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Abstract 

This thesis was based on three interrelated studies and offers the following contributions 

to the epidemiology of depression and diabetes in Canada: 

1. The first study centres around a validation study to determine the sensitivity and 

specificity of the CPCSSN depression case finding algorithm in patients with diabetes and to 

estimate the true prevalence of depression in patients with diabetes.  The sensitivity of the 

depression algorithm was found to be 50.7% (39.1-62.1%) and specificity 92.5% (86.6-96.0%).  

The prevalence of depression in patients with diabetes using the CPCSSN case finding algorithm 

was 19.8% and the validation sample produced a higher estimate of this prevalence rate of 34.5% 

(28.4-41.2%).  Different sensitivities were observed for males and females, and for seniors and 

those <65 years of age. 

2.  The objective of the second study was to determine, among Canadians with 

diabetes, what is the relative risk of having poor blood sugar control for those patient with 

depression compared to those without depression.  Factors that impact this relationship and 

potential treatment disparities for those with depression were also explored.  Patients with 

depression were more likely to have poor blood sugar control with a crude relative risk of 1.28 

(1.16, 1.42) and a fully adjusted relative risk of 1.22 (1.10, 1.34).  Covariates positively 

associated with poor control included being male, the number of years with diabetes, and having 

comorbid dementia.  Covariates associated with better control were age over 65 years, having 

comorbid hypertension, osteoarthritis, or Parkinson’s.  Effect modification was observed for both 

being obese and being a senior.   No evidence of diabetes treatment disparities were found for 

patients with depression compared to those without depression. 
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3. The final study adjusts the relative risks from the second study for the misclassification 

observed in the validation study.  The sensitivity was used to estimate the potential strength and 

direction of the relative risk had the misclassification not occurred.  The crude corrected estimate 

of relative risk of poor blood sugar control for patients with diabetes with and without recent 

depression was 5.99 (5.47, 6.55), which was much higher than the crude relative risk estimated 

in the second study.  
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Chapter 1 

Introduction 

1.1 General Overview 

Diabetes is the sixth leading cause of death in Canada and the tenth in terms of the burden 

of disease in our country (Statistics Canada, 2015).  Major depression is also included in our top 

ten contributors to disease burden, ranking fourth in 2010  (Institute for Health Metrics and 

Evaluation, 2013).  Together these two conditions erode quality of life for Canadians and their 

investigation in our distinctive primary health care context is essential.  Patients with depression 

are less likely to control their diabetes and this can be explained by several patient, physician and 

system level factors.  Detecting and treating comorbid depression in diabetes however, may 

increase blood sugar control and ultimately reduce overall morbidity levels. 

 

1.2 Goals and Objectives 

This research program had three main interrelated parts, each with multiple objectives 

focusing on quality of primary care to patients with diabetes and depression.  They used the 

Canadian Primary Care Sentinel Surveillance Network (CPCSSN) database, a novel national 

sentinel network that captures primary care chronic disease status and management information 

including depression and diabetes data directly from patient’s electronic medical records.   

1.2.1 Overall Thesis Objective:   

The main goal of this research was to examine the association between depression and 

control of blood sugar levels in patients with comorbid diabetes and determine which patient and 

physician factors modify this relationship.   
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1.2.2 Study Objectives: 

The descriptive objective of this thesis undertaken in the first study was to estimate the 

prevalence of comorbid depression among Canadians with diabetes.  The methodological 

objective of this study was to estimate the validity of the current CPCSSN depression case 

finding algorithm in patients with diabetes.  Etiological objectives of the second study were to 

evaluate the relationship between depression and blood sugar control and examine factors which 

impact the associations, as it was hypothesized that depression in diabetes interferes with control 

over blood sugar levels.  Specifically the goal here was to estimate the relative risk of 

uncontrolled diabetes in patients with and without depression.  In addition as part of the second 

study, potential diabetes treatment and management disparities, such as inadequate office visits, 

reduced testing or insufficient medications for patients with depression were investigated and 

compared to patients with diabetes without any depression.  The third portion of this work 

utilized the validation results from the first study to perform an adjustment for the 

misclassification produced by the algorithm’s imperfect sensitivity and specificity in the relative 

risk estimates of the second study of this proposal. 

 

1.3 Rationale 

While self-reported community based surveys such as the Canadian Community Health 

Survey (CCHS) have provided some estimates of prevalence, CPCSSN is the first primary care 

based data available for tracking depression and diabetes in their principal health care setting 

(Statistics Canada, 2014). National estimates of depression among individual with diabetes are 

needed in order to quantify and follow the course of these two important conditions in Canada.  

Although the CPCSSN case finding algorithms have been recently validated against a chart 

abstraction, the depression algorithm in particular required further validation, incorporating 
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patient generated data to evaluate its accuracy (Williamson et al., 2014).   Patient data is needed 

even though the predictive values of the algorithm were found to be reasonable (positive 

predictive value =80% and negative predictive value=95%), as many cases of depression may go 

unrecognized and never actually appear in the medical chart, leaving true depression status 

misclassified.  This is important, as assessing the measurement accuracy of the CPCSSN 

depression case finding algorithm allows for estimate corrections in both national surveillance 

efforts and future Canadian research.  In addition, study findings provide evidence to help clarify 

the role of further depression screening guidelines.   Incorporation of depression screening into 

clinical practice guidelines could assist in the recognition of missed depression cases, which may 

benefit high-risk patients, and this thesis work quantified the number of additional cases 

uncovered through actively assessing depression status in high-risk patients with diabetes. 

Examining the relationship between depression and glycemic control in the general 

population is important (Chiu, Wray, Beverly, & Dominic, 2010).  As most of the research has 

been done in the US and Europe, Canada appears to lag behind in efforts to utilize primary care 

data to study relationships like depression and diabetes.   This research filled an important gap by 

examining these comorbid conditions in the primary care setting, reflecting our unique cultural, 

genetic, distributional and organizational differences.  Findings provided insight into future 

depression and diabetes interventions that target modifiable factors facilitating good glycemic 

control.  Recommendations from this dissertation are directly relevant to the Queen’s Centre for 

Studies in Primary Care, Family Physicians (FPs), the national CPCSSN Directors, the Public 

Health Agencies of Canada, the Canadian Diabetes Association and the Canadian Mental Health 

Association and chronic disease researchers, clinicians and patients worldwide.  

 

1.4 Thesis Organization 
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This thesis conforms to the regulations outlined in the Queen’s School of Graduate 

Studies and Research “General Forms of Theses” and is structured as traditional thesis.   The 

second chapter is a background and literature review that provides a general overview of the 

problem of blood sugar control in depression.  Following the background and literature review, 

there are three subsequent chapters in which separate studies are investigated.   Each of these 

chapters contains detailed objectives, methods, results and discussions.  Lastly, a summary and 

conclusions is provided in the final Chapter 6.   
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Chapter 2 

Background and Literature Review 

The purpose of this chapter is to 1) describe the epidemiology, treatment and the criterion 

standard for diagnosing depression; 2) describe the epidemiology and management of diabetes; 3) 

review the problem of depression in diabetes; 4) describe the conceptual model for the 

relationship between depression and diabetes and review potential confounders of the association; 

5) review treatment disparities in mental health; and 6) describe the Canadian Primary Care 

Sentinel Surveillance Network (CPCSSN) research database used in this thesis.   

This chapter is not intended to be an exhaustive review of the evidence, as the literature 

surrounding both depression and diabetes is vast, but rather is meant to orient the reader to some 

of the main issues addressed within the thesis.  This review summarized the current knowledge 

on the association between depression and diabetes.  A literature search was conducted from 

1980 until September 2016.  We identified studies that compared diabetes prevalence and control 

individuals with and without depressive symptoms. The terms diabetes, diabetic, diabetes 

mellitus, type 2, glucose control, target, poor control, A1c were combined with depression, 

depressive, stress, mental illness/disorder, bidirectional, antidepressant, screening tool, rating 

scale or questionnaire.  Studies focusing on type 1 diabetes were excluded and those using large 

databases with national estimates were of particular interest.  The literature retrieval was also 

supplemented by hand-searching the reference list of identified articles.  Ultimately, 279 articles 

were reviewed in this dissertation. 
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2.1 Depression  

Clinical depression is a condition characterized by symptoms of sadness, loss of 

interest/pleasure, guilt/low self-worth, disturbed sleep/appetite, low energy, changes in 

movement (agitation/slow movements), poor concentration and thoughts of death/suicide.  

Depression can be long-lasting or recurrent, with half of those affected experiencing more than 

one episode (Patten & Juby, 2008).  It can substantially impair an individual’s ability to function 

at work or school or cope with daily life.   Depression can also decrease a patient’s ability to 

manage their other chronic conditions.  Diagnosis of depression is generally made by a physician 

interview based on the Diagnostic and Statistical Manual (DSM) IV criteria using mainly 

Revision 10 of the International Statistical Classification of Diseases and Related Health 

Problems (ICD-10) codes 296 for episodic mood disorders or 311 for depressive disorders, not 

elsewhere classified.  These codes are the focus of the depression case finding algorithm used in 

this thesis.  An episode of major depression, according to DSM-IV criteria, involves at least 2 

weeks of depressed mood or loss of interest or pleasure, along with several other symptoms, all 

of which cause substantial distress or functional impairment.  However, this thesis uses a broad 

definition including all types of depression such as bipolar disorder, as even subclinical levels of 

depression may have important effects on diabetes. 

2.1.1 Epidemiology of Depression 

Canadian community estimates based on the Composite International Diagnostic 

Interview (CIDI) in the Canadian Community Health Survey show that the lifetime prevalence of 

a major depressive episode is 10-12%, the annual prevalence is 4-5% and point prevalence is 2% 

(Patten & Juby, 2008; Patten, Wang, Beck, & Maxwell, 2005; Statistics Canada, 2014; World 

Health, 2004b). Suicide is the 9th leading cause of death in Canada representing 1.6% of all 
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Canadian mortalities in 2012 (Statistics Canada, 2015). Depression is the most common illness 

among those who die from suicide, with approximately 60% experiencing this condition 

(Cavanagh, Carson, Sharpe, & Lawrie, 2003; Lesage & Boyer, 1994).  In primary care (PC) 

settings depression prevalence estimates are even higher than in community based surveys 

(Katon & Schulberg, 1992).  The 2014 estimates from CPCSSN show a primary care lifetime 

depression prevalence of 14% across the Canadian sentinel networks (Wong et al., 2014).  

Overall, the psychosocial and economic burdens of depression in Canada are profound with 1.4 

million Canadians having some form of depression, resulting in over 3 billion dollars per year in 

just the direct medical costs (Lam & Oetter, 2002).  Depression is expected to be the second 

leading cause of the global burden of disease by 2020 (Heal, 2001).  Major depression is 

associated with high medical utilization and greater functional impairment than most chronic 

medical illnesses (Katon & Schulberg, 1992).  The majority of Canadians experiencing a mental 

illness (82%) are cared for solely by and are in regular contact with their physicians (Lesage, 

Goering, & Lin, 1997; Slomp, Bland, Patterson, & Whittaker, 2009).  Similarly in the US, over 

half of community residents with depression are seen in primary care clinics and only 20% are 

seen outside primary care by other mental health practitioners (Shapiro et al., 1984).    As care for 

depression is predominately provided by family physicians, investigation of its detection and 

treatment in this specific setting is crucial.  

 Globally, more than 350 million people of all ages experience various forms of 

depression.  In 2001, unipolar depressive disorders were ranked fourth among the 10 leading 

causes of the global burden of disease, but it is predicted that by 2020, they will have risen to 

second place.  Major depression is linked to suicide which leads to an additional one million 

deaths each year, and because most people who commit suicide are also depressed, this makes the 
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huge burden of depression increase even further (Shapiro et al., 1984; World Health, 2001).  In 

terms of disability adjusted life years (DALY), a 2004 World Health Organization (WHO) report 

found unipolar depression is responsible for 8.2% of all DALYs in high income countries like 

Canada and the US, and 4.3% of all DALYs worldwide (World Health, 2004a).   International 

differences in a primary care clinician’s ability to discern depression have also been observed.  In 

a meta-analysis study of almost 9,000 patients from about 1,000 family physicians in 25 

international studies all using semi-structured interviews as the criterion measure, physicians in 

Italy and the Netherlands were the most accurate at ruling depression in or out and those in US, 

Australia and UK were the least accurate (Mitchell, Rao, & Vaze, 2011).   Authors acknowledged 

though that high variability in the sensitivities found within countries made it difficult to be 

certain that the prevalence of diagnoses were truly representative of practices across the entire 

country.  Canada was not one of the high income countries included in the report likely due to the 

insufficient number of national primary care depression studies.   It is important for Canadians to 

be aware of how well our family physicians perform at detecting cases of depression, and this 

thesis work aimed to address that epidemiological gap in the literature.  

 2.1.2 Depression Risk Factors 

Known risk factors for depression include age, marital status, tobacco use, family history, 

early childhood trauma, stress, anxiety, insomnia, sleep disorders, alcohol, socioeconomic status 

(SES), residence, ethnicity, culture, work status, gender, physical illness and various medications 

(Haggerty, 2006; Patten et al., 2006). Table 1 summarizes the known risk factors for depression.  

Depression is well known to be more common in females than males and in a systematic review, 

women were at 2.1 times the risk for lifetime depression (range 1.3–3.1) compared to men 

(Kuehner, 2003).  Kessler highlights the potential biological vulnerabilities for women in terms 
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of sex hormones as well as environmental experiences that may lead to higher prevalences of 

depression (Kessler, 2003).   Yet in Canada and worldwide, men are at least three times more 

likely than women to die by suicide (Bilsker & White, 2011). Unlike many conditions that 

become more common as a person ages, depression actually affects a younger population and its 

prevalence peaks in middle age, with both men and women between 40-59 years showing the 

highest prevalence (Frieden, Jaffe, Stephens, & Thacker, 2012).  These researchers also show 

great variability between age and gender groupings in depression prevalence, highlighting the 

importance of potential effect modification in depression.   Also, depression can be harder to 

detect in older adults as they may be more reluctant to admit to psychological symptoms or 

difficulties.  Several symptoms of depression (sleep problems, feeling fatigued, and lack of 

energy) also naturally occur more frequently with age and cases may be misattributed to normal 

aging rather than clinical depression (Cappeliez, 2014).  To address the issues in screening 

seniors for depression in 1983 the Geriatric Depression Scale (GDS) was developed (Yesavage, 

Brink, & Rose, 1983).  All these factors make it essential to explore effect modification by both 

age and gender, as well as the presentation of stratified analysis in depression research as done 

routinely for mood disorders by Statistics Canada  (Statistics Canada, 2016b). 

Family history and genetics play a role in depression, where first-degree relatives of 

patients with affective disorders have a two to three times higher risk of developing affective 

disorder than the average person (Vinberg, 2016).  Even having a grandparent with a major 

depressive disorder has been shown to more than double a person’s risk of developing some type 

of mood disorder (Weissman et al., 2005).  Adverse childhood experiences have been linked to 

adult depression.  A 32-year prospective longitudinal study found children who were maltreated 

had a relative risk (RR) of 1.69 (1.13, 2.55) and children who were socially isolated had a relative 
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risk of 1.76 (1.12, 2.77) of experiencing depression in adulthood  (Danese et al., 2009).  These 

researchers estimated that 31.6% of the cases of depression found in this cohort were attributable 

to adverse childhood experiences.  Stressful interpersonal events such as divorce and deaths in 

adulthood also have been found to contribute to depression.  In female twin studies, the odds ratio 

for onset of major depression in the month of a stressful life event was 5.64.  Researchers 

concluded stressful life events have a substantial causal relationship with depression, but about 

one-third of the association is non-causal as individuals predisposed to depression select 

themselves into high-risk environments (Kendler, Karkowski, & Prescott, 1999).   

Being married compared to never marrying has been associated with reduced risk of most 

mental disorders in both genders; but for depression this protection was confined to men with an 

odds ratio of 0.8 (0.6, 0.9) (Scott et al., 2010).  However for older people, the risk may be 

stronger as widowed (OR 1.49; RR 1.71), divorced (RR 2.14) and never-married (OR 1.32) 

people all showed higher risks for depression compared to those married (Yan et al., 2011).   

Unemployment is well known to be associated with the onset of depression (Jefferis et al., 2011).  

Recently in a large Swedish occupational cohort of men and women with no baseline depression, 

job displacement was found to significantly increase the incidence major depression by more than 

threefold and by twofold for those with less severe depression symptoms (Andreeva et al., 2015). 

The reciprocal relationship exists as well, where workers with depressive symptoms are at 

increased odds of becoming unemployed and subsequently having reduced incomes (Whooley et 

al., 2002).  While the relationship between socioeconomic status and depression is complex and 

the evidence varies somewhat, the hardship of living in poverty may increase the risk of 

depression (Eaton, Muntaner, Bovasso, & Smith, 2001; Lorant et al., 2003).  In particular, 

women who reported problems paying bills or having phones turned off were 1.8 times and 1.5 
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times more likely to be depressed (Heflin & Iceland, 2009).  After controlling for relevant 

confounders, living in an urban area has been found to confer twice the likelihood of having 

depression compared to living in a rural area (Blazer et al., 1985).  The relationship between SES 

and depression may be more important for urban dwellers, where a study of New York City 

residents found the relative odds of incident depression was 2.19 (1.04, 4.59) for those living in 

low-SES compared with high-SES neighborhoods (Galea et al., 2007).  Although there were 

interactions with SES and race/ethnicity, evidence from the National Population Health Survey 

suggests that compared to English Canadians, Asian and Black Canadians had less depression, 

but Jewish Canadians had more depression (Wu, Noh, Kaspar, & Schimmele, 2003).  All other 

groupings reported mental health similar to English Canadians.  However, racial and ethnic 

differences may play out differently in terms of a person’s desire to obtain treatment.  Cycle 1.2 

data from the Canadian Community Health Survey was examined in patients with major 

depression to study racial/ethnic differences in the odds of having unmet mental health care 

needs.  The results showed that compared to White Canadians, South Asians had the lowest odds 

of seeking treatment followed by Japanese/Chinese/Koreans and Blacks (Gadalla et al., 2010). 

There has long been a link between depression and behavioral factors such as alcohol 

misuse and other forms of substance abuse.  A 2009 meta-analysis showed 60.5% of people with 

above average levels of depressive symptoms show above average levels of current alcohol use 

and impairment, compared to only 39.5% of persons with below-average levels of depressive 

symptoms (Conner, Pinquart, & Gamble, 2009).  Smoking also has been linked to many mental 

illnesses including depression.    A National Institute for Health and Care Excellence (NICE) 

meta-analysis reported consistent evidence of a bidirectional relationship where smoking was 

found to be associated with relative risk of depression of 1.52 (1.36, 1.71) and depression was 
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associated with a significant increase of smoking uptake with a relative risk of 1.43 (1.17, 1.74) 

(Leonardi-Bee, 2012) .   US researchers found similar results where daily smoking approximately 

doubled the odds of major depression (Bakhshaie, Zvolensky, & Goodwin, 2015).  This increase 

in smoking behaviour puts patients with depression at increased risk for smoking related chronic 

conditions such as chronic obstructive pulmonary disease (COPD) as half of smokers over 45 

years will eventually develop COPD (Lundbäck et al., 2003).  This in turn contributes to greater 

mortality as in COPD subjects; the interaction of current smoking and depression symptoms 

increased the odds of death by 3.8-fold (2.51, 5.05) (Lou et al., 2013).    

Many other comorbid physical conditions are associated with depression.  Clinically, low 

thyroid levels are characterized by the symptoms of depression and may interact through 

serotonin pathways (Kirkegaard & Faber, 1998; Nygaard, 2010).  Hormonal imbalances can 

result in depression.  When menopausal women were compared to their own premenopausal 

period, they were more than 4 times more likely to have high depression symptom scores 

occurring during the menopausal transition compared with their premenopausal period with an 

odds ratio of 4.29 (2.39, 7.72) (Freeman, Sammel, Lin, & Nelson, 2006).  In addition for 

menopausal women, significantly greater odds of the onset of a clinically diagnosed depressive 

disorder were observed with an odds ratio of 2.50 (1.25, 5.02).  Some microbial infections are 

also linked to depression (Xiao Wang et al., 2014).  Certain medications may mimic the 

symptoms of depression such as sedatives and pain medications and the risk of development of 

depression has been shown to increase as the duration of opioid analgesic exposure increased 

(Scherrer et al., 2014). 

Although depression is common among all populations, it is more common in people with 

chronic medical conditions (Katon & Sullivan, 1990).    Patients facing all forms of cancer are at 
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increased risks for depression, but the strength of the associations varies by specific type of 

cancer (Massie, 2004).  Similar consistent associations have been observed for patients with heart 

disease where depression is approximately three times more common in patients after an acute 

myocardial infarction than in the general community and it is also associated with a worse 

prognosis for coronary heart disease patients (Lett et al., 2004; Lichtman et al., 2008).  There is 

also a well-known reciprocal link between obesity and depression.  In a 2010 meta-analysis of 

almost 60,000 patients, baseline obesity (BMI ≥ 30.0) increased the risk of onset of depression at 

follow-up with crude pooled odds ratio of 1.55 (1.22, 1.98).  In addition, depression was found to 

be predictive of developing obesity with pooled crude odds ratio of 1.58 (1.33, 1.87) (Luppino et 

al., 2010).  Being just overweight (BMI 25.0 to <30) increased the risk of onset of depression at 

follow-up, but with a weaker association with a pooled crude odds ratio of 1.27 (1.07, 1.51).  

However neither having symptoms of depression, nor the official clinical disorder of depression 

at baseline, was predictive of being overweight over time.  While meta-analysis evidence does 

not support the idea that hypertension increases the risk of depression, depression has been 

shown to increase the pooled relative of incident hypertension with adjusted relative risk 1.42 

(1.09, 1.86) (Long et al., 2015; Meng, Chen, Yang, Zheng, & Hui, 2012). The presence of other 

chronic conditions can contribute to a patient experiencing depression.  Patients with Parkinson’s 

are at an almost twofold increase in risk of developing depression compared to UK general 

practice patients (Becker et al., 2011).   Patients with epilepsy are also more likely to suffer from 

depressive disorders (9% to 22% more) than the general population (Trivedi & Kurian, 2007).  

Alzheimer’s disease and depression are often difficult to distinguish clinically as many of their 

symptoms are the same; for example as loss of interest in activities, social withdrawal, memory 

problems, sleeping too much or too little, and impaired concentration and depressive symptoms 

are common, occurring in approximately 20–30% of Alzheimer’s disease patients (Tsuno & 
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Homma, 2009).  In addition patients with a history of depression are about twice as likely to 

develop Alzheimer’s disease later in life (Ownby et al., 2006).  For patients suffering from 

osteoarthritis, a slight increase in their pooled relative risk of depression was found at 1.17 (0.69, 

2.00) compared with people without osteoarthritis and these patients are also at increased risk for 

anxiety, but neither association was statistically significant (Stubbs et al., 2016).   

Other mental health conditions are highly correlated with depression.  In fact, the majority 

(79%) of patients with major depression suffer from one or more current comorbid mental 

disorders, including anxiety disorder (57%), personality disorder (44%), and alcohol use disorder 

(25%) (Melartin et al., 2002).  It is estimated that comorbid depression occurs in 50% of patients 

with a diagnosis of schizophrenia (Buckley et al., 2009).  The depression and anxiety can be 

difficult to separate as they often go hand in hand and are referred to as “first cousins” (Maier & 

Falkai, 1999).  Many of the physical symptoms for depression and anxiety overlap like as nausea 

and stomach issues, aches and pains for no apparent reason and headaches.  In addition, they 

share many of the same treatments.  In a longitudinal study of over 20,000 patients,   about 57% 

of depression cases showed evidence of comorbid anxiety, while 28% of those with clinically 

significant anxiety had concurrent depression (Almeida et al., 2012).  These overlapping 

symptoms and risk factors can make depression detection and treatment complex. 

 

2.1.3 Depression Treatment 

Depression treatment can be effective and generally consists of antidepressants and/or 

psychosocial therapy depending on treatment responses, condition severity and patient 

preferences (Canadian Network for Mood and Anxiety, 2014; De Jonghe, Kool, Van Aalst, 

Dekker, & Peen, 2001; Ministry of Health, 2013; Parikh et al., 2009; The College of Family 
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Physicians of, 2003).  For patients who do receive some form of mental health care, there are still 

large gaps between the treatment they received and what the clinical guidelines suggest they 

should receive (Duhoux, Fournier, Nguyen, Roberge, & Beveridge, 2009; Fernández et al., 2006; 

Fortney, Rost, Zhang, & Pyne, 2001; Hepner et al., 2007; Hirschfeld et al., 1997; Kohn, Saxena, 

Levav, & Saraceno, 2004; Patten, 2001; Sewitch, Blais, Rahme, Bexton, & Galarneau, 2007; 

Slomp et al., 2009; Starkes, Poulin, & Kisely, 2005; Stephens & Joubert, 2001).  An Alberta 

study found greater than two thirds of patients with depression received insufficient treatment, 

broadly defined as less than four visits per year (Slomp et al., 2009).  Patients with depression in 

Atlantic Canada were also found to have a high probability of inadequate treatment even when 

they were visiting their family physician regularly (Starkes et al., 2005).  These investigators also 

found only 24% of these patients with depression reported guideline compliant care.  In addition, 

a 2009 study using the Canadian Community Health Survey reported that only one in four 

patients with major depressive disorders in Canada obtained treatment consistent with evidence 

based recommendations in primary care (Duhoux et al., 2009).  Investigators in Quebec found 

while most (71%) patients with depression are treated with first line medications, only 63% of 

those were at the correct dose and only 15% for the recommended duration (Sewitch et al., 2007).   

The World Health Organization found mental health treatment gaps and lag time need to be 

decreased in all countries (Kohn et al., 2004).   Canadian family physicians are certainly not 

alone as the median rate of untreated depression across all countries was 56%, signifying large 

treatment gaps globally. 

 

2.1.4 Depression Diagnosis 
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The criterion standard for diagnosing clinical depression varies with the setting and 

depends on the information available.  In secondary or tertiary care settings this is a structured 

diagnostic interview with a mental health professional (First, Spitzer, Gibbon, & Williams, 

2012).  As this person generally does not know the patient, complex assessments are performed 

of current symptoms and past history in order to evaluate changes from personal baseline, 

medication side effects and to rule out health problems mimicking depression.   This is an 

expensive and lengthy process in which waiting lists for services can be long. 

In a community or population based setting such as in the Canadian Community Health 

Survey used by psychiatric epidemiologists, the research interview by phone or in person with 

the Composite International Diagnostic Interview is considered the criterion standard, as the only 

information available is that of self-reported symptoms from the subject (Kurdyak & Gnam, 

2005; Statistics Canada, 2015; World Health, 2004a).  Trained lay researchers ask structured 

questions based on DSM-IV criteria to make a diagnosis of clinical depression or to exclude it.   

Limitations of this process include not having access to the full patient chart/history, inability to 

rule out other problems that mimic depression (e.g. hypothyroidism) or order additional tests.  

Also, the researchers do not have a relationship with the person so are not in a position to assess 

whether or not there is a “change from a person’s baseline” as required by the DSM IV.   Simple 

patient self-reports have been used as the criterion standard against computer algorithms in large 

databases for depression validation (Frayne et al., 2010).  However, self-assessment alone 

involves inaccuracies as patients may be unaware of their problems or deny them, and there is no 

opportunity to incorporate that information in the assessment as with clinical tools where the 

family physician’s opinion is also solicited.  Conversely, the burden of long instruments may 

compromise participation rates (Aalto, Elovainio, Kivimäki, Uutela, & Pirkola, 2012; Pibernik- 
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Okanovic, Peros, Szabo, Begic, & Metelko, 2005) and they may be unnecessarily detailed and 

invasive causing more severely patients with depression to be less inclined to complete them 

(Pouwer et al., 2010, 2011).   Elderly, male patients in particular tend to refuse the Composite 

International Diagnostic Interview, leading to selective non-response bias possibly related to the 

burden and stigma surrounding mental health care (Pouwer et al., 2010).  The more cumbersome 

Composite International Diagnostic Interview goes into great detail to distinguish between 

different types of depression which is not necessary in a diabetic context as all types of 

depression, even sub-threshold levels, may put patients at an elevated risk (Chiu et al., 2010). 

In the primary care setting validation of depression is difficult.  As Kessler states, “no 

highly reliable and valid clinical gold standard is available” (Kessler et al., 2004, page 136).   

Interviews with family physicians have many advantages such as the ongoing relationship with 

the patient, the full history in the patient’s chart and the ability to order additional tests and 

review medications, however many cases of depression still do not come to medical attention 

(Kahn et al., 2008;  Katon et al., 2004; Sartorius et al., 1993).  Screening for depression with a 

brief questionnaire is a potential solution as facilitating family physicians in identification and 

management of depression can improve patient outcomes (Tiemens et al., 1999).  The Patient 

Health Questionnaire-9 question version (PHQ-9) is the most widely used major depression 

screening scale (Kessler et al., 2013) and is not only a screening tool for depression, but it is used 

to assist primary care physicians in diagnosing depression (Kahn et al., 2008). Using a mental 

health professional interview as the criterion measure, the accuracy of PHQ-9 >9/27 scores at 

detecting depression was assessed in 6000 primary care and obstetrical patients.  This validation 

work found a sensitivity of 88% and a specificity of 88% for Major Depressive Disorder for the 

dichotomized PHQ-9 score (Kroenke, Spitzer, & Williams, 2001). Patients at this threshold (>9) 
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were 7-13.6 times more likely to receive a depression diagnosis.  Those below the threshold of 5 

only had a 1 in 25 chance of truly having depression.  Scores of 5, 10, 15 and 20 represented mild 

moderate, moderately severe and severe depression, respectively (Kroenke & Spitzer, 2002).  The 

PHQ-9 provides information on depression severity as well and picks up on more severe disease 

better than other tools (Meader et al., 2011).  In a 2012 meta-analysis of screening tools for 

depression in diabetes the Beck Depression Inventory was the most cited, but the prohibitive 

costs of annual licensing fees, data record forms and manuals may explain its rare use in clinical 

practice (Bauer & Shanley, 2006). The PHQ-9 was used in 11% of literature citings (Table 3).  

Due to its open access, the lack of cost makes it an appealing option for primary care and it is the 

recommended tool in the British Columbia depression screening guidelines (Roy, Lloyd, Pouwer, 

Holt, & Sartorius, 2012).  The PHQ-9 also has been specifically validated in a population with 

diabetes and/or coronary heart disease resulting in a sensitivity of 84% and specificity of 82% 

against the Mini Neuropsychiatric interview (Zwaan & Dijk, 2016).  These investigators also 

found it performs well at identifying those at high risk for depression, but that further diagnostics 

are recommended to identify Major Depression.   For research purposes, reasonable response 

rates have been observed when the PHQ-9 has been mailed out with a letter signed by the 

patient’s family physician (Baas et al., 2009).  As diagnosing depression can be difficult, and the 

information available in a patient’s medical chart may be insufficient to accurately categorize 

depression status, adding screening tools like the PHQ-9 into the physician evaluation process is 

critical.  This thesis work investigates the use of the PHQ-9 in the physician depression 

diagnostic process.  

2.1.5 Depression Recognition 
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Research also shows that primary care physicians often have difficulty recognizing 

depression.  Mitchell et al. conducted a 2009 meta-analysis of unassisted physician depression 

diagnosis in primary care using over 50,000 patients across 41 studies and showed a weighted 

sensitivity of 50.1% (41.3-59.0%) and specificity of 81.3% (74.5-87.3%) using a structured or 

semi structured interview as the criterion standard (Mitchell, Vaze, & Rao, 2009).  Researchers 

also showed that nurses have difficulty identifying depression too, but are at least as accurate as 

physicians (Mitchell & Kakkadasam, 2011).  Repeat assessment of those with possible 

depression can increase the overall accuracy of the diagnosis.  Conclusions from one of the 

depression case finding meta-analyses suggest that staged cumulative assessments over a brief 

time period (to avoid clinical contamination) are superior to single cross-sectional attempts to 

rule depression in or out (Mitchell et al., 2009).  Overall, for a solution that incorporates all the 

available information from the chart, tests, verbal and nonverbal communication, a multistage 

process has been suggested (Goldberg, Prisciandaro, & Williams, 2012; Kessler et al., 2004, 

2013; Mulrow et al., 1995; Pibernik- Okanovic et al., 2005; Pini et al., 1997; Sartorius et al., 

1993; Tiemens et al., 1999).  Specifically in this process, the patient is initially given a self-

administered screening questionnaire, then if above the threshold levels, brought in for a 

diagnostic interview with the family physician to assimilate all the evidence and provide a final 

diagnosis.  This has been proposed as the optimal gold standard for a primary care setting. 

