Women experiencing symptoms of depression or anxiety were more likely to 

report frequent vegetable consumption (regardless of symptom type), whereas men 

experiencing these symptoms reported a decreased odds of doing so. This may point to 
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phenotypic differences in  affective symptoms experienced by men and women, an area in 

which little research has been done [33]. One study suggests that gender differences do exist 

across specific dimensions of health anxiety (i.e., , reassurance-seeking and worry), while core 

dimensions of this condition remain invariant across gender and generalize to both men and 

women [34]. Sex-specific differences in these phenotypic or dimensional presentations of 

depression and anxiety may be impactful, especially given the recent finding that while 

depression and anxiety appear to have long term effects on mortality in all individuals with 

Type 2 diabetes, these excess mortality rates associated with these symptoms are more 

pronounced in men than women [35]. 

We also observed a positive association between symptoms of anxiety and high serum CRP in 

women. Previous studies demonstrate a dose-response relationship between cumulative 

depressive episodes and subsequent c-reactive protein levels [26, 36], providing stronger 

evidence for a long-term pathway from depression to later CRP levels than from CRP to later 

depression [36]. This is important as inflammatory markers, such as c-reactive protein and other 

cytokines, have been linked to the pathogenesis of Type 2 diabetes and cardiovascular disease 

[37]. It is therefore biologically plausible that the risk for vascular complications in diabetic 

individuals could begin early and be governed by long-term emotional functioning [36]. 

However, none of these studies appear to have adjusted for the presence of anxiety. Although 

our results with respect to depressive symptoms demonstrated a similar direction of effect, these 

were lesser in magnitude and not statistically significant. In male participants, the direction of 

this effect appeared to be reversed (i.e., anxiety was associated with a reduced odds of high 

CRP levels), but was not statistically significant. Our findings therefore suggest that women 

with Type 2 diabetes experiencing high levels of anxiety may be at particular risk of the above 

processes occurring, although longitudinal research is needed to address the potential for 

reverse-causation with respect to these factors present in the current study. 
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Our third key finding reflected strong associations between symptoms of depression and anxiety 

and glycemic control in men only. Our study found that men experiencing symptoms of 

depression or concurrent depression-anxiety had over triple the odds of having high HbA1c 

(i.e., above 5.0% (31 mmol/mol)). In females, the opposite effects were observed (i.e., 

associated with reduced odds of high HbA1c), although not statistically significant. This is in 

line with previous research demonstrating a relationship between poor glycemic control and 

depressive symptoms in men, but not women [3]. Although inferences about temporality are 

not made possible in our study, there is evidence from multiple trials that psychological 

interventions for depression do lead to subsequent improvements in HbA1C levels [38]. Our 

findings suggest that these effects may not extend to symptoms of anxiety, and that it may be 

useful to examine whether such interventions would yield similar benefits in men and women.  

We also observed several less novel findings related to behavioural outcomes. For example, 

both men and women with high levels of depressive or anxious symptoms were much more 

likely to report having a negative subjective experience of having Type 2 diabetes than those 

without, with over twice the odds of reporting that having diabetes is difficult or that dietary 

adherence is problematic. Research shows that the psychosocial aspect of diabetes may 

negatively impact health-related quality of life, which in turn may negatively influence diabetes 

self-management [39]. Previous research also demonstrates depression and anxiety to be 

independently associated with physical inactivity in high-risk cardiovascular patient 

populations [40], and the current study shows both affective symptom groups to be associated 

with physical inactivity. While exercise already occupies a prominent place in most diabetes 

counselling programs, the present study stresses the potential importance of addressing both 

anxious and depressive symptoms in order to break this cycle.  
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It has been postulated that symptoms of anxiety and depression fall along a single continuum 

of mental illness, representing the same neurobiological origin [41]. However, the present study 

indicates that these different symptom types may result in divergent effects on biological 

processes that are critical for chronic disease management. For example, the strong association 

observed between HbA1c and depressive or concurrent depressive-anxious symptoms in men 

may indicate that unique aspects of the depressive experience (e.g., lethargy or fat consumption) 

may play a role in glycemic control that are not present in relation to anxiety.  Previous research 

suggests that the association between depressive symptoms and glycemic control may be 

specific to anhedonic symptoms, whereby anhedonia was found to be significantly associated 

with suboptimal glycemic control, but both depressed mood and anxiety were not [42]. It is also 

worth noting that many of the outcomes examined here may themselves be linked (e.g., physical 

inactivity and glycemic control). While depression and anxiety may not necessarily affect 

clinical outcomes directly, they may do so through related behavioural factors [43]. In the 

aforementioned study, alcohol consumption and physical activity met criteria for mediation, 

but did not attenuate the association between anhedonia and glycemic control by more than 5% 

[42]. It appears that additional research which examines the distinct features or symptom 

dimensions of depression and anxiety and their associations with diabetes outcomes would be 

particularly useful to further contextualize the results of the present study. Future scientific 

inquiry may also clarify these processes further by unpacking the contributions of mediating 

factors in these relationships, which may ultimately aid in tailoring individual Type 2 diabetes 

management and treatment strategies more effectively.  

5.4.1  Strengths and Limitations 

The major strength of this study was a design that allowed the examination of unique 

associations between three common affective symptom phenotypes and a range of diabetic 
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outcomes. In addition, we used high quality data on a large, population based sample, and 

rigorously controlled for a range of clinical and sociodemographic covariates.    

However, our cross-sectional study design also precluded a discussion of temporality with 

respect to these relationships. Research based on this survey may also not easily generalize to 

other populations, as Nord-Trøndelag is a rural county which demonstrates little ethnic 

heterogeneity. In addition, we used a self-report scale to measure depression and anxiety rather 

than a diagnostic interview. Although high congruence has been demonstrated between these 

tools and diagnostic instruments [44], the CONOR-MHI has not yet been validated against a 

gold standard diagnostic interview. However, since depression and anxiety remain largely 

undiagnosed in community settings [45], the use of a self-report scale may have allowed us to 

capture individuals with clinically relevant symptoms falling below the threshold for either 

disorder [46]. Many of the symptoms of depression and anxiety reported in people with Type 2 

diabetes may also be related to their diabetes (i.e., diabetes distress), rather than be 

representative of a comorbid psychopathology.   Of concern is that mistaking diabetes-related 

distress for depression can lead to inappropriate psychiatric treatment [47].  However, as 

described in detail by Fisher et al. (2014), these overlapping affective states likely share an 

underlying common construct of emotional distress [47]. They further suggest that attempts to 

integrate treatment of emotional distress into regular diabetes care, specifically approaches 

which consider the diabetes context, may be widely beneficial to patients across a range of 

affective states. While we are not able to differentiate between overlapping constructs of 

depression, anxiety, and diabetes-related distress in the current study, we believe that such 

approaches to addressing emotional distress would benefit diabetes patients experiencing a 

range of depression and anxiety symptoms, such as those measured here. 
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As with all observational studies, these results are subject to the presence of unmeasured 

confounders, such as educational attainment (which was not measured in the HUNT 3 survey 

wave). Education may moderate the relationship between affective symptoms and specific 

diabetes outcomes, and based on previous literature [48] these estimates would likely be 

underestimated in those with low educational attainment and overestimated in those with high 

educational attainment. However, according to data from previous HUNT surveys, we expect 

that less than 10% of our current study population will have received a post-secondary 

education, and that overall our estimates would not change drastically. We were also unable to 

control for the effects of antidepressant or anxiolytic medication use which may have 

confounded these associations; some (e.g., fluoxetine) by reducing hyperglycemica and 

increasing insulin sensitivity, and others (e.g., desimaprine) by exerting opposite effects [49]. 

It is therefore difficult to judge from previous research what the net potential effect of this 

omission on our outcomes might be. In addition, the self-report nature of the behavioural 

questions provide a measure of what respondents believe their behaviors to be based on 

individual interpretations of these items, rather than providing an objective measure of these 

outcomes. Questions related to diet adherence, in particular, were not clearly defined the HUNT 

study. Future research using more rigorous objective assessments of diabetes management 

would help to validate these findings.  

5.4.2  Conclusions 

We provide evidence that symptoms of depression and anxiety are differential predictors of 

adverse Type 2 diabetes outcomes. We did not find that concurrent anxious-depressive 

symptoms were associated with notably higher odds of poor outcomes than either category 

alone, which suggests the importance of specific symptomatology rather than overall symptom 

load in these outcomes. We also found sex-related differences with respect to two important 



140 
 

clinical outcomes (i.e., anxiety and CRP in women and depression and glycemic control in 

men).  Our study highlights some potentially valuable novel findings, and we therefore 

encourage any attempts at replication in order to substantiate their validity.  These findings 

should alert practitioners to the importance of detection and management of symptoms of both 

anxiety and depression in Type 2 diabetes cases.  
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Table 5.1: Sociodemographic and health characteristics of HUNT 3 cohort members, by affective symptom status (N=2,035) 

 

 Depressive  

Symptoms Only 

(n=258) 

Anxious  

Symptoms Only 

(n=402) 

Comorbid 

Depression-Anxiety 

(n=179) 

No Affective 

Symptoms 

(n=1,196) 

Age (mean, SD) 64.7 (14.6) 66.2 (9.7) 62.8 (11.7) 64.8 (11.5) 

Sex (Female, %) 55.8%  54.3% 49.5% 45.5% 

Marital status (married) 40.4% 60.6% 54.2% 66.3% 

BMI (mean)  

 

31.3 (4.3) 30.2 (5.1) 31.8 (4.6) 30.4 (4.9) 

Waist girth in cm (mean) 

Men 

Women 

 

107.9 (13.1) 

102.8 (13.2) 

 

106.9 (11.1) 

102.6 (12.8) 

 

107.7 (12.5) 

105.5 (11.6) 

 

104.6 (10.7)  

102.2 (13.1) 

     

Physical Inactivity 25.4% 29.1% 27.8% 16.8% 

Alcohol (drinks per week) 3.6 (5.5) 2.3 (4.0) 4.8 (7.9) 3.1 (4.9) 

Smoking (pack-years, mean) 

Smoking status (yes, current) 

    

16.3 (10.8) 

16.2% 

22.1 (14.7) 

22.0% 

21.5 (17.2) 

16.7% 

20.1 (15.6) 

13.1% 

Family History (Yes) 16.3 (10.8) 22.1 (14.7) 21.5 (17.2) 20.1 (15.6) 

Chronic Conditions (Yes) 65.8% 73.7% 73.3% 63.7% 
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Table 5.2: Odds ratios for clinical and behavioural outcomes measures in individuals with Type 2 diabetes, by anxious and depressive  

symptoms (N=2,035)  

Bold values indicate significance at p<0.05 
aAdjusted for age and sex 
bAdjusted for age, sex, waist circumference, family history of diabetes, marital status 
c Additionally adjusted for all other clinical factors (waist girth, HDL cholesterol, systolic BP, triglycerides, CRP, and serum glucose) 
d Indicates significant interaction by sex at p<0.05 

 

  

 
Depressive Symptoms Anxious Symptoms 

Comorbid Anxious-Depressive 

Symptoms 

 Crudea Adjustedb Crudea Adjustedb Crudea Adjustedb 

Clinical Measuresc       

Waist girth 1.29 [0.61, 2.74] 1.03 [0.46, 2.30] 1.09 [1.07, 4.06] 1.77 [0.87, 3.58] 1.90 [0.68, 5.32] 1.63 [0.54, 4.93] 

HDL Cholesterol 1.04 [0.71, 1.50] 0.95 [0.62, 1.46] 1.01 [0.76, 1.34] 0.79 [0.57, 1.10] 1.04 [0.67, 1.62] 0.83 [0.51, 1.37] 

Systolic BP 0.77 [0.58, 1.04] 0.81 [0.59, 1.11] 0.76 [0.57, 1.01] 0.71 [0.52, 0.97] 0.74 [0.48, 1.13] 0.74 [0.47, 1.16] 

Triglycerides 1.27 [0.86, 1.89] 1.30 [0.83, 2.05] 1.21 [0.90, 1.63] 1.20 [0.85, 1.70] 1.17 [0.74, 1.86] 1.28 [0.75, 2.20] 

Serum CRP 1.32 [0.99, 1.77] 1.33 [0.97, 1.81] 1.53 [1.15, 2.03] 1.20 [0.88, 1.64]d 1.68 [1.11, 2.54] 1.41 [0.91, 2.20] 

HbA1c 1.10 [0.68, 1.78]  1.20 [0.72, 2.01]d 1.21 [0.84, 1.74] 1.19 [0.80, 1.77] 1.16 [0.67, 2.04] 1.40 [0.75, 2.60]d 

Random Serum Glucose 1.24 [0.80, 1.92] 1.20 [0.75, 1.91]d 1.83 [1.33, 2.53] 1.87 [1.32, 2.63] 1.57 [0.96, 2.56] 1.63 [0.97, 2.73]d 

Self-Management Behaviours      

Diet Adherence 

  Avoid saturated fats 

 

0.27 [0.09, 0.78] 

 