In Canada and worldwide, under-diagnosis and under-treatment of depression are known 

problems that may be exacerbated by co-existing chronic conditions that must also be managed in 

primary care.  Multimorbidity, commonly defined as the co-existence of two or more long-term 

conditions, is complex to manage as one condition can be easily aggravated by the symptoms or 

treatment of another.  For example in combination Lett et al. found depression conferred an 
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increased relative risk of cardiac morbidity of 1.5 and mortality of 2.5 in those with pre-existing 

coronary artery disease (Lett et al., 2004).  Similarly, depression has been shown to increase 

hospitalizations in stroke patients, increase cancer mortality and worsen blood sugar control in 

diabetes (Gill, Klinkman, & Chen, 2010).  Canadian primary care investigators conducted a 

systematic review of the literature to assess whether a patient’s comorbid physical conditions 

interfere specifically with their chances of having depression recognized (Menear, Doré, Cloutier, 

Perrier, Roberge, Duhoux, Houle, et al., 2015).  They found inconsistent results, which challenge 

the notion that family physicians prioritize the treatment of a patient’s physical conditions at the 

expense of the emotional conditions.  They concluded that depression recognition was influenced 

by the specific conditions under study, organizational factors as well as the time period for 

physician recognition (single visits verses months to determine status).  In patients with comorbid 

heart failure, hypertension and diabetes, providers may actually have an increased propensity to 

recognize coexisting depression possibly due to the additional contacts with the health care 

system.  More research is needed to determine under which circumstances and which specific 

patients might experience inequities that would leave them vulnerable to having the depression 

go undetected.  

 

2.2 Diabetes       

Diabetes Mellitus (DM) is a chronic condition that occurs when the body ineffectively 

uses insulin and can no longer properly control its metabolism.  This results in high 

“uncontrolled” blood sugar levels that can create serious medical complications, particularly in 

the eyes, kidneys, nerves, heart and blood vessels.  Ultimately this may cause catastrophic organ 

failure and possibly lead to premature death.  The Canadian and American Diabetes Associations 
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(CDA and ADA) as well as the American Association of Clinical Endocrinologists (AACE) use 

glycosylated hemoglobin (HbA1c) levels over 6.5% or fasting plasma glucose greater than 7 

mmol per litre as the diagnostic criteria (American Diabetes Association, 2014; Canadian 

Diabetes Association, 2013; Handelsman et al., 2011).  HbA1c represents a person’s average 

blood sugar level over the past 3 months and does not require fasting prior to testing.   In 

epidemiological analyses, HbA1c levels >7.0% are associated with a significantly increased risk 

of both microvascular and macrovascular complications, regardless of underlying treatment, 

forming the basis of treatment targets of patients (Rabasa-Lhoret & Ross, 2013).  As such these 

have become the traditional treatment targets clinicians use to facilitate risk reduction in people 

with diabetes. For epidemiologists and health policy makers, Canadian consensus has established 

that 10% reduction in population HbA1c would constitute clinically significant difference 

(Majumdar, 2005).  

This thesis focused on Type 2 diabetes and not Type 1 or gestational diabetes as their 

relationships with depression may be different.  In gestational diabetes the condition is often 

temporary and not chronic like in Type 2 diabetes.  The patient lifestyle factors that potentially 

impact the depression-diabetes relationship in Type 2 are not likely facilitating Type 1 diabetes.  

Although similar treatments are used in all forms of diabetes, the underlying mechanisms of 

diabetic control are likely different for Type 1 and gestational diabetes.   As a result, the term 

“diabetes” used in this work refers only to Type 2 diabetes. 

2.2.1 Epidemiology of Diabetes 

In Canada diabetes is the sixth leading cause of death representing 2.8% of all fatalities in 

2012 (Statistics Canada, 2015).  In 2008 the prevalence of diabetes in Canada was 6.8%, 

representing approximately 2.4 million citizens (Pelletier et al., 2012).  In the 10 year period from 
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1998-2008, our prevalence of diagnosed diabetes increased by 70%.  If incidence and mortality 

rates remain stable, the number of Canadians with diabetes will have increased to 3.7 million by 

2018 affecting approximately 10% of our population (Pelletier et al., 2012).  Internationally, 

Canada falls only behind Mexico and the US for the highest diabetes prevalence (Organization 

for Economic Co-operation and Development, 2010).  In 2008 the World Health Organization 

ranked diabetes as the ninth leading cause of death in world, representing 2.2% of all deaths or 

1.26 million that year alone (World Health, 2008).  Globally, it is projected to become the 

seventh leading cause by the year 2030 with the total deaths projecting to rise by more than 50% 

in the next 10 years (World Health, 2013).  Lack of awareness about diabetes, combined with 

insufficient access to health services and essential medicines, leads to complications such as 

blindness, amputation and kidney failure.   Worldwide, those with diabetes require at least two to 

three times the health care resources compared to other patients and can account for up to 15% of 

national health care budgets (P. Zhang et al., 2010).  When comorbid depression is present, the 

cost of diabetes care increases almost five fold.   Back in 2001, Egede et al. found the total US 

health care expenditures for an individual with diabetes was $55,000/year and $247,000/year for 

those who also had depression, meaning that comorbid depression was associated with an extra 

$192,000/year in treating diabetes (Egede, Zheng, & Simpson, 2002).  Mental health problems 

including depression are also known diabetes risk factors and there is some overlap in the 

diagnostic symptoms for depression and diabetes including tiredness, lethargy, lack of energy, 

sleeping difficulties and appetite changes, which makes delineation among these combined 

conditions challenging (Roy et al., 2012).  

2.2.2 Diabetes Risk Factors 
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Well established risk factors for diabetes are weight, inactivity, family history, race, age, 

gestational diabetes, glucose intolerance, polycystic ovary syndrome and high blood pressure, 

cholesterol and triglyceride levels (Canadian Diabetes Association, 2013).  Table 2 summarizes 

the known risk factors associated with diabetes.  Age is a well-known risk factor for diabetes 

with prevalence increasing with advancing age.  Canadian guidelines recommend diabetes 

screening for all adults ≥ 40 years at least every 3 years and for younger adults if they are 

determined to be a “high risk” by a diabetes risk calculator.  While one in six males and one in 

seven females reported a diagnosis of diabetes, only 1 in 200 is reported by those between 12-24 

years (Statistics Canada, 2008).  Overall, Canadian males (6.3%) are significantly more likely 

than females (5.4%) to be diagnosed with diabetes.  This statistically significant gender gap is 

particularly apparent over 55 years of age where 14.5% of males 55-64 compared to 10.7% of 

females report a diagnosis of diabetes.  As well for seniors ≥ 65years, 18.0% of males and only 

14.4% of females reported having diabetes in Canada.  In 2014 the Center for Disease Control in 

the US reported slightly higher percentages with 7.2% of males and 6.0% of females being 

diagnosed with diabetes (Centers for Disease Control and Prevention, 2014).  While females are 

less likely to develop diabetes they may have more complications and poorer survival outcomes 

than men and higher rates of depression may be a contributing factor (Dale, Nilsen, Vatten, 

Midthjell, & Wiseth, 2007; Franco et al., 2007; Gebel, 2011; Gregg, Gu, Cheng, Narayan, & 

Cowie, 2007; Pan et al., 2010).  Family history is an important contributor and having a first 

degree relative with type 2 diabetes significantly increases a person’s relative risk of developing 

diabetes by 2.24 (Weires et al., 2007).  Low socioeconomic status has been linked to both an 

increased risk of developing diabetes and poorer outcomes (Agardh, Allebeck, Hallqvist, Moradi, 

& Sidorchuk, 2011; Saydah & Lochner, 2010).  Ethnicity/race is a risk factor with minorities of 

Aboriginal, African, Asian and Hispanic or South Asian decent at higher risk than Caucasian 
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populations (Canadian Diabetes Association, 2013).  The Nurses’ Health Study cohort was used 

to assess the risk of diabetes and a significantly higher relative risk of diabetes among Asians, 

Hispanics, and blacks than among whites before and after taking into account differences in BMI 

was found (Shai et al., 2006).  The majority of Aboriginal populations worldwide demonstrate 

several-fold elevations of type 2 diabetes prevalence as compared to non-aboriginal populations, 

although there is considerable variability by population (Yu & Zinman, 2007).  In Canada, First 

Nations people on reserves have a prevalence of diabetes three to five times higher than that of 

other Canadians (Health Canada, 2011).  Also a history of “prediabetes” or “intermediate 

hyperglycemia” defined as having a HbA1c ≥6% or being diagnosed with impaired glucose 

tolerance or impaired fasting glucose, increases the likelihood of a patient developing full blown 

diabetes with meta-analyzed relative risk estimates of 5-6 fold increases compared to 

normoglycemic people (Gerstein et al., 2007).  Having a history of gestational diabetes during 

pregnancy or having a macrosomic infant (≥ 4.5 kg) increases a woman’s odds of developing 

diabetes.  A 2009 meta-analysis of more than 675,000 pregnancies indicated a relative risk of 

7.43 (4.79-11.51) for women with gestational diabetes compared to women who had 

normoglycaemic pregnancies (Bellamy, Casas, Hingorani, & Williams, 2009).  For women who 

have had a macrosomic infant, the Nurses’ Health Study II showed a 1.6 (1.24-2.08) times 

increased risk of developing diabetes, after adjusting for several risk factors  including gestational 

diabetes, and this association was apparent within the first 5 years after birth (James-Todd et al., 

2013). 

Patients who already have developed some of the potential complications of diabetes in 

terms of microvascular damage to their eyes, nerves or kidneys or macrovascular complications 

such as heart attacks, stroke, or peripheral vascular damage (gangrene) are more likely to be 
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diagnosed with diabetes (Stratton et al., 2000).  A strong bidirectional relationship exists between 

heart disease and diabetes, where patients with cardiac problems are at risk of diabetes and the 

absolute risk of cardiovascular disease is two-fold greater in those with diabetes than among 

patients without diabetes (Campbell, Krim, & Ventura, 2015; C. S. Fox et al., 2004).  In addition, 

the population attributable risk estimate of all acute myocardial infarctions attributed to diabetes 

was 11% in men and 17% in women (Lundberg et al., 1997).  Hypertension is well known to be 

associated with diabetes. In a US study of 104,368 patients, having hypertension was associated 

with a crude relative risk of 2.7 (2.6, 2.8) and an age, gender, BMI adjusted relative risk of 1.8 

(1.7-1.9) and these risks greatest among those with highest BMI (≥ 35 kg/m2) (Weycker et al., 

2009).   These investigators also found just being overweight with a BMI ≥ 25 kg/m2 and 

particularly having abdominal obesity increases the risk of diabetes.  In addition, patients with 

high cholesterol or high triglyceride levels are more likely to develop diabetes (Bitzur et al., 

2009).  In meta-analysis of “metabolically healthy” obese patients (no hypertension, impaired 

glycemic control, systemic inflammation, adverse HDL, cholesterol or triglycerides), the pooled 

adjusted relative risk for diabetes was 4.03 (2.66, 6.09) in healthy obese adults and 8.93 (6.86, 

11.62) in metabolically unhealthy obese compared with healthy normal-weight adults (J. A. Bell, 

Kivimaki, & Hamer, 2014).  In a systematic review of longitudinal studies, the pooled odds ratio 

for developing diabetes for patients with abdominal obesity was 2.14 (1.70, 2.71) compared to 

patients with normal levels of abdominal fat (Freemantle, et al., 2008). 

The presence of specific physical conditions increases the likelihood of developing 

diabetes, especially other endocrine pathologies.   Polycystic ovarian syndrome (PCOS) is 

another endocrine condition and women affected have a relative risk of between 4.0 and 6.0 of 

developing comorbid diabetes (Talbott et al., 2007).  Even after controlling for age, BMI, and 
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other diabetes risk factors, diabetes in patients with acanthosis nigricans (pigmentation disorder) 

was still twice as prevalent as those without the condition (Kong et al., 2007). The presence of 

non-endocrine conditions can also predispose patients to diabetes. A meta-analysis of six 

prospective cohorts representing almost 6,000 patients showed that moderate-severe obstructive 

sleep apnea was associated with a greater risk of diabetes with relative risk of 1.63 (1.09, 2.45), 

as compared with its the absence (Wang et al., 2013).  Patients with human immunodeficiency 

virus (HIV) may be at higher risk due to metabolic alterations caused by some of the antiviral 

treatment which may directly contribute to insulin resistance, although not all studies consistently 

find this increase risk (De Wit et al., 2008; Rasmussen et al., 2012).  Patients with inflammatory 

conditions who use glucocorticoids may have an increased risk of developing diabetes.  One 

study found the adjusted OR for diabetes associated with more than three oral glucocorticoid 

prescriptions was 1.36 (1.10, 1.69), and the population attributable risk for orally administered 

glucocorticoids may be responsible for up to 2% of incident cases of diabetes in the primary care 

population (Gulliford, Charlton, & Latinovic, 2006).   

Patients with mental health disorders are at increased risk of developing physical chronic 

physical conditions such as diabetes (De Hert, Correll, et al., 2011).   This has long been 

recognized as back in 1879, Sir Henry Maudsley, in The Pathology of Mind, commented that: 

“Diabetes is a disease which often shows itself in families in which insanity prevails. Whether 

one disease predisposes in any way to the other or not, or whether they are independent 

outcomes of a common neurosis, they are certainly found to run side by side, or alternately with 

one another more often than can be accounted for by accidental coincidence or 

sequence”(Maudsley, 1879, page 113).  Recently in a 2008 systematic review and meta-analysis 

of people with severe mental illnesses including bipolar disorder and schizophrenia, these 
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observations were still confirmed as a pooled risk ratio of 1.70 (1.21, 2.37) for diabetes was 

found.  This risk was even higher when the analysis was restricted to only patients with 

schizophrenia, which resulted in a pooled risk ratio for diabetes of 1.87 (1.68, 2.09) (Osborn et 

al., 2008).   Unfortunately, the antipsychotics used in the treatment of the conditions are known to 

produce diabetes themselves by disrupting insulin regulation, rendering patients more vulnerable 

to comorbid diabetes (De Hert, et al., 2011; Ramaswamy, Masand, & Nasrallah, 2006).   

Lastly and the focus of this dissertation, depression is thought to increase a person’s risk 

of developing diabetes (Pan et al., 2010).   A US meta-analysis indicated depression is associated 

with a 60% increased risk of type 2 diabetes (Mezuk, Eaton, Albrecht, & Golden, 2008).  More 

recently in similar a meta-analysis, Canadian authors found a smaller 32% increased risk for 

developing type 2 diabetes for those with depression (Yu et al., 2015).  Both behavioral and 

potential endocrine pathways are likely involved, however the mechanisms underlying this 

relationship still remain unclear and further research is needed (Egede & Ellis, 2010; Mezuk et 

al., 2008; Yu et al., 2015). 

2.2.3 Diabetes Management and Treament 

Diabetes is treated with hypoglycemic medications and can be highly intrusive as it 

depends on ongoing self-administered blood glucose readings (Canadian Diabetes Association, 

2013).  Medication compliance and adherence to lifestyle changes are an issue as well as the 

complexities of a patient’s requirement to regularly self-sample their blood multiple times a day 

to prevent glucose levels from getting too high or low.  HbA1c is a form of hemoglobin that is 

measured primarily to identify the average plasma glucose concentration over prolonged periods. 

To manage diabetes HbA1c testing is recommended at least twice each year in patients who have 



 

28 

 

stable glycemic control, and quarterly in patients whose therapy has changed or who are not 

meeting glycemic targets (Canadian Diabetes Association, 2013).   

Long-term control over hyperglycemia (high blood sugar) is a primary goal for diabetes 

management as it is a significant predictor of complications such as cardiovascular and renal 

disease, as well as all-cause mortality.  In order to prevent the consequences of uncontrolled 

diabetes, therapeutic targets have traditionally aimed to keep HbA1c levels under 7.  However, 

there are risks of hypoglycemia with tight control and this is often challenging to achieve as 

demonstrated by the high HbA1c levels found in population-based administrative health 

databases in Ontario patients in which over half of patients had levels greater than this target 

(Woodward, van Walraven, & Hux, 2006).  As such, the new Canadian Diabetes Association 

recommendations suggest using 8.5 as a “less stringent” target in some cases such as patients 

with multiple comorbidities or recurrent hypoglycemia (Canadian Diabetes Association, 2013).  

HbA1c≥9.5 have been previously used in research to categorize “very poor control” over blood 

sugar levels, where investigators found patients with diabetes with mental health conditions, 

including depression, were more likely to have very poor blood sugar levels compared to those 

with no mental health conditions (Frayne et al., 2005).   

Depression is also one of the most frequent mental health conditions treated by primary 

care physicians.  As patients with diabetes are at increased risk of depression, it is important to 

evaluate depression specifically in the context of comorbid diabetes (Anderson et al. 2001).  Even 

sub-threshold levels of depression can be a major barrier to effective self-management, resulting 

in poorer blood sugar control and increased morbidity, so broad definitions of depression are 

needed (Chiu et al. 2010).  As such, routine depression screening for the both the general public 

and high risk groups was recommended in primary care (MacMillan et al., 2005).  In 2005 the 
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Canadian Task Force on Preventative Health Care (CTFPHC) task force concluded “that there is 

fair evidence to recommend screening adults for depression in primary care settings” as screening 

improves health outcomes when linked to effective follow-up and treatment”(MacMillan et al., 

2005).  However, in May 2013 the task force reversed the guidelines and recommended against 

routine depression screening for not only the general population, but for high risk groups such as 

those with depression histories or chronic conditions such as diabetes (Joffres et al., 2013).  This 

guideline reversal was primarily based on a lack of evidence from randomized controlled trials 

(RCTs) for systematic screening and insufficient evidence to support them even in high risk 

chronic disease patients (Siu et al., 2016).  The depression guideline working group concluded 

“Our recommendations highlight the lack of evidence about the benefits and harms of routinely 

screening for depression in adults. In the absence of a demonstrated benefit of screening, and in 

consideration of the potential harms, we recommend not routinely screening for depression in 

primary care settings, either in adults at average risk or in those with characteristics that may 

increase their risk of depression” (Joffres et al., 2013, page 781).  However, both the Canadian 

and American Diabetes Associations, as well as the American Association of Clinical 

Endocrinologists, still do recommend depression screening for adults with diabetes as these 

patients are at increased risk for developing depression and untreated comorbid depression can 

have serious clinical implications for patients criteria (American Diabetes Association, 2014; 

Canadian Diabetes Association, 2013; Handelsman et al., 2011).  This Canadian decision is no 

longer shared by the task force in US or the UK.  In January of 2016, the US Preventative 

Services Task Force (USPSTF) updated their 2009 recommendations to now include screening 

for depression in the general adult population in a primary care setting, without the former 

restriction of when adequate supports are in place as they concluded that they no longer 

represented current clinical practice (Siu et al., 2016).  They stated that “screening for depression 
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in general adults is of moderate net benefit” and the risk assessment should consider people with 

chronic illness as they are at increased risk for depression (Siu et al., 2016, page 385).  The 

USPSTF cited the Institute for Clinical Systems Improvement as recommending that clinicians 

use a standardized instrument to screen for depression and noted the PHQ-9 as a screening tool 

that could assist clinician diagnosis.  They highlighted the current discrepancy with the Canadian 

Task Force’s recommendations and noted both the Community Preventative Services Task Force 

and the American Academy of Family Physicians also support their recommendations to screen 

the general adult population for depression.   Controversy still exists regarding how well family 

physicians can detect depression or its absence (Thombs & Ziegelstein, 2014).  While there is a 

lack data from high quality randomized trials to support depression screening, there is a large 

body of observational evidence suggesting a general underdetection of depression in primary care 

and this can be particularly harmful in patients with comorbid diabetes (Katon, Jürgen, & Pincus, 

2008).  Unfortunately, inconsistencies in these national recommendations can make it difficult for 

physicians to know the best practices to implement for their patients.  This disseration will help 

address this gap in Canadian evidence by assessing the number of missed depression cases in 

primary care, in addition to some of the potential harms of depression on diabetes control. 

 

2.3 Diabetes and Depression 

2.3.1 Prevalence of Depression in Diabetes 

 Many factors influence the prevalence of depression among those with diabetes.  In the 

Netherlands, 2,460 patients with type 2 diabetes were examined for depression and 26% met the 

criterion standard for depression (Nefs, Pouwer, Denollet, & Pop, 2012), but those with any 

previous history of depression had a 2.5 fold increased odds of recurrent or persistent depression.  
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In 2001, researchers from the US Department of Veterans Affairs Medical Center performed a 

meta-analysis to estimate the odds and prevalence of clinically relevant depression in diabetes, 

and found the presence of diabetes doubles the odds of having comorbid depression (OR=2.0, 

95% CI 1.8-2.2) (Anderson, Freedland, Clouse, & Lustman, 2001).  Investigators also showed the 

prevalence of comorbid depression was significantly higher in clinical (32%) than community 

samples (20%) and when assessed by self-reported questionnaires (31%) vs standardized 

diagnostic interviews (11%).  Researchers at the University of Birmingham completed a meta-

analysis of the risk of developing depression and found that those with type 2 diabetes have a 

pooled OR=1.47 for developing depression as defined by diagnostic criteria (Nouwen et al., 

2010). The difference in the incidence (OR=1.47) versus the prevalence (OR=2.0) odds ratio 

observed may well reflect the longer duration and more recurrent depression observed in 

diabetes.  Overall, it appears that approximately one out of every three patients with diabetes also 

suffer from depression at some point in their lifetime and this could interfere with the control 

over diabetes (Anderson et al., 2001; Nefs et al., 2012; Pouwer et al., 2010).   

2.3.2 Effect of Depression on Mortality in Diabetes 

Researchers have concluded that diabetes and depression can potentially be a “lethal 

combination” (Katon, Jürgen, & Pincus, 2008).  People with diabetes have a doubled risk of 

depression, yet most concerning in a Cox proportional hazard model, having depression and 

diabetes was associated with an almost 40% increased risk for all-cause mortality over a 2yr 

period compared to having diabetes alone (Katon, Jürgen, & Pincus, 2008).   However research is 

still needed to determine whether this increase in mortality associated with depression is due to 

potential behavioral factors (smoking, poor adherence to diet) or physiologic abnormalities 

(hypothalamic-pituitary adrenal axis dysregulation) associated with depression.   
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2.3.3 Effectiveness of Depression Treatment in Diabetes 

Providing adequate depression treatment has been shown to improve glycemic control.  In 

the US Health and Retirement Study, highly depressed subjects demonstrated significantly higher 

HbA1c levels at 5 year follow-up compared to those with little or no depressive symptoms (Chiu 

et al., 2010).  The University of Pennsylvania conducted a randomized controlled trial of 180 

people with depression and diabetes evaluating an integrated care intervention aimed at educating 

primary care physicians on guidelines for depression treatment and monitoring of patients.  

Investigators showed that after 12 weeks the proportion of patients achieving glycemic control 

(HbA1c<7) was 60.9% for the depression intervention group, but only 30.7% for the usual care 

group (p<.001) (Bogner, Morales, de Vries, & Cappola, 2012).  The intervention group also 

showed higher rates of adherence to oral hypoglycemic and antidepressants, as well as a 

significantly (p<.001) greater portion achieving depression remission defined as PHQ-9 <5.  The 

usual care group had fewer numbers of visits and this may have mediated the outcomes.  

Similarly in a Washington State randomized controlled trial monitoring depression symptoms in 

14 primary care clinics involving 214 patients with poorly controlled diabetes, coronary heart 

disease or both in addition to co-morbid depression, after 1 year 36% of the collaborative care 

depression intervention group had a reduction from baseline blood sugar levels of ≥1% while 

only 19% of the usual care group did (Katon et al., 2010).  Overall, the depression intervention 

group had significantly improved depression scores and achieved a -0.58 (-0.85, -0.27) greater 

reduction in HbA1c levels, which is both a highly statistically significant and clinically relevant 

reduction on a population level.  However, other studies have shown an association with 

glycemic control and depressive effect is present only in type 1 not type 2 diabetes (Pouwer et al., 

2010) and that depression screening intervention not directly linked to treatments may not convey 
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the benefits on glycemic control (Pouwer et al., 2011).  In a systematic review of the quality of 

depression treatment in primary care for patients with physical comorbidities, Canadian 

investigators also found patients with higher chronic medical comorbidities, including diabetes, 

do not consistently receive poorer quality of depression treatment relative to patients with a lower 

burden (Menear et al., 2015).  Further investigations on the effects of depression on diabetes 

would assist in clarifying the nature of these associations. 

2.3.4 Screening for Depression in Diabetes in Primary Care 

Managing depression begins by physician recognition, however many patients’ chronic 

conditions may have depression not detected in primary care.  As such National Institute for 

Clinical Excellence (NICE) guidelines recommend using a validated assessment tool for this 

purpose (National Institute for Clinical Excellence, 2004).  The Patient Health Questionnaire-9 

question version (PHQ-9) is a common choice in primary care as it categorizes a greater portion 

of moderate/severe depression than other tools (Cameron, Crawford, Lawton, & Reid, 2008; 

Kroenke & Spitzer, 2002).   

Gaining a better understanding of the dual impact of having both diabetes and depression 

and their optimal primary care management is essential.  The screening tools used need to be 

evaluated in patients with diabetes specifically since these patients are known to be at increased 

risk.   The routine use of effective tools may assist family physicians in the recognition and 

treatment of both conditions.  The relationship between diabetes and depression was examined in 

a New York State study of 249 diabetic Medicare patients who were screened for depression 

using a mailed Patient Health Questionnaire (PHQ-9).  Then they were further clinically assessed 

resulting in 56% positive screens (PHQ-9≥ 10) for depression, with nearly half (49%) 

unrecognized by the health care system (Kahn et al., 2008).  The other 51% with a diagnosis of 
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depression in their medical encounter records still had moderate to severe depression scores, 

suggesting both poor treatment adherence rates and a need for therapy reassessment.  A similar 

PHQ-9 screening study in nine Washington State primary care clinics also found only 51% of 

diabetic patients with major depression were recognized as depressed by the medical system 

(Katon et al., 2004).   The researchers also discovered in the previous year only 32.8% of their 

depressed diabetic patients received adequate treatment, defined as ≥4 psychotherapy visits or an 

adequate dosage of antidepressant.  Yet patients with recognized depression were nearly twice as 

likely (64.2%) to have adequate depression treatment, highlighting the importance of detection in 

this high-risk population.  In addition, family physicians are known to contribute to case 

detection problems by deliberately substituting other diagnostic codes for major depression when 

uncertain of a diagnosis or when there were problems with reimbursement for services (Rost, 

Smith, Matthews, & Guise, 1994). 

2.3.5 Causal Pathways between Depression and Diabetes 

2.3.5.1 Direct Physiological Mechanisms 

In as early as the mid-1600s Dr. Thomas Willis, the English physician who coined the 

term “diabetes mellitus”, considered how diabetes might be a consequence of prolonged sadness 

or sorrows (Willis, 1675).  To date common metabolic pathways have been hypothesized to 

explain the potential direct effects of depression on glucose control, but these endocrine 

abnormalities are not yet well understood.  In the concept model (Figure 1) these are represented 

by the direct arrows between depression and diabetes symptoms.   

2.3.5.2 Hypothalamic Pituitary Adrenal Axis (HPA) 
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Dysregulation of the hypothalamic pituitary adrenal axis in the brain is known to occur in 

both depression and diabetes.  A natural biological response to stress is for the body to increase 

cortisol levels.  Prolonged periods of stress may result in chronic hyperactivity of the axis that is 

positively associated with both visceral adipose (fat) and insulin resistance.  Subclinical 

hypercortisolism is one potential physiological link between depression and diabetes 

(Champaneri et al., 2010). 

2.3.5.3 Sympathetic Nervous System (SNS) Tone  

Stress causes the release of catecholamines like adrenaline into the blood to prepare the 

body in its fight or flight response via the sympathetic nervous system.  In order to be able to 

react swiftly, the body responds by increasing blood levels of its fuel- glucose.  Insulin must be 

suppressed as it performs the opposite function and removes glucose from the blood by uptaking 

it into the cells, storing it as fat.    The catecholamines act on receptors that are found on intra-

abdominal and visceral fat and they have been associated with insulin resistance, which may 

contribute to the development of diabetes.  In patients with neuroendocrine tumours that cause an 

over production of catecholamines, insulin resistance is notable feature of the condition.  

Essentially, chronic depression may cause a general shift in activity toward enhanced sympathetic 

nervous system tone which over time may increase the likelihood of diabetes (Champaneri et al., 

2010). 

2.3.5.4 Inflammatory Pathways 

Distress can also lead to a pro-inflammatory state.  Psychological stress is associated with 

cytokines production and the elevation of inflammatory markers such as interleukins that are 

known to sensitize the tissues to insulin.  In addition, these immune components may actually 

cause direct damage to the pancreatic beta-islet cells responsible for releasing insulin and 
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interfere with glucose transport systems.  Whether depression precedes the development of 

inflammation or is exacerbated by inflammation is unknown, but it provides another 

physiological mechanism through with these two conditions are related (Champaneri et al., 2010; 

Musselman, Betan, Larsen, & Phillips, 2003).    

2.3.5.5 Sleep Disruption  

Difficulties sleeping, either too much or too little, are classic symptoms of depression and 

increase the risk of suicide (Nutt, Wilson, & Paterson, 2008).  Sleep apnea is a known risk factor 

for the development of diabetes (Wang et al., 2013).  Altered circadian rhythms, especially short 

sleeping, have been shown to impair glucose regulation, increase insulin resistance, and the risk 

of diabetes onset (Mallon, Broman, & Hetta, 2005; Yaggi, Araujo, & McKinlay, 2006).  

Disruption of quality sleep patterns provides another potential physical link between these two 

chronic conditions (Holt, de Groot, & Golden, 2014; Snoek et al., 2015).  

2.3.5.6 Glucose Transport  

Alteration in the glucose transport systems have been hypothesized as links between 

depression and diabetes.  The brain uses glucose as its primary energy source and glucose 

utilization is an indicator used in positron emission tomography (PET) and magnetic resonance 

imaging (MRIs) to measure brain functioning.  Patients with depression display decreased 

glucose utilization in the left frontal cortex which correlates with severity and is increased with 

the use of antidepressant medications (Baxter et al., 1989; Martinot et al., 1990).  Patients with 

diabetes have also been shown to have reduced sensitivity to glucose transporters (Petersen & 

Shulman, 2002).  Although no causal pathway has been clearly identified, it is possible that 

abnormalities in glucose handling and storage could lead to depression in diabetes. 
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General dysregulation of physiological systems and neuroendocrine alterations of the 

hypothalamic pituitary adrenal axis, autonomic nervous system, immune system, glucose 

transport systems or circadian rhythms could manifest themselves as both symptoms of 

depression and diabetes (Lett et al., 2004; Musselman et al., 2003).  Underlying physiological 

mechanisms have been proposed to be       the factors in depression that may lead to the poor 

blood sugar control diabetes, but further investigations of the underlying biological causal 

pathways are clearly needed.    