0.20 [0.06, 0.68] 

 

1.09 [0.74, 1.61] 

 

1.15 [0.77, 1.73]d 

 

0.99 [0.64, 1.51] 

 

1.12 [0.72, 1.73] 

 Eat vegetables 1.56 [0.96, 2.53] 1.19 [0.48, 2.97] 1.48 [0.92, 2.40] 1.66 [1.02, 2.73] 1.24 [0.72, 2.12] 0.99 [0.54, 1.81] 

Exercise (< 2-3/week) 1.73 [1.43, 2.80] 1.69 [1.37, 2.72] 1.60 [1.12, 2.29] 1.57 [1.08, 2.27] 1.55 [1.01, 2.40] 1.55 [1.03, 2.44] 

Checks glucose at home 0.63 [0.21, 1.85] 0.61 [0.20, 1.81] 1.03 [0.63, 1.68] 1.09 [0.65, 1.81] 0.97 [0.50, 1.92] 1.12 [0.56, 2.23] 

Checks feet at home  0.47 [0.18, 1.26] 0.51 [0.19, 1.36] 1.23 [0.80, 1.89] 1.15 [0.73, 1.81] 1.04 [0.60, 1.82] 0.99 [0.55, 1.78] 

Diabetes Experience       

It is a problem can’t eat 

what I want 
1.81 [0.84, 3.93] 2.60 [2.32, 4.00] 2.85 [1.86, 4.34] 2.66 [1.71, 4.16] 2.70 [1.57, 4.64] 2.26 [1.30, 3.95] 

Find that diabetes is 

difficult 
2.25 [1.06, 4.82] 2.41 [1.10, 4.30] 2.52 [1.68, 3.77] 2.56 [1.68, 3.91] 3.52 [1.46, 4.33] 3.26 [1.30, 3.92] 
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Table 5.3: Adjusted odds ratios for clinical and self-management outcomes in women with Type 2 diabetes, by anxious and depressive  

symptoms* (n=961) 

 

 

 

 

 

 

 

 

 

 

 

Bold values indicate significance at p<0.05 
aAdjusted for age, sex, waist circumference, family history of diabetes, marital status 
b Additionally adjusted for all other clinical factors (waist girth, HDL cholesterol, systolic BP, triglycerides, CRP, and serum glucose) 

 

 

 

 

 

  Adjusted OR [95% CI]  

 

Depressive Symptomsa Anxious Symptomsa 

Comorbid Anxious-

Depressive Symptomsa 

Clinical Measuresb    

Waist girth 1.04 [0.95, 3.70] 1.60 [0.45, 5.73] 1.58 [0.20, 12.58] 

HDL Cholesterol 1.14 [0.61, 2.13] 0.86 [0.54, 1.38] 0.86 [0.42, 1.79] 

Systolic BP 0.81 [0.51, 1.30] 0.74 [0.49, 1.13] 0.85 [0.45, 1.58] 

Triglycerides 0.15 [0.61, 2.17] 0.95 [0.58, 1.53] 1.12 [0.53, 2.37] 

Serum CRP 1.21 [0.78, 1.87] 1.57 [1.05, 2.34] 1.35 [0.75, 2.42] 

HbA1c  0.58 [0.28, 1.20] 0.97 [0.56, 1.68] 0.72 [0.31, 1.68] 

Non-Fasting Serum Glucose 0.45 [0.17, 1.17] 1.66 [0.97, 2.84] 0.49 [0.17, 1.46] 

Self-Management Behaviours    

Diet Adherence 

  Avoid saturated fats 

 

1.50 [0.88, 2.56] 

 

1.71 [1.17, 1.94] 

 

2.08 [1.08, 4.00] 

 Eat vegetables 1.48 [0.72, 3.05] 1.07 [0.53, 2.22] 1.68 [0.68, 4.16] 

Exercise (< 2-3 times/week) 1.42 [1.28, 1.58] 1.42 [1.30, 1.55] 1.48 [1.29, 1.69] 

Checks glucose at home              1.11 [0.66, 1.87] 1.18 [0.73, 1.90] 0.85 [0.40, 1.82] 

Checks feet at home  1.18 [0.60, 2.29] 1.15 [0.68, 1.94] 1.46 [0.68, 3.15] 

Diabetes Experience      

It is a problem I can’t eat what I want 2.17 [1.43, 3.27] 1.94 [1.24, 3.02] 3.32 [1.78, 6.17] 

Find that diabetes is difficult 2.62 [1.64, 4.17] 2.54 [1.69, 3.82] 3.90 [2.00, 7.60] 
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Table 5.4: Adjusted odds ratios for clinical and self-management outcomes in men with Type 2 diabetes, by anxious and depressive  

symptoms* (n=1,074) 

 

 

 

 

 

 

 

 

  

 

 

Bold values indicate significance at p<0.05 
aAdjusted for age, sex, waist circumference, family history of diabetes, marital status 
b Additionally adjusted for all other clinical factors (waist girth, HDL cholesterol, systolic BP, triglycerides, CRP, and serum glucose) 

  

  Adjusted OR [95% CI]  

 

Depressive Symptomsa Anxious Symptomsa 

Comorbid Anxious-

Depressive Symptomsa 

Clinical Measuresb 

Waist girth 1.17 [0.45, 3.00] 1.51 [0.70, 3.26] 1.32 [0.42, 4.17] 

HDL Cholesterol 0.80 [0.44, 1.45] 0.75 [0.47, 1.19] 0.78 [0.39, 1.58] 

Systolic BP 0.79 [0.51, 1.22] 0.63 [0.39, 1.01] 0.60 [0.31, 1.17] 

Triglycerides 0.68 [0.38, 1.22] 0.83 [0.52, 1.31] 0.49 [0.25, 0.95] 

Serum CRP 1.48 [0.95, 2.30] 0.85 [0.50, 1.45] 1.55 [0.78, 3.10] 

HbA1c  3.78 [1.29, 4.78] 1.49 [0.80, 2.78] 5.00 [1.15, 8.23] 

Non-Fasting Serum Glucose 2.02 [1.12, 3.62] 1.97 [1.25, 3.10] 3.20 [1.64, 6.20] 

Self-Management Behaviours    

Diet Adherence 

  Avoid saturated fats 

 

1.40 [0.91, 2.15] 

 

0.92 [0.56, 1.51] 

 

0.87 [0.41, 1.85] 

 Eat vegetables 0.54 [0.22, 1.33] 0.81 [0.41, 1.58] 0.48 [0.14, 1.61] 

Exercise (< 2-3 times/week) 1.23 [1.08, 1.40] 1.19 [1.07, 1.32] 1.25 [1.06, 1.47] 

Checks glucose at home  0.55 [0.21, 1.46] 1.20 [0.65, 2.21] 0.99 [0.36, 2.70] 

Checks feet at home  0.61 [0.28, 1.32] 1.17 [0.70, 1.97] 0.65 [0.26, 1.60] 

Diabetes Experience     

It is a problem I can’t eat what I want 2.57 [1.60, 4.13] 2.00 [1.32, 3.04] 2.95 [1.43, 6.09] 

Find that diabetes is difficult 2.39 [1.59, 3.60] 3.39 [2.08, 5.52] 3.02 [1.48, 6.16] 
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Appendix 5A. Sensitivity analysis comparing imputed and unimputed adjusted odds ratios for clinical and behavioural outcome  

measures in individuals with Type 2 diabetesa 

 

Bold values indicate significance at p<0.05 
aAdjusted for age, sex, waist circumference, family history of diabetes, marital status 
b Additionally adjusted for all other clinical factors (waist girth, HDL cholesterol, systolic BP, triglycerides, CRP, and serum glucose) 
c Refers to results from a complete-case analyses 
 

 

 
Depressive Symptoms Anxious Symptoms 

Comorbid Anxious-Depressive 

Symptoms 

 Non-Imputedc Imputed Non-Imputedc Imputed Non-Imputedc Imputed 

Clinical Measuresb       

Waist girth 1.61 [0.75, 3.49] 1.03 [0.46, 2.30] 1.96 [1.05, 3.66] 1.77 [0.87, 3.58] 2.32 [0.80, 6.69] 1.63 [0.54, 4.93] 

HDL Cholesterol 0.94 [0.63, 1.39] 0.95 [0.62, 1.46] 0.97 [0.78, 1.46] 0.79 [0.57, 1.10] 0.90 [0.56, 1.44] 0.83 [0.51, 1.37] 

Systolic BP 0.81 [0.56, 1.17] 0.81 [0.59, 1.11] 0.83 [0.62, 1.10] 0.71 [0.52, 0.97] 0.74 [0.48, 1.13] 0.74 [0.47, 1.16] 

Triglycerides 1.27 [0.86, 1.89] 1.30 [0.83, 2.05] 1.03 [0.76, 1.38] 1.20 [0.85, 1.70] 1.14 [0.72, 1.80] 1.28 [0.75, 2.20] 

Serum CRP 1.32 [0.91, 1.89] 1.33 [0.97, 1.81] 1.31 [0.98, 1.74] 1.20 [0.88, 1.64] 1.45 [0.94, 2.22] 1.41 [0.91, 2.20] 

HbA1c 1.21 [0.72, 1.76] 1.20 [0.72, 2.01] 1.14 [0.84, 1.56] 1.19 [0.80, 1.77] 1.19 [0.72, 1.97] 1.40 [0.75, 2.60] 

Random Serum Glucose 1.19 [0.78, 1.82] 1.20 [0.75, 1.91] 1.37 [1.12, 1.89] 1.87 [1.32, 2.63] 1.47 [0.92, 2.36] 1.63 [0.97, 2.73] 

      

Diet Adherence 

  Avoid saturated fats 

 

0.44 [0.20, 0.81] 

 

0.20 [0.06, 0.68] 

 

0.99 [0.75, 1.31] 

 

1.15 [0.77, 1.73] 

 

0.90 [0.62, 1.30] 

 

1.12 [0.72, 1.73] 

 Eat vegetables 1.15 [0.77, 1.75] 1.19 [0.48, 2.97] 1.20 [1.03, 1.74] 1.66 [1.02, 2.73] 1.15 [0.70, 1.89] 0.99 [0.54, 1.81] 

Exercise (< 2-3/week) 1.60 [1.12, 2.28] 1.69 [1.37, 2.72] 1.56 [1.18, 2.07] 1.57 [1.08, 2.27] 1.62 [1.07, 2.47] 1.55 [1.03, 2.44] 

Checks glucose at home 0.89 [0.51, 1.56] 0.61 [0.20, 1.81] 0.98 [0.67, 1.44] 1.09 [0.65, 1.81] 0.89 [0.45, 1.75] 1.12 [0.56, 2.23] 

Checks feet at home  0.88 [0.55, 1.40] 0.51 [0.19, 1.36] 1.16 [0.80, 1.67] 1.15 [0.73, 1.81] 1.01 [0.60, 1.70] 0.99 [0.55, 1.78] 

Diabetes Experience       

It is a problem can’t eat 

what I want 
2.91 [2.25, 3.93] 2.60 [2.32, 4.00] 2.41 [1.76, 3.30] 2.66 [1.71, 4.16] 2.20 [1.32, 3.68] 2.26 [1.30, 3.95] 

Find that diabetes is 

difficult 
2.46 [1.62, 3.72] 2.41 [1.10, 4.30] 2.54 [1.87, 3.47] 2.56 [1.68, 3.91] 2.59 [1.58, 4.25] 3.26 [1.30, 3.92] 
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123 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation 

being reported 
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CHAPTER 6: 

TYPE 2 DIABETES AND SYMPTOMS OF DEPRESSION AND ANXIETY: 

LONGITUDINAL ASSOCIATIONS WITH MORTALITY RISK 

Preface 

The purpose of the study presented in this chapter was to estimate the excess mortality risk 

associated with Type 2 diabetes comorbid with depressive and anxious symptoms over the long 

term. This study tests the following hypotheses: 1) that mortality risk would be highest in 

individuals experiencing symptoms of concurrent depression-anxiety than either disorder alone, 

and 2) that these risks would be higher in men than in women. 

The article presented in this chapter was published in Diabetes Care in March 2017, and is cited 

as:  Naicker, K., Johnson, J. A., Skogen, J. C., Manuel, D., Øverland, S., Sivertsen, B., & Colman, 

I. (2017). Type 2 Diabetes and Comorbid Symptoms of Depression and Anxiety: Longitudinal 

Associations with Mortality Risk. Diabetes Care, 40(3), 352-358 (see Appendix 6B for journal 

acceptance letter). All tables and figures are marked as primary and supplementary corresponding 

to the submitted version. Additional supporting documents, including sensitivity analyses and 

ethical approval, are included in appendices at the end of this chapter.  

Contribution Statement: I was responsible for generating the study hypothesis and design, with 

guidance from supervisors and co-authors. I conducted the necessary statistical analysis, created 

all of the tables and figures, and drafted the final manuscript. I also responded to all comments 

arising from the peer review process.  
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ABSTRACT 

Background/Objective: Depression is strongly linked to increased mortality in individuals with 

Type 2 diabetes. Despite high rates of co-occurring anxiety and depression, the risk of death 

associated with anxiety in individuals with Type 2 diabetes is poorly understood.  The aim of this 

study was to document the excess mortality risk associated with symptoms of depression and/or 

anxiety comorbid with Type 2 diabetes at baseline, in a general population sample.   

Research Design and Methods: Using data on 64 177 Norwegian adults from the Nord-Trøndelag 

Health Study (HUNT 2), with linkage to the Norwegian Causes of Death Registry, we assessed 

all-cause mortality from survey participation in 1995 through to 2013. We used Cox proportional 

hazards models to examine mortality risk over 18 years associated with Type 2 diabetes status and 

the presence of comorbid affective symptoms at baseline.  

Results: Three clear patterns emerged from our findings. First, mortality risk in individuals with 

diabetes increased in the presence of either depression, anxiety, or both. Second, mortality risk 

was lowest for symptoms of anxiety, higher for concurrent depression-anxiety, and highest for 

depression. Third, excess mortality risk associated with depression and anxiety was observed in 

men with diabetes but not in women. The highest risk of death was observed in men with diabetes 

and symptoms of depression only (hazard ratio: 3.47, 95% confidence interval: 1.96, 6.14).  

Conclusion/Interpretation: This study provides evidence that symptoms of anxiety affect 

mortality risk in individuals with Type 2 diabetes independently of symptoms of depression, in 

addition to attenuating the relationship between depressive symptoms and mortality in these 

individuals.  
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6.1 INTRODUCTION 

Type 2 diabetes and depression are two leading global causes of morbidity and mortality, with 

Type 2 diabetes currently affecting over 9% and depression affecting 5% of the world’s population 

in any given year (1,2). One out of four patients with Type 2 diabetes experiences a clinically 

significant form of depression, at a prevalence two to five times higher than observed in the general 

population (3).  Major depression is a condition that routinely presents concurrent with symptoms 

of anxiety - between 50% and 75% of individuals diagnosed with major depression in primary care 

settings are also diagnosed with an anxiety disorder (4). These disorders share many documented 

similarities, including hypothalamic-pituitary-adrenal (HPA) axis dysregulation, activation of 

inflammatory responses, and impacts on functional impairment. Unsurprisingly, depressed 

patients with concurrent anxiety have a poorer prognosis, with higher severity, greater chronicity, 

and longer time spent in treatment (5).  

Mortality studies of the general population have demonstrated a consistent association between 

depressive disorders and excess mortality (6).  However, evidence for the relationship between 

anxiety disorders and mortality risk remains inconsistent. Some studies demonstrate a higher 

observed short-term risk of death, which dissipates over the long term (7). Other studies find that 

high levels of anxious symptoms are associated with reduced accidental mortality in early life, but 

higher non-accidental mortality in later life (8,9).  A recent meta-analysis reflects a higher relative 

risk of mortality associated with depression than anxiety in the general population (10). Additional 

evidence suggests that the mortality risk associated with depression may differ according to sex 

(11–13), as well as disorder severity (14). For example, major depression is shown to increase 
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mortality risk in both men and women, while minor depression is associated with an increased risk 

only in men (14). With respect to anxiety disorders, excess mortality has been associated with 

anxiety disorders in men, but not women within the same study (15). However, as the presence of 

concurrent anxiety is rarely considered in depression research studies (or vice versa), the ability to 

attribute risk to either disorder is obscured. 

Individuals with diabetes may be particularly vulnerable to the deleterious effects of affective 

symptoms.  Depression is a known risk factor for noncompliance with medical treatment (16); this 

can be particularly problematic for a condition like Type 2 diabetes, which requires a high degree 

of patient self-management. Depression is often much less likely to be identified by medical 

practitioners in male patients  (17), and may affect glycemic control more strongly in men than in 

women (18). Likewise, studies link anxiety disorders to heightened inflammation in men, but not 

women (19).  Sex differences in mortality risk associated with affective disorders may therefore 

be even more pronounced in individuals with Type 2 diabetes than in the general population. 

Relatively little is known about the effect of comorbid anxiety on mortality risk in individuals with 

diabetes. The purpose of this study was to document the excess mortality risk associated with Type 

2 diabetes and comorbid symptoms of depression and anxiety in a large general population sample, 

and determine whether men and women are differentially affected by this association.   
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6.2 METHODS 

6.2.1 Data Sources and Study Sample  

This study used data from the second wave of the Norwegian Nord-Trøndelag Health Study 

(HUNT 2).  The HUNT study is a large population-based survey conducted over three waves, in 

1984/86 (HUNT 1), 1995/97 (HUNT 2) and 2006/08 (HUNT 3). The survey was conducted using 

a simple non-stratified design that included every resident of the Nord-Trøndelag County over 20 

years old.  The study was primarily established to address arterial hypertension, diabetes, 

tuberculosis screening and quality of life (20), and the scope has since been expanded to include a 

wide range of somatic and mental illnesses, lifestyle and health determinants. The HUNT cohort 

profile and methodology has been well-described elsewhere (20).  For the HUNT 2 wave, 92 100 

individuals aged 20 to 89 years received an initial questionnaire and a personal invitation to 

participate. Of these, 65 648 (71%) attended a physical examination, where they also received a 

second questionnaire. As our study comparison consisted of individuals with or without Type 2 

diabetes, individuals with Type 1 or other subtypes of diabetes (e.g. gestational or latent 

autoimmune diabetes of adults (LADA)) were excluded. All remaining HUNT 2 participants were 

included, consisting of 64 177 individuals. 

6.2.2 Primary Outcome  

Our primary outcome of interest was all-cause mortality. These data were obtained through linkage 

to the Norwegian Causes of Death Registry, for each year from 1995 through to 2013.  This registry 
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is maintained by the Norwegian Institute of Public Health and includes information on cause of 

death for all deceased persons registered as residents in Norway at the time of death (21).   

6.2.3 Exposure Variables   

Our primary exposures were Type 2 diabetes status, depressive symptom level, and anxious 

symptom level. Individuals who self-reported Type 2 diabetes in the HUNT 2 study questionnaire 

or who had non-fasting plasma glucose levels >=7 received further clinical confirmation of 

diabetes status, based on results of three repeated laboratory tests (fasting plasma glucose, oral 

glucose tolerance, and serum HbA1c levels).  In order to receive a final classification of Type 2 

diabetes, all individuals were additionally confirmed to be anti-glutamic acid decarboxylase (anti-

GAD) and anti-insulinoma-associated (anti-IA-2) negative (to exclude LADA cases), and 

confirmed as having not begun insulin treatment within one year of diagnosis.  

Symptoms of depression and anxiety were measured in HUNT using a 7-item Mental Health Index 

(CONOR-MHI). This tool was derived from widely validated items from the General Health 

Questionnaire and the Hopkin’s Symptoms Checklist (HSCL). It was further evaluated against 

both the HSCL-10 and Hospital Anxiety and Depression Scales (HADS), and found to have 

excellent accuracy when tested against each of these scales as a gold standard (AUC=0.902 and 

AUC=0.909, respectively) (22) . The internal consistency of the CONOR-MHI was also high 

(Cronbach alpha ≥0.80) across multiple Norwegian datasets (22). Individuals were classified as 

having “high” symptom levels if their mean scores on the depression items or anxiety items 

respectively were above the recommended cut-off of 2.15 (22). Individuals falling below this score 

were classified as having “low or no” affective symptoms.   
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In order to compare independent categories of depression, anxiety, and Type 2 diabetes status 

against our referent group of no diabetes and no affective symptoms, three variables were 

generated. The first contained levels of exposure to depressive symptoms and Type 2 diabetes 

status; the second, exposure to anxious symptoms and Type 2 diabetes status; and the third, 

exposure to concurrent depressive-anxious symptoms and Type 2 diabetes status. These variables 

were mutually exclusive (i.e. the depression-only model excluded individuals who had high 

anxiety scores, and vice versa). Respective models are illustrated in Supplementary Figure 1.  

6.2.4 Other Variables 

Covariates included age, education, waist circumference, physical activity, smoking, family 

history of diabetes, antidepressant use, insulin use, and comorbid chronic conditions. Age was 

included as a continuous variable. Education was classified as having completed any education 

beyond upper secondary school versus no higher education. Waist circumference was chosen over 

body mass index (BMI), due to its demonstrated clinical significance in predicting mortality risk 

beyond BMI (23), and was classified as high if it exceeded 94 cm for men or 79 cm for women. 

Individuals were classified as physically inactive if they fell below the cut-off of ≥150 minutes of 

moderate or ≥60 minutes of vigorous physical activity per week. Insulin and antidepressant use 

were reported if taken daily or almost daily within the previous 12 months. Individuals were 

included in the model as either non-smokers, former smokers, or current smokers, as both current 

and former smoking have known associations with affective symptoms, diabetes status and 

mortality risk (24–26).  The presence of any additional chronic condition was included as a binary 

variable. This included all cancers, cardiac angina, asthma, epilepsy, or any thyroid disease. 
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Alcohol use was not included as a covariate, due to its irregular associations with cardiovascular 

mortality (i.e. it is protective at low levels but acts as a risk factor at high amounts) (27).  All 

exposures and covariates were measured at baseline in 1995/97. 

6.2.5 Statistical Analysis 

Cox proportional hazards regression was used to model the risk of dying over the follow-up period 

associated with each baseline exposure category against the referent unexposed group. Univariate 

Cox regression was first used to assess the association between exposures and failure time, 

reported as hazard ratios (HRs). Multivariate Cox regression was then performed using imputation 

of missing covariate values, under the multiple imputation by chained equations (MICE) method. 

This technique created 30 imputed datasets, from which reported estimates were computed. The 

amount of data missing was low on almost all covariates.  

A test of proportionality indicated no evidence to contradict the proportional hazards assumption 

in our model variables (p>0.05), and the global fit of the model also indicated a rejection of the 

null hypothesis (p=0.08) (28). Additional inspection of covariate-adjusted log-log plots for each 

exposure category indicated no deviations from parallel curves, and thus no violation of the 

proportional hazards assumption. Due to the simple sampling design of the HUNT survey, analytic 

weights were not recommended nor used. The functional form of the age covariate was specified 

using restricted cubic splines (as per Harrell’s method), to account for the non-linear relationship 

between age and mortality (29). All final statistical models were either adjusted for or stratified by 

sex. STATA 14 was used for all analysis. 
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6.3 RESULTS 

The response rate for HUNT 2 was 69.5%. Of our 64 177 participants, 1133 had Type 2 diabetes. 

Differences were observed at baseline between individuals with and without diabetes on most key 

covariates, specifically: age, education, waist circumference, physical activity, smoking, 

medication use, family history of diabetes, and comorbid chronic conditions (Table 6.1). The sex 

distribution was roughly equal in each group.  

A total of 13 881 deaths occurred in individuals without diabetes, representing 20.82% of this 

group. A total of 754 deaths occurred in individuals with diabetes over the 18-year study period, 

representing over two thirds of this group. All key covariates listed above were strong predictors 

of mortality, and were included in the adjusted models. When compared with the ‘no diabetes/no 

affective symptom’ referent group, the adjusted risk of death was lowest for baseline symptoms of 

anxiety only, higher for baseline diabetes only, and highest for anxious symptoms comorbid with 

diabetes (HR=1.20 [95% CI: 1.11, 1.30], 1.44 [95% CI: 1.26, 1.65], and 1.66 [95% CI: 1.25, 2.19], 

respectively) (Table 6.2, Figure 6.1). Hazard ratios for the depression exposure followed the same 

pattern, with slightly larger observed effects (HR= 1.27 [95% CI: 1.14, 1.41], 1.50 [95% CI: 1.32, 

1.70], and 2.10 [95% CI: 1.41, 3.13], respectively). In the concurrent anxious-depressive exposure, 

the same pattern was again observed (HR=1.22 [95% CI: 1.07, 1.40], 1.44 [95% CI: 1.29, 1.60], 

and 2.01 [95% CI: 1.18, 3.00], respectively).  

Moderate differences were observed between men and women (Table 6.2). Specifically, compared 

to our referent group, the mortality risk in men with diabetes increased in the presence of comorbid 

depression (HR=3.47 [95% CI: 1.96, 6.14]) and depression-anxiety (HR=3.42 [95% CI: 1.84, 
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6.38]), and to a lesser extent comorbid anxiety (HR=2.14 [95% CI: 1.41, 3.27]). Compared to 

having diabetes alone, mortality risk in women increased in the presence of depression (HR=1.86 

[95% CI: 1.53, 2.26] versus HR=2.05 [95% CI: 1.22, 2.72]), but was lowered in the presence of 

symptoms of anxiety (HR=1.38 [95% CI: 0.95, 2.01]) and concurrent depression-anxiety 

(HR=1.14 [95% CI: 0.57, 2.29]).  