2.3.5.7 Indirect Psychosocial, Environmental and Behavioural Mechanisms 

2.3.5.7.1 Chronic Condition Burden 

Direct biological pathways likely contribute to depression in diabetes, but it could also be 

partly explained by the psychological stress from the burden of living with a demanding chronic 

condition and its debilitating complications.  The daily demands of having to cope with 

fluctuating blood sugar levels, continuously needing to balance insulin dosages, self-administer 

injections, maintain regular oral medication compliance, relentless daily physical activity 

requirements, scrutinizing food for low glycemic options, and worries about hypoglycemia could 

cumulatively lead to a unique form of emotional distress for patients with diabetes.  Evidence for 

this pathway is provided by a 2011 meta-analysis using psychiatric interviews, self-reported 

questionnaires and physician diagnosis as the depression criterion standard to examine any 

potential associations in glucose impairment and undiagnosed diabetes.  Investigators only 

observed associations with depression in those with previously diagnosed diabetes, supporting 

the “psychological burden hypothesis”.  This states that the burden of a diagnosis of chronic 

illness like diabetes that must now be managed daily and coping with its complications are what 

contribute to high levels of depression (Nouwen et al., 2011).  The recognition of the emotional 
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toll diabetes can place on patients has led to the development of specific diabetes distress scales 

to help identify issues and improve quality of life (Polonsky et al., 2005). 

2.3.5.7.2 Lifestyle and Behaviour  

It is easy to hypothesize that lifestyle factors could be involved in the comorbidity of 

depression and diabetes, with either condition reinforcing the other.  If depression is not 

adequately addressed it may be difficult for the patient to find the motivation to adhere to their 

diabetes self-care regimen and medications (McKellar, Humphreys, & Piette, 2004). Figure 2 

shows that in Wagner’s chronic disease model this is the need for an “active” patient (Wagner, 

Davis, Schaefer, Von Korff, & Austin, 1999).  Patients with low levels of activation are less 

likely to play an active role in maintaining health. They are less likely to seek needed help or 

follow advice of their health providers.  Lack of confidence and experience failing to properly 

manage their health may result in avoidance of health problems and general self-neglect.  

Essentially in the model of effective chronic illness care, not only is providing patients with high 

quality information about how to manage their condition important, they must be in an “active” 

state in order to act on that information.  Depression can directly inhibit a patient with diabetes’ 

ability to be effectively engaged even in the best prepared, proactive treatment program.  They 

may have diminished compliance with taking their prescribed diabetes or depression medications, 

checking their blood sugar levels, attending the medical appointments or participating in their 

recommended diet and exercise regimes.  Identifying and supporting an “inactive” patient with 

diabetes is critical to successful long-term control over blood sugar levels.  In the conceptual 

model for depression and diabetes, Figure 1 depicts these indirect associations in diabetes self-

management.   
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Health behaviours such as smoking, heavy alcohol consumption and sedentary lifestyles 

are all risk factors in development of depression and may indirectly link the two conditions.  

Health factors like these have been shown to mediate the relationship between depression and 

glycemic control (Chiu et al., 2010).  Certainly even mild physical activity such as walking can 

directly and immediately reduce blood sugar levels in diabetes (DiPietro et al., 2013).  Exercise 

also has a positive impact on mood repair and so is beneficial for both conditions (Craft & Perna, 

2004).  Smoking may have a less customary relationship to diabetes, however as nicotine is a 

known appetite suppressant and diabetic patients who quit smoking have been shown to have a 

temporary increase in blood sugar levels compared to those that do not quit (Lycett et al., 2015).  

Likewise, mild and even moderate amounts of alcohol may lower blood sugar levels suggesting a 

possible protective effect of alcohol for diabetes but a negative one for depression (Baliunas et 

al., 2009).  However, heavy amounts of alcohol may still be harmful or have little effect on blood 

sugar control, but are expected to have a deleterious impact on a patient’s depressive mood 

(Conner et al., 2009).  

There is evidence that lifestyle and health behaviours play a role in this comorbidity.  

High BMIs or obesity are known to put patients both at risk for depression and diabetes (J. A. 

Bell et al., 2014; Freemantle et al., 2008; Luppino et al., 2010).  Similar to Pan’s US estimates, a 

large Chinese study involving half a million people demonstrated that major depression was 

significantly associated with clinically identified diabetes OR=1.75 (1.47, 2.08) and the 

relationship was strongest among those who were not obese.  This supported their “jolly fat 

hypothesis” which is that there is an inverse relationship between depressive symptoms and 

weight found primarily in Asian populations.  This is inconsistent with the Western hypothesis 

that BMI mediates the diabetes-depression relationship, suggesting culture may also be a 
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determinant (Mezuk et al., 2013).  However this has also been shown to be a bidirectional 

relationship, as depression increases the chances of future obesity and diabetes (Pan et al., 2011, 

2010).  Patients with mental illnesses are vulnerable to developing diabetes and those with major 

depression in particular have an increased risk of 40% of developing future diabetes (de Jonge et 

al., 2014).  Adding to the comorbidity burden of patients with major depression, some of the 

medications prescribed to treat their depression such as tricyclics, monoamine oxidase inhibitors 

(MAOIs), paroxetine, mirtazapine and trazodone also cause weight gain, rendering patients more 

vulnerable to chronic conditions such as diabetes (Deshmukh & Franco, 2003).  As such, 

guidelines often support the vigilant treatment of depression in patients with chronic conditions 

in order to manage these complexities (National Institute for Clinical Excellence, 2007).   

Many variables interplay in the connection between depression and diabetes.  A 2010 

Nurses’ Health Study found an age-adjusted relative risk of new depression in those with diabetes 

compared to those without diabetes of 1.44 (1.33, 1.57), but then conducted a multivariate Cox 

regression and still found a persistent relative risk of developing clinical depression of 1.29 (1.18, 

1.4) after adjustment of several important covariates such as Body Mass Index (BMI), family 

history, marital status, alcohol and smoking history, physical activity level and various dietary 

habits (Pan et al., 2010).   This highlights the importance of considering potential confounders 

when examining diabetes-depression relationships.   

2.3.5.7.3 Environment 

The risks of depression and diabetes can be affected by environmental factors ranging 

from intra-uterine elements on the developing fetus to local residential neighborhood dynamics 

on the grown adult.  Although the findings demonstrate mixed results, some investigators have 

suggested that maternal stress causes an overexposure to cortisol and catecholamines on the 
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developing fetus.  As a result, long-term alterations in the neuroendocrine system may be 

initiated that predispose a child to both depression and diabetes (Phillips, 2007). 

Although no causal link has been established in current studies, it is possible that aspects 

of a patient’s residential neighborhood could predispose them to depression and/or diabetes.   

Disadvantaged physical environments have been associated with dysfunctional hypothalamic 

pituitary adrenal axis and circadian rhythms (Do, D PhuonDo, D. P., Diez Roux, A. V, Hajat, A., 

Auchincloss, A. H., Merkin, S. S., Ranjit, N., … Seeman, T. (2011). Circadian rhythm of cortisol 

and neighborhood characteristics in a population-based sample: the Multi-Ethnic Study of 

Atherosclerosis. He et al., 2011; Dulin-Keita, Casazza, Fernandez, Goran, & Gower, 2012; Karb, 

Elliott, Dowd, & Morenoff, 2012).  Adverse neighborhoods and schools with decreased 

walkability and high traffic, as well as those with poor social environments like those with low 

cohesion and high violence, have been linked to negative dietary behaviours and decreased 

physical activity levels which could make a person more vulnerable to depression and diabetes 

(de Vet, de Ridder, & de Wit, 2011).  The direct and indirect causal mechanisms between 

depression and diabetes are considerably complex with many factors so interrelated they are 

likely to exacerbate the symptoms of one another.  

2.3.5.7.4 Physician Level Factors 

Theoretically nested higher-level factors could influence how well a patient’s blood sugar 

levels are controlled.  Who a patient’s family doctor is may well predict some of the variability in 

blood sugar control above and beyond individual patient level characteristics.  However, current 

conceptual models do not often examine the potential clustering behavior among individual 

physicians on depression or diabetes outcomes.  US investigators have suggested that recognizing 

and accounting for the multilevel structure of primary care data may lead to more accurate 
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conclusions, as well as offer opportunities to explore contextual effects and differences across 

practices, and provide better estimates of sample size (L. M. Dickinson & Basu, 2005).   This is 

because family physicians established patterns in their practice and may not always adhere to the 

recommended clinical practice guidelines and the quality of care they provide can vary (Grol & 

Grimshaw, 2003).  Physician factors such as the time allotted for individual patients visits, the 

ability to effectively communicate, and the willingness to deal with difficult patients who may 

appear negative or non-compliant could have an impact on both depression and diabetes control 

(Kleinsinger, 2010; Stukel et al., 2016).  Some physicians may have safety concerns around 

prescribing more medications for depression treatment to patients with diabetes with already 

complex treatment regimens or differences in dealing with true contraindications in the 

comorbidity  (De Hert, Cohen, et al., 2011; Dumbreck et al., 2015).  The variability in how often 

medication monitoring occurs and what types of antidepressants and diabetes medications are 

typically prescribed can impact the likelihood of controlling these comorbid conditions.   

Additional comorbid chronic conditions may also have to be managed by the family physician 

potentially affecting their reluctance to prescribe given depression or diabetes medications.  

The number of regular checkups and in-office visits provided routinely to their patients 

with diabetes can fluctuate.  The willingness to discuss issues with patients over the phone or via 

email is different for each family doctor.  How frequently they administer laboratory tests 

including blood sugar tests to monitor their patient’s diabetes could contribute to its control.  

How often psychosocial screening tests like the PHQ-9 are administered, if they are done 

routinely at all, could affect both mental and physical health outcomes.  How likely referrals to 

allied health providers such as social workers, dieticians, pharmacists or how accessible referrals 

to psychiatrists or group therapy are, can all influence depression in diabetes care.      
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 2.3.5.7.5 Practice Level Factors  

In addition to physician level factors, there is potential for physicians to cluster their 

behaviour within a practice.  Family physicians may share a common diabetes nurse or education 

team and the levels of integration between the physical and mental health care they provide is 

anticipated to affect the control over a patient’s chronic conditions (Leichter, Dreelin, & Moore, 

2004; National Diabetes Education Program, 2011).  The health care team’s comfort level with 

prescribing multiple medications and concerns over potential polypharmacy may result in group 

wide control through practice level policies (Austin, 2006).  Mutual access to psychiatrists, 

psychologists or social workers shared by the family health team or similar access to local 

professionals may result in common practice patterns.  Shared funding structures for 

compensation or bonuses to physicians may all influence the clustering of their care for 

depression and diabetes (Post et al., 2009).  Common hours of operation and after-hours access 

could result in similar barriers for patients with family physicians within the same practice.  

2.3.5.7.6 Regional Network Level Factors 

Considerable diversity is expected within a given regional CPCSSN network as they often 

represent large Canadian cities.  However, local municipal or provincial health care system 

factors such a funding mechanisms could cause clustering in both practice and physician 

behaviour towards diabetes management resulting in regional clustering of health outcomes for 

patients.  How often or how much physicians in the province are able to bill for given services 

such as diabetes visits or depression counseling could allow regional practice patterns to 

establish, independent of patient or physician characteristics (Green et al., 2009).  Municipal and 

provincial funding of various health care team organizational structures could impact the 

accessibility of family physicians and allied health providers to support patients with depression 
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and diabetes and their access to treatment could be dependent on the regional network in which 

they reside.   

A plethora of potential variables are associated with the relationship between depression 

and diabetes and complex models are warranted to attempt to clarify their impact on this common 

comorbidity.  This thesis addressed some of these gaps in the relationship between depression 

and diabetes and these are indicated with an asterisk in the concept model in figure 1.  Due to the 

complexity of the associations under study, not all elements could be addressed in one 

dissertation.  However, this thesis did quantify the extent of depression in diabetes, examined the 

potential effect modification by sex, senior and obese status, and investigated treatment dipartites 

in the number of visits, tests and medications for patients with diabetes and depression.  Potential 

higher level clustering at the physician, practice and regional health care system levels were also 

explored as a part of this thesis.    

2.3.6 Potential confounders of the Diabetes-Depression Relationship 

In order to be a confounder, a variable must be associated with the exposure of interest, as 

well as a potential cause of the outcome of interest.  While the list of risk factors for both 

depression and diabetes is extensive, not all have contributions to both conditions.  The concept 

model in Figure 1 also lists the potential modifiable and non-modifiable confounders, as well as 

important comorbidities in the depression-diabetes relationship.  Age is an important potential 

confounder as depression is known to peak in middle age and to exhibit different manifestation in 

seniors compared to younger patients (Cappeliez, 2014; Frieden et al., 2012).  Age has an 

incremental association with diabetes and is uncommon in the young and increases in frequency 

and severity with age (Canadian Diabetes Association, 2013).    Likewise sex distributions could 

confound the depression-diabetes association as women are more likely to experience depression 
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(Kuehner, 2003).  Also women are less likely to develop diabetes than men and this difference 

becomes more apparent with age (Centers for Disease Control and Prevention, 2014; Statistics 

Canada, 2008).  However, females may have poorer blood sugar control resulting in more 

complications and decreased chances of survival than men (Gebel, 2011).  The number of years a 

patient lives with diabetes may confound the relationship with depression.  This may be because 

the severity of the condition is expected to increase over time causing diabetes to become more 

and more difficult to control.  Additional complications of diabetes such as blindness and 

amputations may occur over time, all contributing to a potential increase in depression 

symptoms.  Alternatively, it may be that the shock of an initial chronic condition diagnosis can 

upset patients, precipitating somewhat temporary symptoms of depression that may resolve after 

patients come to terms with their condition and learn mechanisms to take control over their 

diabetes.  In either scenario, the length of time from diabetes diagnosis could be a possible 

confounder.   Ethnicity, race or culture could confound the depression-diabetes relationship as 

they have been associated with increased vulnerability in certain groups (Gadalla et al., 2010; 

Shai et al., 2006; Wu et al., 2003).  Aboriginal status may be particularly important to control for, 

as research has demonstrated such a strong association with increased risk of diabetes (Yu & 

Zinman, 2007).    Socioeconomic status has been linked to diabetes and it has a more 

controversial association in depression, but may be important in the context of poverty or urban 

settings (Agardh et al., 2011; Eaton et al., 2001; Lorant et al., 2003; Saydah & Lochner, 2010).  

Theoretically, socioeconomic status may well confound the relationship between the depression 

and diabetes so should be examined in models.  Being married has shown some protective effects 

for depression and adherence to medical treatment has also been shown to be 1.27 times higher 

among married patients than unmarried (DiMatteo, 2004; Scott et al., 2010; Yan et al., 2011). 
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Marital status is a confounder to consider as poor adherence to treatment could result in poor 

blood sugar control. 

Many physical comorbidities could also confound the relationship as the burden of having 

to deal with a chronic physical conditions, their complications and potentially negative prognosis 

can put an emotional strain on patients increasing their chances of becoming depressed ( Katon & 

Sullivan, 1990).  Having multiple physical comorbidities to deal with could also put a strain on a 

person’s body physically, as well as contributing to difficulties complying with diabetes 

medications, diets or exercise regimes which in turn lead to poor blood sugar control.  

Conversely, the additional medical care provided for other comorbidities and the recognition of a 

patient’s increased vulnerability could lead to more intense health care and potential better blood 

sugar control.  Common chronic physical conditions such as hypertension, osteoarthritis, COPD, 

and heart disease could all potentially confound the depression-diabetes relationship as they are 

all related to one another to some extent and their cumulative burdens can increase the chances of 

becoming depressed and the severity of depression.  Similar complex relationships exist for less 

common chronic conditions such as specific cancers, human immunodeficiency virus, epilepsy 

and Parkinson’s disease making them all potential confounders between diabetes and depression. 

Common coexisting mental health conditions such as anxiety and schizophrenia could 

distort the association between diabetes and depression as both are related to both conditions 

(Almeida et al., 2012; Buckley et al., 2009; Maier & Falkai, 1999).  However, anxiety has been 

shown to confer twice the protection of meeting target blood sugar levels and the compulsive 

symptoms in anxiety could cause patients to check their blood sugar more often, diligently take 

medication and rigorously adhere to diet and exercise regimes (Brieler, Lustman, Scherrer, Salas, 

& Schneider, 2016).  Patients with schizophrenia however show a greater prevalence of diabetes 
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and this may be due in part to certain antipsychotic medications prescribed in the treatment of 

schizophrenia which actually can induce diabetes (De Hert, Correll, et al., 2011; Osborn et al., 

2008; Ramaswamy et al., 2006). 

Being obese is certainly associated with both depression and diabetes (J. A. Bell et al., 

2014; Freemantle et al., 2008; Luppino et al., 2010; Weycker et al., 2009).  Yet in order to be a 

confounder, the variable in question must not be an intermediate step in the causal path.  In many 

cases obesity can lead to depression rendering the patient “inactive” as depicted in Wagner’s care 

model, leading directly to the poor diet choices and physical inactivity that can cause diabetes.  

As such obesity at least in some cases is not a candidate for a potential confounder.  However 

there is evidence of a stronger relationship for more obese patients and obesity could potentially 

be an effect modifier of the depression-diabetes association (Katz, McHorney, & Atkinson, 2000; 

Weycker et al., 2009)  Likewise, the number of visits to health care providers is linked with both 

risk of depression and the chances of having good blood sugar control.  It is also likely on the 

causal path with patients identified with depression requiring more visits and simultaneously 

receiving more care for the diabetes.  Conversely the care they receive may be less effective as 

dealing with the mental health issue may result in “diagnostic overshadowing” of the diabetes 

care.  In addition, it is possible that patients with depression at least by guideline standards should 

have more visits, but the symptoms of depression may mean that they come into the clinic less, 

resulting in their diabetes being less well managed and more out of control.  Regardless of the 

actual direction of the associations, the number of visits is likely on the causal path between 

depression and diabetes outcomes. 

Smoking is another variable that is commonly assumed to be a potential confounder as it 

is related to many negative health outcomes.  Smoking is known to have a strong bidirectional 



 

48 

 

association with depression (Bakhshaie, Zvolensky, & Goodwin, 2015; Leonardi-Bee, 2012).  

However, there is a lack of evidence that smoking directly impacts blood sugar levels and HbA1c 

have been shown to be comparable between diabetic smokers that quit and those that continued 

smoking after 3 years (Lycett et al., 2015).  Indirectly, smoking may be related to blood sugar 

control as patient who smoke may be more likely to neglect their health in general and therefore 

be less compliant with diabetes management advice, but smoking is not thought to cause poor 

blood sugar control itself.  Likewise, alcohol has a well-established relationship with depression; 

however it may not have any overall impact on blood sugar control in diabetes.  Studies show 

that moderate amounts of alcohol may be protective against poor blood sugar control, whereas 

heavy levels may be have a clinically small negative effect on diabetes (Baliunas et al., 2009).  

Again, indirectly alcohol consumption may lead to more sedentary life styles, which could 

contribute to higher blood sugar levels, but a cofounding relationship between depression and 

diabetes is not necessarily hypothesized. 

2.3.7 Conceptual Model 

Overall the relationship between depression and diabetes outcomes is complex.   The 

behavioral, psychosocial, and physiological mechanisms outlined in the concept model (Figure 1) 

may lead to depression causing patients to have poor control over their blood sugars, and 

resulting in higher population mean levels of HbA1c.  It may also interfere with their ability to 

reduce their blood sugars to lower risk levels to avert the long-term complications of diabetes.  

Socio-demographic factors, additional chronic conditions, and behavioral factors may confound 

this relationship.  The number of doctor visits and the maintenance of an unhealthy BMI levels 

may facilitate the relationship.  Adding to the treatment complexities of these comorbid 

conditions, some antidepressants have been shown to cause patients to gain weight.  There are 
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also antipsychotic medications that may be used in treating some patients with depression that 

actually produce diabetes by interfering with insulin regulation (De Hert, Correll, et al., 2011; 

Osborn et al., 2008; Ramaswamy et al., 2006).  The effect of these treatments on a diabetic 

patient’s ability to control both their blood sugar and weight warrants investigation.  The 

Canadian literature on the relationship between diabetes and depression is sparse and as found in 

a large Chinese study, our results could differ from other countries due to cultural, genetic or 

health system factors (Mezuk et al., 2013).  CPCSSN’s substantial administrative database may 

not have the quality details of an extensive clinical trial, but it presents an opportunity to explore 

these relationships efficiently and in our naturalistic setting. 

 

2.4 Diabetes Treatment Disparities 

Treatment disparities are inequities that exist when members of certain populations do not 

receive the same health care as others, despite the existence of an underlying need (Balsa & 

McGuire, 2003).  Insufficient medical care in terms of the number of medical visits, tests or 

medications can put vulnerable groups at increased risk of poor health outcomes.  Equitable 

access to necessary medical services for all citizens is an underlying principle of the Canada 

Health Act and our 2007 ratification to the Convention on the Rights of Persons with Disabilities 

specifies, in Article 25 - Health, that "persons with disabilities have the right to the enjoyment of 

the highest attainable standard of health without discrimination on the basis of disability" (Office 

of the United Nations High Commissioner for Human, 2007).  Yet, patients claim to have 

experienced profound effects from treatment disparities related to their mental illnesses.  

Empirical evaluation of the literature demonstrates mixed results to support these assertions 

(Morkem, 2012; Stuart, 2009).  However, most of the evidence is in a hospitalized environment, 
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while the majority of people, including those experiencing mental illnesses, are actually treated 

by their family physicians in primary care.     

2.4.1 Disparities in Survival 

Inequities in primary care for patients with mental illness can increase their risk of having 

poor physical health.  Concerns are supported by evidence of a shortened life expectancy of 

between 13-30 years for patients with serious mental illness compared to the general population 

(De Hert, Correll, et al., 2011).  In Australian patients with depressive disorders specifically, men 

were found to live on average 15.3 years less and women 12.5 years less than those without 

depression.  This excess mortality of patients with severe mental illness, including major 

depression, has been increasing, not decreasing, over the twenty year period from 1985 to 2005 

(Lawrence, Hancock, & Kisely, 2013).  Currently the excess mortality from suicide results in 

about 14% of the excess deaths, but 78% of the excess deaths can actually be attributed to 

physical health conditions (Lawrence et al., 2013).  Metabolic conditions including diabetes are 

part of this largely modifiable public health burden. 

2.4.2 Disparities in Control of Diabetes 

There is some evidence of treatment disparities in glycemic control.  Over 10,000 US 

Medicare patients with diabetes were followed for two years and those with a comorbid 

depression diagnosis had a 38% increased risk of death (HR =1.38 95% CI 1.22-1.57) (Kahn et 

al., 2008).  Another large US Veterans Health Administration study of 313,586 diabetic patients 

showed that a quarter with coexisting mental health conditions (including depressed mood) were 

1.24 (1.22, 1.27) times more likely to not even have HbA1c testing done and 1.32 (1.30, 1.35) 

times more likely to have very poor glycemic control (A1C ≥9.5) compared to those with no 

mental health conditions ( Frayne et al., 2005).  These researchers concluded studies exploring 
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the potential factors for these diabetes outcome discrepancies are needed.  Not only have patients 

with diabetes and depression been shown to more likely to be above target levels, the mean 

HbA1c of patients with untreated depression is significantly higher (HbA1c=8.13) than those 

patients with diabetes who did have treated depression (HbA1c=7.16) (Brieler et al., 2016).  

However, the impact of depression on change in HbA1c levels over time has not yet been 

explored as a potentially important outcome.  

Poor physical health in people with mental illness is complex and multifactorial in nature.  

Disparities in treatment can occur at the health care system level, physician level and individual 

patient level.  At the system level, patients with mental illness may have barriers to accessing 

primary care physicians; there can be issues of who is responsible for providing physical care, 

limited continuity of care and fragmentation across providers, and under resourcing of mental 

healthcare (De Hert, Cohen, et al., 2011).  Diabetes studies have shown that patients with 

comorbid mental illness are less likely to be admitted to hospital for diabetic complications, 

demonstrating evidence for a form of structural discrimination (Thornicroft, 2011). 

2.4.3 Physician Disparities 

On the physician level, it has been suggested that patients with diabetes and mental health 

conditions are less likely to receive standard levels of diabetes care (De Hert, Correll, et al., 2011; 

Frayne et al., 2005; Lawrence & Kisely, 2010).  Routine clinical measures such as BMI 

measurements, blood sugar testing, lipid testing, retina screens and foot examinations may differ 

based on mental health status, although not all studies confirm this finding.  A US study 

examining the process of care measures in 38,020 veterans with diabetes found that after 

adjustment for patient and practice site level confounders, patients with a comorbid mental 

disorder actually had more visits than those without a mental disorder (Desai, Rosenheck, Druss, 
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& Perlin, 2002).  They also did not find any evidence that patients with serious psychiatric 

disorders were at any greater risk of poorer quality of diabetes care in terms of the number of 

HbA1c tests, retina and foot examinations.  Despite lower rates of treatment for hypertension and 

dyslipidemia, patients with schizophrenia were also found to have comparable rates of 

hypoglycemic agents for diabetes treatment to that found in community samples (Nasrallah et al., 

2006).  However, the quality and appropriateness of the visit content may vary and physicians 

may feel time and resource constraints that limit the activities during a given visit for patients 

with multiple conditions.  Healthcare providers also have been suggested as targets to reduce 

stigma, as physicians themselves may regard patients with mental illness as being difficult or 

disruptive to their practice (Sartorius, 2007).  A patient with depression may be viewed as a 

negative, whiny or an unkempt person and have their behavior attributed to their personality 

rather than a symptom of their illness.  Failure to diagnose can also occur if the physical 

symptoms of diabetes such as lethargy, sleeping difficulties and appetite changes are 

misattributed to depression.  This can result in patients living for long periods with elevated, but 

undetected blood sugar levels making their eventual management more challenging and their 

diabetes outcomes suboptimal (De Hert, Correll, et al., 2011). 

2.4.4 Patient Factors 

Patient factors can also confer disadvantages to good diabetes management (Lawrence & 

Kisely, 2010).  Adverse effects of antidepressant medications, such as sedation, can interfere with 

a patient’s exercise plan.  Walking after meals to reduce blood sugar levels may be difficult for a 

patient whose depression makes them feel housebound.  Increased appetite and weight gain are 

also well-established side effects of many of the antidepressant and antipsychotic treatments (De 

Hert, Correll, et al., 2011).  Patients with depression have been shown to be more likely to be 
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obese which also makes them vulnerable to poor sugar control.  The symptoms of depression 

such as cognitive impairment and fatigue can make comprehending and following complex blood 

sugar testing and medications plans difficult.  Cognitive impairment may also interfere with a 

patient’s ability to understand promotional and health information pamphlets and advertising 

messages.  The importance of selecting lower glycemic index foods, like grapefruit instead of 

raisins, may be hard to understand and the rationale for better choices unclear.  Quick sugar filled 

or fatty foods may be difficult to resist if patient views them as remedies to their sadness.  Job 

loss from depression can create financial constraints to purchase more expensive high fiber fresh 

fruits and vegetables and low fat lean meats.  The potential social isolation, lack of family 

support, self-neglect and lack of motivation many patients with depression experience, can 

contribute to both decreased compliance in medications and glucose monitoring, resulting in 

barriers to good physical health and limiting optimal blood sugar control (De Hert, Cohen, et al., 

2011).   

As evaluating the quality of care provided in primary care is complex, little work has been 

done to assess potential treatment differences in this important setting (Green et al., 2012).  

Studies exploring these potential health discrepancies in care are needed.  This dissertation 

investigated the existence of treatment disparities in diabetes care for patients with comorbid 

depression. 

 

2.5 Research Data Source - Canadian Primary Care Sentinel Surveillance Network 

(CPCSSN) 

2.5.1 Development of CPCSSN 
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All of the studies described in this thesis make use of the CPCSSN database.  CPCSSN 

was established in 2008 as Canada’s first multi-disease electronic medical record surveillance 

system with an aim of collecting valid and reliable data about common chronic conditions, 

including depression and diabetes for epidemiological surveillance and research.  Details of this 

pan-Canadian approach have been described elsewhere (Birtwhistle et al., 2009; Birtwhistle, 

2011).  In brief, instead of attempting to gather surveillance data from all health care workers, a 

sentinel surveillance system selects a limited number of physicians to report data on events that 

may be generalizable to the whole population. This process can often produce more detailed data 

on cases of illness and may be the best type of surveillance if intensive investigation of each case 

is needed.  Sentinel systems are the basis for acute surveillance programs like the Canadian Flu 

Watch program, where volunteer sentinel physicians submit weekly tallies of their patients seen 

with influenza-like illness (Goverment of Canada, 2015).  Similarly, the US uses Practice-Based 

Research Networks in a sentinel system of over 176 primary care practices to answer community-

based health care questions and translate research findings into practice (U.S. Department of 

Health & Human Services, 2015).  CPCSSN has now also recruited sentinel primary care 

practices and information collected from them is intended to be representative of a larger 

population, in order to study and monitor chronic public health events of interest (Fleming, 

Schellevis, & Paget, 2003; L. A. Green, Fryer Jr, Yawn, Lanier, & Dovey, 2001; L. A. Green, 

Miller, Reed, Iverson, & Barley, 1993).  The geographic distribution of networks collecting data 

from primary care sites is available at http://cpcssn.ca/regional-networks/. Although CPCSSN 

practices represent a convenience sample of primary care physicians rather than randomly 

selected ones, the sample is somewhat representative when compared to the respondents in the 

National Physician Survey (NPS) and the Canadian census (College of Family Physicians of 

Canada and Canadian Medical Association, 2010; Queenan et al., 2016).  Specifically in 2013, 
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CPCSSN sentinel physicians were more likely to be female, younger and academically based 

than those that responded to the National Physician Survey.  However, physician response rates 

in the National Physician Survey are low making accurate comparisons difficult.  Patients in 

CPCSSN were generally older and include more females than in the census.  Still this is 

consistent with primary care comparisons to population level data as women and older people are 

more likely to seek health care in general.  Ultimately, the ability to generalize results from 

CPCSSN to the Canadian population will depend on the context of the specific associations under 

study, though generalizations may not be so important when conducting analytic investigations. 

Data from all participating networks are de-identified and sent via secure electronic file 

transfer protocols to CPCSSN’s central data repository at Queen’s University where they are 

aggregated into a single national database.  Posters informing patients about CPCSSN are present 

in the waiting rooms of participating practices and patients can opt out.  The database is updated 

every three months, which is a distinct advantage over many other potential national databases 

such as the Canadian Community Health Survey or provincial billing ones, which are frequently 

several years out of date by the time of analysis.  Traditional reports on chronic conditions such 

as diabetes or depression have relied primarily on health administrative databases like the 

National Diabetes Surveillance System (NDSS), Institute for Clinical Evaluative Sciences 

(ICES), or national surveys like the Canadian Community Health Survey (De Lusignan, 

Metsemakers, Houwink, Gunnarsdottir, & van der Lei, 2006; Government of Canada, 2009).   

CPCSSN has the potential to maintain the level of sensitivity as found in the administrative 

database, but with the advantage of adding rich clinical details extracted directly from the 

patient’s medical record.  Known limitations of administrative datasets include a lack of clinical 

information such as laboratory results, vital signs, risk factors (e.g. smoking) and prescriptions 



 

56 

 

for patients not covered under provincial plans.  On the other hand, surveys improve on the 

information available, but rely on self-reports and have shown to have even lower sensitivity 

compared to administrative databases as patients may not disclose or be fully aware of their 

conditions (Muggah & Graves, 2013).   Also as most interactions in the health system occur in 

primary care, CPCSSN fills a gap by using this clinical information collected directly from 

primary care health care settings (Green et al., 2001; Manuel, Maaten, Thiruchelvam, 

Jaakkimainen, & Upshur, 2006; Schultz, Guttmann, & Jaakkimainen, 2006). This rich dataset 

with nested physician, practice and regional information includes patient data on chronic 

conditions, problem lists, medical billings, prescriptions (antidepressants, hypoglycemics), lab 

tests (HbA1c), referrals (social-work, psychiatry), risks (smoking status, body mass index), and 

postal code converted to socioeconomic ranking of social and material deprivation, making it an 

excellent data source for this thesis work (Figure 3).   