These sex differences were more pronounced in the diabetes subsample, where the presence of all 

affective symptom types were associated with statistically significant increases in mortality risk in 

men (see Table 6.3), but not in women (i.e., all confidence intervals included 1).    The same overall 

pattern was also noted in the diabetes subsample, with excess mortality risk observed to be highest 

in the presence of depressive symptoms (HR=1.67 [95% CI: 1.18, 2.36]), slightly lower in the 

presence of concurrent depression-anxiety (HR=1.58 [95% CI: 1.16, 2.15), and nonsignificant in 

the presence of symptoms of anxiety (HR=1.30 [95% CI: 0.99, 1.69]) (Table 3).  
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6.4 DISCUSSION 

Three clear patterns emerged from this large, population-based study of mortality risk associated 

with Type 2 diabetes and comorbid symptoms of depression and anxiety. First, mortality risk was 

lowest for affective symptoms alone, higher for diabetes alone, and highest for both combined. 

Second, excess mortality among those with diabetes was observed to be lowest for anxiety alone, 

higher for concurrent depression and anxiety, and highest for depression alone. Third, the effects 

of mental health symptoms appeared to be stronger in men with diabetes than in women. Overall, 

the highest risk of death was observed in men with diabetes and comorbid symptoms of depression 

alone. 

The first pattern above illustrates the well-documented impact of mental health comorbidities on 

chronic disease outcomes. Findings from the WHO World Health Surveys, containing data from 

over 60 countries, conclude that the presence of comorbid depression incrementally worsens health 

more than any other combination of chronic diseases (30). Individuals suffering both chronic 

medical illness and co-morbid depression or anxiety have significantly higher health-care 

utilization, functional disability, and work absence than those without (31). Comorbid affective 

symptoms may magnify the impact of chronic illness through both biological and behavioural 

mechanisms, including innate immunity and inflammatory processes (e.g., proinflammatory 

cytokines and C-reactive protein), as well as physical inactivity or social adversity (32). The 

cognitive burden of diabetes is also suggested to increase low mood and negative thoughts, leading 

to worse diabetes self-care (33).   
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The second finding demonstrates different patterns of risk for symptoms of depression and anxiety. 

Overall, individuals with diabetes and depression had a 110% increased risk of death, compared 

to a 66% increased risk of death associated with symptoms of anxiety. It is worth noting that 

symptoms of anxiety alone were associated with increased mortality risk over the long term, 

regardless of diabetes status. Despite this, concurrent symptoms of depression-anxiety were not 

demonstrably more predictive of mortality than depression overall. This finding is supported by 

literature demonstrating a potentially protective effect of anxiety on mortality risk in the general 

population (34), and evidence that anxiety can be an independent predictor of health-seeking 

behaviours (35).  The effects of comorbid anxiety on mortality risk may also explain why other 

research, such as three recent meta-analyses of prospective studies on depression as a risk factor 

for mortality in diabetes, report lower effect sizes for depression than those observed here (i.e., 

adjusted HRs of 1.49, 1.50, and 1.76, respectively) (36–38). Few studies account for potentially 

confounding symptoms of anxiety when quantifying the impact of depression on health outcomes, 

which may frequently bias these observed effects downward.   

Our third finding highlights the differential associations between affective symptoms and mortality 

in men and women. Notably, while mood disorders are more common in women, affective 

symptoms in conjunction with diabetes yielded a significant increase in mortality risk only men.  

These findings are particularly illuminating given the lack of sex-specific results in most studies 

on mortality and diabetes. A range of patient and health care provider characteristics may affect 

these outcomes. As mentioned previously, men are less likely to be diagnosed or treated for 

depression (17), and may also experience greater increases in inflammatory agents in the presence 

of an anxiety disorder (e.g., C-reactive protein (19)).  Another explanation could be that men 
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experience anxiety phenotypes associated with higher functional impairment than women. While 

sex differences in the prevalence of affective disorders are well documented, few studies to date 

have examined sex differences in the clinical features of anxiety or depression. 

Despite the large body of evidence supporting links between depression and both mortality and 

diabetes, it is not possible to draw a causal conclusion from these findings for several reasons.   

Many of the risk factors for Type 2 diabetes and affective disorders have complex (i.e., mediating 

or moderating) relationships with one another. In addition, affective disorders themselves can 

present as chronic or episodic conditions. Their relationship may alternately be conceptualized as 

an accumulation of risk over an individual’s lifetime, through either trajectories or chains of risk 

precipitated by psychiatric symptoms  (39).  A clearer understanding of anxious symptomatology 

and its correlates would help to explain the differences observed here, as well as to clarify the 

inconsistent findings around anxiety and mortality that persist in the literature. 

6.4.2 Strengths and Limitations 

Research based on this survey may also not easily generalize to other populations, as Nord-

Trøndelag is a rural county, which demonstrates little ethnic heterogeneity and a lower prevalence 

of diabetes when compared to most developed countries. As with many cohort studies, the current 

study design is vulnerable to the presence of unmeasured confounders, such as baseline metabolic 

syndrome or prediabetes status. Similarly, although participation was relatively high, non-

participation in the study may be linked to mortality. The latter two factors are expected to bias 

our results towards the null, however, rather than overinflate our estimates.  
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Another possible limitation of the HUNT data is that symptoms of depression and anxiety were 

measured by self-report rather than diagnostic interview. “High” symptom levels defined here may 

represent sub-threshold levels for their respective diagnoses; however both minor depression and 

sub-threshold symptoms have demonstrated associations with excess mortality comparable to 

major depression (40).  This study also does not consider the duration of diabetes or affective 

symptoms at baseline, which may have the potential to exert moderating effects on the observed 

relationships. 

Despite these limitations, this study had substantial strengths. These included data on a 

comprehensive range of confounders and a reliable source for mortality data, on a relatively large 

study population. A generous follow-up time allowed us to illustrate that high baseline levels of 

affective symptoms are associated with increased mortality spanning 18 years, with pronounced 

effects in individuals with Type 2 diabetes. The inclusion of anxious symptoms allowed us to 

estimate their associations with mortality risk independently of symptoms of depression. These 

findings point to the potential usefulness of research examining sex-specific differences in the 

clinical features of anxiety and depression in individuals with Type 2 diabetes.  
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Table 6.1: Baseline sociodemographic and health characteristics of HUNT 2 participants, by Type 2 

diabetes status, 1995-1997 (N=64,177) 

 

Abbreviations: SD, standard deviation 
* Waist circumference: ≥94 cm for men, ≥80 cm for women 
† ≤150 minutes of moderate or ≤60 of vigorous physical activity per week 

 

 

 

 

 

 

 

 

 

 Individuals without 

Diabetes 

(n=63,044) 

Individuals with Type 

2 Diabetes  

(n=1,133) 

P-value  

 

Age (mean, SD) 49.47 (17.0) 68.31 (11.1) <0.001 

Sex (Female) 53.28% 50.45% 0.100 

Education (Low) 70.00% 90.44% <0.001 

Mental Health Symptoms (High) 

     Depression Only 

     Anxiety Only 

     Depression-Anxiety  

5.18% 

9.29% 

7.18% 

13.35% 

22.86% 

10.10% 

<0.001 

<0.001 

<0.001 

Waist circumference (High)* 45.34% 80.16% <0.001 

Physical activity (Inactive)† 52.43% 62.07% <0.001 

Smoking 

    Non-smoker 

    Former Daily Smoker 

    Current Daily Smoker 

 

43.47% 

27.18% 

29.35% 

 

44.65% 

39.45% 

15.89% 

<0.001 

Family History of diabetes (Yes) 14.56% 44.80% <0.001 

Chronic Conditions (Yes) 21.10% 46.59% <0.001 

Baseline antidepressant use (Yes) 2.79% 4.00% 0.01 

Baseline insulin use (Yes) - 18.7% - 

Died During Follow-Up 19.87% 65.26% <0.001 
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Table 6.2: Hazard ratios (HRs) for mortality risk over 18 years associated with baseline type 2 diabetes status and comorbid symptoms of 

anxiety and depression, by sex (HUNT 2 Study, 1995-2013) 

*Adjusted for age, sex 
†Adjusted for age, sex, education, waist circumference, physical activity, smoking, antidepressant use, insulin use, family history of diabetes, chronic conditions 
Abbreviations: DEP, depressive symptoms; ANX, anxious symptoms; DEP-ANX, concurrent depressive and anxious symptoms. 

 ALL (N=64,177) 
WOMEN  

(n=34,116) 

MEN  

(n=30,061) 

 
Unadjusted 

HR* 
95% CI 

Adjusted 

HR† 
95% CI 

Adjusted 

HR† 
95% CI 

Adjusted 

HR† 
95% CI 

Type 2 Diabetes and Depression         

No diabetes, low DEP (ref) (ref) (ref) (ref) 

No diabetes, high DEP 1.37 1.26, 1.50 1.27 1.14, 1.41 1.26 1.08, 1.46 1.26 1.08, 1.47 

Diabetes, low DEP 1.64 1.41, 1.71 1.50 1.32, 1.70 1.86 1.53, 2.26 1.31 1.10, 1.55 

Diabetes, high DEP 2.76 2.00, 3.84 2.10 1.41, 3.13 1.95 1.22, 2.72 3.47 1.96, 6.14 

Type 2 Diabetes and Anxiety         

No diabetes, low ANX (ref) (ref) (ref) (ref) 

No diabetes, high ANX 1.30 1.21, 1.38 1.20 1.11, 1.30 1.21 1.08, 1.34 1.20 1.06, 1.34 

Diabetes, low ANX 1.52 1.37, 1.69 1.44 1.26, 1.65 1.82 1.48, 2.25 1.26 1.06, 1.51 

Diabetes, high ANX 1.99 1.57, 2.53 1.66 1.25, 2.19 1.38 0.95, 2.01 2.14 1.41, 3.27 

Type 2 Diabetes and Concurrent 

Depression-Anxiety 

(ref) (ref) (ref) 

 

(ref) No T2D, low DEP-ANX 

No T2D, high DEP-ANX 1.37 1.23, 1.56 1.22 1.07, 1.40 1.15 1.05, 1.39 1.27 1.04, 1.53 

T2D, low DEP-ANX 1.56 1.45, 1.69 1.44 1.29, 1.60 1.65 1.40, 1.95 1.30 1.12, 1.51 

T2D, high DEP-ANX 2.56 1.73, 3.79 2.01 1.18, 3.00 1.14 0.57, 2.29 3.42 1.84, 6.38 
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Figure 6.1: Kaplan-Meier survival curve illustrating adjusted mortality risk over 18 years associated 

with type 2 diabetes status and baseline symptoms of anxiety and depression (HUNT 2 Study, 1995-

2013). A) Deaths in participants with and without depression (DEP) and Type 2 diabetes (T2D). B) 

Deaths in participants with and without anxiety (ANX) and T2D. C) Deaths in participants with and 

without concurrent depression-anxiety (DEP-ANX) and T2D.  

A)

B)

C)
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Figure 6.2: Kaplan-Meier curves demonstrating survival over 18 years associated with type 2 diabetes and symptoms of anxiety and 

depression, by sex (HUNT Study, 1995-2013). A) Deaths in men with and without type 2 diabetes and symptoms of i) depression, ii) anxiety 

and iii) concurrent depression-anxiety (n=30, 061). B) Corresponding deaths in women (n=34, 116).   Abbreviations: DEP, depressive 

symptoms; ANX, anxious symptoms; DEP-ANX, concurrent depressive and anxious symptoms.  
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Table 6.3: Adjusted hazard ratios (HRs) for mortality risk over 18 years associated with baseline symptoms of anxiety and depression in 

individuals with Type 2 diabetes only, by sex (HUNT 2 Study, 1995-2013) 

 

*Adjusted for age, sex, education, waist circumference, physical activity, smoking, antidepressant use, insulin use, family history of diabetes, chronic             

conditions 
 
 

  

Affective Symptom Type 

Women  

(n=575) 

Men  

(n=558) 

All 

(N=1,133) 

HR* 95% CI HR* 95% CI HR* 95% CI 

Depression 1.36 0.86, 2.17 2.47 1.47, 4.17 1.67 1.18, 2.36 

Anxiety 1.10 0.77, 1.57 1.63 1.08, 2.47 1.30 0.99, 1.69 

Concurrent Depression-Anxiety 1.28 0.85, 1.93 2.23 1.38, 3.59 1.58 1.16, 2.15 
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Supplementary Figure 6.1: Predictor variable categories corresponding to the three main study 

models. Abbreviations: T2D, Type 2 diabetes; DEP-ANX, concurrent depressive and anxious 

symptoms. 
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Appendix 6A:  Sensitivity analysis comparing imputed and unimputed adjusted hazard ratios (HRs) for mortality risk over 18 years 

associated with baseline type 2 diabetes status and symptoms of anxiety and depression, by sex 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*Adjusted for age, sex, education, waist circumference, physical activity, smoking, antidepressant use, insulin use, family history of diabetes,  

chronic conditions 
†Refers to results from a complete-case analyses

 
WOMEN 

(n=34,116) 

MEN  

(n=30,061) 

 
Imputed HR* 

[95% CI] 

Unimputed HR† 

[95% CI] 

Imputed HR* 

[95% CI] 

Unimputed HR† 

[95% CI] 

Type 2 Diabetes and Depression         

No diabetes, low DEP (ref) (ref) (ref) (ref) 

No diabetes, high DEP 1.26 1.08, 1.46 1.33 1.11, 1.59 1.26 1.08, 1.47 1.39 1.17, 1.66 

Diabetes, low DEP 1.86 1.53, 2.26 1.96 1.57, 2.44 1.31 1.10, 1.55 1.43 1.18, 1.72 

Diabetes, high DEP 1.95 1.22, 2.72 2.24 1.20, 2.20 3.47 1.96, 6.14 3.45 1.85, 6.43 

Type 2 Diabetes and Anxiety         

No diabetes, low ANX (ref) (ref) (ref) (ref) 

No diabetes, high ANX 1.21 1.08, 1.34 1.17 1.03, 1.34 1.20 1.06, 1.34 1.28  1.13, 1.47 

Diabetes, low ANX 1.82 1.48, 2.25 1.99 1.58, 2.52 1.26 1.06, 1.51 1.43 1.18, 1.73 

Diabetes, high ANX 1.38 0.95, 2.01 1.65 0.97, 2.07 2.14 1.41, 3.27 2.48 1.55, 3.63 

Type 2 Diabetes and Concurrent 

Depression-Anxiety 

(ref) 

 

 

  No T2D, low DEP-ANX 

No T2D, high DEP-ANX 1.15 1.05, 1.39 1.23  0.99, 1.52 1.27 1.04, 1.53 1.35 1.17, 1.78 

T2D, low DEP-ANX 1.65 1.40, 1.95 1.96 1.60, 2.04 1.30 1.12, 1.51 1.43 1.19, 1.72 

T2D, high DEP-ANX 1.14 0.57, 2.29 1.55 0.73, 3.22 3.42 1.84, 6.38 3.53 1.76, 7.08 
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Appendix 6B. STROBE Statement 

 

 Item 

No Recommendation 

Page 

number 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or 

the abstract 

153-154 

(b) Provide in the abstract an informative and balanced summary of 

what was done and what was found 

154 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the investigation 

being reported 

155 

Objectives 3 State specific objectives, including any prespecified hypotheses 156 

Methods  

Study design 4 Present key elements of study design early in the paper 157 

Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection 

157 

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and 

methods of selection of participants. Describe methods of 

follow-up 

157 

 

Variables 7 Clearly define all outcomes, exposures, predictors, potential 

confounders, and effect modifiers. Give diagnostic criteria, if applicable 

157-160 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of 

methods of assessment (measurement). Describe comparability of 

assessment methods if there is more than one group 

157-160 

Bias 9 Describe any efforts to address potential sources of bias 160 

Study size 10 Explain how the study size was arrived at 157 

Quantitative 

variables 

11 Explain how quantitative variables were handled in the analyses. If 

applicable, describe which groupings were chosen and why 

157-160 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for 

confounding 

160 

(b) Describe any methods used to examine subgroups and interactions 160 

(c) Explain how missing data were addressed 160 

(d) Cohort study—If applicable, explain how loss to follow-up was 

addressed 

160 

(e) Describe any sensitivity analyses 176 
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Appendix 6B. STROBE Statement (continued) 

Results Page 

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers 

potentially eligible, examined for eligibility, confirmed eligible, 

included in the study, completing follow-up, and analysed 

161, 167 

(b) Give reasons for non-participation at each stage - 

(c) Consider use of a flow diagram - 

Descriptive 

data 

14* (a) Give characteristics of study participants (eg demographic, 

clinical, social) and information on exposures and potential 

confounders 

161, 167 

(b) Indicate number of participants with missing data for each 

variable of interest 

(c) Cohort study—Summarise follow-up time  

85 

Outcome data 15* Cohort study—Report numbers of outcome events or summary 

measures over time 
161,167 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted 

estimates and their precision (eg, 95% confidence interval). Make 

clear which confounders were adjusted for and why they were 

included 

168 

(b) Report category boundaries when continuous variables were 

categorized 

168 

(c) If relevant, consider translating estimates of relative risk into 

absolute risk for a meaningful time period 

- 

Other analyses 17 Report other analyses done—eg analyses of subgroups and 

interactions, and sensitivity analyses 

162, 171 

Discussion  

Key results 18 Summarise key results with reference to study objectives 163-166 

Limitations 19 Discuss limitations of the study, taking into account sources of 

potential bias or imprecision. Discuss both direction and magnitude of 

any potential bias 

165-166 

Interpretation 20 Give a cautious overall interpretation of results considering 

objectives, limitations, multiplicity of analyses, results from similar 

studies, and other relevant evidence 

165-166 

Generalisability 21 Discuss the generalisability (external validity) of the study results 165 

Other information  

Funding 22 Give the source of funding and the role of the funders for the present 

study and, if applicable, for the original study on which the present 

article is based 

166 
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CHAPTER 7:  

GENERAL DISCUSSION 

This chapter presents a summary of the findings of the four preceding papers and answers to the 

specific study research questions introduced in Chapter 1 (listed in Table 7.1). A general discussion 

of the findings and their implications with respect to the wider epidemiological literature is 

provided. This is followed by a discussion of the strengths and limitations of the thesis as a whole, 

and lastly, by suggested directions for future research and final conclusions. 

7.1  Summary of Research Findings 

7.1.1 Depression and anxiety in diabetes onset (Chapters 2 and 4) 

The meta-analysis of longitudinal studies presented in Chapter 2 demonstrated the overall pooled 

relative risk of incident diabetes associated with depression in the literature to be between 1.53 

and 1.81 (depending on the level of adjustment of the models), which is in the range of previous 

meta-analyses conducted on this association [1–4]. Novel to our study was the finding that these 

estimates appear to be higher in men and non-significant in women when stratified by sex. The 

pooled relative risk of Type 2 diabetes associated with anxiety was between 1.13 and 1.30 

(depending on the level of adjustment), which also constituted a unique finding. This estimate was 

again found to be much higher in men (2.31) and non-significant in women. The comprehensive 

literature search undertaken in this study failed to uncover any longitudinal research examining 

the effects of concurrent depression and anxiety on diabetes onset, and exposed a relative paucity 
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of studies on anxiety compared to the number of studies on depression, as well as a lack of studies 

that adjusted for the concurrent presence of anxiety in their design. Larger effect sizes were noted 

in studies that controlled for antidepressant use, had shorter follow-up times (>10 years), and used 

clinical diagnostic interviews rather than self-report to measure depression and anxiety. 

The article presented in Chapter 4 sought to examine diabetes incidence associated with the above 

psychological risk factors in a large population-based sample of Norwegian adults. As risk factors 

often cluster in reality, the purpose of this study was to determine the proportion of incident 

diabetes cases attributable to both individual factors and combinations of multiple factors, 

including the metabolic syndrome, behavioural factors, and symptoms of depression and anxiety. 

Overall, 1,324 incident diabetes cases occurred during this 11-year period. The studied risk factors 

accounted for 78.2% of all incident diabetes cases in men, and 47.0% of incident cases in women. 

A small proportion of individuals did not display any other metabolic or behavioural risk factors; 

in these individuals, symptoms of depression accounted for 2.0% of incident cases in men, and 

concurrent depression-anxiety accounted for 0.9%. Anxious symptoms were not associated with 

any new cases in the absence of other risk factors. The impact of either of these factors alone on 

diabetes incidence in women was negligible. The largest fraction of diabetes cases due to a single 

factor was attributable to the metabolic syndrome in women (9.8%) and lifestyle factors in men 

(8.9%). In combination with one another, the metabolic syndrome and behavioural factors 

accounted for over 20% of new cases in both men and women.  

However, the symptoms of depression and/or anxiety added another 17.1% of new cases to the 

latter combination in men, and another 10.2% of cases in women. Behavioural factors (i.e., 
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smoking and physical inactivity) in combination with depression conferred another 10.9% of cases 

in men (with another 2.1% and 2.0% attributable to anxiety and to concurrent depression-anxiety, 

respectively).  While the relative risks of diabetes onset associated with baseline depression (alone 

or in combination) were higher than those associated with anxiety, a larger percentage of new cases 

overall was attributable to anxiety, primarily due to a higher in prevalence the study population. 

The presence of all four factors (i.e., metabolic, lifestyle, depression and anxiety) was associated 

with the highest (i.e., over seven-fold) increase in diabetes risk, and although the prevalence of 

this combination was relatively low in the population, it contributed 6.2% of diabetes cases overall.  

The above findings all represent original contributions to the literature, as no studies have yet 

attempted to quantify the excess fraction of incident diabetes associated with the co-occurrence of 

psychological and traditional risk factors. Moreover, this study was unique in its design and 

presentation of results, which allowed a more nuanced illustration of how psychological, metabolic 

and behavioural factors may work together to increase diabetes risk than has been done to date.  

These results imply that, while psychological factors on their own may not pose substantial risk of 

Type 2 diabetes onset, they represent important modifiable factors that work in concert with other 

traditional factors to increase the burden of the disease.  

7.1.2  Depression and anxiety in diabetes management (Chapter 5) 

The next original study (Chapter 5) presented a cross-sectional examination of a range of clinical 

and self-management outcomes in 2,035 adults with Type 2 diabetes. Of the 14 outcomes studied 

(e.g., central obesity, HDL cholesterol, glucose monitoring at home, etc.), the majority were not 

significantly associated with symptoms of depression or anxiety. However, several associations 
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were of interest, especially in the results of the sex-stratified analysis. In women, anxiety 

symptoms (both alone and in combination with depression) were associated with elevated C-

reactive protein levels, and with a behavioural tendency to avoid eating saturated fats. In men, 

depressive symptoms (both alone and in combination with anxiety) were associated with a three- 

to five-fold increase in odds of experiencing poor glycemic control. These differences were robust 

to formal tests of interaction by sex. Symptoms of depression, anxiety, and concurrent depression-

anxiety were also universally associated with lower odds of exercising weekly and with reporting 

a negative subjective diabetes experience in men and women. Concurrent depression-anxiety was 

not substantially associated with the odds of negative outcomes above either symptom group alone.  

Overall, these results suggest the potential importance of differentiating between psychological 

symptoms of depression and anxiety in the management of Type 2 diabetes cases. 

7.1.3  Depression and anxiety and mortality in Type 2 diabetes (Chapter 6) 

The final study (Chapter 6) followed over 64,000 Norwegian adults over 18 years to determine the 

effects of these psychological exposures on longevity in individuals with and without Type 2 

diabetes. This study used a linkage with the Norwegian National Causes of Death Registry to 

assess the excess risk of mortality associated with the baseline presence of depression, anxiety and 

diabetes, alone and in combination with one another. We observed clear trends in mortality risk 

with respect to the type of affective symptom experienced, with depression conferring the highest 

excess risk and anxiety attenuating this relationship downwards. This finding was novel, since 

although previous research has examined mortality risk associated with baseline depression and 

diabetes status [5–7], no studies to date have explored this relationship with respect to symptoms 
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of anxiety or concurrent depression-anxiety. In further analysis, these risks were revealed to be 

elevated in men and nonsignificant in women, which constituted another novel finding. Overall, 

this study demonstrates a role for anxiety in attenuating the long-term effects of depression on 

mortality in men with Type 2 diabetes.  

Table 7.1: Key findings of the four thesis studies 

Study Key Findings 

Chapter 2 (Study 1) 

• According to high quality studies that control for similar covariates, 

baseline depression was associated with an 81% increased risk of 

Type 2 diabetes onset; baseline anxiety with a 30% increased risk. 

• The increased risk with anxiety was independent of the presence of 

depression, but it is unclear whether the reverse is true.  

• These effects are larger in men and non-significant in women. 

• No studies have examined the effect of concurrent depression-anxiety 

on diabetes onset.  

Chapter 4 (Study 2) 

• In the absence of metabolic or behavioural risk factors, a very small 

percentage of diabetes cases (< 3%) are attributable to depression, 

anxiety, and concurrent depression-anxiety in men. 

• No cases are attributable to these factors alone in women. 

• The largest proportion of incident cases was attributed to the 

presence of metabolic syndrome plus behavioural factors (22.9%). 

• Depression, anxiety and depression-anxiety added another 13.6% of 

cases to this combination (2.5%, 4.9%, and 6.2%, respectively) 

• A larger fraction of new diabetes cases are attributable to the 

presence of depression and anxiety in men than in women. 

Chapter 5 (Study 3) 

• Symptoms of depression and anxiety are not independently 

associated with many clinical and behavioural diabetes outcomes. 

• However, these factors are universally associated with physical 

inactivity and a poorer subjective experience of diabetes. 

• Depression is strongly associated with indicators of glycemic control 

in men. Concurrent anxiety increases these odds even further. 

• Anxious symptoms are associated with C-reactive protein levels and 

avoiding saturating fat consumption, but only in women. 

Chapter 6 (Study 4) 

• Mortality risk in diabetic individuals is lowest in those with baseline 

anxiety, higher for depression-anxiety, and highest for depression.  