Currently, physicians in 11 practice-based “Primary Care Research Networks” located 

across Canada contribute to this database.  Patients of 744 sentinel family physicians are detected 

with the CPCSSN diabetes and depression case finding algorithms (Table 4), which examine 

existing International Classification of Diseases, 9th revision (ICD9) codes and augments this 

information with details contained in the electronic medical chart to determine condition status.  

The case definitions were constructed with guidance from the published literature, as well as 

expertise from academic family physicians and specialist physicians. 

2.5.2 Diabetes Algorithm 

In general, the diabetes algorithm is designed to detect cases of diabetes mellitus whether 

controlled or uncontrolled.  The algorithm also attempts to exclude cases of gestational diabetes, 

chemically induced (secondary) diabetes, neonatal diabetes, polycystic ovarian syndrome, 
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hyperglycemia, prediabetes, or similar states or conditions (such as impaired fasting glucose or 

glucose intolerance). Unfortunately it was not thought possible to separate type 1 and type 2 

diabetes from the data available in the medical records, which does not delineate the two 

conditions well in the problem list or the text.  Restricting patients under 18 years is done instead 

in an attempt to rule out many of the patients with type 1 diabetes.  Operationally, a patient was 

classified as having diabetes if they had at least two occurrences of the ICD9 code for diabetes 

(250) in bills within a 2-year time period, also if there was one ICD9 code 250 and free text 

indicating “diabetes” in the summary health profile of the electronic medical chart.    From the 

patient’s lab results, diabetes was also classified if there was at least one HbA1c ≥ 7% or two or 

more fasting blood glucose results of ≥7 mmol per liter within the same 12-month period. The 

presence of hypoglycemic medication alone was sufficient to classify the patient with diabetes 

provided they did not have any of the following exclusion conditions:  polycystic ovarian 

syndrome, gestational diabetes, secondary (chemically induced) diabetes, nonspecific 

hyperglycemia or neonatal diabetes mellitus. 

2.5.3 Depression Algorithm 

The depression algorithm aims to include episodic mood disorders, depressive disorder 

not elsewhere classified, bipolar disorder, manic affective disorder, manic episodes, mild 

depression (not simply clinical depression) and this definition is intended to identify lifetime 

prevalence.  At the same time the algorithm attempts to exclude anxiety disorders alone, alcohol 

or drug-induced mental disorders, schizophrenic disorders, delusional disorders, other nonorganic 

psychoses, pervasive developmental disorders, or other intellectual disabilities.  However, if 

patients have both these conditions in addition to depression (i.e. anxiety and depression), the 

intent is to include them in the case finding.  Operationally, patients were classified with 
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depression if they had any occurrence of the ICD9 codes 296 for episodic mood disorders or 311 

for depressive disorder not elsewhere classified in their billing or problem list.  Also, the 

presence of antidepressant medication alone was sufficient to classify the patient with depression, 

provided they did not have anxiety as indicated by ICD9 code 300 for anxiety disorders as well. 

This was an attempt to separate out depression and anxiety in the case finding algorithm, which 

was difficult due to the overlap in medications prescribed for the two conditions. These 

definitions required several revisions before validation and implementation using computerized 

case finding algorithms and the detailed case definitions are available from CPCSSN at http:// 

www.cpcssn.ca/research-resources/case-definitions.   

2.5.4 CPCSSN Research 

In 2012 the CPCSSN database was used to quantify the prevalence of depression in 

Canadian primary care practices and 14% of patients were found to have a diagnosis of 

depression.  Among diabetic men the age-adjusted prevalence ratio of depression was only 1.23 

in men and 1.36 in women (Wong et al., 2014).  In 2014 the Type 2 diabetes rate found in the 

CPCSSN sample of sentinel practice patients was 8.2%, which when adjusted to estimate the 

Canadian population prevalence of diabetes was 7.6% (Greiver et al., 2014). This prevalence 

estimate is slightly higher, but in line with both 2009 Canadian estimates of 6.8% in 2009, 

derived using administrative algorithms and 6.7% in 2014, derived from survey data which 

provides evidence for the face validity of the CPCSSN algorithm (Public Health Agency of 

Canada, 2011; Statistics Canada, 2016a).  The slightly higher estimates may reflect more 

sensitive detection methods extracting data directly for the electronic medical record rather than 

relying on patient reports in surveys, in addition to the increase in the prevalence expected for 

those attending primary care practices compare to the general population.  Also as expected, 
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investigators found patients with diabetes had an increase of 1.42 encounters (visits) with the 

practice compared to those without diabetes.  In terms of medications, the majority of patients 

were taking first-line hypoglycemic medications and over half had more than one class, but 40% 

had no record of any hypoglycemic medications in the past 2 years.   Although the CPCSSN 

database has increased the number of patients from the time of this analysis and these estimates 

may be expected to change at some points in time for the various conditions under study, the 

prevalence of diabetes and depression are expected to be similar for this thesis work.  

Unfortunately barriers exist to using this secondary use database for research purposes 

because family physicians across Canada do not consistently record ICD9 codes in practice as 

they would in a research study, as they may not consider them to be immediately relevant to their 

clinical work.  Currently, information is entered into the patient’s electronic medical record in 

numerous locations and by various methods.  As such, computer algorithms are required to 

identify cases and the validity of these algorithms needs to be examined to establish their 

credibility.   

2.5.5 CPCSSN Validation Work 

A 2009 meta-analysis of depression diagnosis in primary care in general demonstrated an 

overall sensitivity of 50% and specificity of 80% (Mitchell et al., 2009).  Recent validation work 

has also been conducted at CPCSSN for the diabetes and depression algorithms, using chart 

abstraction as the criteria standard.  Research has shown that depression validation against the 

chart abstraction can be expected to show sensitivities as high as 95%, while patient self-reports 

often produce much poorer levels ranging from 12-51%, as more cases of depression are 

identified when patients are directly asked about symptoms (Townsend, Walkup, Crystal, & 

Olfson, 2012).   
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In 2014, Canadian Primary Care Sentinel Surveillance Network (CPCSSN) chart 

abstraction validation work was completed on all the case finding algorithms for all eight chronic 

conditions in the database including diabetes and depression.  Investigators used almost 2,000 

patient charts from 126 family physicians, across five different Canadian provinces.  Trained 

research assistants were blinded to the algorithmic diagnosis of cases reviewed and used a 

standard manual and a standardized electronic data abstraction tool.  The CPCSSN diabetes 

algorithm demonstrated excellent sensitivity (95.6%) and specificity (97.1%) against the chart 

abstraction (Williamson et al., 2014).   This is not surprising as the HbA1c lab results are directly 

entered into the patient’s electronic chart making chart abstraction an excellent criterion standard 

for diabetes.  Many case of diabetes are detected from the diagnosis made in the problem list or 

from billing information, but any cases that have not been documented well in the chart can still 

be detected via assessment of the patients precise laboratory values, enabling a high quality 

algorithm for diabetes.  

The depression case finding was different, initially demonstrating a good specificity 

(97%) but less than desirable sensitivity (39%) (Kadhim-Saleh, Green, Williamson, Hunter, & 

Birtwhistle, 2013).  Subsequently, the medication data in the algorithm was modified in an 

attempt to better delineate between depression and similar conditions such as anxiety and pain, 

which resulted in an improved sensitivity of 81% while maintaining a specificity of 95% against 

the chart abstraction (Williamson et al., 2014). As well, a good positive predictive value of 80% 

and a negative predictive value of 95% were found.    Authors concluded that the case definition 

for depression had validity properties that were comparable to electronic health record based 

algorithms in the United States and that it performed better than algorithms based exclusively on 

billing and pharmacy data.    
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However, lower sensitivity measurements should be expected when patient screening and 

assessment are incorporated into the criterion measure.  In Williamson’s work, no comparison 

has been made including the patient in the criterion standard as the gold standard selected for 

their study was limited to an abstraction of the patient’s chart.  If only physician diagnoses, or 

worse physician’s records, are used to define the criterion measure, then patients who experience 

depression but either do not disclose their symptoms to their providers or are unaware of their 

condition, will not be incorporated.  The characteristics and outcomes of these unidentified 

depression cases may be misattributed to the non-depressed group, which could potentially 

nullify our ability to detect epidemiologic relationships or at best underestimate the true strength 

of the association.  The number of these missed cases may be substantial so validation measures 

are needed to quantify the extent of the misclassification problem in order to provide more 

accurate estimates of association between depression and diabetes control.     

2.5.6 Exposure Misclassification 

While it is expected that many depression cases may be missed when using administrative 

data and data collected primarily for medical purposes compared to other more direct research 

methods, low sensitivities may not have sufficient face validity to be considered credible for 

research purposes (Townsend et al., 2012).  Misclassification bias is a common phenomenon in 

epidemiological studies, however its magnitude or direction is not commonly quantified.  

Analysis to quantify the likely effects of misclassification of a dichotomous exposure can be 

accomplished by reconstructing the data that would have been observed had the misclassified 

variable been correctly classified, given the sensitivity and specificity of classification (M. P. 

Fox, Lash, & Greenland, 2005; Lash, Fox, & Fink, 2009).   By accounting for misclassification, 

investigators can present study results in a way that incorporates both the standard uncertainty 

due to random fluctuations and uncertainty about the bias due to misclassification.  Clinical 
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studies that go beyond quantitative analysis of random error only, and also quantify the 

magnitude and direction of systematic errors, are better positioned to make valid claims about 

effect sizes or policy implications of their results.   It is generally expected that non-differential 

misclassification of a binary exposure will bias associations towards the null and results are 

conservative underestimates of the true strength of the association, but this may not always be 

true (Jurek, Greenland, Maldonado, & Church, 2005).  There are exceptions to this assumption 

specifically when differential misclassification is occurring and even for non-differential 

misclassification when there are inconsistencies in the likelihood of correctly classifying the 

exposure groups in dependent misclassification.  The direction and the strength of bias can be 

unpredictable and warrants routine systemic investigation (Lash et al., 2009).  

In addition, previous depression studies have been criticized for the lack of stratification 

on age and sex.  Women are more likely to have depression and may experience depression 

differently than men as the hormones in their endocrine systems are not the same and this could 

potentially impact the control of diabetes differently.  For seniors there are separate screening 

tools that help distinguish between depression symptoms and those from other health conditions 

such as diabetes, as determining specific etiologies can become increasing difficult as people age.  

This makes stratification of the depression validation work in diabetes important for credibility 

(Townsend et al., 2012). If more context specific estimates of the depression algorithm are 

generated, particularly in various subgroups of patients with diabetes, these measures of 

misclassification bias can also be used to quantify the bias and produce corrected risk ratios (Lash 

et al., 2009).  This thesis work filled that gap by providing additional stratified original validation 

work that included patient symptom reports and physician assessment in the criterion measure to 

correct for exposure misclassification. 
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In Canada, the accuracy of the depression diagnosis in our national secondary use 

research databases such as CPCSSN, as well as our provincial administrative databases, requires 

further investigation.   Also, the prevalence of depression in diabetes and the relationship 

between the two has been largely under studied here as most of the research has been conducted 

in the US or Europe.   There is an absence of studies examining the impact of depression on the 

equity of diabetes management in our unique population distribution, characteristics, culture and 

health care system.  This dissertation addresses those issues and provides important research 

evidence to help Canadians with diabetes and depression.  
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2.6 Main Figures and Tables 

 

  



 

65 

 

 Figure 2: Wagner’s Model for Effective Chronic Illness Care 
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Table 1: Risk Factors for Depression  

Risk Factor Nature of the Association 
Age First episode of depression is typically between the ages of 20 and 40, with middle age adults 

most at risk 

Sex More women than men develop depression and attempt suicide more frequently, but men are 
more successful in suicide attempts 

Family history Having a family member with depression or other mental illness increases the risk of 
depression  

Race/ethnicity/culture Depression affects adults in all populations, but Jewish people may be   more likely and Asian 
and Blacks less likely to be depressed.   Cultural differences may also impact the ways in 
which people express their feelings and their willingness to seek treatment. 

Socioeconomic status (SES) Low SES adults may be at increased risk, but depression affects people of all education and 
income levels 

Residence Urban residents are more likely to be depressed than in rural  
Marital status Depression may be highest in divorced, widowed or never-married adults and lower for those 

married, but this association may pertain more to men than women 
Employment status Unemployed adults are at increased risk of depression 
Smoking Increased tobacco use has been linked to depression 
Alcohol Increased alcohol use has been linked to depression 
Negative early childhood experience Early childhood trauma, such as loss of a parent before adolescence, child neglect, physical, 

emotional or sexual abuse, and parental divorce are linked to increased risk for adult 
depression. 

Stress Negative life events and chronic stresses, such as divorce, loss of a loved one or loss of 
employment are associated with increased depression.  

Chronic physical conditions Adults with chronic physical illnesses such as obesity, sleep disorders, osteoarthritis, 
Parkinson’s, dementia, Epilepsy, thyroid disorder, hormonal imbalances, microbial 
infections, cancer and cardiovascular diseases are at increased risk of depression 

Mental health conditions Adults with other serious mental disorders such as schizophrenia and anxiety are at increased 
risk of depression 

Medications Certain medications cause depression-like symptoms such as sedatives and pain medications  
Adapted From:  Haggerty, J. (2006). Risk Factors for Depression from Psych Central. WEB. Retrieved from 
http://psychcentral.com/lib/risk-factors-for-depression/00058 
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Table 2: Diabetes Risk Factors 

Risk Factor Nature of the Association 
Age Risk increases with age and is more common in seniors than younger adults 
Sex More men than women develop diabetes 
Race/ethnicity/culture Descendants of Aboriginal, African, Asian, Hispanic or South Asian populations are at increased 

risk of diabetes 
Socioeconomic status (SES) Low SES adults are at increased risk of diabetes 
Physical inactivity Adults with sedentary lifestyles are at risk of diabetes 
First-degree relative  Having at least one first-degree relative with type 2 diabetes increase the risk of diabetes 
Prediabetes A history of impaired glucose tolerance (IGT), impaired fasting glucose (IFG), or HbA1C 6.0%–

6.4% increases the risk of diabetes 
Gestational diabetes  A history of gestational diabetes  increases the risk of type 2 diabetes 
Macrosomic infant A history of delivering a macrosomic infant (≥ 4.5 kg) increases the risk of diabetes 
End organ damage  The presence of end organ damage complications is associated with diabetes:  

• Microvascular (retinopathy, neuropathy, nephropathy) or  
• Macrovascular (coronary, cerebrovascular, peripheral) 

Vascular risk factors The presence of the following vascular risk factors increases the risk of diabetes:  
• HDL cholesterol <1.0 mmol/L in males, <1.3 mmol/L in females 
• Triglycerides ≥1.7 mmol/L 
• Hypertension 
• Overweight (BMI ≥ 25 kg/m2)  
• Abdominal obesity 

Associated diseases/conditions The presence of the following associated conditions increases the risk of diabetes: 
• Polycystic ovary syndrome 
• Acanthosis nigricans 
• Obstructive sleep apnea 
• Psychiatric disorders (bipolar disorder, depression, schizophrenia) 
• Human immunodeficiency virus (HIV) infection and highly active antiretroviral therapy  

Drugs associated with diabetes The use of the drugs such as glucocorticoids or atypical antipsychotics  increases the risk of diabetes 
Adapted From: Canadian Diabetes Association Clinical Practice Guidelines Expert Committee. Canadian Diabetes Association 2013 
Clinical Practice Guidelines for the Prevention and Management of Diabetes in Canada. Can J Diabetes 2013;37 (suppl 1):S1-S212. 
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Table 3: Patient Health Questionnaire (PHQ-9) for Depression Screening 

 
Patient Name  Date   

1. Over the last 2 weeks, how often have you been bothered by any of the following 
problems?  Read each item carefully, and circle your response. 

a. Little interest or pleasure in doing things 
 Not at all Several days More than half the days Nearly every day 

b. Feeling down, depressed, or hopeless 
 Not at all Several days More than half the days Nearly every day 

c. Trouble falling asleep, staying asleep, or sleeping too much 
 Not at all Several days More than half the days Nearly every day 

d. Feeling tired or having little energy 
 Not at all Several days More than half the days Nearly every day 

e. Poor appetite or overeating 
 Not at all Several days More than half the days Nearly every day 

f. Feeling bad about yourself, feeling that you are a failure, or feeling that you have let 
yourself or your family down 

 Not at all Several days More than half the days Nearly every day 

g. Trouble concentrating on things such as reading the newspaper or watching television 
 Not at all Several days More than half the days Nearly every day 

h. Moving or speaking so slowly that other people could have noticed. Or being so fidgety 
or restless that you have been moving around a lot more than usual 

 Not at all Several days More than half the days Nearly every day 

i. Thinking that you would be better off dead or that you want to hurt yourself in some 
way 

 Not at all Several days More than half the days Nearly every day 

2. If you checked off any problem on this questionnaire so far, how difficult have these 
problems made it for you to do your work, take care of things at home, or get along with 
other people?  

 Not Difficult at All Somewhat Difficult Very Difficult  Extremely Difficult 
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Table 4: Inclusion/Exclusion Criteria for CPCSSN Electronic Medical Record  

Case-Finding Algorithms 

 

 

 

  

Diabetes Depression

1. Billing: ICD9- 250.x; Service code: in 

Ontario K030A or Q040A, in other provinces 

consult physician and document the code.

1. Billing: ICD9 309.0, 309.1 or 309.81 (Physicians should 

be asked which code they use before doing this search. 

Potential codes include: 296, 300, 309, 311, 648) 

EMR EMR

2. In Problem List 2. In Problem List

Diabetes/NIDDM/DM Depression, post-traumatic stress disorder, 311

3. In the medication list: 3. In Medication list:

Insulin SSRI

Glyburide (Sulfonylureas) MAOI

Metformin (Biguanides) Tricyclics (>75 mg/day)

4. In the lab result:

HbA1C > 7% (anytime)

Fasting BS > 7 (twice in last 1year)

Polycystic ovarian syndrome 256.4 Anxiety disorders 300

Gestational Diabetes 648.8

Secondary Chemical induced diabetes 249

Hypogylcemia NOS 790.29

Neonatal diabetes mellitus 775.1

CPCSSN Case Finding Algorithms

Inclusion Crite ria

Exclusion Criteria
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Figure 3: CPCSSN’s Data Organization 
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Chapter 3 

THE ACCURACY OF THE CANADIAN PRIMARY CARE SENTINEL 

SURVEILLANCE NETWORK DEPRESSION DIAGNOSTIC 

ALGORITHM INCORPORATING PATIENT REPORTS 

 

3.1 Objectives 

For many laboratory confirmed chronic conditions such as diabetes the chart is an 

excellent gold standard.  However for mental health conditions such as depression where there is 

no confirmatory laboratory or imaging test, incorporating new patient clinical encounter data 

beyond what is coded in the medical chart is essential for assessing the accuracy of the 

depression diagnostic algorithm used in all CPCSSN research and surveillance reports.  

Validation results can be used to provide future studies with estimates of association to correct 

for potentially missed cases and the resulting misclassification bias.  The descriptive objectives 

of this study were to provide Canadian wide depression prevalence estimates in diabetes, assess 

the extent of unrecognized depression within diabetes care and to examine the potential role of 

depression screening in diabetes in primary care.  The methodological objective of this study was 

to investigate the accuracy of the CPCSSN’s electronic depression case-finding algorithm at 

detecting true depression status by determining its sensitivity, specificity, positive and negative 

predictive values against patient self-report of depression symptoms assessed by their family 

physician, rather than simply compared to the existing data in the medical chart.  Ultimately, this 

research investigated both whether the algorithm detects the information in the chart, as well as 

whether the physician recognized depression, benefitting both research in CPCSSN and general 

primary care practice.   
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3.2 Methods 

3.2.1 Design and Data Collection 

This study was designed using a cross-sectional randomly selected patient validation 

sample, stratified by age and sex.  The data was collected from three primary care practices in 

Ontario.  The three sites were one medium size urban practice and one small city-suburban 

practice that both participated in depression screening by mail as originally planned in this study, 

and one rural practice that provided depression screening data from in-office surveys undertaken 

as part of their routine clinical care.  All sites used the PHQ-9 forms to screen diabetic patients 

for depression, plus family physician confirmation of depression status (Appendix 1).  The PHQ-

9 was taken directly as the standard questions that appear in Table 3 with the exception of the 

addition of one important question regarding lifetime depression status.  The final question 

“Have you ever in your lifetime been diagnosed with depression by a health care professional?” 

was added as the screening questionnaire aims to detect depression in the past two weeks and the 

exposure status of interest to confirm in CPCSSN was the lifetime depression status of patients.   

However, this question was not used directly.  Instead it was intended to provide family 

physicians with potential additional information they might not be aware of in order to make the 

final determination of the patient’s lifetime depression status.  Family physicians were recruited 

from CPCSSN physicians in the Eastern Ontario Network.  A study participation invitation was 

sent out to all members (Appendix 2).  No additional physicians responded through this 

recruitment letter, so individual physicians were approached by research colleagues, which did 

generate some additional physician participation.   These family physicians were strictly 

volunteers in a convenience sample who agreed to participate, without any compensational 
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funding, and they all signed the required study consent approved by the ethic’s board (Appendix 

3).  Diabetic patients of theses volunteer sentinel physicians in the participating practices were 

recruited by generating a list of potential patients with diabetes for each participating physician 

from the local Eastern Ontario Network Electronic Medical Records (EMR).  The Queen’s 

University Health Sciences and Affiliated Teaching Hospitals Research Ethics approval was 

obtained for this specific project (Appendix 4).  All patients of participating physicians identified 

by the CPCSSN diabetes case finding algorithm were potentially included in the study.  Patients 

under 18yrs were excluded in an attempt to eliminate Type 1 diabetes.  As well, patients with 

only gestational diabetes and those unable to read English/French were not included in the study.  

Illiterate patients and those with known cognitive impairments were not included in the study.  In 

addition, patients who were coded as “inactive” by the practice for reasons such as only seen 

once at the clinic, were in a hospital, on extended vacation/sabbatical, or were historical records 

of a patient that had passed, as well as those “no longer with the practice” were left out of the 

study.  The CPCSSN data repository was used to extract demographic and clinical variables.  

Patient unique chart ID numbers were linked to the CPCSSN patient ID numbers in the national 

dataset.  

3.2.2 Criterion Measure 

The criterion standard used in this validation study involved a multistage assessment 

process.  First selected patients with diabetes of participating physicians were mailed out PHQ-

9s.  Second, all patients were asked to consent to having their self-assessment scores sent to their 

family physician (Appendix 5).  Their physician made the final depression diagnosis after all 

clinical information had been assimilated using the Family Physician Assessment Form 

(Appendix 6).  If the patient declined to have their responses forwarded to their family physician, 
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their scores and personal lifetime depression reports were used to assess their depression status.  

However, if a patient’s PHQ-9 indicated a positive response to question 9 (Thoughts that you 

would be better off dead or of hurting yourself in some way?), their PHQ-9 forms taken 

immediately to their physician or nurse regardless of whether or not they consented to share their 

responses with their physicians.  This process was implemented to address to concerns for the 

patient’s immediate safety and the family physicians completed a depression assessment on the 

patient in all of these situations.  

It’s important to note the “gold standard” used in this validation work was not the PHQ-9 

score alone.  It was the physician assessment that incorporated the PHQ-9 as part of the 

information available to them to assess depression status.  Physicians were expected to also 

incorporate information such as the patient’s history of depression symptoms or treatment in 

determining their current and lifetime depression status.   Although there was a high correlation 

between the dichotomized PHQ-9 score and the true depression status, and there were patients 

that scored over nine who did not actually have depression.  One patient for example scored the 

highest level=3 or "nearly every day" on almost all nine symptoms, including the suicidal 

question.  However, he was formally assessed by one of the family health team psychiatrists and 

found to have other issues more indicative of a personality disorder.  Likewise, there were 

patients with only a few symptoms (PHQ<9), but the family physician felt that the symptoms 

were out of character and after further assessment they were found to be experiencing 

depression.  Many of these patients defined by the PHQ-9 alone as “false negatives”, also 

indicted "yes" to the last question regarding how difficult these problems made their daily life.  

Physicians were not asked to conduct a standard interview with each patient when they reviewed 

the PHQ-9 information.  This approach would have been ideal from a theoretical epidemiological 
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perspective, but the added work beyond their routine clinical practice was deemed to be 

impractical to request of volunteer physicians and would have become a barrier to participation 

for most, if not all of the busy family physicians involved.  

3.2.3 Sample Size 

The number of patients required for this study was calculated a priori.  The estimated 

value of the performance characteristic or “p” was selected to be 50%, as this is the most 

conservative estimate and it is also consistent with US and Australian sensitivity estimates in 

which approximately half of the case of depression are unrecognized in patients with diabetes 

(Carey et al., 2014; Kahn et al., 2008; W Katon et al., 2004; Mitchell et al., 2009).   Using 

Arkin’s formula for sample size where n= Z α2
2 p(1-p)/r2, we selected Z α2 =1.96 to be 95% 

certain that the true performance characteristic fell within 10%, making “r” or “the limits of the 

confidence interval” equal to 0.1.  These are commonly selected parameters for the observed 

values in test performance calculations.  Therefore, a sample size of n= Z α2
2 p(1-p)/r2 =1.962 

*0.52 /0.12 = 97 patients with depression were required (Arkin & Wachtel, 1990).   In order to 

account for the prevalence, estimates of approximately one in three patients with diabetes 

experiencing depression were used, resulting in a total of 291 patients with diabetes to screen 

(Anderson et al., 2001; Buderer, 1996; Hajian-Tilaki, 2014; Nefs et al., 2012; Pouwer et al., 

2010).  As a result this validation study had a target sample size of 291 patients with diabetes, 

but this sample size does not account for any potential clustering in depression detection. 

3.2.4 Study Participation 

A total of 33 family physicians were invited to participate and were recruited from a local 

convenience sample from an urban practice and another suburban practice (Figure 4).  A 

Departmental presentation was followed up with invitation letter emails that were sent to all 
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members of the Queen’s University Department of Family Medicine, and various members were 

also approached directly to encourage participation.  Ultimately 12 family physicians 

volunteered to allow 20-30 of their patients with diabetes each to be screened for depression and 

to provide a final assessment of their depression status. Two physicians refused: one due to the 

anticipated work burden the study might produce and the other was new to the practice and not 

familiar enough with the patients yet.  The remaining 19 physicians did not respond to the study 

invitation.  In order to address a potentially underpowered study, an additional family physician 

(the sole physician in the rural practice) was later added to the study for a final total of 13 family 

physicians participating. 

Initially only the 12 physicians from the urban/suburban sites were participating and they 

provided care to 604 patients with diabetes in total.  However, the distribution of diabetes cases 

amongst the physicians varied ranging from 15 to 176 patients per family physician.  As a result, 

the initial design of randomly assessing 20-30 patients per physician had to be modified in order 

to achieve the desired sample size of 291 patients.  For physicians with small numbers of patients 

with diabetes (15-30) all of their patients with diabetes were sampled.  Additionally some 

physicians were asked to allow more (up to 50) of their patients with diabetes to be screened and 

assessed in order to reach the target sample size of 291.  When all the diabetes cases for an 

physician could not be selected because there were too many and the potential work load 

generated was not felt to be reasonable, a random selection of the physician’s patients with 

diabetes were selected using a SAS random selection program that allowed stratification on both 

age and sex.   As each family physician joined the validation study, their list of patients with 

diabetes was entered into the SAS random selection program and a random selection of their 

patients with diabetes were generated stratified by age and sex.  When a patient refused, the next 
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exact age-sex match from the same physician on the list of patients with diabetes in order of 

unique patient identifier was selected whenever one existed.  In most cases an age-sex match 

from the same physician was found to replace the refusal.  In the case where a match was not 

available, an age-sex match from another physician within the same practice was used to replace 

the refusal patient.  In the end, 400 patients were selected and study participation letters were 

drawn up for their family physicians to review and potentially sign.  The number was capped at 

400 patients for pragmatic reasons as we did not feel we could ask physicians to volunteer any 

more of their time as many had already contributed far more than the original 20-30 patients 

agreed upon. It was hoped the participation rate would be high enough from this sample to 

achieve our target. 

The physician reviewed the patient’s eligibly for the study and if the patient was 

appropriate the physician signed the study invitation letter to be sent to the patient.  If the patient 

was not eligible or appropriate for the study, the letter was not signed but returned with the 

reasons for ineligibility documented by the family physician on the ineligibility form.   In total 

53 (13%) patients were considered ineligible for study participation and the reasons are listed in 

Figure 4.  The most common reason for excluding a patient was that they were in fact not 

diabetic even though the CPCSSN algorithm had indicated diabetes.  The sensitivity and 

specificity of the diabetes algorithm is extremely accurate with a sensitivity of 96% and 

specificity of 97% (Williamson et al., 2014).  However in these two local practices the false 

positive rate of 4.25% may be slightly higher as it is a teaching facility and for a period of time it 

was found that residents were incorrectly billing for diabetes “screening” as diabetes 

“management visits” (ICD9-250).  If that occurred on more than one occasion the algorithm may 

have falsely indicated the patient was diabetic.  In these cases when the patient was identified as 
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not being diabetic, they were removed from the study and an age-sex match from the same 

physician was used instead.   The study packages consisted of the signed study invitation letter, 

the PHQ-9 form, and 2 copies of a 3 page consent form (one for the patient to keep and one to be 

signed and returned with the PHQ-9 survey-Appendices 3, 1, 4).  Study packages were mailed 

out from February 8, 2015 to August 4, 2015 using modified Dillman approach, as depicted in 

Figure 5 (Dillman, 1978).  The initial mailing resulted in a response rate, including participants 

and non-participants, of 31%.  All patients who did not respond either way were sent a second 

study participation package approximately a month after the initial mailing.  This second round 

increased the overall response rate to 49%.  A third and final round of postcards were then 

distributed to any non-responders after the second mailing.  Ultimately there was a response 

from 58% of patients in regards to their desire to participate in the validation study.   Although 

we had many positive responses from patients such as “I was glad to know someone cared and 

responded so quickly to my survey”, we stopped after the third mailing round as couple of 

patients had negative comments about being approached for research written on their returned 

incomplete surveys and it was felt that pursuing depression symptom information further might 

be intrusive to some patients and potentially disrupt their right to privacy.   

Another rural CPCSSN practice was initially approached to participate in the study; 

however their diabetes team had already initiated in-office depression screening using the PHQ-

9.   Their screening was done as part of routine clinical care to follow the Canadian Diabetes 

Association (CDA) recommendations.   In order to increase the validation sample size they 

generously agreed to provide their patient’s PHQ-9 scores and lifetime depression status.    Their 

data collection methods did differ from the study in that they did not mail out the questionnaires, 

but instead provided written PHQ-9s for their patients to complete when they came in for their 
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diabetes visits.  Patients were given a questionnaire and asked to independently complete all 9 

symptom questions including the impact question 10, but unfortunately patients themselves were 

not asked to disclose any lifetime diagnoses of depression by a health care provider.  Instead the 

local Program Director entered the responses in a database and provided a review of the patient 

electronic chart in order to determine each patient’s lifetime depression status.  In the winter of 

2015, 80 in office PHQ-9s were completed by the rural practice patients with diabetes with only 

one refusal.   Unfortunately their local electronic medical record vendor had been recently 

switched so the new patient IDs had to be manually entered and re-linked to the national 

database.  Ultimately unique patient identifiers were matched to 71 of their 80 patients in to the 

national CPCSSN dataset, which were used in the validation of the CPCSSN depression 

algorithm to further increase the sample size.  Sensitivity analyses were performed on the 

validation results including and excluding the rural practice patients in order to examine the 

effects on patient characteristics that the different depression data collection methods may have 

had on the results. 