• Depression increases the risk of mortality in men with diabetes by 

almost 2.5 times. Anxiety slightly attenuates this association.   

• Neither symptoms of depression nor anxiety confer significantly 

increased mortality risks in women with diabetes.  
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7.2  Discussion and Implications  

7.2.1  Sex-specific reporting of findings in studies of depression, anxiety and diabetes 

The extensive literature reviews conducted in Chapters 1 and 2 uncovered a lack of sex-specific 

research or analysis in this area, with less than 10% of studies included in previous meta-analyses 

reporting sex-specific findings [8]. In contrast, all four of the original studies presented in this 

thesis demonstrated differences between men and women with respect to key diabetes outcomes, 

each using a different study sample. Formal tests of interaction by sex conducted in the latter 

studies were all significant. Overall, associations between depression and diabetes outcomes 

appeared to be much stronger in men and potentially nonsignificant in women.  

Although diabetes is diagnosed more frequently and often at younger ages and at lower body mass 

indices in men [9], as noted by Demmer and colleagues, surprisingly few studies to date have 

reported sex-specific results in associations between depression, anxiety and Type 2 diabetes [8]. 

This observation may help to clarify the heterogeneity of results observed in the wider literature 

on this topic, and may partially explain the findings of previous studies which have failed to 

demonstrate a relationship between depression or anxiety and diabetes. For example, in the case 

of one study by Saydah and colleagues (2003), of the baseline ‘high’ depression exposure group, 

76% of the participants were women, yet sex-stratified results were not calculated [10]. The 

authors reported a lack of association between depression and incident diabetes [10]. A similar 

phenomenon was observed in another study, where roughly equal proportions (~50%) of men and 

women made up the non-depressed group, but those classified at baseline as being depressed (i.e., 

the exposed group) were over 70% women. The authors do not stratify their results, where they 
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found no association in this study between depression and diabetes over a 3-year follow-up [11]. 

Again, a third study reported roughly 50% men in the non-depressed group at baseline, but close 

to 70% of the group above the threshold for depression at baseline were women; the authors did 

not stratify by sex and did not find an association between depression and diabetes onset. A fourth 

study with similar nonsignificant findings not only did not stratify by sex, but did not report the 

proportion of men and women making up the study sample altogether [12]. 

These observations point to the possibility that women may have a tendency to dominate the 

‘exposed’ group in studies of depression or anxiety, due to the higher prevalences of mood 

disorders reported by women [13, 14]. In addition to the higher prevalences of depression observed 

in women, depression symptoms are also often more common among women than men [15], and 

men report fewer symptoms than women even after stratification by clinically significant levels of 

impairment [13]. Although women consistently have higher documented rates of anxiety and mood 

disorders, little is still known about how gender affects age of onset, prognoses, comorbidity, and 

burden of mental illness [16]. The gender differences in rates between men and women first emerge 

during puberty [14], and are shown to be due to higher risk of first onset, rather than differences 

in chronicity or recurrence.  

It has been suggested that the key to understanding the higher rates of depression among women 

lies in an investigation of the joint effects of biological vulnerabilities and environmental 

experiences [14]. Given the major endocrinological changes that occur throughout female 

development, these associations may also fluctuate over the life course. A study of the effect of 

depressive symptoms during adolescence found that early onset depression is associated with 
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incident diabetes in in females during a 13-year follow-up, but not males (OR=1.96 versus 

OR=0.86) [17]. Interestingly, while depression is linked to low testosterone levels in men [18], 

increased testosterone during puberty in girls is linked to depression [19]. Further research 

demonstrates that endogenous sex hormones have a large impact on metabolism and body 

composition, and may moderate glycemic status, with high testosterone levels increasing Type 2 

diabetes risk in women but decreasing risk in men [9, 20]. It may be plausible then that women 

experiencing excesses of androgen hormones during puberty may represent a subset of women 

vulnerable to both early onset of depressive disorders, and subsequent Type 2 diabetes. While this 

example likely only applies to a small proportion of individuals, it illustrates that gender 

inequalities in diabetes outcomes do exist, and involve a complex interplay of endocrine and 

behavioural factors [9].  

Of higher concern is the fact that the findings of this thesis support the notion that, despite the 

higher prevalences of depression reported in women, depressed men have higher risks of 

developing associated diabetes. There is also evidence of this in the literature, with one study 

reporting that, although the prevalence of depression in their sample was almost double in females 

with diabetes compared with males (23.8% versus 12.8%), the odds of depression in individuals 

with diabetes versus those without was higher in males (OR=1.9 versus OR=1.3 in females) [21]. 

The differential strength and direction of the associations between depression and diabetes in men 

versus women reported in the current series of thesis studies may therefore be indicative of a 

methodological issue in the wider literature. A nonsignificant relationship between depression and 

diabetes onset in women could imply these effects have masked a true association in the literature 

(in studies reporting aggregated effects), in accordance with Simpson’s Paradox. Simpson's 
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paradox is a well-known statistical phenomenon which describes a reversal in the relationship 

between two variables after a third variable is introduced, or alternately describes a scenario in 

which the relationship between two variables differs within subgroups of a third variable, 

compared to the observed relationship in the aggregated data [22]. We propose that many of the 

studies conducted to date which have reported aggregated effects and non-significant associations 

are vulnerable to effects of this phenomenon, and may not be accurately capturing the true risk of 

diabetes associated with psychological factors in men and women, respectively.  

7.2.2  Differentiating between and controlling for symptoms of anxiety and depression 

The meta-analysis presented in Chapter 2 indicates that, although concurrent depression-anxiety 

represents the most common presentation of either disorder, the literature remains dominated by 

studies of depression. Furthermore, while the existing handful of studies of anxiety and diabetes 

tend to attempt to control for depression symptoms, the reverse does not appear to be true. 

Differential associations between depression, anxiety and diabetes outcomes were observed in all 

four thesis studies to some extent (especially with respect to sex, as discussed above). The 

overwhelming focus on depression and the neglect of anxiety disorders may lead to a possible 

distortion of the evidence in this area, as well as a lack of data on comorbidities involving anxiety.  

As mentioned in Chapter 1, major depression and generalized anxiety disorder consist of both 

overlapping and unique symptoms.  We may consider the effects of not controlling for the distinct 

and overlapping symptoms of depression and anxiety in turn. First, there is evidence that specific 

symptoms of depression only, and not anxiety, are associated with diabetes outcomes. For 

example, a study by Khambaty and colleagues indicates that the somatic-vegetative cluster of 
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symptoms may be largely responsible for the prospective link between depression and insulin 

resistance, whereas neither the total depression score nor cognitive-affective depression symptoms 

predict insulin resistance [23]. In addition, neither symptoms of anxiety nor hostility were found 

to predict insulin changes in the same study [23]. Further research similarly indicates that the 

association between depression and diagnosed diabetes is primarily driven by somatic-affective, 

and not cognitive-affective depressive symptoms [24]. One theory behind these associations is that 

the somatic symptoms associated with depression (e.g., fatigue, hypersomnia, appetite changes) 

may contribute more to deleterious lifestyle changes such as physical inactivity and high-calorie 

diets, and subsequent diabetogenic processes, than do the cognitive symptoms (e.g., inability to 

concentrate, indecisiveness, adhedonia) [23]; likewise, the physical symptoms of anxiety (e.g., 

restlessness, muscle tension) may be less implicated in these processes or may exert opposite 

effects. In addition, the cognitive symptoms of anxiety (e.g., excessive worry) may not confer the 

same risk or even lead to health promoting behaviours with respect to diet and exercise.  

As demonstrated by previous research, anxiety appears to have U-shaped relationships with 

mortality [25], body mass index [26], and blood pressure [27], with a moderate amount of anxious 

symptoms being associated with the healthiest outcomes. Most of the latter research does not report 

sex-based results, however, so it is unclear whether these effects would hold equally true for men 

and women. Regardless, the prototypical behavioural and psychological components of depression 

and anxiety appear to covary with aspects of diabetes management. This is further evidenced by 

studies that show that patients with diagnosed depression are more likely to avoid consulting with 

a health care provider for treatment than those with generalized anxiety disorder [28]. Other 

research, including the present thesis, has found that depressive symptoms but not anxiety are 
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associated with glucose metabolism within the same diabetic sample [29]. Previous research, in 

addition to the present thesis, also suggests differences in inflammation between depression and 

generalized anxiety disorder;  while depression is associated with elevated levels of CRP over 

time, the association between generalized anxiety and CRP may be completely attenuated by body 

mass and other factors [30]. Depressed patients with comorbid anxiety have also been found to 

demonstrate an exaggerated HPA-axis response to a stressor, one that is not observed in depressed 

patients alone [31]. The consequences of failing to measure or control for the distinct symptoms 

of anxiety in studies of depression and diabetes outcomes may therefore be to ignore these 

conflicting influences, and to either inflate or attenuate this relationship toward the null.  

Second, we consider the overlapping symptoms of depression and anxiety, which include 

insomnia, fatigue, loss of concentration, and psychomotor agitation. It is possible that these shared 

symptoms may be present in many individuals who meet the criteria for an anxiety disorder, but 

not for major depression. If one or more shared symptoms are associated with diabetes outcomes, 

the consequence of considering only depressed individuals in research studies would be to 

misclassify anxious individuals as unexposed when, in fact, they have been exposed to the relevant 

factor(s).  This may lead to an increase in the observed association between the unexposed group 

and diabetes outcomes, and a decrease in the association between the exposed group and the same 

outcomes. The overall effect of failing to measure overlapping symptoms of depression and 

anxiety in anxious individuals would therefore be to bias these associations towards the null.  

Generalized anxiety is commonly believed to precede major depression in sequential order [32]. 

Patients in the general population with comorbid anxiety disorders tend to be younger at the time 
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of their index episode, and to have earlier onset major depression than those with major depression 

alone [33]. In diabetic populations, higher levels of baseline anxiety were demonstrated in one 

study to increase the risk of incident major depression developing during a 2-year follow up [34]. 

The authors concluded that baseline levels of anxiety might be taken into account in the prevention 

of major depression in diabetic patients [34]. The exclusion or neglect of individuals with anxiety 

symptoms in diabetes research may therefore result in missed opportunities to explore earlier 

options for mental health interventions in these individuals. Interestingly, previous research shows 

that while anxiety and depression and correlated among outpatients with Type 2 diabetes, this 

association becomes progressively weaker with increasing age [35]. This could also mean that the 

above issues may be more relevant in younger age groups. 

7.2.3  Study-specific considerations 

Population impact of depression and anxiety on Type 2 diabetes incidence:  The results of the 

study in Chapter 4 suggest that while depression and anxiety contribute to diabetes incidence, they 

do so only in conjunction with metabolic and behavioural factors. Men appear to be particularly 

vulnerable to the effects of smoking and physical inactivity with respect to diabetes onset. In 

women, all incident cases were attributable to the presence of the metabolic syndrome, either alone 

or in conjunction with other risk factors. It is worth noting that many individuals who did not meet 

the criteria for the metabolic syndrome still had elevated measurements on the individual clinical 

factors composing this syndrome (i.e., central obesity, hypertension, high cholesterol, raised 

triglycerides, or hyperglycemia). The impact of reducing or eliminating all of these individual 

clinical factors on diabetes incidence was therefore not captured in this study, and would exceed 
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the population impact reported for the presence of the metabolic syndrome. In order for a PAF to 

have practical public health value beyond the theoretical, the exposure cut-point should be selected 

such that the “unexposed” level is realistically attainable, as recommended by Rockhill et al. 

(1998) [36]. The attributable fractions for many chronic diseases are generally only high if the risk 

factors are defined in such a way that almost the entire population is labelled as exposed. The 

implication - that virtually everyone in the population will need to be shifted to the lowest exposure 

category to achieve the estimated reduction in burden - may be unrealistic and is not useful from 

a policy perspective [36].  

In this study sample, defining the cut-off for the unexposed group as the complete absence of any 

of the individual metabolic syndrome factors was unrealistic for two reasons. First, because the 

expectation of achieving a population entirely free of obesity, hypertension, high cholesterol, 

raised triglycerides, or hyperglycemia was both daunting and potentially unfeasible. Second, as 

the majority of people in this study population had at least one metabolic risk factor present, using 

this cut-off perfectly predicted almost 100% of incident diabetes cases thus precluding sound 

statistical analyses. The presence or absence of the metabolic syndrome was therefore chosen as 

the appropriate counterfactual for this study, and represents a modifiable factor whose exposure 

could be meaningfully reduced by reducing the prevalence of just one or two of the composite 

factors.  

This study illustrates that depression and anxiety are two of many factors that may cluster in 

individuals and increase diabetes risk. While not being problematic on their own, they appear to 

have the potential to amplify risk associated with other factors - for example, by exacerbating 
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problems of diet quality or smoking practices, or by adding to the endocrinologic responses 

associated with central obesity, hypertension, and other markers of the metabolic syndrome. It has 

been suggested that the effect of depression on the risk for diabetes might only be noticeable in 

those who are already at risk for diabetes (e.g., by worsening glycemic control in those with poor 

glucose tolerance [37]). Or similarly, while depression may worsen glycemic control in everyone, 

these deficiencies may only be diabetogenic in individuals already close to the threshold for a 

diabetes diagnoses [37]. Other research suggests that depression and anxiety may work to amplify 

the effect of cardiometabolic risk factors for diabetes [38], and that these factors are associated 

with an accelerated progression to diabetes only in high-risk subpopulations [39].  The latter study 

specifically found that psychological symptoms predicted diabetes incidence in individuals with 

advanced prediabetes (OR=2.07), but not in low-risk individuals with prediabetes, or in low- or 

high-risk individuals with normoglycemia [39]. Our study confirms these theories by illustrating 

that psychological factors, in the absence of other diabetes risk factors, accounts for a negligible 

fraction of cases in the general population. This highlights the importance of risk factor clustering 

in diabetes onset, and the potential benefit of multi-pronged approaches aimed at improving mental 

health while simultaneously reducing other modifiable factors.  

Influence of depression and anxiety on Type 2 diabetes management: While the study presented 

in Chapter 5 found significant associations between depression and anxiety and a small number of 

key clinical and behavioural outcomes (i.e., HbA1c and CRP levels, diet adherence, physical 

activity, and the subjective diabetes experience), it is worth noting that these exposures were not 

associated with the majority of the outcomes that were studied. No associations were evident 

between depressive symptoms and central obesity, cholesterol, hypertension, triglycerides, home 
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monitoring of glucose, or foot checks for ulcers. As outlined in Chapter 1, previous research has 

demonstrated consistent relationships between depression and obesity [40–42]. This is of 

particular interest since obesity remains one of the strongest risk factors for diabetes onset, 

increasing the lifetime risk of diabetes by almost 10-fold in some studies [43]. Although the present 

study did not find an association between depression and obesity, it included adjustments for many 

biological measurements that may not have been considered in previous studies on this topic (e.g., 

HDL cholesterol, systolic BP, triglycerides, CRP and serum glucose). It is possible that these 

factors could account for much of the variance in the observed relationship between depression 

and obesity. It is also possible that these biological factors constitute intermediaries between 

depression and obesity, and including them in the model resulted in some degree of statistical 

overadjustment. Although many of the selected outcomes were not associated with depression and 

anxiety, glycemic control represents an extremely important clinical factor in diabetes 

management, and this factor exhibited strong associations with depression in men. Studies on 

enhancing care for depression within a collaborative care model for diabetes demonstrate that this 

intervention improves affective and functional status in patients, but has minimal effects of 

diabetes-specific outcomes among patients with good glycemic control [44]. Based on these 

findings, and the results of the present study, it appears that depressed individuals with poor 

glycemic control represent a group of diabetes patients that may benefit the most from 

interventions for depression. Further research is needed to examine the benefits of depression 

treatment for preventing dysglycemia in patients experiencing other self-management issues.  

Mortality in Type 2 diabetes comorbid with depression and anxiety: Chapter 6 presented a survival 

analysis which modelled the risk of death over 18 years by baseline depression, anxiety and 
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diabetes status. This study found that risks of death were increased in the presence of depression 

and that symptoms of anxiety attenuated these effects downward, with the highest risk of death 

observed in diabetic men with depression only. The risk of death reported for the latter group was 

roughly 2.5 times higher than that observed for non-depressed diabetic men, which is higher than 

the pooled estimates of the increased mortality risk associated with depression in diabetes reported 

by three previously published meta-analyses (HR=1.76 [45], 1.50 [7], and 1.49 [5]).  This increase 

could be explained by the exclusion of women and individuals with anxiety from the current 

estimate, both of which likely attenuated this estimate downwards in the cited literature.  

Interestingly, the findings of a very recently published study on the impact of anxiety disorders 

conducted in a large sample of Taiwanese diabetic patients mirrored those presented here. The 5-

year survival rate in this study was found to be higher for diabetic patients with anxiety disorders 

than those without, and a higher risk of mortality was observed in diabetic patients who were male 

[46]. Anxiety conferred a lower risk of mortality regardless of diabetes type. A second study 

conducted in Norway also found that elevated depressive symptoms were associated with excess 

mortality risk in diabetic individuals, with no significant association was observed with either 

elevated anxiety symptoms alone or combined depression and anxiety symptoms [47]. Together, 

these findings parallel the results presented in the current thesis, in that the presence of anxiety 

appears to be either beneficial or to counteract the adverse health effects of depression in 

individuals with Type 2 diabetes. As the previous studies both used different tools to capture 

symptoms of depression and anxiety than the tool used in this thesis, this evidence also increases 

the robustness of our findings and reduces the chances that these are measurement-specific 

spurious results. 
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The mechanisms by which anxiety disorders are related to mortality are still unclear; as mentioned 

previously, increased vigilance, attention to health status, and more frequent outpatient medical 

visits have been suggested as possible explanations for these protective effects. Similar reasons 

have been proposed to explain the observed sex-differences in this association, with women being 

potentially more willing to identify physical symptoms and seek help for them than men [46]. It is 

interesting to note that both countries in which this relationship has been observed (i.e., Taiwan 

and Norway) have universal health care systems in place, each of which are characterized by good 

accessibility and comprehensive population coverage [48, 49]. This may be an important factor in 

allowing individuals to translate the cognitive experience of anxiety into behavioural actions with 

health benefits. Further research into whether the relationship between anxiety and mortality is 

moderated by health care use (including coverage, access, and economic barriers) may be 

illuminating, and help to elucidate any potentially direct effects of this disorder on longevity and 

its relevant interactions with depression.  

7.2.4  Association versus causation: Assessment of study findings using Bradford Hill’s Criteria 

As the first two studies presented concern themselves with the etiology of Type 2 diabetes, they 

are necessarily attempting to identify the causes of the disease. The use of population attributable 

fractions, in particular, involves implicit inferences about cause-and-effect. The evidence 

presented in this thesis is therefore summarized under the major Bradford-Hill criteria for assessing 

causation below. While these criteria are not a formal test of causation, they can play an important 

role in inferring the best possible explanation from epidemiological data.  
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Strength: The measures of effect reported in our studies ranged in size from RR=1.30 for anxiety 

and RR=1.83 for depression with respect to diabetes onset, to odds ratios ranging between 2.00 to 

3.00 for self-management, and hazard ratios between 1.60 to 3.50 for mortality risk. Most of these 

values also had fairly narrow confidence intervals. While these are considered to be moderate 

rather than strong associations, in combination with other evidence, they are sufficiently large so 

as to lend credible support to a cause-and-effect interpretation. 

Consistency: Chapter 1 summarized existing evidence from a range of different studies conducted 

in various settings which examine the effects of depression and anxiety on diabetes outcomes. 

Overall, the findings of the four thesis studies were largely consistent with those found in the 

literature. Additionally, we argue that several of the previously observed inconsistencies in the 

literature may stem from failure to stratify results by sex rather than from true incongruities in 

these associations.  

Temporal Sequence: The longitudinal design of three out of the four studies allowed us to assess 

temporality and rule out reverse causation in these results. While there is evidence that many of 

these associations are bidirectional in nature (e.g., diabetes onset leading to depression [51]), the 

present studies lend support to the theory that the effects on diabetes outcomes manifest themselves 

only after the cause is observed, for the specific relationships examined here.  

Dose-Response Relationship: The present studies used dichotomous exposure variables and did 

not examine the presence or absence of a dose-response relationship. However, examples of such 

a relationship have been documented in the wider literature with respect to depression [24, 52].  A 

linear and consistent relationship has been demonstrated between depression severity and diabetes 
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prevalence (ranging from 6.9% in minimal depression, 7.6% in mild, 9% in moderate, and 10.5% 

in severe depression) in a survey of over 15,000 participants [24]. While the evidence for a dose-

response relationship between depression severity and diabetes does exist, similar evidence with 

respect to anxiety is still lacking. 

Experimental Evidence: The present studies have not added experimental evidence in support of 

these associations. It is logistically difficult and ethically inappropriate to randomize participants 

to receive the psychological exposures in question, hence the reliance on observational studies in 

this area. However, some experimental evidence does exist in the literature with respect to the 

treatment of depression and subsequent influences on diabetes outcomes. A meta-analysis of 

randomized controlled trials of psychological interventions, published in the Lancet in 2004, found 

moderate improvements in long-term glycemic control in patients with Type 2 diabetes receiving 

these interventions [53].  

Plausibility: Chapter 1 (Section 1.2) outlines in detail a number of plausible biological and 

behavioural mechanisms through which depression and/or anxiety may influence diabetes onset 

and clinical management. With respect to mortality, many of the same mechanisms may be at play, 

with poor clinical management leading to increases in medical complications and decrements in 

overall health. Less clearly explained by the current literature is the finding that anxiety may offer 

protective benefits against mortality in certain groups, although it is possible that this may also be 

mediated by biological factors such as blood pressure [27]. Overall, the evidence for a biologically 

plausible cause-and-effect relationship between these variables is good.  
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Coherence of Evidence: The findings of this thesis do not conflict with the larger evidence base, 

and are compatible with existing theory and knowledge. 

Overall, although the above evidence is not uniformly strong across all criteria, a moderate amount 

of evidence does lend support to the existence of a causal relationship between psychological 

factors and diabetes outcomes. 
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7.3  Strengths and Limitations  

7.3.1  Strengths  

This thesis had several strengths. The use of a large, population-based survey linked to both 

biobank data and a national mortality registry allowed an examination of several outcomes 

associated with psychological factors that are not usually possible to study on such a large scale. 

This also enabled the consideration of a wide range of relevant sociodemographic and clinical 

covariates in these associations. Recall and reporting biases of the outcome were also minimized 

due to the prospective nature of the survey, and the use of clinical exams to confirm self-reported 

diabetes diagnoses allowed diabetes subtypes other than Type 2 to be excluded. 

With the exception of the cross-sectional study presented in Chapter 5, the time sequence of events 

in these studies was clear and mitigated the potential for reverse causation in these associations. 

The studies also included appropriate follow-up times to assess diabetes incidence and subsequent 

mortality. Results were stratified by sex and included formal tests of interaction by sex. And lastly, 

by identifying and adjusting for symptoms of anxiety at the outset, this thesis has controlled for a 

confounder that has been ubiquitously neglected in the literature to date.  

7.3.2  Limitations and methodological considerations 

Exposure measurement: As highlighted in the meta-analysis presented in Chapter 2, the strength 

of the association between depression and diabetes may differ depending on the type of assessment 

tool used (i.e., self-report versus structured clinical interview). This is supported by previous 

research, including a meta-analysis of the relationship between depression and insulin resistance, 
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which found a much greater standardized effect size for studies using diagnostic interviews rather 

than self-report measures (i.e., 0.46 versus 0.13) [54]. Similarly, a meta-analyses of depression 

and glycemic control found that depression was significantly associated with hyperglycemia, and 

the standardized effect size was larger when standardized interviews and diagnostic criteria rather 

than self-report questionnaires were used to assess depression (i.e., 0.28 versus 0.15) [55].  All 

three original studies presented in Chapters 4-6 relied on a self-report tool to measure depression 

and anxiety. While this tool has been evaluated against the HADS and the HSCL, it is unclear 

whether these findings would replicate using a DSM-based assessment, and there is a possibility 

that the reported effect sizes in this thesis may be underestimated overall compared to using a 

clinical diagnosis of either disorder. However, self-report questionnaires have the advantage of 

capturing sub-threshold symptoms, which have demonstrated associations with clinical diabetes 

outcomes [56]. These observed differences may therefore be due the inclusion of individuals with 

less severe but still clinically relevant symptoms, which may provide a better picture of the 

prevalence and burden associated with the exposure at the community level than more stringent 

diagnostic criteria might.  

In addition, although depression and anxiety are often episodic or chonic in nature, the current 

studies only included baseline measures of these symptoms. Information on depression or anxiety 

history was not available, and it was not possible to consider duration of either of these conditions. 

Periodic assessments of mental health symptoms are likely to capture those with chronically high 

symptoms disproportionately, as they will be more likely to score above the symptom threshold at 

each time point, whereas people with episodic or recurrent conditions are more likely to be in 

remission at time of assessment. This means that some individuals classified as ‘non-exposed’ at 
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baseline may have mental health histories relevant to diabetes outcomes that were not captured. 

The overall effect of this omission would likely be to dilute the differences between our two 

groups, and bias the results towards the null.  

A similar potential for the misclassification of diabetes status between study waves exists, as we 

were unable to exclude cases of prediabetes at baseline. Individuals very close to the threshold of 

Type 2 diabetes but who were undiagnosed at the beginning of the study may have been classified 

as diabetes-free, and gone on to develop the disease shortly after the study assessments were 

performed. This issue specifically applies to the longitudinal study of mortality associated with 

baseline depression, anxiety, and diabetes presented in Chapter 6. Including individuals with 

prediabetes in the non-diabetic group would have the effect of artificially increasing the mortality 

rate in the reference group; again, this omission would likely have the overall effect of biasing the 

results towards the null.  