3.2.5 Data Linkages 

CPCSSN patient medical records were extracted up until October 1, 2014 as this was the 

most current data available at the time of analysis.  As primary care electronic medical records 

are generated mainly for administrative purposes, inappropriate ones (e.g. inactive patients) were 

excluded from the original dataset.  Children were excluded by eliminating patient records where 

the year of birth was after 1996.   However, three new family physicians to CPCSSN had 

consented to the study but their data had not yet been extracted into the national database; 

fortunately local network level linkages were obtained to extract the data on their patients. 
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3.2.6 Analysis 

Statistical analyses were preformed using Microsoft Excel 2010, SAS 9.4 (Cary, NC) and 

Vassar Stats (Lowry, 2016; SAS Institute, 2014).   Sensitivity, specificity and positive/negative 

predictive value of the CPCSSN depression case finding algorithm were calculated. 

Additionally, post hoc analysis of the validity results were examined by sex and senior citizen 

status to further investigate observed differences. 

3.3 Results 

3.3.1 Study Sample 

Overall, 400 patients were screened for study eligibility and appropriateness by their 

family physicians, resulting in 354 depression study participation packages that were mailed out 

to their patients with diabetes (Figure 4).  Physicians checked the eligibility criteria of each 

patient and were also allowed “veto power” over any of their patients for reason such as the 

patient was too upset to bother or had previously requested not to be involved in research and 

these reasons were categorized under “other”.  By the end of the study patient recruitment 

period, 47 (17%) patients had refused participation by indicating this on their consent form and 

mailing the consent back.  A total of 148 (43%) patients never responded to any of the three 

mailings, leaving only 152 of the 347 study participation packages completed.  This resulted in a 

final PHQ-9 depression screening surveys participation rate of 44%.  This included 25 patients 

(16.4%) who indicated a positive response to the suicidal thoughts question # 9.  Physicians or 

their nurses were notified of these patients immediately in all cases.  Ultimately a total of 195 

patients either declined to participate or did not respond to the three rounds of invitations and 

152 patients participated in the mail survey.  Table 5 contrasts the characteristics of those that 

participated to those that did not.  These characteristics are derived from variables available in 
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CPCSSN for each of the participating patients established through a computer linkage with 

CPCSSN patient identification and the local practice patient identification number.  Compared to 

those that refused or did not ever respond, study participants were older (3.5 years) with 12.1% 

more senior citizens (≥65 years).  There were more males (11.4%) who agreed to participate.  

There were more people with dementia (5.0%), more with chronic obstructive pulmonary disease 

(COPD) (7.4%) and fewer current smokers (8.6%), but more past smokers (7.6%) among 

participants.  However, the prevalence of lifetime depression was not different (23.7% vs 

26.7%).  Finally, mean blood sugar control was not different (HbA1c 7.2 vs 7.2), but there were 

10.0% more patients with HbA1c between 7-8 and fewer with poorly controlled blood sugar 

levels (≥8). 

The validation sample used in this study was compared to the potential sampling frame of 

all diabetic patients of the participating family physicians from the three practices.  Table 6 

shows that compared to the potential sampling frame, the study sample patients were more obese 

(8.0%) with slightly higher mean BMIs (33.7 vs 32.4).  They had more hypertension (11.0%) and 

osteoarthritis (8.6%) than patients with diabetes in the full sampling frame.  However, their mean 

numbers of encounters with health providers (24.0 vs 22.0) were not different.  Also, the 

prevalence of lifetime depression was not different (22.4% vs 21.7%), nor were their blood sugar 

levels (HbA1cs of 7.3 vs 7.3).  

3.3.2 Accuracy of the CPCSSN Depression Case Finding Algorithm 

Figure 6 shows the validation results for the full study sample from all three sites.  The 

final validation study sample consisted of 223 patients from the three practices.  Using our 

criterion measure of PHQ-9 screens and patient histories reviewed by family physicians, the 

lifetime depression prevalence was found to be 34.5% (28.4-41.2%).  This is considerably higher 
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than the depression prevalence of 22.4% found in the 223 validation patients using the current 

CPCSSN case finding algorithm or the 19.8% using algorithm in all the 60,837 patients with 

diabetes in CPCSSN.  The validity of the algorithm was assessed by measuring its sensitivity and 

specificity against the physician assessment of depression status.  They were important to 

measure as they are independent of the population under study and remain the same in other 

populations with different depression prevalence, such as CPCSSN patients without diabetes 

(Pepe, 2003).  The sensitivity of the algorithm was 50.7% (39.1- 62.1%), which means only 

approximately half of the patients with depression are correctly identified.  This low sensitivity is 

not surprising as it is not possible for the CPCSSN lifetime depression algorithm to detect 

depression that has not yet been identified by the physicians.  The specificity was 92.5% (86.6-

96.0%), meaning that over 92% of the patients without any histories of depression were correctly 

identified by the CPCSSN algorithm.  Predictive values are useful as well for assessing the 

clinical value of a test or in this case an algorithm, and unlike the algorithm’s sensitivity and 

specificity, they are affected by the prevalence of depression in the diabetes population in 

CPCSSN.  The positive predictive value was 78.0% (63.7-88.0%), which means for a patient 

identified as having depression by the CPCSSN algorithm, 78% of the time the patient is truly 

depressed. The negative predictive value was also 78.0% (71.0-83.8%), indicating the chances of 

a patient truly not having depression after the algorithm has classified them as non-depressed are 

78.0%.  The likelihood ratios can help quantify the increase in knowledge of depression status 

gained through the use of the algorithm.  The positive likelihood ratio independent of the 

depression prevalence was 6.7 (3.7, 12.4), meaning the chances of identifying a case of 

depression with the CPCSSN algorithm are 6.7 times more likely for a patient with depression 

than one without depression and the algorithm provides a moderate increase in the likelihood of 
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depression.  When the positive likelihood ratio is weighted by the prevalence of depression in the 

diabetes population under study, it is reduced to 3.5 (2.1, 6.1) or 3.5 times the chances of the 

algorithm finding depression in a patient that actually is depressed compared with one with no 

depression or a small increase in the likelihood of depression (Jaeschke, Meade, Guyatt, Keenan, 

& Cook, 1997).  Similarly, the unweighted negative likelihood ratio was 0.5 (0.4, 0. 7) or a 

minimal decrease in the likelihood of depression if the algorithm indicates no depression.  The 

negative likelihood ratio weighted by the depression prevalence was even less likely at 0.3 (0.2, 

0.4) or a small decrease in the likelihood of finding depression when the algorithm is negative.   

Additionally, we noted that 49 patients with histories of depression in CPCSSN, 36 (73.5%) still 

had current symptoms defined as PHQ-9 scores > 5 and 23 (46.9%) were still over the PHQ-9 

threshold for moderate or severe depression.   

3.3.3 Sensitivity Analysis 

To test the validity of the results, various sensitivity analyses were carried out on the data 

in this study.  Re-analysis of data using patient depression reports (PHQ-9>9) rather than family 

physician assessments as the criterion measure led to the similar conclusions in the algorithm’s 

accuracy.  Figure 7 shows that defining depression simply as the PHQ-9 >9, the depression 

prevalence is slightly greater at 38.2% (30.5-46.4%) and the sensitivity (44.8%) and the 

specificity (89.3%) slightly less than with the physician assessment as the gold standard.   This 

suggests that physician assessment does improve the accuracy of depression detection to a 

modest degree, but the PHQ-9 screens alone provide reasonably comparable diagnosis of 

depression.  We also investigated the impact of rural in-office patient samples on the mailed 

study validation sample results was examined. Similar depression prevalence, blood sugar levels, 

and validation results were observed and no differences were anticipated to impact the 
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validation.  The differences observed were expected in rural areas (more men, more middle 

income, more smokers) and they improve the breath of the validation work by not only including 

urban and semi-urban practices.  As a result, the data was combined to increase the overall 

sample size.  

We also examined various subgroups separately.  The CPCSSN depression case finding 

algorithm does not seem to perform as well in women as it does in men.  Figure 8 shows 

sensitivity in males of 59.5% (42.2%-74.8%) in contrast to Figure 9 that shows sensitivity in 

females of only 42.5% (27.4%-59.0%). However the specificity for both groups is similar, 94.3% 

(86.6-97.9%) versus 89.7% (78.2%-95.7%).  As expected, females experience more depression 

at 40.8% (31.1-51.2%) than males with only 29.6% (21.9-38.5%).  To further explore the 

potential differences, the characteristics of the patients with diabetes were analyzed separately by 

sex (Table 7).  For males and females there were no obvious differences to provide rationale for 

the lower accuracy of the depression algorithm for women, except that women may be more 

likely to have their emotions dismissed by their physician resulting in a higher false negative 

rate. 

The CPCSSN Depression case finding algorithm also does not seem to perform as well in 

seniors as it does in those less than 65 years of age (Figure 10 & 11).  While the specificity 

remains about the same 89.5% (80.6%-94.8%) and 96.7% (87.4%-99.4%), the sensitivity is 

considerably lower in seniors 38.7% (22.4%-57.7%) than in non-seniors 58.7% (43.3%-72.7%).  

Seniors show less depression at only 26.5% (19.0%-35.6%) than do younger adults showing 

43.4% (33.9%-53.4%) depressed.   To further explore the potential differences in senior status, 

the characteristics of the patients with diabetes were analyzed separately (Table 8).  Seniors did 

show an increase in all the comorbidities, except for depression.   
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3.4 Discussion 

3.4.1 Summary of Main Findings 

Participation: 

The slightly lower participation rate (44%) found here was somewhat unexpected as an 

Australian study using in-office PHQ-9 screening as part of a larger study showed a much higher 

response rate when screening general primary care patients (86%) (Carey et al., 2014).  We 

expected that patients with diabetes would be more likely to participate than the general primary 

care population as they would have had more frequent care from their physicians and be more 

dependent on their advice for maintaining control over their diabetes, which was expected to 

result in higher participation in depression screening.  Interestingly the rural practice that also did 

in-office PHQ-9 screening only had one refusal in their 80 patients (98.8% response rate).  

However, US studies showed 55% (Kahn et al., 2008) and 62% (Katon et al., 2004) and 

European studies showed 49.0% (Baas et al., 2009) response rates using similar mailing methods 

to this study.  They all included multiple mailings and invitation letters signed by the patient’s 

physician resulting in similar response rates.  Overall in-office recruitment may be a more 

effective method of screening for depression in diabetes as it appears to result in greatly 

improved participation rates, as observed in the 99% participation rate in the rural site compared 

to our 44% by mailing PHQ-9s.  However, the improved response could also be due in part to the 

fact that the rural site did the PHQ-9 screening as part of routine clinical care, rather than simply 

for research purposes and the expectation of compliance from patients may have improved the 

response rates regardless of the method used.  Patients were also not required to sign research 

consent forms in office as was necessary for our research mailing approach and this may have 
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contributed to their high response rate.  Ideally having the depression screening tool as part of 

the routine diabetic work up sheet, with the expectation of compliance from patients could 

maximize the number of cases of depression who come into the practice office.  Then mail out 

questionnaires of the depression screening tools could also be done as part of routine follow up 

for the non-attenders, reaching some of the patients too depressed to come in to the office.  

Although some patients might still be reluctant to disclose symptoms regardless of the method 

used, these two combined approaches could potentially maximize depression detection rates. 

An additional contributor to this difference is the study consent forms that were required 

by local Canadian ethics boards were long and contained considerable information regarding the 

patient’s rights (Appendix 1).  The legal jargon in the consent as well as the formal title was 

negatively commented on by nursing staff as a barrier in our study and this may have had a 

negative effect on the study response rate.  In situations such as this, where the clinical procedure 

under investigation is already approved and recommended in the clinical setting by the Canadian 

Diabetes Association, a shorter modified consent form could help patients better delineate the 

true risk level.  Clinicians have an obligation to ensure their routine practices and management 

strategies are effective.  Although this can be viewed as “research” it is more a fine-tuning of 

clinical practice where the risks do not exceed those that which might be undertaken anyway. 

Overall participants and non-participants were comparable groups and only a few 

differences were observed.  The greater proportion of male participating in this depression study 

was unexpected.  Pouwer et al. found the opposite, that elderly males were less likely to 

participate in depression screening (Pouwer et al., 2010).  However, they used the Composite 

International Diagnostic Interview and the PHQ-9 is considerable shorter and maybe more 

amiable tool for investigating depression in men.   
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If males disclose feelings of depression less than women, more discordance between the 

true depression prevalence and CPCSSN detection would occur.  This participation bias could 

potentially overestimate the actual misclassification of the CPCSSN depression algorithm in the 

validation results.  However, if participants’ records are more complete that non-participants 

because they are seen more frequently in the practice since they are not too depressed to attend, 

then this information bias could falsely increase the level of agreement in depression detection 

and underestimate the algorithm’s true misclassification rate.  

Overall the validation sample was comparable to the sampling frame.  Age and sex 

stratification in the sampling procedure did effectively ensure the sample was comparable on 

these important measurable selection factors.  The validation sample patients had more chronic 

conditions (more obesity, hypertension and osteoarthritis) and this may have increased their 

chances of having depression detected by their physician and CPCSSN due to an increase in 

visits that may have increased the concordance in depression detection.  However, the number of 

encounters with health providers is comparable between the groups.  Additionally, both the 

CPCSSN depression prevalence and blood sugar levels were also similar between the groups.  

As such, selection bias is not likely to have impacted the validation sample and statistical 

adjustment was not deemed necessary. 

Accuracy: 

The true depression prevalence of 34.5% is highly consistent with other depression in 

diabetes studies which found about one in three people with diabetes experiences depression 

(Anderson et al., 2001; Nefs et al., 2012; Pouwer et al., 2010). This is considerably higher than 

the depression in diabetes prevalence of 19.8% found using the current CPCSSN case finding 

algorithm.  While the specificity is high, the relatively low sensitivity of 50.7% is consistent with 
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other reports that approximately half of the cases of depression are missed by primary care 

providers (Kahn et al., 2008; Katon et al., 2004; Mitchell et al., 2009).  As such, it is not possible 

for the algorithm to detect these unidentified depression cases.  However, the net effect is that 

this misclassification will obscure a researcher’s ability to discover true associations with 

depression.   

Among the control group without any depression history, the misclassification rate is 

only 7.5% so if depression’s impact on diabetes control is strong enough then it may be a little 

diluted, but associations should still be apparent.  However, the misclassification rate among the 

true depression cases is 49.4%, almost half of all depression cases.  The potential effects of 

depression on aspect of diabetes such as poor control will be misattributed to the non-depressed 

group of patients potentially nullifying any real association between depression and diabetes.  In 

addition, the more severe cases of depression are less likely to go undetected as an increasing 

number of symptoms make depression more evident to both families and health care providers.  

These patients are also the most likely to have poor control so the misclassification bias may not 

be as effected if only the mild cases are incorrectly classified.  However, even mild cases of 

depression may still impact a patient’s ability to control diabetes, so accurately classifying these 

cases could also be important for identifying associations with diabetes. 

No prior research has been conducted in a Canadian setting and these findings 

demonstrated our depression detection in patients with diabetes is similar to other countries. 

Additionally, our validation results were similar when using patient reported PHQ-9 scores as the 

criterion measure, which lends support to the robustness of our findings.  Using a chart 

abstraction as the criterion measure, CPCSSN investigators showed the CPCSSN depression 

algorithm to have a sensitivity of 81% and specificity of 95% (Williamson et al., 2014).  Again 
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the higher sensitivity is expected as the criterion measure simply reflects the general physician 

awareness of the patient’s mental health and does not account for all the missed cases that are 

discovered upon screening diabetic patients for depression.  These validation results will be used 

to provide corrected estimates in future diabetes studies involving depression as per  Lash’s 

correction measures of misclassification bias (Lash et al., 2009), in particular for the relative risk 

(RR) estimates in Chapter 4. 

Also using PHQ-9s, US investigators have found only half of the cases with depression in 

diabetes are recognized by the health care system (Kahn et al., 2008; Katon et al., 2004).   

Similarly an Australian study of 1558 primary care patients using in-office PHQ-9 screens to 

evaluate the family physicians accuracy of depression status also found a sensitivity of 51% and 

specificity of 87% (Carey et al., 2014).  According to a meta-analysis of depression diagnosis in 

primary care an overall sensitivity of 50% and specificity of 80% is typical (Mitchell et al., 

2009).  In a review of depression screening practices for busy family physicians, investigators 

found that current levels of undiagnosed depression support the notion that “reliance on the 

presentation and recognition of patient symptomology is inadequate” (Hermanns, Caputo, & 

Dzida, 2013, page 3).   

The US Preventative Services Task Force recommends using screening tools such as the 

PHQ-9 and the Geriatric Depression Scale to screen the general adult population for depression.  

They found  “convincing evidence that screening improves the accurate identification of adult 

patients with depression in primary care settings and that the magnitude of harms of screening 

for depression in adults is small to none” (Siu et al., 2016, page 380).  The US task force also 

recognized that people with chronic illnesses, such as diabetes, are at increased risk.  As active 

screening can improve depression detection, the Canadian task force might consider supporting 
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depression screening at least in high-risk groups like patients with diabetes.  It is true there is a 

lack of randomized controlled trial evidence to support depression screening, which makes 

policy decisions challenging, and there are inconsistencies in the interpretation of the evidence 

among various countries.  However, randomized controlled trials may not be practical.  Our 

experience with lower than desirable participation confirms the difficulties encountered in 

overcoming both the physician workload and patient resistance to depression screening.   In the 

UK, three comprehensive studies of health care policy, including two RCTs, were largely 

ignored by the government and investigators concluded that RCTs are not always able to provide 

good answers to policy questions.  They found “ the use of RCTs in particular, in research 

commissioning is not the same as using evidence to make better informed policy decisions, and 

robust evaluation does not automatically translate subsequently into good use of evidence” 

(Ettelt, Mays, & Allen, 2015, page 303).  Also it is important to consider the observational data 

in screening as a randomization process alone does not guarantee an accurate evaluation.  Well 

done large prospective studies may have excellent methodologic quality and may be the only 

realistic study design considering the enormous costs of depression screening trials.  Clearly the 

alignment of the various task force recommendations among countries would be facilitated by 

more solid evidence.  In the meantime, comprehensive critical appraisals of the vast depression 

screening literature are paramount to guide effective future health policy.  In this study, the 

CPCSSN algorithm appeared to be accurately picking up on the information available from the 

patient’s medical chart as evidenced by the congruence with chart reviews (Williamson et al., 

2014).  Now we also need more efforts to detect depression cases in primary care so they may be 

accurately recorded in the patient’s EMR and therefore be identified in research databases like 

CPCSSN. 
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Researchers in a tertiary care setting in India using the PHQ-9s found that over half of 

patients attending endocrinology outpatient clinics for diabetes had some level of depression 

(Khullar, Dhillon, & Kaur, 2016).  Mild to moderate depression was found in 25% of patients 

and severe depression in another 32%.   While patients may be sicker in hospital settings, the 

high prevalence of depression in diabetes found is consistent with our findings of 34.5%.   In the 

US, the prevalence of comorbid depression was also significantly higher in clinical (32%) than 

community samples (20%) and when assessed by self-reported questionnaires (31%) vs 

standardized diagnostic interviews (11%) (Anderson et al., 2001).   In the Netherlands, 26% of 

primary care patients with diabetes were found to have met the criterion standard for Major 

Depression (Nefs et al., 2012).  In addition, the finding that patients with known histories of 

depression in CPCSSN were still symptomatic is consistent with the New York state diabetes 

study were half of those with depression in their encounter data remained moderately or severely 

depressed and highlights the difficulty successfully treating patients even when their depression 

is recognized (Kahn et al., 2008).  This may be also interpreted as rationale for not screening 

patients.  In general, the results from various countries are fairly similar to our Canadian 

findings, especially considering we used a broad definition of clinical depression. 

The increase in the number of physical conditions in seniors may make detecting mental 

health conditions more difficult for physicians.  The Geriatric Depression Scale (GDS) was 

developed in 1983 as standard screening tools were only validated in younger populations and 

they presented problems for assessing the aged  (Yesavage et al., 1983).  Confusion with 

dementia, the commonality of somatic symptoms such as sleep disturbance and the typical 

resistance to psychiatric evaluation were cited as rationale for its construction and use in seniors.  

Our results appear to also support that seniors do demonstrate differences in depression detection 
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and may need separate clinical assessments and research results on seniors should be examined 

and analyzed separately as well. 

3.4.2 Strengths and Limitations 

To our knowledge this is the first Canadian data examining the number of missed cases 

of depression in diabetes and our results are remarkably consistent with past studies in other 

countries that have shown half of the cases go undetected.  These validation results for sensitivity 

and specificity can now be used to correct future studies to provide better estimates of true 

associations.  It was fortunate that the rural site did have PHQ-9 screens on their diabetic patients 

that they altruistically provided to the study.  However, they did not ask their patients 

specifically about past lifetime history on the form and the recruitment was done using a 

different method by approaching patients as they came in for their diabetic visits.  These 

differences could have potentially impacted the validation results and it would have been 

preferable to obtain the sample with a consistent methodology.  However since our sample size 

was a little smaller than the target, incorporating the rural site’s depression data enabled the 

confidence intervals around the sensitivity to remain approximately +/- 10%, as originally 

desired in the sample size calculation.    

While the sensitivity and specificity of the depression algorithms, as well as the 

unweighted likelihood ratios, can be extrapolated to non-diabetic populations in CPCSSN as they 

are not expected to vary with the prevalence of depression, the positive and negative predictive 

values cannot be used outside of this diabetic population.  As the algorithm calculated prevalence 

of depression is less in the non-diabetic cohort compared to the diabetic cohort in CPCSSN (13% 

vs 20%), the positive predictive values likely would be lower and the negative predictive values 

higher in the general population simply based on differences in condition prevalence.  In fact, 
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although our positive predictive value was slightly lower (78% vs 80%) than Williamson et al. 

found in the general CPCSSN population, it did fall with their 95% confidence interval of 76-

84% (Williamson et al., 2014).  However our negative predictive value was significantly lower 

than the values found in the general population (78% vs 95%) and it was outside their confidence 

limits of 94%-96%.  As the prevalence of depression is higher in the diabetes population 

compared to the general patient population, we would expect to see this natural decrease in the 

negative predictive value.  Our depression validation results for predictive values, as well as 

prevalence weighted likelihood ratios, are primarily applicable to the specific population of 

patients with diabetes. 

Some difficulty was encountered when recruiting busy family physicians willing to find 

time to review screens and assess their patients for depression.  As depression screening is 

controversial and not a part of the local diabetic flow sheet, it was difficult at times to find 

mechanisms to communicate the patient responses to their physicians and obtain their assessment 

outcomes.  A structured diagnostic interview by the family physician or a psychiatrist would 

have been theoretically ideal as a gold standard; however the time and cost involved in such a 

process would not have been feasible for this thesis.  Recruiting patients to be screened for 

depression and assessment by their family physician proved to also be challenging.   A larger 

validation sample size would have strengthened the study results.  Persuading patients to disclose 

any mental health symptoms in a mail survey was not easy as both the stigma surrounding 

depression and the fact that their physician might undertake clinical measures to address 

symptoms were likely barriers in this study.   While it could be interpreted as a limitation that the 

full diagnostic interview was not conducted as part of the criterion measure for depression, tools 

like the Composite International Diagnostic Interview have been shown to have low participation 
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rates by elderly men (Pouwer et al., 2010).  This study actually demonstrated an increase in 

participation for males.  The PHQ-9 may be a more acceptable tool for men, decreasing selective 

non-response bias.  The burden of the Composite International Diagnostic Interview’s length and 

the potential sensitivities surrounding the mental health questions may make it less appropriate 

for primary care settings.   

3.4.3 Conclusions and Future Directions 

Similar to other countries, we observed that approximately half of the cases of depression 

in diabetes may be missed by the family physicians in our Canadian sample.  The true depression 

prevalence in Canadians with diabetes may be closer to one in three rather than one in five as 

estimated by the CPCSSN case finding algorithm.   The underdiagnosis of depression appears to 

be an important problem in primary care and targeted PHQ-9 screening for patients at high-risk 

such as those with diabetes is one strategy that could improve the situation. Using in-office 

depression screening may be a more effective method to reach patients than sending patients 

questionnaires by mail.  Also, the accuracy of the depression case finding may be different for 

both men and women and seniors and younger adults with diabetes.  Future investigations might 

consider applying separate misclassification estimates and analyzing the depression results 

separately for these subgroups.  

The depression algorithm may perform differently in other high-risk groups as well.   Its 

sensitivity and specificity could be further explored in both high-risk groups such as post-partum 

women or post-traumatic stress patients, in addition to the general population.  The lower 

accuracy of the depression diagnostic algorithm in both women and seniors could be further 

investigated as the development of specific detection and management strategies may be 

warranted in primary care.  There may be a role of public health in potentially screening patients 
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with diabetes or possibly other high-risk groups for depression.  Alternatively, other mechanisms 

could be developed to support the family physician’s practice allowing more time for them to 

reduce the number of missed depression cases.  Additional research is needed to examine the 

potential long-term advantages, including cost-effectiveness, of detecting and treating depression 

in diabetes sooner.  Most importantly, these results highlight the need to consider the intrinsic 

misclassification biases that exist in even well-designed studies using secondary use databases.  
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3.5 Main Figures and Tables 

Figure 4:  Patient Enrollment for Depression Assessment in Diabetes 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

   

  

All 33 urban and suburban family physicians 

were invited to participate from 2 practices. 

 2 Refused (6%)    

19 Did not respond (58%) 

400 Randomly selected (66%) & study 

participation letters sent for physicians to sign  

46 were initially deemed ineligible by physicians 

    Not Diabetic- 17 

No Longer with Practice- 8 

Too Ill- 4 

Deceased- 4 

Type 1 Diabetes - 3 

Cognitive Impairment- 3 

Not English Speaking- 3 

No Address- 2 

Emotional Instability- 1 

Other Reason- 8  354 depression screening packages were mailed  

 (Study letter, consent forms & PHQ-9s) 

152 (44%) Study participants approached completed PHQ-9s 

  47 (14%) Refused 

148 (43%) Did not ever respond  
 

Note: Ultimately a 13th physician from a 3rd rural practice added 71 patients for a total sample of 223 

7 Ineligible by patient, leaving 347 

12 Physicians (36%) volunteered with  

604 patients with diabetes under their care 
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Figure 5:  Patient Response to the Depression Validation Study 

 

 

 

 

 

 

 

 

   

  

400 Study participation letters sent for physicians to sign  

354 Participation letters sent to patients  

  244 Second round invitation letter sent to patients 
 

181 Third round postcards sent to patients 
 

46 Initially deemed ineligible by physician 

 

110 Responded (Initial Response=31%)  

 

63 Responded (Total Response=49%) 

 

Ultimately of the 354 patients approached to participate: 

• 152 Actively participated with PHQ-9 screens 

• 148 Never Responded 

• 47 Refused  

• 7 Ineligible based on information sent from the patient 

33 Responded (Total Response=58%) 
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Table 5: Urban/Suburban Validation Sample Compared to Study Refusals and Non-Responders

  
HbA1c- Hemoglobin A1c; BMI- Body Mass Index;  COPD- Chronic Obstructive Pulmonary Disease; 

QAIPPE- Quintile of Annual Income Per Person Equivalent; SD- Standard Deviation 

n1 n2 Difference Lower Limit Upper Limit

Age (yrs) -Mean (SD) 152 64.99 12.48 195 61.48 12.93 3.50 0.82 6.19

Seniors (>65yrs) 152 80 52.63% 195 79 40.51% 12.12% 1.61% 22.63%

Gender-Female 152 70 46.05% 195 112 57.44% -11.39% -21.92% -0.86%

Income Quintiles (QAIPPE)

Mean Income Quintile (SD) 140 2.65 1.45 184 2.66 1.47 -0.02 -0.34 0.30

1 Lowest 140 42 30.00% 184 58 31.52% -1.52% -11.66% 8.61%

2 140 30 21.43% 184 36 19.57% 1.86% -7.03% 10.75%

3 140 21 15.00% 184 29 15.76% -0.76% -8.68% 7.16%

4 140 27 19.29% 184 32 17.39% 1.89% -6.63% 10.42%

5 (Highest) 140 20 14.29% 184 29 15.76% -1.48% -9.31% 6.36%

BMI

Missing/Not Done 152 4 2.63% 195 6 3.08% -0.45% -3.96% 3.06%

Most Recent BMI- Mean (SD) 148 33.47 7.94 189 33.37 0.10 -1.18 1.37

Low 148 1 0.68% 189 4 2.12% -1.44% -3.88% 1.00%

Normal 148 16 10.81% 189 24 12.70% -1.89% -8.78% 5.01%

Overweight 148 36 24.32% 189 41 21.69% 2.63% -6.44% 11.70%

Obese 148 95 64.19% 189 120 63.49% 0.70% -9.64% 11.03%

Smoking Status:

Never 138 63 45.65% 166 74 44.58% 1.07% -10.16% 12.31%

Past 138 57 41.30% 166 56 33.73% 7.57% -3.35% 18.49%

Current 138 18 13.04% 166 36 21.69% -8.64% -17.06% -0.22%

Encounters/Visits:

# Encounters in Study-Mean (SD) 152 17.96 19.92 195 15.28 16.74 2.68 -1.26 6.62

≥1 Encounter in Study Period 152 124 81.58% 195 158 81.03% 0.55% -7.71% 8.81%

≥1 Encounter within 2yrs 152 121 79.61% 195 155 79.49% 0.12% -8.43% 8.67%

≥1 Encounter within first year 152 115 75.66% 195 139 71.28% 4.38% -4.94% 13.70%

A1C

Missing/Not Done 152 7 4.61% 195 13 6.67% -2.06% -6.90% 2.78%

Baseline A1C- Mean (SD) 145 7.23 1.35 182 7.24 1.31 0.00 -0.29 0.29

Normal (< 7) 145 73 50.34% 182 101 55.49% -5.15% -16.03% 5.73%

High (7-7.99) 145 48 33.10% 182 42 23.08% 10.03% 0.22% 19.83%

Very High (8-8.99) 145 11 7.59% 182 19 10.44% -2.85% -9.04% 3.34%

Extremely High (≥ 9) 145 13 8.97% 182 20 10.99% -2.02% -8.53% 4.48%

Deaths 152 0 0.00% 195 0 0.00% 0.00% 0.00% 0.00%

Conditions:

COPD 152 26 17.11% 195 19 9.74% 7.36% 0.07% 14.65%

Dementia 152 10 6.58% 195 3 1.54% 5.04% 0.74% 9.34%

Depression 152 36 23.68% 195 52 26.67% -2.98% -12.16% 6.19%

Diabetes Mellitus 152 152 100.00% 195 192 98.46% 1.54% -0.19% 3.27%

Epilepsy 152 1 0.66% 195 3 1.54% -0.88% -3.03% 1.27%

Hypertension 152 105 69.08% 195 126 64.62% 4.46% -5.49% 14.41%

Osteoarthritis 152 56 36.84% 195 67 34.36% 2.48% -7.68% 12.64%

Parkinson's Disease 152 3 1.97% 195 0 0.00% 1.97% -0.24% 4.18%

Urban/Suburban Participants N=152 Refusals & Non-Responders N=195
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Table 6: The Urban, Suburban and Rural Patient Diabetes Validation Sample Compared to All Patients with Diabetes in their Practice

 
HbA1c- Hemoglobin A1c; BMI- Body Mass Index;  COPD- Chronic Obstructive Pulmonary Disease; 

QAIPPE- Quintile of Annual Income Per Person Equivalent ;SD- Standard Deviation  

n1 n2 Difference Lower Limit Upper Limit

Age (yrs) -Mean (SD) 223 64.63 12.58 2264 64.73 14.60 -0.10 -1.86 1.66

Seniors (>65yrs) 223 117 52.47% 2264 1183 52.25% 0.22% -6.65% 7.09%

Gender-Female 223 98 43.95% 2264 1056 46.64% -2.69% -9.52% 4.14%

Income Quintiles (QAIPPE)

Mean Income Quintile (SD) 212 2.64 1.32 2116 2.73 1.35 -0.09 -0.28 0.09

1 Lowest 212 52 24.76% 2116 520 24.57% 0.19% -5.91% 6.28%

2 212 52 24.76% 2116 463 21.88% 2.88% -3.19% 8.95%

3 212 46 21.90% 2116 476 22.50% -0.59% -6.44% 5.25%

4 212 39 18.57% 2116 379 17.91% 0.66% -4.82% 6.14%

5 (Highest) 212 21 10.00% 2116 278 13.14% -3.14% -7.43% 1.15%

BMI

Missing/Not Done 223 6 2.69% 2264 254 11.22% -8.53% -11.02% -6.04%

Most Recent BMI- Mean (SD) 217 33.72 7.49 2010 32.44 7.33 1.28 0.24 2.33

Low 217 1 0.46% 2010 12 0.60% -0.14% -1.10% 0.83%

Normal 217 19 8.76% 2010 249 12.39% -3.63% -7.66% 0.39%

Overweight 217 52 23.96% 2010 567 28.21% -4.25% -10.26% 1.76%

Obese 217 145 66.82% 2010 1182 58.81% 8.01% 1.39% 14.64%

Smoking Status:

Never 207 79 38.16% 1721 678 39.40% -1.23% -8.24% 5.78%

Past 207 96 46.38% 1721 698 40.56% 5.82% -1.36% 13.00%

Current 207 32 15.46% 1721 345 20.05% -4.59% -9.86% 0.69%

Encounters/Visits:

# Encounters in Study-Mean (SD) 223 25.35 23.96 2264 22.26 21.97 3.09 -0.18 6.37

≥1 Encounter in Study Period 223 194 87.00% 2264 2106 93.02% -6.02% -10.56% -1.48%

≥1 Encounter within 2yrs 223 190 85.20% 2264 2039 90.06% -4.86% -9.68% -0.04%

≥1 Encounter within first year 223 179 80.27% 2264 1830 80.83% -0.56% -6.03% 4.91%

A1C

Missing/Not Done 223 15 6.73% 2264 401 17.71% -10.98% -14.63% -7.33%

Baseline A1C- Mean (SD) 208 7.26 1.35 1863 7.28 1.57 -0.02 -0.22 0.18

Normal (< 7) 208 102 49.04% 1863 1023 54.91% -5.87% -13.03% 1.29%

High (7-7.99) 208 69 33.17% 1863 604 32.42% 0.75% -5.99% 7.49%

Very High (8-8.99) 208 16 7.69% 1863 170 9.13% -1.43% -5.28% 2.42%

Extremely High (≥ 9) 208 21 10.10% 1863 236 12.67% -2.57% -6.94% 1.79%

Deaths 223 0 0.00% 2264 27 1.19% -1.19% -1.64% -0.75%

Conditions:

COPD 223 37 16.59% 2264 295 13.03% 3.56% -1.51% 8.64%

Dementia 223 10 4.48% 2264 92 4.06% 0.42% -2.41% 3.26%

Depression 223 50 22.42% 2264 491 21.69% 0.73% -5.00% 6.47%

Diabetes Mellitus 223 223 100.00% 2264 2264 100.00% 0.00% 0.00% 0.00%

Epilepsy 223 1 0.45% 2264 20 0.88% -0.43% -1.39% 0.52%

Hypertension 223 159 71.30% 2264 1365 60.29% 11.01% 4.74% 17.28%

Osteoarthritis 223 72 32.29% 2264 536 23.67% 8.61% 2.23% 14.99%

Parkinson's Disease 223 4 1.79% 2264 17 0.75% 1.04% -0.74% 2.82%

DM Validation Sample N=223 DM Patients in Sampling Frame N= 2264
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Figure 6: Validation Results for the Urban, Suburban and Rural Patient Sample 

 

  Lifetime Depression 
Totals 

CPCSSN  Present   Absent  

 Test Positive  39 11 50 

 Test 

Negative  
38 135 173 

 Totals  77 146 223 

  Estimated 95% Confidence Interval 

  Value Lower Limit Upper Limit 

Prevalence 0.35 0.28 0.41 

Sensitivity 0.51 0.39 0.62 

Specificity 0.92 0.87 0.96 

For any particular test result, the probability that it will be: 

Positive 0.22 0.17 0.29 

Negative 0.78 0.71 0.83 

For any particular positive test result, the probability that it is: 

True Positive 0.78 0.64 0.88 

False Positive 0.22 0.12 0.36 

For any particular negative test result, the probability that it is: 

True Negative 0.78 0.71 0.84 

False Negative 0.22 0.16 0.29 

likelihood Ratios:  [C] = conventional    [W] = weighted by prevalence 

Positive [C] 6.72 3.65 12.37 

Negative [C] 0.53 0.43 0.67 

Positive [W] 3.55 2.06 6.10 

Negative [W] 0.28 0.21 0.37 
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3.6 Sensitivity Analysis Figures and Tables 

Figure 7: Validation Results with PHQ-9>9 as the Criterion Measure (Urban/Suburban Sample) 

 
   Depression by PHQ9>9 

Totals 
CPCSSN Present  Absent  

 Test Positive 26 10 36 

 Test Negative 32 84 116 

 Totals  58 94 152 

  Estimated 95% Confidence Interval 

  
Value 

Lower Limit 
Upper 
Limit 

Prevalence 0.38 0.31 0.46 

Sensitivity 0.45 0.32 0.58 

Specificity 0.89 0.81 0.95 

For any particular test result, the probability that it will be: 

Positive 0.24 0.17 0.31 

Negative 0.76 0.69 0.83 

For any particular positive test result, the probability that it is: 

True Positive 0.72 0.55 0.85 

False Positive 0.28 0.15 0.45 

For any particular negative test result, the probability that it is: 

True Negative 0.72 0.63 0.80 

False Negative 0.28 0.20 0.37 

likelihood Ratios:  [C] = conventional    [W] = weighted by prevalence 

Positive [C] 4.21 2.20 8.09 

Negative [C] 0.62 0.49 0.78 

Positive [W] 2.60 1.48 4.57 

Negative [W] 0.38 0.28 0.51 
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Figure 8: Validation Results for Males (Full Urban, Suburban and Rural Sample) 

 

   Lifetime Depression 
Totals 

CPCSSN Present  Absent  

 Test Positive 22 5 27 

 Test Negative 15 83 98 

 Totals  37 88 125 

  Estimated 95% Confidence Interval 

  
Value 

Lower 

Limit 

Upper 

Limit 

Prevalence 0.30 0.22 0.39 

Sensitivity 0.59 0.42 0.75 

Specificity 0.94 0.87 0.98 

For any particular test result, the probability that it will be: 

Positive 0.22 0.15 0.30 

Negative 0.78 0.70 0.85 

For any particular positive test result, the probability that it is: 

True Positive 0.81 0.61 0.93 

False Positive 0.19 0.07 0.39 

For any particular negative test result, the probability that it is: 

True Negative 0.85 0.76 0.91 

False Negative 0.15 0.09 0.24 

likelihood Ratios:  [C] = conventional    [W] = weighted by prevalence 

Positive [C] 10.46 4.29 25.53 

Negative [C] 0.43 0.29 0.64 

Positive [W] 4.40 1.95 9.90 

Negative [W] 0.18 0.11 0.29 
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Figure 9: Validation Results for Females (Full Urban, Suburban and Rural Sample) 

 

  Lifetime Depression 
Totals 

CPCSSN Present  Absent  

 Test Positive 17 6 23 

 Test Negative 23 52 75 

 Totals  40 58 98 

  Estimated 95% Confidence Interval 

  
Value 

Lower 

Limit 

Upper 

Limit 

Prevalence 0.41 0.31 0.51 

Sensitivity 0.43 0.27 0.59 

Specificity 0.90 0.78 0.96 

For any particular test result, the probability that it will be: 

Positive 0.23 0.16 0.33 

Negative 0.77 0.67 0.84 

For any particular positive test result, the probability that it is: 

True Positive 0.74 0.51 0.89 

False Positive 0.26 0.11 0.49 

For any particular negative test result, the probability that it is: 

True Negative 0.69 0.57 0.79 

False Negative 0.31 0.21 0.43 

likelihood Ratios:  [C] = conventional    [W] = weighted by prevalence 

Positive [C] 4.11 1.78 9.51 

Negative [C] 0.64 0.49 0.84 

Positive [W] 2.83 1.37 5.88 

Negative [W] 0.44 0.31 0.63 
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Table 7: Adult Female Compared to Male Patients with Diabetes 

 
HbA1c- Hemoglobin A1c; BMI- Body Mass Index;  COPD- Chronic Obstructive Pulmonary Disease; 

QAIPPE- Quintile of Annual Income Per Person Equivalent ;SD- Standard Deviation

All DM Patients N=60,837 n1 n2 Difference Lower Limit Upper Limit

Age (yrs) -Mean (SD) 29376 64.33 15.97 31063 64.24 14.10 0.09 -0.15 0.33

Seniors (>65yrs) 29376 15217 51.80% 31063 15988 51.47% 0.33% -0.47% 1.13%

Gender-Female 29522 29522 100.00% 0 0 0.00% 100.00% NA NA

Income Quintiles (QAIPPE)

Mean Income Quintile (SD) 17817 2.99 1.40 18202 3.16 1.41 -0.17 -0.20 -0.15

1 Lowest 17817 3597 20.19% 18202 3098 17.02% 3.17% 2.37% 3.97%

2 17817 3483 19.55% 18202 3230 17.75% 1.80% 1.00% 2.61%

3 17817 3659 20.54% 18202 3692 20.28% 0.25% -0.58% 1.09%

4 17817 3684 20.68% 18202 3964 21.78% -1.10% -1.95% -0.26%

5 (Highest) 17817 3394 19.05% 18202 4218 23.17% -4.12% -4.97% -3.28%

BMI

Missing/Not Done 29522 9240 31.30% 31293 9757 31.18% 0.12% -0.62% 0.86%

Most Recent BMI- Mean (SD) 20282 32.48 8.18 21536 31.52 7.05 0.96 0.81 1.10

Low 20282 174 0.86% 21536 93 0.43% 0.43% 0.27% 0.58%

Normal 20282 3092 15.25% 21536 2721 12.63% 2.61% 1.95% 3.27%

Overweight 20282 5349 26.37% 21536 7229 33.57% -7.19% -8.07% -6.32%

Obese 20282 11667 57.52% 21536 11493 53.37% 4.16% 3.21% 5.11%

Smoking Status:

Never 13702 6189 45.17% 14295 4891 34.21% 10.95% 9.81% 12.09%

Past 13702 5208 38.01% 14295 6537 45.73% -7.72% -8.87% -6.57%

Current 13702 2305 16.82% 14295 2867 20.06% -3.23% -4.14% -2.33%

Encounters/Visits:

# Encounters in Study-Mean (SD) 29522 19.96 23.06 31293 17.39 23.03 2.57 2.20 2.93

≥1 Encounter in Study Period 29522 27092 91.77% 31293 28667 91.61% 0.16% -0.28% 0.60%

≥1 Encounter within 2yrs 29522 26164 88.63% 31293 27618 88.26% 0.37% -0.14% 0.88%

≥1 Encounter within first year 29522 23543 79.75% 31293 24468 78.19% 1.56% 0.91% 2.20%

A1C

Missing/None Done 29522 9141 30.96% 31293 9443 30.18% 0.79% 0.05% 1.52%

Baseline A1C- Mean (SD) 20381 7.20 1.53 21850 7.36 1.63 -0.16 -0.19 -0.13

Normal (< 7) 20381 11433 56.10% 21850 11356 51.97% 4.12% 3.17% 5.07%

High (7-7.99) 20381 4697 23.05% 21850 5161 23.62% -0.57% -1.38% 0.23%

Very High (8-8.99) 20381 2043 10.02% 21850 2388 10.93% -0.91% -1.49% -0.32%

Extremely High (≥ 9) 20381 2208 10.83% 21850 2945 13.48% -2.64% -3.27% -2.02%

Deaths 29522 636 2.15% 21850 846 3.87% -1.72% -2.02% -1.41%

Conditions:

COPD 29522 2731 9.25% 31293 3266 10.44% -1.19% -1.66% -0.71%

Dementia 29522 1546 5.24% 31293 1268 4.05% 1.18% 0.85% 1.52%

Depression 29522 7344 24.88% 31293 4685 14.97% 9.90% 9.27% 10.54%

Diabetes Mellitus 29522 29522 100.00% 31293 31293 100.00% 0.00% 0.00% 0.00%

Epilepsy 29522 346 1.17% 31293 346 1.11% 0.07% -0.10% 0.24%

Hypertension 29522 16083 54.48% 31293 16571 52.95% 1.52% 0.73% 2.32%

Osteoarthritis 29522 7823 26.50% 31293 5906 18.87% 7.63% 6.96% 8.29%

Parkinson's Disease 29522 176 0.60% 31293 278 0.89% -0.29% -0.43% -0.16%

Female DM Patients N=29,522 Male DM Patients N=31,293
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Figure 10: Validation Results for Seniors (Full Urban, Suburban and Rural Sample) 

 

  Lifetime Depression 
Totals 

CPCSSN  Present  Absent  

 Test Positive  12 9 21 

 Test Negative  19 77 96 

 Totals  31 86 117 

  Estimated 95% Confidence Interval 

  
Value 

Lower 
Limit 

Upper 
Limit 

Prevalence 0.26 0.19 0.36 

Sensitivity 0.39 0.22 0.58 

Specificity 0.90 0.81 0.95 

For any particular test result, the probability that it will be: 

Positive 0.18 0.12 0.26 

Negative 0.82 0.74 0.88 

For any particular positive test result, the probability that it is: 

True Positive 0.57 0.34 0.77 

False Positive 0.43 0.23 0.66 

For any particular negative test result, the probability that it is: 

True Negative 0.80 0.71 0.87 

False Negative 0.20 0.13 0.29   

likelihood Ratios:  [C] = conventional    [W] = weighted by prevalence 

Positive [C] 3.70 1.73 7.91 

Negative [C] 0.68 0.52 0.91 

Positive [W] 1.33 0.72 2.47 

Negative [W] 0.25 0.16 0.37 
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Figure 11: Validation Results for Non-Seniors (Full Urban, Suburban and Rural Sample) 

 

  Lifetime Depression 
Totals 

CPCSSN  Present  Absent  

 Test Positive  27 2 29 

 Test Negative  19 58 77 

 Totals  46 60 106 

  Estimated 95% Confidence Interval 

  
Value 

Lower 
Limit 

Upper 
Limit 

Prevalence 0.43 0.34 0.53 

Sensitivity 0.59 0.43 0.73 

Specificity 0.97 0.87 0.99 

For any particular test result, the probability that it will be: 

Positive 0.27 0.19 0.37 

Negative 0.73 0.63 0.81 

For any particular positive test result, the probability that it is: 

True Positive 0.93 0.76 0.99 

False Positive 0.07 0.01 0.24 

For any particular negative test result, the probability that it is: 

True Negative 0.75 0.64 0.84 

False Negative 0.25 0.16 0.36 

likelihood Ratios:  [C] = conventional    [W] = weighted by prevalence 

Positive [C] 17.61 4.41 70.27 

Negative [C] 0.43 0.30 0.60 

Positive [W] 13.50 3.53 51.60 

Negative [W] 0.33 0.22 0.49 
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Table 8: Senior Compared to Non-Senior Adult Patients with Diabetes  

  
HbA1c- Hemoglobin A1c; BMI- Body Mass Index;  COPD- Chronic Obstructive Pulmonary Disease; 

QAIPPE- Quintile of Annual Income Per Person Equivalent ;SD- Standard Deviation

All DM Patients N=60,837 n1 n2 Difference Lower Limit Upper Limit

Age (yrs) -Mean (SD) 31215 75.95 7.86 29243 52.08 10.36 23.87 23.73 24.02

Seniors (>65yrs) 31215 31215 100.00% 0 100.00% NA NA

Gender-Female 31205 15217 48.76% 29610 14305 48.31% 0.45% -0.34% 1.25%

Income Quintiles (QAIPPE)

Mean Income Quintile (SD) 18636 3.15 1.40 17385 3.00 1.41 0.15 0.12 0.18

1 Lowest 18636 3159 16.95% 17385 3537 20.35% -3.39% -4.20% -2.59%

2 18636 3420 18.35% 17385 3293 18.94% -0.59% -1.40% 0.22%

3 18636 3787 20.32% 17385 3565 20.51% -0.19% -1.02% 0.65%

4 18636 4035 21.65% 17385 3613 20.78% 0.87% 0.02% 1.71%

5 (Highest) 18636 4235 22.72% 17385 3377 19.42% 3.30% 2.46% 4.14%

BMI

Missing/Not Done 31215 9897 31.71% 29622 9101 30.72% 0.98% 0.25% 1.72%

Most Recent BMI- Mean (SD) 21318 30.77 6.99 20521 33.24 8.06 -2.47 -2.61 -2.32

Low 21318 155 0.73% 20521 112 0.55% 0.18% 0.03% 0.33%

Normal 21318 3421 16.05% 20521 2395 11.67% 4.38% 3.72% 5.04%

Overweight 21318 7427 34.84% 20521 5159 25.14% 9.70% 8.83% 10.57%

Obese 21318 10315 48.39% 20521 12855 62.64% -14.26% -15.20% -13.31%

Smoking Status:

Never 14226 5742 40.36% 13778 5338 38.74% 1.62% 0.47% 2.77%

Past 14226 6700 47.10% 13778 5046 36.62% 10.47% 9.32% 11.62%

Current 14226 1784 12.54% 13778 3394 24.63% -12.09% -13.00% -11.19%

Encounters/Visits:

# Encounters in Study-Mean (SD) 31215 20.33 24.50 29622 16.85 21.33 3.47 3.11 3.84

≥1 Encounter in Study Period 31215 28300 90.66% 29622 27479 92.77% -2.10% -2.54% -1.67%

≥1 Encounter within 2yrs 31215 27577 88.35% 29622 26223 88.53% -0.18% -0.69% 0.33%

≥1 Encounter within first year 31215 25486 81.65% 29622 22542 76.10% 5.55% 4.90% 6.20%

A1C

Missing/None Done 31215 9059 29.02% 29622 9544 32.22% -3.20% -3.93% -2.47%

Baseline A1C- Mean (SD) 22156 7.05 1.27 20078 7.55 1.84 -0.50 -0.53 -0.47

Normal (< 7) 22156 13083 59.05% 20078 9707 48.35% 10.70% 9.76% 11.65%

High (7-7.99) 22156 5481 24.74% 20078 4377 21.80% 2.94% 2.13% 3.74%

Very High (8-8.99) 22156 2039 9.20% 20078 2394 11.92% -2.72% -3.31% -2.13%

Extremely High (≥ 9) 22156 1553 7.01% 20078 3600 17.93% -10.92% -11.55% -10.29%

Deaths 31215 1287 4.12% 29622 195 0.66% 3.46% 3.23% 3.70%

Conditions:

COPD 31215 4420 14.16% 29622 1580 5.33% 8.83% 8.36% 9.29%

Dementia 31215 2566 8.22% 29622 249 0.84% 7.38% 7.06% 7.70%

Depression 31215 5415 17.35% 29622 6616 22.33% -4.99% -5.62% -4.35%

Diabetes Mellitus 31215 31215 100.00% 29622 29622 100.00% 0.00% 0.00% 0.00%

Epilepsy 31215 317 1.02% 29622 375 1.27% -0.25% -0.42% -0.08%

Hypertension 31215 20356 65.21% 29622 12312 41.56% 23.65% 22.88% 24.42%

Osteoarthritis 31215 9571 30.66% 29622 4161 14.05% 16.61% 15.97% 17.26%

Parkinson's Disease 31215 407 1.30% 29622 47 0.16% 1.15% 1.01% 1.28%

Senior DM Patients N=31,215  Non-Senior DMPatients N=29,622
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Chapter 4        

THE IMPACT OF DEPRESSION ON DIABETIC CONTROL 

 

4.1 Objectives 

The primary objective of this study was to determine if the presence of physician 

diagnosed depression was associated with blood sugar control in Canadian patients with diabetes 

through the examination of associations with poor blood sugar control, mean blood sugar levels 

and changes in blood sugars levels over time.  Secondary objectives were to examine covariates 

which may impact these associations and to explore possible effect modifiers of the diabetes 

depression relationship, specifically: sex, senior status, obesity, depression treatment status, as 

well as the use of weight gain producing antidepressants or diabetes producing antipsychotics.  In 

addition, potential diabetes treatment and management disparities were examined in terms of the 

number of blood sugar tests done, the number of medical visits, the number of BMI measures and 

the chances of being prescribed various diabetes treatments for patients with and without 

depression.   

 

4.2 Methods    

This study was designed using a retrospective cohort obtained from Canadian electronic 

medical records (EMR) data.  The data was drawn from the CPCSSN repository over a 2¾ period 

of time from January 1, 2012 to October 1, 2014 (Figure 3).   This period of time was selected as 

it was hypothesized that it could take a patient at least a couple of years to learn to manage their 
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diabetes and to control their blood sugar levels.  Patients who had diabetes for less than 2 years 

might still be adjusting to their diagnosis and have their condition somewhat in a temporary flux 

and a 3 year follow up was thought to be sufficiently reliable to examine factors that influence 

blood sugar control.  In addition, because the first Canadian electronic medical records were only 

established around 2005, the quality of this earlier data was thought to be less reliable and 

variables were more inconsistently populated so more recent electronic medical record data was 

also desirable.  The final data cut in year 3 scheduled for January 1, 2013 did not occur due 

various administrative complexities and so the dataset was restricted to a 2 ¾ years of follow-up 

or a total of 11 quarters of data cuts ending October 1, 2014.   

Data was collected from 744 primary care physicians, in 11 different networks across 

Canada, representing 60,837 individual patients with diabetes.  This included 12,031 patients 

identified as also having some form of depression in their lifetime as evidenced by ICD9 codes, 

problem lists, and medications (Table 4).  Diabetes and depression medications were identified 

using the generic names prescribed in the patients’ electronic medical record.  Unfortunately, 

there was no data entered in the electronic medical records regarding the actual amounts of 

medications taken, just those the family physician had prescribed.  HbA1c were entered directly 

in the electronic medical record at the practices or uploaded directly from the patient’s laboratory 

reports.  Generalized estimating equations and multilevel mixed models were used to determine 

the effect of depression on blood sugar control in patients with diabetes. 

A total of 60,837 patients with a diagnosis of diabetes (ICD9≥ 250.x), as defined by the 

criteria in Table 4, were identified for this study.  Family physicians were not recorded for 647 

patients in their electronic medical record, leaving 60,190 patients for analysis.  These were 

excluded from the cohort because it was thought to be necessary to control for clustering by 
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family physician, which was hypothesized to be the most important level in the nested hierarchy 

of CPCSSN to adjust for in the regression models.  This is because there are strong practices 

patterns that given family physician will adopt for their patients with diabetes and we 

hypothesized that this may actually be strong enough to predict some patient outcomes above and 

beyond their own individual characteristics.  Although others in primary care have examined 

network and site level clustering, practice level patterns are likely to be too diverse at these levels 

to explain much of the variability in blood sugar outcomes (Greiver et al., 2014; Singh et al., 

2015).  Network to network variability was examined in CPCSSN primary care patients with 

diabetes and the estimate of the variance of the random network intercept was only 3.0% and this 

variation in the intercept due to network effects was not significant, despite the large sample size 

(Greiver et al., 2014).  As part of a clinical trial, primary care practices in Ontario were also 

examined for clustering effects and the Intraclass Correlation Coefficient (ICC) for HbA1c 

outcomes in patients with diabetes were only 0.3%, but were stronger for single physician 

practices  ICC=1.9% than for than for multiple physician practices ICC=0 (Singh et al., 2015).  

To clarify the potential role for nesting in blood sugar outcomes, we conducted a partitioning of 

the variance at the network, practice site and physician level to examine the strength of the 

potential clustering in the models.  

4.2.1 Sample Size 

The primary outcome in this study was the relative risk of HbA1C ≥ 9.0 and assuming the 

relative risk of poor control was 1.32 (Frayne et al., 2005) and like Medicare populations in the 

US about 27% of patients with diabetes have poor control (U. S. Department of Health and 

Human Services, 2012) and  80% power with a 2 sided Alpha=0.05, 449 patients were needed in 

each group for a total of 898 patients.  If the estimates are similar to the validation sample in 
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Chapter 3 where only 9% of local network patients were experiencing poor control, then 1,766 

patients are required in each group for a total of 3,532 patients.  However this is an academic 

center and the patients’ blood sugar levels may be better managed/controlled than in other parts 

of the country so estimates likely fall between these two ranges.  In either case there are more 

than a sufficient number of patients with diabetes in CPCSSN to satisfy the sample size 

requirement for this study. 

 To account for the potential clustering in the model by physician, Greiver’s ICC of 3% 

can be used to calculate the variance inflation factor (VIF) (Greiver et al., 2014).   As the 60,837 

patients with diabetes are cared for by 744 family physicians resulting in an average of 82 

patients per physician, the resulting formula for the VIF is as follows: VIF = 1+ (k-1)*ICC= 

1+(82-1)*.03=3.43  (Hanley & Moodie, 2011).  If US estimates were used for the prevalence of 

poor blood sugar control, then a total of 898 patients were needed in simple sample size 

calculation and to account for clustering within physicians at total of 3,081 patients were 

required.   If Canadian estimates of an unclustered sample size of 3,532 patients were used, than 

12,115 patients with diabetes would have been needed to account for clustering.  Again, the 

CPCSSN diabetes sample will still have more than enough power for the primary outcome of the 

relative risk of poor blood sugar control.    

4.2.2 Depression Status 

For the 60,190 patients with diabetes whose family physician was known, initially 

lifetime depression status was considered as the primary exposure measure. The CPCSSN 

database records the patient’s depression start date, but does not enter an end date.  A record of 

the date of most recent evidence of depression, such as the last antidepressant date or the last time 

depression appeared in the problem list, was also not available to update a patient’s status over 
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time.  As current depression status is likely to be more strongly associated with poor blood sugar 

control, we wanted depression status to more accurately reflect a patient’s current status rather 

than simply ever or never in their lifetime.  All cases with a depression diagnosis date during the 

study period were identified as “recent” (on-study) depression.  All patients without any evidence 

of depression at any time were considered “never” depressed.   There were 8,047 lifetime 

depression cases that were diagnosed before 2012 (study start date).  We were unable to 

determine if the depression was still ongoing or resolved in these patients so they were removed 

from the “recent” depression analysis.  This decision was made to improve the quality of the 

depression status categorization in CPCSSN as situations such as a single episode of depression 

ten or twenty years prior is not expected to impact current blood sugar control.  This left a study 

cohort of 52,143 patients for analysis that included 3,837 with evidence of “recent” depression at 

some point between January 1, 2012 and October 1, 2014. 

The initial plan was to identify medications using the start and stop dates in CPCSSN to 

include only those prescribed during the study period.  However, non-plausibly low numbers led 

to the realization that the stop dates populated in the data base were likely done automatically at 

arbitrary points in time, rendering the results implausible.  When only start dates were used to 

obtain a “never” versus “ever” prescribed medication list, the results were more realistic and 

better reflected anticipated practice patterns. 

As such patients were considered to be treated for depression if they were “ever” 

prescribed any of the following medications in the electronic medical record: selective serotonin 

reuptake inhibitors (citalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine, sertraline); 

serotonin antagonist and reuptake inhibitor (trazodone); serotonin and norepinephrine reuptake 

inhibitors (desvenlafaxine, duloxetine, venlafaxine); norepinephrine–dopamine reuptake inhibitor 
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(bupropion); tricyclic antidepressants (amitriptyline, clomipramine, desipramine, imipramine, 

trimipramine, doxepin, nortriptyline); tetracyclic antidepressants (mirtazapine); monoamine-

oxidase inhibitor (moclobemide, phenelzine, selegiline, tranylcypromine); antipsychotics 

(aripiprazole, flupentixol, risperidone); antipsychotics known to cause diabetes (quetiapine, 

olanzapine, clozapine,); or  a mood stabilizer (lithium, valproic acid).  Antidepressants known to 

potentially cause weight gain were categorized as all tricyclic antidepressants, all monoamine-

oxidase inhibitors, paroxetine, trazodone, and mirtazapine. 

4.2.3 Blood Sugar Control 

We examined dichotomized HbA1c levels in three ways: at ≥7 to reflect the traditional 

therapeutic target; secondly at ≥8 or above as there is controversy over how tightly the levels 

need to be controlled for all patients to decrease their risk of morbidity and mortality, without the 

increasing their risk of severe hypoglycemia; and thirdly HbA1c levels above 9, there is likely 

more clinical consensus on the risk-benefits ratio.  In fact the US Department of Health and 

Human Services states: “Regardless of individual variation, a value greater than 9 percent is 

considered poor glycemic control and is the threshold for the poor control measure” (U.S. 

Department of Health and Human, 2012).  After careful a priori consideration, the primary 

outcome measure selected for this study was HbA1c ≥9 to compare with other studies of poor 

control and to use an outcome for which the evidence clearly supports risk reduction.  The 

therapeutic targets for diabetes are under debate and there have been suggestions that tight 

control with HbA1c ≥ 7 may not be actually necessary to offset the downstream complications of 

diabetes (Canadian Diabetes Association, 2013).  Our objective was to have a risk level that 

would provoke consensus and there is little clinical debate that HbA1c ≥ 9 should be avoided and 

constitutes “poor diabetes control”.  As such, this threshold was selected for our primary analysis; 
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however thresholds of HbA1c ≥7 and HbA1c ≥8 were also presented and discussed as secondary 

analysis.  In addition as secondary analysis using the criterion measures dataset for lifetime and 

current depression for exposure status, the validation sample from chapter 3 was also used to 

examine the relationship with poor blood sugar control. 

4.2.4 Covariates 

Covariates selected were potential confounders associated with depression and blood 

sugar control which were available in the CPCSSN dataset.  They included sex, age ≥65yrs, and 

years with diabetes, hypertension, osteoarthritis, chronic obstructive pulmonary disease (COPD), 

dementia, Parkinson's, epilepsy, and diabetes treatments/referrals.  Diabetic treatments were 

categorized as any form of insulin; metformin; sulfonylureas (chlorpropamide, glibenclamide, 

gliclazide, glimepiride); gliptins (linagliptin, saxagliptin, sitagliptin); and other diabetes 

medications (acarbose, exenatide, liraglutide, pioglitazone, orlistat, rosiglitazone). 

Information was available on BMI and the number of visits (encounters with health care 

providers).  While several other studies have statistically controlled for them in their models, they 

may be on the causal pathway (Samaan et al., 2015).  As past results have been criticized for over 

adjusting for BMI as it may be on the causal pathway in some cases, we instead dichotomized 

BMI into “obese” verse “not obese” and examined it as an interaction term.    

4.2.5 Effect Modification 

Age over 65 years was examined as a potential effect modifier using an interaction term 

in the model as the sensitivities of the CPCSSN depression case finding algorithm in Chapter 3 

differed for senior and young adults with diabetes.  The fact that there is a need for separate 

geriatric assessment tool for depression also highlights an important possible interaction between 

being a senior and the impact of depression.  In order to provide separate bias corrected estimates 
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for Chapter 5, the association between depression and diabetes also needed to be stratified by 

senior status.  Likewise, associations stratified by sex were also explored due to the different 

sensitives found in Chapter 3 for men and women, and this also allowed for the analysis of 

separate bias corrected estimates for men and women in Chapter 5.  Obesity was explored as a 

possible effect modifier as depression may have a stronger impact on a diabetes control in a 

patient who is obese compared to one that is not obese  (Katz et al., 2000; Weycker et al., 2009).  

This is because depression may make controlling BMI more difficult and for those with obesity 

this may result in a subsequent inability to control blood sugar levels and be an important part of 

the causal path for obese patients.  Keeping the blood sugars down through weight control is less 

relevant for those patients with diabetes who are already at a normal weight or only overweight.  

These patients may be depressed, but if they can control their weight it may not have as much 

impact of the blood sugar levels.   