Covariates:  Some of the covariates included in these analyses were dichotomized, rather than 

included as continuous variables or as multiple categories. In some instances, this was because the 

HUNT survey collected broadly categorized information (e.g., physical activity); in others, this 

was done to simplify interpretation (e.g., as for the population attributable fractions for diabetes 

associated with smoking or the metabolic syndrome in Chapter 4), and to keep the focus on 

clinically significant cut-points, due to their ease of interpretation and relevance to clinicians and 

patients. Operationalizing variables this way may be associated with a loss of data or an 

oversimplification of these relationships.  However, in cases where the data were available, we 

performed sensitivity analyses around more precise measures of specific covariates (e.g., smoking 
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as a continuous variable reflecting pack-years smoked rather than current smoking status, or a 

continuous measure of waist circumference rather than a clinical cut-point).  The estimates of main 

effects appeared to be consistently unchanged when covariates were operationalized as 

dichotomous versus continuous (data not shown), and the potential loss of precision in these 

variables is therefore not expected to impact the findings of this thesis overall.   

Many of the above covariates may also be important intermediaries of the relationship between 

depression, anxiety, and diabetes, as described in Chapter 1. While these variables were included 

in statistical models in an attempt to estimate the independent association between psychological 

exposures and diabetes outcomes, while holding all other factors constant, these variables have the 

potential to meet the criteria for both confounding and mediating variables. The act of controlling 

for mediating variables may result in overadjustment bias, as described by Rothman, Greenland 

and Lash [57]. This is of concern in scenarios where depression or anxiety precede and precipitate 

the emergence of other risk factors for diabetes, and controlling for these intermediary factors may 

overlook the full influence of psychological exposures on diabetogenic processes. Overadjustment 

in the context of intermediate variables is generally proven to bias results towards the null. It is 

therefore possible that we have underestimated the contributions of depression and anxiety in the 

current studies, and the estimates presented here may be considered conservative in this regard.   

Generalizability:  Many efforts have been made to examine the representativeness and 

generalizability of the HUNT Study with respect to the wider Norwegian population [58]. 

Although the level of education and income in Nord-Trøndelag County fall slightly below the 

national average, the mortality and health status of individuals in the region are found to be 
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representative of the rest of Norway [59]. The findings of the three thesis studies using HUNT data 

should therefore generalize well within a Norwegian context. However, due to the very low ethnic 

heterogeneity of the study population (less than 3% non-Caucasian), these findings might not 

generalize well to other countries, particularly in North America or lower income countries. 

Ethnicity, especially minority status, is strongly associated with diabetes outcomes in Western 

countries  [60, 61]. Diabetes prevalence, glycemic control, and diabetes complications have all 

been demonstrated to be worse in specific ethnic groups such as Hispanic or Indigenous 

communities [62, 63], and these groups simultaneously face a higher burden of depression [64].  

It is therefore uncertain whether the strength of the associations observed between these factors in 

the present studies would be consistently observed in more ethnically heterogenous populations. 

In addition to the preceding methodological limitations, there always exists the possibility that the 

results generated in each individual thesis study were due to the presence of bias, confounding, or 

chance. Bias due to attrition, for example, is a form of selection bias that may be particularly 

problematic in large observational cohort studies. While participation rates in epidemiological 

studies appear to be declining in recent decades [65],  a systematic review found that only about 

10% of the articles published in a given journal include demographic analyses of participants and 

non-participants [66].  However, non-participation in the HUNT Study has been evaluated and 

explored in several papers [59, 67–70], particularly with respect to health status between 

participants and non-participants. Attrition in HUNT 2 has been associated with high levels of 

mental distress (OR=1.84)[69], as well as obesity, hypertension, and less education [70]; similarly, 

attrition in HUNT 3 has been associated with socioeconomic status, chronic illnesses and survival 

[59]. The influence of nonparticipation on the current thesis findings may therefore lead to 
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underestimates of the prevalence of diabetes, depression and anxiety. It may also lead to 

underestimates of these associations if the most severely impaired (and likely comorbid) 

individuals are disproportionately absent from the respective study samples.  This may introduce 

a differential bias into all three thesis studies using HUNT data, attenuating the estimates of effect 

in these studies towards the null.  

It has also been suggested that the increased prevalence of depression observed in Type 2 diabetes 

may be an artifact of detection bias; that is, the possibility that depression is more likely to be 

diagnosed in diabetic patients simply as a result of them seeking more frequent medical care. As 

the present thesis uses a population-based survey to assess psychological symptoms, and was not 

dependent on an assessment of depression or anxiety made by contact with a healthcare provider 

or the use of administrative data, we can refute detection bias as a potential explanation. 

The present studies are susceptible to the presence of unmeasured confounders, that may either 

account for or obscure true associations. An important known confounder that was absent from 

the study presented in Chapter 5 was education. While data on education level was collected in 

HUNT 2, it was unfortunately not collected in HUNT 3. This was due to an expectation by the 

survey implementers that the data would be subsequently linked with the national education 

registry, for which permission was not ultimately granted. Based on the available data for HUNT 

2, while 30% of non-diabetic individuals had received some form of post-secondary education, 

only 9.5% of individuals with Type 2 diabetes had. Low educational attainment was therefore 

more common in individuals with Type 2 diabetes in the HUNT 2 study population.  Education 

appears to be an important moderator of these relationships, with multiple studies showing the risk 
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of diabetes onset following baseline depression is markedly higher in individuals with less than a 

high school education [71, 72]. It is therefore possible that education could attenuate the 

relationship between affective symptoms and the specific diabetes outcomes presented in this 

paper. These estimates would likely be underestimated in those with low educational attainment 

and overestimated in those with high educational attainment. However, we expect that less than 

10% of the HUNT 3 study population in question would have received a post-secondary education, 

and that the overall findings presented in Chapter 5 would not change considerably. 

And finally, there is the possibility that some of the statistical findings presented here were 

spurious or due to chance. Although more than one outcome was tested in each study, we did not 

undertake any formal corrections for multiple hypothesis testing (e.g., a Bonferroni or Benamini-

Hochberg correction). Corrections for multiple comparisons are generally recommended when the 

outcomes in question are determined to be independent or weakly correlated with another [73]. 

With respect to the outcomes in this thesis, many of the measures (e.g., clinical measures such as 

HbA1c, triglycerides, cholesterol, or blood pressure) were too highly correlated to justify a p-value 

adjustment. Many of the behavioural and self-management diabetes measures in our study are also 

correlated with each other, as well as with the other clinical measures. While these study outcomes 

did not meet the assumptions required to perform standard adjustments for multiple testing, most 

of the results in question yielded p-values between p<0.01 and p<0.001, and would likely have 

survived correction.  
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7.4  Future Directions 

The preceding sections highlight the current thesis findings that diabetes outcomes varied 

noticeably with respect to two important factors: sex and affective symptom type. As these 

associations may heavily depend on specific symptoms, subtypes or phenotypes, as well as patient 

sex, further research is needed that examines sex-related differences in the clinical features of 

depression and anxiety in diabetic individuals. Given the consistently high correlation observed 

between these disorders, critics have questioned the validity of categorical diagnostic 

classifications of depression and anxiety, and have suggested that a dimensional approach may be 

more appropriate [74–76]. Because of the heterogenous (and sometimes opposing) nature of the 

symptoms composing these disorders, the exploration of symptom-specific associations with 

diabetes outcomes may also be a useful parallel avenue of investigation. A brief post-hoc analysis 

using the current HUNT 2 dataset demonstrated highly significant associations between many 

individual symptoms of depression and anxiety and both diabetes onset and mortality (data not 

shown). Studies investigating associations between diabetes and the individual symptoms or 

domains of depression (e.g., somatic or cognitive) are rare [24], and such studies appear to be non-

existent for anxiety. The interpretation of associations between individual symptoms or domains 

and diabetes outcomes might be more straightforward than those put forward at the disorder level.  

Furthermore, it is possible that certain subgroups of symptoms tend to occur more frequently in 

either men or women. Future research should therefore aim to examine the relationships between 

depression, anxiety and diabetes outcomes with finer granularity, within men and women 

respectively.  
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As previously mentioned, most of the results of the current thesis studies were obtained using a 

Norwegian general population sample, and may not generalize to different ethnic groups. The 

prevalence of Type 2 diabetes is increasing disproportionately in non-Caucasian populations 

globally [77], and a growing number of studies indicate the importance of race on diabetes 

outcomes [78, 79], depression and anxiety outcomes [80], and the psychopharmacologic 

management of these disorders [80, 81]. Prior to arriving at similar conclusions to those drawn 

here, further research is needed that examines psychological comorbidities in diabetes within both 

Western ethnic minority groups and across the general populations of developing countries.  

As further described in the Limitations section, the chronic and episodic nature of depression and 

anxiety suggest that an examination of trajectories of these symptoms may be more informative 

than baseline assessments.  Trajectory analyses could be used in future research in order to 

document the longitudinal effects of depression and anxiety on diabetes outcomes, and test 

questions about individual differences in stability and change of psychological symptoms over 

time [82]. Such research would benefit by examining depression and anxiety status prior to 

diabetes onset, and at multiple time points during the course of the disease. We currently know 

very little about which individuals are more vulnerable to depression onset prior to receiving a 

diabetes diagnoses versus post-diagnoses based on baseline characteristics; and, whether it is 

possible to differentiate between groups of individuals at baseline who will fare more poorly or 

experience improved outcomes during the course of the disease.  

The use of a life course approach (i.e., a multidisciplinary approach to understand the importance 

of time and timing in epidemiological associations [83]) may provide the most appropriate 
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framework for future research in this area. Although life course approaches have been applied to 

the study of both depression and diabetes individually, they have rarely been used to study their 

comorbidity. A recent study of a large sample of primary care patients with chronic conditions 

demonstrated that the majority (72.6%) had two or more concurrent conditions [84], and a 

systematic review of empirical studies on comorbidity and multimorbidity found depression to be 

the disease that was most commonly clustered with other conditions, followed by diabetes and 

hypertension [85]. Multimorbidity is a concept of growing importance in public health, and any 

efforts to better understand its occurrence would therefore be of wide interest. As most clinical 

guidelines address single diseases, the treatment of patients with multiple conditions remains a 

major challenge. The identification of early life risk factors associated with the development of 

psychological and medical comorbidities may therefore constitute a valuable scientific 

contribution, given that many of the shared risks for depression and diabetes begin much earlier in 

life (e.g., in utero[86, 87]).  

Life course approaches may also help to address the particular issue of the earlier age of onset for 

depression and anxiety as an explanation for the observed associations [10]. The median age of 

onset for depression and anxiety is 23-30 years [88], with anxiety disorders emerging prior to 

adulthood in many individuals [89], while the average age of onset for diabetes is closer to 50 

years [90]. The consistently reported observation of a stronger effect for depression preceding 

diabetes than for the reverse association could therefore be an artifact of the combined natural 

history of these diseases. An examination of sensitive periods throughout the life course for the 

emergence of these comorbidities may therefore prove enlightening. While the majority of adults 

with diabetes in developed countries are aged 65 or over, the age of onset in developing countries 
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is much younger, with the majority of individuals between 45-64 years old. This may result in an 

increased prevalence of these comorbidities in developing countries, and similar life course 

research in this context could yield informative findings.  

A further use of the life-course approach would be to better understand the function of endogenous 

sex-hormones (i.e., androgens and estrogens) in the development of depression, anxiety and 

diabetes and their subsequent comorbidities, especially in women. Research to date has not yet 

identified a subgroup of women with psychological symptoms that are more vulnerable to diabetes 

onset, but the evidence reviewed in this thesis points to the possible existence of a small high-risk 

group. The longitudinal interplay between endogenous hormones and vulnerabilities to depression, 

anxiety, and diabetes is an understudied area that may hold the key to explaining everything from 

the respective timings of disease onset to the emergence of these comorbidities, as described 

above.  
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7.5  Conclusions 

At a macro level, this thesis points to the potential of depression and anxiety to impact each key 

stage of the diabetes experience, with pronounced effects on diabetes onset and mortality. While 

depression and anxiety alone do not represent important risks for diabetes onset, they are 

associated with substantial increases in diabetes risk in combination with traditional risk factors. 

Differential associations appear to exist between symptoms of depression and anxiety with respect 

to diabetes outcomes, and their co-occurrence is not associated with demonstrably poorer 

outcomes (possibly as a result of this heterogeneity).  The current findings highlight the importance 

of controlling for symptoms of anxiety in studies of depression. The bulk of literature in this area 

to date presents a simple summary estimate for both men and women; however, the findings of 

this body of work suggest that sex is an important effect modifier of the relationship between 

psychological risk factors and diabetes outcomes. Further research is needed to disentangle the 

complex mediational relationships that may influence the clinical management of diabetes in the 

presence of psychological comorbidities. In addition, future research should attempt to use life 

course approaches to explore interactions between psychological and traditional risk factors for 

diabetes in more detail, paying specific attention to sex-based differences in these associations.  
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