Depressant treatment status (None, SSRIs, SARIs, SNRIs, TCAs, TeCAs, MAOIs, 

NDRIs, antipsychotics, mood stabilizers) was examined as a potential exposure measure as US 

investigators (Brieler et al., 2016) found that patients with diabetes and untreated depression had 

significantly worse blood sugar control compared to both those with treated depression or those 

without any depression.   Among patients with recent depression, differences and potential 

interactions with the antidepressant medications that are known to cause weight gain (TCAs, 

MAOIs, Paroxetine, Trazodone, Mirtazapine) were investigated for patients who were ever 

prescribed them versus those who never received them (Deshmukh & Franco, 2003).  Likewise, 

as it is known that some antipsychotics (olanzapine, quetiapine) produce diabetes, differential 

effects and possible interactions were examined in patients with depression prescribed these 

medications, compared to those who were depressed but did not receive them. 
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4.2.6 Treatment Disparities 

The crude and fully adjusted differences in the number of visits, the number of laboratory 

tests for HbA1c and the proportion of patients receiving BMI measurements and various diabetes 

medications were examined by exposure status to assess potential treatment disparities for those 

patients with diabetes who also had depression.  The number of referrals was not included in the 

final analysis as the number recorded in the electronic medical record was generally less than 

10% and many cases of referral were likely missing. 

4.2.7 Analysis 

Overall, the data analysis was conducted primarily using SAS version 9.4 and 

occasionally Microsoft Excel was utilized.  In general, differences in patient characteristics were 

compared with t-tests for continuous variables and chi-square tests for categorical ones.   

4.2.8 Modeling Approach 

Originally a backward selection of variables with eliminations based on change in the 

effect estimate was considered.  However due to the large size of the database it was too easy and 

common for variables to reach significance.  Small and clinically insignificant differences were 

often highly statistically significant making any elimination based on p-values not particularly 

useful in the context.  Instead, the variables in Figure 12 were forced into the model in a 

purposeful section as done by Breiler et al. and this also enabled an international comparison of 

the model of depression on diabetes (Brieler et al., 2016).  The process was completed with a 

stepwise addition of models.  Initially, crude models accounting for the potential clustering by 

physician were produced.  Next multivariate, adjusted models were created by adding the 

demographic factors of sex, senior status and number of years with diabetes (severity) into a 

second model.  This was intended to show the estimates as if the depressed and non-depressed 
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groups had the same age, gender distribution and approximate severity of diabetes.  Age was 

added to the model as both a continuous variable and then as a dichotomized variable at age 65 in 

order to delineate seniors from non-seniors.  As both forms of the variable had the same impact 

on the effect estimates, age was ultimately modelled as senior versus non-senior as the clinical 

implications for this division are more intuitive and could better facilitate clinical decisions.  

Then the comorbidities (hypertension, osteoarthritis, COPD, dementia, Parkinson’s, epilepsy), 

were simultaneously adjusted for in the third model.   This was intended to show what the 

estimate of relative risk would be if the depressed and non-depressed groups had similar 

distributions of the comorbid chronic conditions that were available in CPCSSN.  This method 

allowed all the highly collinear comorbidities to have their associations with one another and the 

exposure and the outcome to be added simultaneously in the model rather than have to arbitrarily 

select which one to eliminate first.  Lastly, referrals and diabetic medications (insulin, metformin, 

sulfonylureas, gliptins, other diabetes medications, no diabetes treatment) were added into the 

crude model in order to compare to Breiler’s US primary care results.  This modeling strategy 

was similar to the one used by Breiler et al. in the analysis of their longitudinal primary care data 

to examine the relationship between depression and diabetes.    

The only exception was that the US researchers were able to incorporate time into the 

model using the 15 quarters of their study period.  These US investigators had updated quarterly 

depression assessments to correlate with updated quarterly HbA1c levels that were not available 

in CPCSSN.  CPCSSN did contain updated new quarterly HbA1c data, but unfortunately 

depression status was only “ever” or “never” as routine depression screening does not get 

incorporated into Canadian electronic medical record data regularly, even when it might occur in 

the clinic.  However, other investigators have shown that the random intercepts for time in 
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multilevel models were consistently non-significant in all of their models and theoretically the 

nature of the relationship between depression and diabetes is not anticipated to change much over 

the study period (Brieler et al., 2016).  Instead we assessed time by using the change in HbA1c 

status measured from the first assessment minus the last assessment in the study period.  As a 

result, our inability to not account for time in the regression model is not expected to impact our 

results.  In addition, no other studies exaiming depression in diabetes accounted for any nesting 

of physician, practice or networks and this is the first work to examine the diabetes depression 

association while accounting for the potential nested nature of the primary care data.   

4.2.9 Analytical Approach 

For the primary outcome of poor blood sugar control by recent depression status the crude 

and adjusted relative risk (RR) were quantified in multivariate regression models that included 

interaction terms for sex, senior and obese.   As traditional regression methods rely on the 

assumption of independence of the measurements and the activities of family physicians on their 

patients with diabetes may not be independent as they practice in a common setting with distinct 

philosophies, it was important to account for this physician level variability that might otherwise 

go undetected.   As a result, the analysis started by using generalized estimating equations (GEE) 

in PROC GENMOD procedure in SAS as population level estimates corrected for the potential 

higher level physician clustering were set, as the consequences of ignoring even small levels of 

physician clustering on the estimate for poor blood sugar control are unknown.  However, our 

aim was to correct the associations for the potential clustering effect and not to examine specific 

beta estimates for each of the 744 physicians.  For the primary dichotomized outcome of the 

relative risk of poor blood sugar control GEE was successfully utilized with a Poisson 

distribution and logarithmic link function.  By using the repeat statement for the physician in an 
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exchangeable correlational matrix, this analysis also provided an estimate of the intraclass 

correlation coefficient (ICC), which measured the extent to which patients within the same 

physician were more similar to one another than patients from other physicians (Dickinson & 

Basu, 2005; Hanley & Moodie, 2011; Hsieh, Lavori, Cohen, & Feussner, 2003; Singh et al., 

2015; Vajargah & Masoomehnikbakht, 2015)   ICC values ranged from 0-100%, with higher 

values indicating stronger clustering effects. 

 Then the secondary continuous outcomes examining the relationship between the recent 

depression and the mean blood sugar levels as measured by HbA1c levels, as well as change in 

blood sugar levels (HbA1c levels) over the study time period were modeled.   However, SAS had 

difficulty converging using the GENMOD procedure, particularly for change in blood sugar 

levels over the study where convergence was not possible at all.  As a result, mixed hierarchical 

linear models using SAS PROC GLIMMIX were attempted next as they are a more natural 

extension for continuous variables.  All the models converged successfully for mean blood sugar 

and change in blood sugar using GLIMMIX with a random intercept for family physician to 

account for the variation across physicians in the mean HbA1c level.  Also when GLIMMIX was 

attempted for use in estimating the relative risk of poor control, convergence of the model was 

only possible for the 11 networks and it did not work for the 744 physicians.  As a result, the 

dichotomous outcomes were analyzed using PROC GENMOD and the continuous outcomes 

using PROC GLIMMIX.  GLIMMIX procedure in SAS with multiple random intercepts was also 

used to partition the variance in an exploration of the nesting of patients within physicians, within 

practices, and within regional networks (Bell, Ene, Smiley, & Schoeneberger, 2013; Zhu, 2014).    

The procedure selected to handle missing values was to exclude observations with any 

missing variable values from the analysis and only include complete cases. Most covariates of 
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interest were almost 100% populated and analyzing only complete cases has the advantage of 

simplicity.  As validation work has not yet been conducted on the covariates in CPCSSN, the 

information contained in the incomplete cases could not be assumed to necessarily be missing at 

random and so this information was lost to preserve the face validity of the analysis.   Tables 9 

and 10 indicate both the total patients in the sample (N) in the header and a column with the 

number of patients in each variable (n) with complete data.  An additional post hoc sensitivity 

analysis was conducted to test the impact of including both smoking and SES (QAIPPE) in the 

full model as there was question of their function as potential confounders of the diabetes 

depression association.  The completeness of their data collection in CPCSSN was far less than 

the other variables used in the analysis and their inclusion would dramatically reduce the sample 

available for analysis. 

In a comprehensive approval, CPCSSN had ethics approval for all sites for the collection 

of the data and its general use for research and surveillance including approval from Queen’s 

University Health Sciences & Affiliated Teaching Hospitals Research Ethics (HSREB).  In 

addition, specific approval was also obtained from Queen’s HSREB for this CPCSSN data 

analysis project.  The proposed contents of this thesis work was reviewed and approved as the 

entire thesis proposal was submitted to the Queen’s HSREB simultaneously with the approval to 

conduct the validation study in Chapter 3. 

 

4.3 Results 

4.3.1 Patient Characteristics 

Table 9 shows that among patients with diabetes, the characteristics of those with recent 

evidence of depression during the study observation period and those with no evidence of a 



 

121 

 

depression diagnosis in their lifetime, those with recent depression were younger with fewer 

senior citizens (42.5% vs 53.3%) and more females (58.9% vs 45.5%).  They also had fewer 

years since the date of their diagnosis of diabetes in the electronic medical record (3.9 vs 4.7) and 

lower incomes with fewer in the highest income quintile (19.3% vs 21.4%) and more in the 

lowest income quintile (21.9% vs 18.4%).  Patients with depression had higher BMIs with fewer 

in the overweight (26.8% vs 31.2%), but more in the obese (59.0% vs 53.9%) category, and they 

were also more likely to be current smokers (26.7% vs 16.5%).   

On average diabetic patients with a recent depression had more encounters (visits) per 

year with family physicians than those with diabetes alone (9.7 vs 6.3).  They were also more 

likely to have the comorbid conditions evaluated in CPCSSN, with the exception of hypertension, 

which was comparable between those with and without depression.  Patients with depression 

were more likely to have received a prescription for insulin compared to those without depression 

(24.0% vs 17.7%) and/or metformin (59.8% vs 55.1%).  As expected, diabetic patients with 

depression were more likely to receive depression medications with the majority being given 

SSRIs (56.2%).  There were some patients without depression that did receive antidepressant 

medications and this was likely for other indications such as anxiety or pain control.  Of those 

with depression, 34.2% did receive antidepressants associated with weight gain and 10.8 % 

received antipsychotics that are known to produce diabetes.  Although the number of referrals 

entered into the electronic medical record was low in general, those with depression and diabetes 

were more likely to receive all types of referrals. 

In terms of diabetes process of care outcomes, those with recent depression had slightly 

more lab tests for HbA1c (3.43 vs 3.28).  However, they also had higher mean blood sugar levels 

(7.31 vs 7.20) and more patients with HbA1c greater than all three risk thresholds of HbA1c≥7 
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(48.6% vs 46.1%), HbA1c≥8 (25.4% vs 20.4%) and HbA1c ≥9 (12.8% vs 9.7%).  On a 

population level, these may be small but clinically meaningful differences.  There were no 

significant differences in the crude change in HbA1c over the study period for those with 

depression compared to those without depression (-0.09 vs -0.13).  

Although we had anticipated observing meaningful differences between patients with 

treated and untreated depression groups as in the study by Breiler et al., in fact there were no 

important differences found in blood sugar levels between those with treated lifetime depression 

compared to those with untreated lifetime depression.  For the 60,190 patients with diabetes with 

known physicians, 48,306 had no evidence of lifetime depression, 10,134 had depression and 

were prescribed some form of medication at least once in their lifetime, and 1,750 patients had 

depression but had never been prescribed any antidepressant medication (Table 10).  The mean 

HbA1c was 7.23 for both the treated and untreated lifetime depression groups, the portion at 

target (HbA1c<7) was virtually the same (45.9% vs 45.8%), as was the portion with poor sugar 

control (HbA1c≥9) with 11.9% in the treated and 12.5% in the untreated lifetime depression 

group.  As the two lifetime depression groups were so similar to one another, the data was 

combined and contrasts made between patients with recent depression evidence and those 

without any evidence of a depression diagnosis in their lifetime.  Unfortunately, data was not 

available in CPCSSN on the actual medications or doses taken by the patients as there was no 

systematic recording of compliance and we had to rely solely on the prescriptions made by the 

family physician.  This may have obscured our ability to detect true differences between the 

treated and untreated depression groups.   The lack of delineation is also possibly due to the poor 

quality of the stop dates in the medication database, which makes distinguishing the treated and 

untreated depression groups problematic to identify accurately.  We only observed differences 
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among patients with diabetes with no lifetime depression histories compared to those with a 

diagnosis of depression in their lifetime.  For patients with no lifetime depression, those with 

treated depression and those with depression but with no treatment prescribed in their lifetime, 

the portions of patients with poor control were 9.7%, 11.9% and 12.5%, respectively and mean 

HbA1c levels were 7.20, 7.23, and 7.23, respectively.  The only other exception was that while 

26.2% of the treated depression group received no form of diabetes medication, 46.1% of the 

untreated depression group also received no medication for their diabetes, indicating the 

untreated depression group may have been somewhat healthier.   However due to the similarities 

in their outcome measure of interest and our lack of ability to delineate these two groups the data 

for treated and untreated depression was combined.  

Initially we included diabetes medications and treatments in our models as this had been 

done by other investigators examining the impact of depression and diabetes (Table 11) (Brieler 

et al., 2016).  However, diabetic treatments and control are likely to be highly correlated, with 

increasing treatment being indicated as patients fail to meet blood sugar targets with less 

aggressive treatment measures.  For example in Table 11, patients with poorer control may need 

insulin and we did observe that patients on insulin were 3.3 times as likely to have poor sugar 

control.   As a result, including these in the model would have over adjusted and potentially 

masked real and important differences in our primary outcome.  Ultimately, we excluded the 

diabetes treatments and referrals (model 4) from the analysis on poor blood sugar control. 

4.3.2 Variance Partitioning 

To examine the potential nesting effects, the variance in the empty model was partitioned 

by network, practice site, family physician and patient and the results are shown in Table 12.  The 

variability in blood sugar levels at the network level was not statistically significant and the 
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ICC=1.2%.  The variability in the model explained by practice site was highly statistically 

significant with a slightly larger ICC= 1.4%.  The variability explained by family physician is 

also highly statistically significant and showed the largest ICC= 2.1%.  Altogether these three 

nested levels accounted for 4.7% of the variability in blood sugar levels as measured by HbA1c 

and the remaining 95.3% of the variability was due to individual patient level characteristics. 

Table 13 shows the empty model partitioned only by family physician and patient.  The 

amount of variability in the model that can be explained by the patient family physician is again 

highly statistically significant, but now explains 4.4% of the variability in the model as the 

physician is nested within the practice site, which is in turn nested within the network.  The 

remaining 95.6% was still primarily explained by individual level patient characteristics as seen 

in the residual variability in the model.  As controlling for clustering by family physician alone 

accounted for almost the same amount of variability as accounting for network, practice site and 

family physician (4.4% vs 4.7%), subsequent models were simplified to adjust for physician level 

clustering in order facilitate convergence of the models and to ease communication of the results 

to clinical audiences. 

4.3.3 Poor Blood Sugar Control 

Ultimately we had selected to use the highest risk threshold defined by blood sugar values 

with HbA1c≥9 for the primary analysis of poor diabetes control.  Table 11 shows that patients 

with depression were significantly more likely to have poor blood sugar control in all three 

models with a relative risk of 1.28 (1.16, 1.42) for model 1 (crude);  1.21 (1.09, 1.33) for model 2 

(demographics) and  1.22 (1.10, 1.34) for model 3 (comorbidity) adjusted models.  Covariates 

significantly and positively associated with poor control included being male 1.09 (1.03, 1.16), 

the number of years with diabetes 1.06 (1.05, 1.08) and having comorbid dementia 1.27 (1.07, 
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1.50).  Covariates associated with better control included being a senior 0.35 (0.33, 0.38); and 

having comorbid hypertension 0.79 (0.74, 0.85); osteoarthritis 0.76 (0.70, 0.83); or Parkinson’s 

0.44 (0.22, 0.87).  The intraclass correlation coefficient (ICC) between randomly selected 

physicians was statistically significant in all three models, but it remained less than two percent 

in all three models.  This means that less than 2% of the variability in the relative risk of poor 

blood sugar control can be explained by who a patient has as a family physician.   

The blood sugar values at the slightly lower risk threshold of HbA1c levels ≥8 are shown 

in Table 14.  Table 14 shows that patients with depression were significantly more likely to have 

poor blood sugar levels over 8%  in all three models with relative risks of 1.22 (1.14, 1.31) for 

model 1 (crude);  1.19 (1.12, 1.28) for model 2 (demographics) and 1.20 (1.13, 1.29) for model 3 

(comorbidity) adjusted models.   The blood sugar values above the therapeutic target of HbA1c 

levels ≥7 are shown in Table 15. Table 15 shows that patients with depression were significantly 

more likely to be above therapeutic targets with blood sugar levels over 7%  in all three models 

with relative risks of 1.05 (1.01, 1.09) for model 1 (crude);  1.06 (1.02, 1.10) for model 2 

(demographics) and 1.07 (1.03, 1.11) for model 3 (comorbidity) adjusted models.   Interestingly, 

in all three models there was an incremental strength in the association as the risk threshold 

increased.  For example, in the fully adjusted models as the threshold definition of poor blood 

sugar control increased from HbA1c ≥7, to HbA1c ≥8, to HbA1c ≥9, the relative risk of poor 

control also increased from 1.07, to 1.20 to 1.22 for those with depression compared to those 

without depression.  In other words, the more out of control the diabetes became the stronger the 

association was with recent depression. 

The validation sample from chapter 3 was also used to examine poor blood sugar control 

with the advantage of more accurate assessment of both lifetime histories of depression and true 
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current depression assessed by Patient Health Questionnaire-9 question version (PHQ-9) screens 

followed by family physician assessments.  Unfortunately there were not enough occurrences of 

HbA1c≥9 to be meaningfully analyzed; however there were enough numbers of cases of 

HbA1c≥7 to examine the relationship with current depression as 65.3% of the sample was over 

this therapeutic target.  The 211 patients with both outcome and exposure data showed a similar 

pattern of results with relative risks of 1.28 (0.96, 1.72) for model 1; 1.26 (0.94, 1.67) for model 

2; and 1.26 (0.97, 1.65) for model 3 with all three models approaching statistical significance 

(data not shown).  Dementia, Parkinson’s and Epilepsy had to be dropped from model 3 as the 

low counts would not allow the model to converge.  Using this true current depression status 

from the validation sample resulted in a much higher relative risk than when the CPCSSN recent 

depression status was used which only gave a crude relative risk of 1.05 (1.01, 1.09) for 

HbA1c>7 (data not shown). 

4.3.4 Mean Blood Sugar Control 

Table 16 shows the estimated mean differences in HbA1c based on various patient 

characteristics adjusted for the potential clustering by individual family physicians.   Among 

patients with diabetes, the overall difference in HbA1c between those with recent depression at 

some point during the study and those who had never experienced any depression was a 

difference of 0.11 (0.06, 0.16) after controlling for patient demographics and comorbidities.  In 

other words, in the fully adjusted model patients with diabetes had an overall average HbA1c of 

7.13 and the effect of depression increased the level by 0.11 or an average HbA1c of 7.24 for 

those with depression, which is a highly statistically significant difference and may have clinical 

significance on a population level as well.   
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Being male and increasing number of years with diabetes was associated with higher 

HbA1c levels, while having comorbid hypertension or osteoarthritis was associated with a lower 

HbA1c.  These factors effecting mean blood sugar levels were all highly statistically significant.  

The random effect of a physician was highly statistically significant in all of the models.  The 

ICC for family physician was 0.058, meaning that 5.8% of the variability in mean blood sugar 

levels could be explained by who a patient’s had as a family physician.  This indicates that 

patients within physicians are slightly similar to each other in terms of mean blood sugar levels, 

compared to patients with a different family physician. 

The mean blood sugar levels of the validation sample were also examined in relation to 

true current depression. In the 211 patients from the validation sample, the overall difference in 

HbA1c between those with current depression and those who had never experienced any 

depression was an non-significant increase of 0.19 (-0.17, 0.56) after controlling for patient 

demographics and comorbidities. In other words, in the fully adjusted model validation sample 

patients had an overall average HbA1c of 7.44 and the effect of depression increased the level by 

0.19 or an average HbA1c of 7.63 for those with depression.  The strength of the effect of 

depression in the validation sample was almost twice as high in all three models as with the 

CPCSSN data, although this small sample did not reach statistical significance as it was not 

powered to detect this difference (data not shown). 

4.3.5 Change in Blood Sugar Control 

Table 17 shows the estimated differences in change in HbA1c levels across time from the 

baseline measures to the last measurements recorded, based on various patient characteristics and 

adjusting for the potential clustering by individual physicians.  In patients with diabetes, those 

with depression at some point during the study had an overall increase in HbA1c levels of 0.05 
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(0.00, 0.09) compared to those who had never experienced depression.  In other words, patients 

with diabetes in CPCSSN reduced their average HbA1c by 0.23 over the almost 3yr study period, 

however those with depression only were able to reduce their levels of HbA1c by 0.18.   The 

difference in HbA1c change for those with depression was statistically significant and was 

apparent in the crude model and persisted after controlling for both patient demographics and 

comorbidities.  In terms of face validity, a decrease in blood sugar levels over time was not 

expected, however Canadian family physicians have been actively targeting blood sugar 

reduction in their patients with diabetes and so this may be evidence of their national clinical 

efforts.  However, as expected being a senior citizen and increasing number of years with 

diabetes were associated with an increase in HbA1c over time, while men were more likely to see 

a decrease in blood sugar levels over time.  This surprising overall reduction in blood sugar levels 

was highly statistically significant HbA1c -0.23 (-0.26, -0.20), and it was observed in the crude 

model as well as after adjustment for demographics and comorbidities.   The ICC for physician 

was not statistically significant in any of the models and remained less than 0.5% in all three 

models, indicating that patients for a given physician are not different than those from another 

physician in terms of their ability to reduce blood sugar levels over time. 

The change in blood sugar levels of the validation sample was also examined in relation 

to true current depression.  In the 211 patients from the validation work, the overall difference in 

HbA1c between those with current depression and those who had never experienced any 

depression was a net change of 0.00 (-0.39, 0.39) after controlling for patient demographics and 

comorbidities.   Almost no effect of current depression was observed in any of the three models 

on HbA1c change (data not shown).   
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4.3.6 Effect Modification 

Although the interaction term for recent depression and senior status was not significant 

in any of the models (p= 0.1379 in model 1), stratified results were presented as the validation 

results in Chapter 3 found there were different sensitivities and specificities for senior and non-

senior patients with diabetes.  Although there was not a statistically significant interaction term, 

Table 18 and 19 shows there may be evidence of clinically meaningful effect modification where 

senior citizens had greater relative risk estimates in all 3 models compared to non-seniors.  After 

adjusting for all covariates in model 3, seniors with depression were at greater risk of poor blood 

sugar control with a relative risk of 1.37 (1.11, 1.68) compared to non-seniors with a relative risk 

of 1.19 (1.06, 1.32) however, the confidence intervals do overlap so we cannot conclude they are 

truly different. 

Likewise, although the interaction term for recent depression and sex was not significant 

in any of the models (P=0.3921 in model 1), stratified results were presented due to their 

differing sensitivities and specificities observed in Chapter 3. Tables 20 and 21 do show evidence 

of some clinically meaningful effect modification where after adjusting for all covariates in 

model 3, females with depression were at greater risk of poor blood sugar control with a relative 

risk of 1.26 (1.10, 1.43) compared to males with a relative risk of 1.20 (1.03, 1.39).  However as 

the confidence intervals do overlap, these smaller differences in sex may not be that important. 

There was a non-significant interaction term (p=0.1824) for recent depression and 

obesity, but stratified results are presented in Tables 22 and 23 as depression may only be a more 

important factor in obese patients with diabetes.  After adjusting for all covariates in model 3, 

obese patients with depression were at greater risk of poor blood sugar control with a relative risk 

of 1.33 (1.16, 1.54) compared to non-obese patients who had a relative risk of 1.10 (0.89, 1.36).  
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In the group missing obesity status since they had no BMI recordings entered, the proportion of 

patients HbA1c ≥9 was higher (12.1%) than with obese patients (10.9%) or non-obese patients 

(8.1%). 

 Among those with lifetime histories of depression, patients who received antidepressant 

medication that are known to potentially contribute to a gain in weight did not show any increase 

in the relative risk of poor control in any of the models compared to patients with depression that 

did not receive these treatments.  In fact the mean HbA1c level for those prescribed the 

potentially weight producing medication was slightly lower (HbA1c =7.22) than those who did 

not receive the medications (HbA1c= 7.25) and these small differneces in blood sugar level 

results are not likely clinically sginifcantly different.  In addition, their BMIs were virtually the 

same (33.0 vs 33.0).  Similar results were found with the antipsychotics known to actually 

produce diabetes, where those patients who received the medications showed no increased in the 

relative risk of poor control.  Again, they had lower mean blood sugars (HbA1c =7.07) than 

patients with depression that did not receive the medications (HbA1c =7.26) and may represent a 

generally healthier diabetes population, purposefully selected by family physicians. 

 

4.3.7 Treatment Disparities 

Table 24 and Table 25 investigate potential treatment disparities in diabetes management 

for patients with depression compared to those without depression.  In table 24, two continuous 

outcomes were examined: the number of blood sugar tests (HbA1c) completed and the number of 

encounters with health care providers, or “visits”.  Overall after adjustment for confounders in the 

full model 3, patients with diabetes had an average of 1.65 (1.50, 1.79) blood sugars tests taken 

over the study period and those patients with recent depression had on average 0.27 (0.18, 0.37) 
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more tests than those without any lifetime depression.  This corresponds to an adjusted average of 

0.6 HbA1c tests per year for patients without depression and 0.7 for those with comorbid 

depression.  Again after full adjustment in model 3, the average number of visits over the study 

period for all patients with diabetes was 15.11 (13.08, 17.14) and those with depression had on 

average an additional 8.06 (7.49, 8.62) more visits compared to patients without depression.  This 

corresponds to an adjusted average of 5.5 visits per year for patients with diabetes without 

depression and 8.4 visits per year for those with comorbid depression.  For these processes of 

care outcomes of the number of HbA1c tests and the number of visits, recent depression was 

highly statistically significant and resulted in a potentially clinically important increase in the 

number of patient healthcare visits.   

In table 25, dichotomized outcomes of the risks of BMI measurements not taken, no 

diabetes treatment prescribed, insulin prescribed, metformin prescribed, sulfonylureas prescribed, 

gliptins prescribed, and other DM medications prescribed were all explored.  After full 

adjustment for model 3 covariates, patients with recent depression were less likely to not have 

their BMI measured over the study period with a relative risk of 0.96 (0.92, 1.01), although this 

result was not statistically significant.  The overall crude portion of patients with diabetes not 

receiving any diabetes medications was 33.3%.  For those with depression, only 27.6% did not 

receive any diabetes medication compared to 34.3% of those without depression (Table 9).  As 

well, in fully adjusted models, patients with depression were highly significantly less likely to not 

have been prescribed any diabetes medications with a relative risk of 0.84 (0.79, 0.88).  Overall, 

they were found to be more likely to have been given insulin RR=1.35 (1.28, 1.43), metformin 

RR= 1.06 (1.03, 1.09), sulfonylureas RR= 1.14 (1.08, 1.20), gliptins RR= 1.05 (0.95, 1.17) and 
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other diabetes medications RR= 1.13 (1.01, 1.27), with only the gliptins not reaching statistical 

significance.  

4.3.8 Sensitivity Analysis 

In Table 26 the model fully adjusted for comorbidities and demographic factors (model 3) 

was compared to the same model, but with the addition of both smoking and SES as measured by 

QAIPPE income quintiles derived from the patient’s postal code.  All the patients with full postal 

codes entered into CPCSSN had them converted to QAIPPE via the postal code conversion file 

2013 supplied by Statistics Canada (Statistics Canada, 2013).  The addition of smoking and 

QAIPPE did not change the effect estimates for depression in a clinically meaningful way (1.22 

vs 1.21).  However, as the total sample size available was reduced from 37,480 to only 14,060 

due to missing values, the 95 % confidence interval was widened considerably from (1.10, 1.34) 

to (1.02, 1.42).  These values were not imputed as the missing at random assumption was not 

thought to necessarily be valid for either variable.  Smokers may be more likely to have their 

status be entered in the electronic medical record, whereas non-smokers may simply not be 

recorded as there is no clinical issue to follow.  Patients without a postal code may be more likely 

to be homeless or transient as postal code is generally required for billing purposes and practices 

would retain this information where possible.  Ultimately their negative impact on the precision 

of the effect estimate was not deemed warranted in the model.   QAIPPE was not statistically 

significant in the model with a relative risk of 1.05 (0.87, 1.27) and therefore not retained.   This 

may be in part due to the fact that socioeconomic status was not collected directly at the practices 

and entered into CPCSSN, but instead converted from the postal code.  The measurement error in 

using the postal code conversion file could have nullified the association.  On the other hand, 

smoking showed a strong effect estimate with a relative risk of 1.53 (1.32, 1.77) which was 
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highly significant in the model, but importantly from a conceptual epidemiologic perceptive it 

was not thought to be related to the outcome of blood sugar control and did not change the 

estimate of association between depression and blood sugar control.  In addition model 3 was 

already adjusted for COPD which is known to be collinear with smoking, so our results may have 

already incorporated adjustment for many long-term, heavy smokers.  Therefore, the variables of 

smoking status and QAIPPE (SES) were not included in subsequent models.   

Due to the large number of results in this Chapter, Table 27 provides a summary of the 

main findings. 

 

4.4 Discussion 

4.4.1 Blood Sugar Levels 

Our observed crude relative risk of 1.28 (1.16, 1.42) for patients with depression and 

adjusted relative risk of 1.22 (1.10, 1.34) were similar to US Veteran Investigators using a large 

health administrative database who also found diabetic patients with mental health conditions 

including depression 1.32 (1.30, 1.35) times more likely to have very poor blood sugar (Frayne et 

al., 2005).  In addition, we are reporting relative risks in our analysis and other studies like the 

US Veteran groups reported odds ratios, which are known to overestimate associations in 

common conditions.  In Chapter 3 where depression was the outcome in this population, it 

represents approximately one third of these patients and most certainly would be considered 

common enough to necessitate the use of relative risks in the analysis.  Here poor blood sugar 

control is also a common phenomenon as it is observed in 10% of CPCSSN patients with 

diabetes.  As expected, our estimates of the strength of the association between depression and 

diabetes control are somewhat more attenuated than those reported by other investigators. The 
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robustness of the association between depression in all three definitions of control threshold 

(HBA1c ≥ 7, 8 and 9) and the incremental effect of the associations as the diabetes control 

worsens supports the underlying causal relationship between depression and poor diabetic 

control.  The temporality of the association could not be determined.  We were not able to 

incorporate time in the model due to a lack of depression exposure status updates in the CPCSSN 

data.  In addition the association between depression and diabetes is thought to be bidirectional.  

It may be that having poor blood sugar control leads to the general dysregulation of the endocrine 

systems manifesting as the symptoms of depression. 

Our model showed similar patterns of effect as the St. Louis investigators, but with 

slightly weaker associations  (Brieler et al., 2016).  This may be due to the superior quality of 

their depression data enabling them to better delineate depressed and non-depressed patients.  

However, the average HbA1c level of their patients with diabetes was higher (7.71 vs 7.21) than 

our data, allowing them more room to detect blood sugar control differences between patients 

with and without depression. We also did not observe differences in treated and untreated 

depression as they did and that may reflect our difficulty using the start and stop dates of the 

CPCSSN medication and depression data, making these associations more difficult to detect.   

There were no studies that used change in blood sugar level over time to study the 

relationship between depression and diabetes.  We did find a small slightly significant increase in 

blood sugar level for patients with depression compared to those without depression.  As the time 

variable was not significant in any of the models by Breiler et al., the length of time chosen was 

not likely to have impacted our results and a decrease in blood sugar levels over time may well 

reflect family physician’s clinical efforts to help Canadian patients with diabetes remain in 
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control of their blood sugar levels.  Unfortunately, there is no previous research with which to 

compare our results and future studies are needed to confirm or refute these findings.  

In general, the Canadian patients with diabetes from this CPCSSN dataset appear to be 

reducing their blood sugars over time with a mean adjusted reduction in HbA1c of 0.23 (0.20, 

0.26) from the beginning to end of the study period.  This is somewhat surprising as other studies 

have shown increases over time and diabetes is expected to progress over time (Kuznetsov, Long, 

Griffin, & Simmons, 2015; Wright, Burden, Paisey, Cull, & Holman, 2002)  Canadian family 

physicians also appear to be appropriately selecting the lower risk patients for prescribing both 

the weight gain producing antidepressants and the diabetes producing antipsychotics as indicated 

by the lower mean HbA1c observed in those patients.  We also observed that having the 

comorbidities of hypertension, osteoarthritis, epilepsy or Parkinson’s appeared to be protective 

against poor blood sugar control, with only epilepsy not reaching statistical significance.  This 

positive effect of multimorbidity may be due to increased patient contacts with the health care 

system, resulting in more opportunities for providers to control diabetes.  The only exception was 

dementia, which was associated with poorer diabetes control.  These patients may have such 

extreme communication and cognition difficulties that treating any additional physical conditions 

is more challenging.   As Canadian investigators have suggested for depression recognition 

outcomes, associations with poor diabetes control may also depend on the specific comorbid 

physical conditions under study (Menear, Doré, Cloutier, Perrier, Roberge, Duhoux, Houle, Al., 

et al., 2015).  For most conditions, we found that having multimorbidity may actually lead to 

some improved diabetes treatment outcomes, rather than simply overwhelming providers as 

might be expected. 
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Prescription patterns of diabetes medications were compared to those reported by Griever 

et al.  They reported that 18% of patients with diabetes were prescribed insulin whereas we found 

27%, and for metformin they reported 55% of patients with diabetes were given prescriptions 

compared to our findings where 85% of patients with diabetes were given at least one 

prescription.  Differences may be due to their inclusion of some of the medication stop dates that 

we had to eliminate.  In addition, they used only patients with at least one visit in the 2 year 

period, whereas this study examined all patients with diabetes in the 2 3/4 study period, 

regardless of their attendance.  We also found the number of patients having ever received the 

sulfonylureas was 25%, which they did not report.   

4.4.2 Treatment Disparities 

US investigators found patients with mental health conditions were more likely to have 

fewer HbA1c tests done (Frayne et al., 2005) to measure their blood sugar levels.  However 

similar to findings by Desai et al., our results did not show evidence of disparities in diabetes care 

for patients suffering with depression (Desai et al., 2002).  On the contrary, both the crude 

differences and the fully adjusted relative risks in our Canadian data show they tended to have 

more visits, at least as many BMI measurements, more lab tests for HbA1c and more diabetes 

medications prescribed than patients with diabetes without depression.  Our study showed those 

with depression were less likely to have untreated diabetes  (27.6% vs 34.3%) and the overall 

proportion of untreated patients with diabetes found in our study of 33.3% was comparable to the 

30.2% found to not receive any hypoglycemic agents in US patients with diabetes and 

schizophrenia (Nasrallah et al., 2006), which lends additional face validity to the relatively new 

CPCSSN database.  
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However from Chapter 3, we know about half of the cases of depression here go 

undetected in our health care system so it is possible those patients are receiving lower levels of 

care than patients without an official diagnosis of depression.  This group of patients with 

depression and diabetes without a diagnosis of depression may well be experiencing treatment 

and management disparities in their diabetes care.  Our study using the CPCSSN data set can 

only conclude that for the group of patients with diabetes with an algorithm detectable diagnosis 

of depression, there is no evidence of treatment disparities and they are actually appropriately 

receiving additional care for their comorbid conditions.  Future research however, could be 

conducted using methods similar to our validation study, but on a larger scale to assess potential 

inequities for those depression patients not yet on the medical radar.  In addition, the CPCSSN 

database did not contain specific information on the activities that occurred during the patient’s 

visits such as retina screens or foot examinations, or follow-up on high BMI or blood sugar 

reports tests, or the appropriateness of the diabetes medications prescribed, so we cannot make 

inferences on the value or quality of the care provided during the visits.  Interestingly, although 

the number of visits was not ultimately included in the regression models for blood sugar 

outcomes as it was hypothesized to be on the causal pathway, when it was included in the full 

model it was not a significant factor (data not shown).  In other words, the specific number of 

visits a patient has may not actually be associated with their clinical outcomes for blood sugar, 

but further studies are needed to explore this issue.  Another issue is that in order to be in the 

CPCSSN database, patients must have a family physician, so our results cannot necessarily be 

extrapolated to patients without a family physician who might be having difficultly accessing 

primary care or relying on mental health specialists solely for their physical care.   
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Despite the additional process of care measures CPCSSN patients with depression are 

receiving for their diabetes, they are still demonstrating poorer control, higher mean blood sugar 

levels and less improvement over time than patients without depression.   Unlike the number of 

HbA1c tests, this is consistent with finding by Frayne et al. that patients with diabetes and 

depression show poorer blood sugar control than their counterparts without depression (Frayne et 

al., 2005).   Studies examining the effectiveness and content of their encounters with health care 

providers may reveal specific barriers that patients experiencing depression face in achieving 

optimal control over their diabetes and may provide insight into interventions targeted at 

specifically for patients with mental health comorbidities. Additionally, further studies are needed 

to confirm this lack of disparity in diabetes process of care measures across Canada. 

4.4.3 Effect Modification 

Effect modification was observed between recent depression and obesity on poor blood 

sugar control.  Obese patients showed a statistically significant relationship between depression 

and poor blood sugar control with adjusted relative risk of 1.33, which is strong in contrast to the 

nonsignificant adjusted relative risk of 1.10 for patients who were not obese.  These are also 

clinically important differences in relative risk for obese and non-obese patients with diabetes, 

with obese patients being a considerably higher risk.  In addition, as observed in other depression 

studies, there was some evidence of effect modification for seniors and less so for females, 

although it did not reach statistical significance in either case. 

4.4.4 Nesting Effects 

The amount of nesting at various levels we observed for blood sugar levels was similar to 

other studies.  In 2014 Griever et al. used a random component for network level effects and 

found the estimate of the variance was only non-significant 0.03 and our network estimate of 
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0.022 was also not significant (Greiver et al., 2014).  However, networks that may almost 

approximate groups of large Canadian cities may be far too diffuse to warrant adjustment in 

many clinical outcomes.  Although we found practice site to be significant in our high powered 

model, an ICC of 1.4% is unlikely to have any meaningful contribution.  Singh et al. also found a 

low ICC of 1.9% for site level nesting in HbA1c level outcomes (Singh et al., 2015).  However, 

the physician level may begin to account for some clinically meaningful clustering to be adjusted 

for in the models.  Theoretically physicians may practice consistently and self-select a particular 

case mix of patients contributing to important clustering effects of patients with their family 

physician.  The threshold of when an ICC becomes meaningful has yet to be agreed upon.    

Researchers in Iran have used Markov chains to model cutoffs for ICC in multilevel work and 

recommended that ICC of less than 6.5% can generally be ignored and that after 10% the 

difference in outcomes can be considerable (Vajargah & Masoomehnikbakht, 2015).  Our ICC 

for physician of 4.4% neared this threshold so we retained the physician level in our models to be 

conservative, but this did attenuate the estimates of the strength of our association slightly.  This 

will also underestimate our associations compared to other studies in the literature around 

diabetes and depression, where adjustment for multilevel clustering is currently rarely seen in 

modeling.   

However in future research, particularly were nesting has been shown to be an important 

factor, this may become a more common part of clinical analysis.  In contrast to our relatively 

small clustering by family physician for the outcome of blood sugar level, the process of care 

measures identified in the treatment disparities investigation show considerable clustering around 

family physician.  For the outcome of the number of visits or health care encounters on study, the 

ICC for family physician was 73.5%.  In other words, who the family doctors is explains most of 
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the variability in the number of visits a patient receives, rather than the specific characteristics of 

the patient’s health status which only account for 26.4% of the variability.  Likewise, the ICC for 

the number of blood sugar tests given on study was 30.4% and the ICC for whether or not a 

patient’s BMI was measured was 50.2%, so about half of the chances of getting a BMI 

measurement had to do solely with who the physician was, not how the patient was functioning.  

Although these outcomes were not a primary focus of this thesis, investigators that use these 

process of care  outcomes need to explore nesting at all levels as they will be important to 

account for in the models.  Characteristics of the physician, sites and networks may reveal 

important contextual factors in these primary care outcomes.  For our results, clustering by 

physician did appear to be important primarily for mean HbA1c, however as the data is readily 

available in CPCSSN, future studies with clinical outcomes should also consider adjusting for 

clustering around a patient’s family physician’s behaviour, rather than practice site or network 

levels.   

4.4.5 Limitations 

Breiler et al. found that patients with anxiety were more than twice as likely meet target 

blood sugar in all their models (Brieler et al., 2016) and were able to adjust for this factor in their 

analysis, which may explain the stronger association they observed between depression and 

blood sugar control.  The lack of control for anxiety, which has been shown to be protective on 

blood sugar control, may have contributed to an underestimation of the strength of the effect of 

depression on diabetes.  Unfortunately the nature of CPCSSN data makes separating depression 

and anxiety difficult as they tend to co-occur and they use similar diagnostic codes and 

medications.  Future CPCSSN datasets would greatly benefit from obtaining anxiety status on 

patients in order to better distinguish between anxiety and depression.  In addition, it was a 
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limitation that we were unable to establish the temporality of the association due to the lack of 

depression exposure status updates in the CPCSSN.  Updated information for each CPCSSN 

quarterly data cut with the data of most recent evidence of depression would allow for better 

detection of the true current depression status of patients across time. 

CPCSSN’s medication dataset may not have had high enough quality to detect differences 

in those with treated depression compared to those with untreated depression or differences in 

potentially weight gain producing antidepressants or diabetes producing medications.  If a more 

sensitive method for assessing the presence of depression was used such as the PHQ-9 screening 

following the family physician assessments done in Chapter 3, important differences may have 

been detected as in other studies.  More accurate start and stop dates for medications in the 

electronic medical record might also reveal important differences.  Fortunately, corrected 

estimates demonstrating the potential strength of the association without misclassification were 

examined in Chapter 5. 

Missing data was another potential limitation.  The totals available for each variable are 

summarized in Table 9.  Patients with missing HbA1c, BMI, and confounders such as smoking 

and postal code (SES) may well have been systematically different than those with complete data.  

For our primary outcome of HbA1c, 21.7% of patients with diabetes had no data.  The portion of 

data that was missing or not ever measured was 30.2% for BMI, 53.7% for smoking and 39.5% 

for postal code/SES.  Using these variables could introduce a bias in the results.  For example, 

homeless patients are unlikely to have a postal code for SES conversion and more likely to suffer 

from depression.  Also non-smokers may be more likely to not have their data entered in the 

medical record as there is no clinical issue to follow.  Further studies are needed on the validity of 

covariates like smoking and SES and to determine under which circumstances the missing at 
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random assumptions are valid which could enable the use of multiple imputation techniques 

allowing for the retention of the statistical power of the CPCSSN dataset.   In a similar vein, 

patients with high BMI or blood sugars may avoid coming in for assessment for fear of 

stigmatization by health providers and they are potentially more depressed as well.  Therefore it 

would not be reasonable to assume these factors are “missing at random” and further 

investigators here are also warranted to determine what analytical techniques are appropriate to 

use in primary care research.   

4.4.6 Conclusions and Future Directions 

Health care providers should be aware that depression in general may impact the ability 

for their patients to control their blood sugar levels in diabetes.  Obese patients may be 

particularly vulnerable to having depression contribute to poor blood sugar control as they 

exhibited the highest relative risks in our results, however this was not observed in any other 

studies so confirmation of this effect modification would be important.  In addition, we observed 

that seniors and women with diabetes may also be increasingly vulnerable to depression’s effects 

on their blood sugar levels.  Future studies are needed to investigate the patients without any BMI 

measures, as well as the group without HbA1c testing, as our results indicate they may constitute 

a particularly high-risk group as their blood sugar levels were the highest.  The untreated patients 

with depression may also be at increased risk of not receiving sufficient diabetes medication and 

this too should be more thoroughly investigated.  Studies are needed to explore the reasons why 

patients with diabetes and depression may have poorer outcomes, despite more care.  This could 

help identify more effective interventions for patients with comorbid mental and physical health 

conditions.  
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CPCSSN and other similar electronic medical record databases could benefit from   

adding the “date of most recent evidence of depression” field such as the last prescription for an 

antidepressant or the last date that depression was entered into the problem list in order to better 

capture a patient’s “current” depression status.  Essentially, the same algorithm that is currently 

being used to detect any “lifetime” evidence of depression could be applied with a most “recent” 

date.  Ultimately, future improvements in data quality may enable CPCSSN and other national 

electronic medical record databases to better detect true associations with depression, diabetes 

and other chronic conditions. 
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4.5 Main Figures and Tables 

Figure 12: Depression Diabetes Control Concept Model 

 

Effect Modifiers: 

Obesity 

Depressant treatment  

(None, SSRIs, SARIs, SNRIs, TCAs, TeCAs, MAOIs, NDRIs, Antipsychotics, Mood Stabilizers) 

Weight gain producing antidepressants (TCAs, MAOIs, Paroxetine, Trazodone, Mirtazapine) 

Diabetes producing antipsychotics (Olanzapine, Quetiapine) 

           

                 

     (% A1c≥9, Mean A1c, A1c Change) 

      

Confounders 
Demographics: 

Senior Citizen Status 

Sex 

QAIPPE (Postal Code-SES) 

Years with Diabetes (Severity) 

 

Comorbidities 

Hypertension  

Osteoarthritis 

COPD 

Dementia 

Epilepsy 

Parkinson’s 

 

Behavioural 

Smoking Status (Never/Past/Current) 

Referrals (MHP, Dietician, Endocrinology/Diabetes program, 

General Medical) 

Mediators  

# BMIs 
# Visits 
# HbA1c Tests 
Diabetes Meds 
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Table 9: Adult Patients with Diabetes and Recent Depression Compared to Patients with Diabetes without  Depression

  
 
  

 DM Patients N=52,143 n1 n2 Difference Lower Limit Upper Limit

Age (yrs) -Mean (SD) 3811 61.34 15.60 47956 64.87 14.98 -3.53 -4.05 -3.02

Seniors (>65yrs) 3811 1621 42.53% 47956 25535 53.25% -10.71% -12.34% -9.08%

Gender-Female 3837 2258 58.85% 48306 21968 45.48% 13.37% 11.75% 14.99%

Years with Diabetes 3835 3.86 2.92 48288 4.70 3.06 -0.84 -0.94 -0.75

Income Quintiles (QAIPPE)

Mean Income Quintile (SD) 2034 2.96 1.43 29500 3.09 1.41 -0.13 -0.19 -0.07

1 Lowest 2034 445 21.88% 29500 5421 18.38% 3.50% 1.65% 5.35%

2 2034 388 19.08% 29500 5419 18.37% 0.71% -1.06% 2.47%

3 2034 395 19.42% 29500 6019 20.40% -0.98% -2.76% 0.80%

4 2034 413 20.30% 29500 6339 21.49% -1.18% -2.99% 0.63%

5 (Highest) 2034 393 19.32% 29500 6302 21.36% -2.04% -3.82% -0.26%

BMI

Missing/Not Done 3837 1159 30.21% 48306 15267 31.60% -1.40% -2.91% 0.11%

Most Recent BMI- Mean (SD) 2678 32.96 8.47 33039 31.71 7.51 1.25 0.92 1.58

Low 2678 15 0.56% 33039 200 0.61% -0.05% -0.34% 0.25%

Normal 2678 364 13.59% 33039 4726 14.30% -0.71% -2.06% 0.64%

Overweight 2678 719 26.85% 33039 10320 31.24% -4.39% -6.14% -2.64%

Obese 2678 1580 59.00% 33039 17793 53.85% 5.14% 3.21% 7.08%

Smoking Status:

Never 1825 636 34.85% 22325 8953 40.10% -5.25% -7.53% -2.97%

Past 1825 702 38.47% 22325 9680 43.36% -4.89% -7.22% -2.57%

Current 1825 487 26.68% 22325 3692 16.54% 10.15% 8.06% 12.23%

Encounters/Visits:

# Encounters in Study-Mean (SD) 3837 26.72 31.79 48305 17.26 20.33 9.45 8.43 10.48

≥1 Encounter in Study Period 3837 3792 98.83% 48306 44140 91.38% 7.45% 7.03% 7.87%

Conditions:

COPD 3837 546 14.23% 48306 4181 8.66% 5.57% 4.44% 6.71%

Dementia 3837 299 7.79% 48306 1792 3.71% 4.08% 3.22% 4.95%

 Recent Depression 3837 3837 100.00% 48306 0 0.00% 100.00% 100.00% 100.00%

Diabetes Mellitus 3837 3837 100.00% 48306 48306 100.00% 0.00% 0.00% 0.00%

Epilepsy 3837 67 1.75% 48306 452 0.94% 0.81% 0.39% 1.23%

Hypertension 3837 2032 52.96% 48306 25574 52.94% 0.02% -1.62% 1.66%

Osteoarthritis 3837 919 23.95% 48306 10225 21.17% 2.78% 1.39% 4.18%

Parkinson's Disease 3837 53 1.38% 48306 283 0.59% 0.80% 0.42% 1.17%

 Recent Depression N=3,837 No Lifetime Depression N=48,306



 

146 

 

Table 9 Continued:

 

Diabetes Treatments (Ever Given) n1 n2 Difference Lower Limit Upper Limit

Insulin 3837 922 24.03% 48306 8544 17.69% 6.34% 4.95% 7.74%

Metformin 3837 2293 59.76% 48306 26599 55.06% 4.70% 3.08% 6.31%

Sulfonylureas 3837 984 25.65% 48306 11962 24.76% 0.88% -0.55% 2.32%

Gliptins 3837 464 12.09% 48306 5634 11.66% 0.43% -0.64% 1.50%

Other Diabetes Medications 3837 272 7.09% 48306 3456 7.15% -0.07% -0.91% 0.78%

No Diabetes Medications 3837 1058 27.57% 48306 16578 34.32% -6.75% -8.22% -5.27%

Depression Treaments (Ever Given)

SSRI 3837 2156 56.19% 48306 2406 4.98% 51.21% 49.63% 52.79%

SNRI 3837 831 21.66% 48306 1972 4.08% 17.58% 16.26% 18.89%

SARI 3837 485 12.64% 48306 1728 3.58% 9.06% 8.00% 10.13%

TCA 3837 584 15.22% 48306 3679 7.62% 7.60% 6.44% 8.77%

TeCA 3837 371 9.67% 48306 276 0.57% 9.10% 8.16% 10.04%

MAOI 3837 7 0.18% 48306 12 0.02% 0.16% 0.02% 0.29%

Antipsychotic 3837 177 4.61% 48306 444 0.92% 3.69% 3.02% 4.36%

Mood Stabilizer 3837 136 3.54% 48306 529 1.10% 2.45% 1.86% 3.04%

NDRI 3837 384 10.01% 48306 963 1.99% 8.01% 7.06% 8.97%

Weight Gain Antidepressants 3837 1313 34.22% 48306 5760 11.92% 22.30% 20.77% 23.82%

DM Prodcuing Antipsychotics 3837 413 10.76% 48306 817 1.69% 9.07% 8.08% 10.06%

No Depression Medications 3837 668 17.41% 48306 38972 80.68% -63.27% -64.52% -62.02%

Referrals (Ever Given)

Mental Health Professional 3837 78 2.03% 48306 135 0.28% 1.75% 1.30% 2.20%

Dietian 3837 68 1.77% 48306 583 1.21% 0.57% 0.14% 0.99%

Diabetes Group 3837 201 5.24% 48306 1951 4.04% 1.20% 0.47% 1.93%

General Medical 3837 460 11.99% 48306 4696 9.72% 2.27% 1.21% 3.33%

Study Deaths

Deaths 3837 2.19% 48306 1116 2.31% -0.12% -0.60% 0.36%

HbA1C

Missing/None Done 3837 833 21.71% 48306 13803 28.57% -6.86% -8.23% -5.50%

Number of Study HbA1c Done (SD) 3837 3.43 3.20 48306 3.28 3.32 0.15 0.05 0.26

HbA1c- Mean (SD) 3004 7.31 1.50 34503 7.20 1.34 0.11 0.05 0.16

Normal (< 7) 3004 1543 51.36% 34503 18601 53.91% -2.55% -4.41% -0.68%

High (≥7) 3004 1461 48.64% 34503 15902 46.09% 2.55% 0.68% 4.41%

Very High (≥8) 3004 762 25.37% 34503 7032 20.38% 4.99% 3.37% 6.60%

Poor Control (≥ 9) 3004 383 12.75% 34503 3361 9.74% 3.01% 1.78% 4.24%

HbA1c Study Change (SD) 2928 -0.09 1.29 33396 -0.13 1.15 0.04 -0.01 0.09

 Recent Depression N=3,837 No Lifetime Depression N=48,306
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All Depression Patients N=11,884 n1 n2 Difference Lower Limit Upper Limit

Age (yrs) -Mean (SD) 10114 62.62 15.07 1744 62.14 15.28 0.48 -0.30 1.25

Seniors (>65yrs) 10114 4585 45.33% 1744 771 44.21% 1.12% -1.40% 3.65%

Gender-Female 10134 6256 61.73% 1750 1000 57.14% 4.59% 2.09% 7.09%

Years with Diabetes 10130 5.19 3.20 1748 4.86 3.33 0.33 0.16 0.49

Income Quintiles (QAIPPE)

Mean Income Quintile (SD) 5078 2.99 1.40 1105 3.11 1.42 -0.12 -0.21 -0.03

1 Lowest 5078 992 19.54% 1105 210 19.00% 0.53% -2.03% 3.09%

2 5078 1054 20.76% 1105 181 16.38% 4.38% 1.93% 6.83%

3 5078 1028 20.24% 1105 230 20.81% -0.57% -3.21% 2.07%

4 5078 1007 19.83% 1105 240 21.72% -1.89% -4.56% 0.78%

5 (Highest) 5078 997 19.63% 1105 244 22.08% -2.45% -5.13% 0.23%

BMI

Missing/Not Done 10134 2961 29.22% 1750 470 26.86% 2.36% 0.10% 4.62%

Most Recent BMI- Mean (SD) 7173 33.11 8.04 1280 32.33 7.88 0.78 0.31 1.25

Low 7173 58 0.81% 1280 7 0.55% 0.26% -0.19% 0.72%

Normal 7173 857 11.95% 1280 194 15.16% -3.21% -5.31% -1.11%

Overweight 7173 1834 25.57% 1280 345 26.95% -1.39% -4.02% 1.25%

Obese 7173 4424 61.68% 1280 734 57.34% 4.33% 1.40% 7.27%

Smoking Status:

Never 4733 1767 37.33% 874 338 38.67% -1.34% -4.85% 2.17%

Past 4733 1710 36.13% 874 331 37.87% -1.74% -5.24% 1.75%

Current 4733 1256 26.54% 874 205 23.46% 3.08% 0.00% 6.16%

Encounters/Visits:

# Encounters in Study-Mean (SD) 10134 24.63 28.88 1750 21.89 24.77 2.75 1.46 4.04

≥1 Encounter in Study Period 10134 9442 93.17% 1750 1587 90.69% 2.49% 1.04% 3.93%

Conditions:

COPD 10134 1544 15.24% 1750 193 11.03% 4.21% 2.58% 5.83%

Dementia 10134 902 8.90% 1750 94 5.37% 3.53% 2.34% 4.72%

Depression 10134 10134 100.00% 1750 1750 100.00% 0.00% 0.00% 0.00%

Diabetes Mellitus 10134 10134 100.00% 1750 1750 100.00% 0.00% 0.00% 0.00%

Epilepsy 10134 217 2.14% 1750 19 1.09% 1.06% 0.49% 1.62%

Hypertension 10134 5714 56.38% 1750 958 54.74% 1.64% -0.88% 4.17%

Osteoarthritis 10134 2940 29.01% 1750 429 24.51% 4.50% 2.30% 6.70%

Parkinson's Disease 10134 150 1.48% 1750 14 0.80% 0.68% 0.20% 1.16%

Treated Depression Patients N=10,134 Untreated Depression Patients N=1,750

Table 10: Patients with Diabetes and Lifetime Depression: Treated Depression compared to Untreated Depression Groups 
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Table 10 Continued: 

 
  

Diabetes Treatments (Ever Given)

Insulin 10134 2451 24.19% 1750 272 15.54% 8.64% 6.75% 10.53%

Metformin 10134 6270 61.87% 1750 756 43.20% 18.67% 16.16% 21.18%

Sulfonylureas 10134 2866 28.28% 1750 314 17.94% 10.34% 8.34% 12.34%

Gliptins 10134 1110 10.95% 1750 161 9.20% 1.75% 0.27% 3.24%

Other Diabetes Medications 10134 1047 10.33% 1750 109 6.23% 4.10% 2.82% 5.38%

No Diabetes Medications 10134 2658 26.23% 1750 807 46.11% -19.89% -22.37% -17.40%

Depression Treaments (Ever Given)

SSRI 10134 7191 70.96% 1750 0 0.00% NA NA NA

SNRI 10134 3015 29.75% 1750 0 0.00% NA NA NA

SARI 10134 1737 17.14% 1750 0 0.00% NA NA NA

TCA 10134 2164 21.35% 1750 0 0.00% NA NA NA

TeCA 10134 1179 11.63% 1750 0 0.00% NA NA NA

MAOI 10134 50 0.49% 1750 0 0.00% NA NA NA

Antipsychotic 10134 703 6.94% 1750 0 0.00% NA NA NA

Mood Stabilizer 10134 653 6.44% 1750 0 0.00% NA NA NA

NDRI 10134 1682 16.60% 1750 0 0.00% NA NA NA

Weight Gain Antidepressants 10134 4632 45.71% 1750 0 0.00% NA NA NA

DM Prodcuing Antipsychotics 10134 1496 14.76% 1750 0 0.00% NA NA NA

No Depression Medications 10134 0 0.00% 1750 1750 100.00% NA NA NA

Referrals (Ever Given)

Mental Health Professional 10134 198 1.95% 1750 0 0.00% 1.95% 1.68% 2.22%

Dietian 10134 229 2.26% 1750 21 1.20% 1.06% 0.47% 1.65%

Diabetes Group 10134 573 5.65% 1750 91 5.20% 0.45% -0.68% 1.59%

General Medical 10134 1595 15.74% 1750 204 11.66% 4.08% 2.42% 5.74%

Study Deaths

Deaths 10134 309 3.05% 1750 38 2.17% 0.88% 0.12% 1.64%

HbA1C

Missing/None Done 10134 2855 28.17% 1750 506 28.91% -0.74% -3.04% 1.56%

Number of Study HbA1c Done (SD) 10134 3.23 3.26 1750 3.12 3.21 0.11 -0.05 0.27

HbA1c- Mean (SD) 7279 7.23 1.48 1244 7.23 1.49 0.00 -0.09 0.09

Normal (< 7) 7279 3936 54.07% 1244 674 54.18% -0.11% -3.10% 2.89%

High (≥7) 7279 3343 45.93% 1244 570 45.82% 0.11% -2.89% 3.10%

Very High (≥8) 7279 1724 23.68% 1244 280 22.51% 1.18% -1.34% 3.69%

Poor Control (≥ 9) 7279 868 11.92% 1244 155 12.46% -0.54% -2.52% 1.45%

HbA1c Study Change (SD) 7070 -0.08 1.23 1197 -0.16 1.31 0.08 0.00 0.16
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Table 11: 

GEE Models, Associations of Recent Depression Status and Patient Characteristics with the Relative Risk  

of Poorly Controlled Blood Sugar Levels (HbA1c≥9), Adjusted for Physician Level Clustering in (N=37,507) 

Patients with Diabetes 

   

Variable, RR (95%CIs) Model 2:  Demographics Model 3:  Comorbidities Model 4:  DM Treatments/Referrals

Recent (on study) Depression 1.28 1.16 1.42 **** 1.21 1.09 1.33 *** 1.22 1.10 1.34 **** 1.03 0.94 1.13

No Depression (never) 1.00 1.00 1.00 1.00

Male 1.09 1.03 1.16 ** 1.08 1.02 1.15 * 1.06 1.00 1.12

Senior 0.35 0.33 0.38 **** 0.38 0.36 0.41 **** 0.45 0.42 0.49 ****

No. Years with DM 1.06 1.05 1.08 **** 1.07 1.05 1.08 **** 0.97 0.96 0.98 ****

Hypertension 0.79 0.74 0.85 **** 0.81 0.76 0.86 ****

Osteoarthritis 0.76 0.70 0.83 **** 0.82 0.75 0.89 ****

COPD 0.97 0.87 1.10 0.93 0.83 1.03

Dementia 1.27 1.07 1.50 ** 1.26 1.07 1.48 **

Parkinson's 0.44 0.22 0.87 * 0.54 0.28 1.03

Epilepsy 0.85 0.62 1.16 0.86 0.64 1.15

Insulin 3.27 3.04 3.50 ****

Metformin 1.03 0.95 1.11

Sulfonylurea 1.45 1.36 1.54 ****

Gliptin 1.25 1.15 1.36 ****

Other DM Meds 1.01 0.93 1.11

No DM Treatment 0.53 0.45 0.63 ****

MHP Referral 0.95 0.71 1.26

Dietian Referral 1.08 0.90 1.30

DM Group Referral 1.35 1.24 1.46 ****

General Medical Referral 0.99 0.88 1.11

ICC Physician 0.018 0.020 0.019 0.027

 *p<0.05,  **P<0.01,  ***p<0.001, ****p<0.0001

Model 1:  Crude
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Table 12: 

Partitioning of Variance in Mean Blood Sugar Levels by Network, Practice, Physician and Patient 

 
ICC= Interclass Correlation Coefficient 

 
Table 13: 

Partitioning of Variance in Mean Blood Sugar Levels by Physician and Patient 

 
ICC= Interclass Correlation Coefficient  

Cov Parm Total N Subject Estimate Standard Error P-Value ICC

Intercept 11 Network_ID 0.0223 0.0138 0.1058 0.0120

Intercept 116 Practice_ID (Network_ID) 0.0261 0.0060 <0.0001 0.0141

Intercept 744 Physician_ID (Practice_ID*Network_ID) 0.0395 0.0046 <0.0001 0.0213

Residual 37,507 Patient_ID 1.7645 0.0130 <0.0001 0.9525

Total 1.8524

Covariance Parameter Estimates

Cov Parm Subject Estimate Standard Error P-Value ICC

Intercept 744 Physician_ID 0.0803 0.0072 <0.0001 0.0435

Residual 37,507 Patient_ID 1.7659 0.0130 <0.0001 0.9565

Total 1.8462

Covariance Parameter Estimates
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Table 14:  

GEE Models, Associations with Recent Depression Status and Patient Characteristics with the Relative Risk  

of Poorly Controlled Blood Sugar Levels (HbA1c≥8), Adjusted for Physician Level Clustering  

(N=37,507 Patients with Diabetes) 

  

Variable, RR (95%CIs)

Recent (on study) Depression 1.22 1.14 1.31 **** 1.19 1.12 1.28 **** 1.20 1.13 1.29 ****

No Depression (never) 1.00 1.00 1.00

Male 1.09 1.05 1.13 **** 1.07 1.03 1.12 ***

Senior 0.50 0.48 0.52 **** 0.53 0.51 0.56 ****

No. Years with DM 1.09 1.08 1.10 **** 1.10 1.09 1.11 ****

Hypertension 0.86 0.82 0.90 ****

Osteoarthritis 0.79 0.75 0.84 ****

COPD 1.03 0.95 1.11

Dementia 1.03 0.92 1.15

Parkinson's 0.57 0.40 0.82 **

Epilepsy 0.81 0.66 0.99 *

ICC Physician 0.030 0.040 0.039

 *p<0.05,  **P<0.01,  ***p<0.001, ****p<0.0001

Model 1:  Crude Model 2:  Demographics Model 3:  Comorbidities
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Table 15:  

GEE Models, Associations with Recent Depression Status and Patient Characteristics with the Relative Risk  

of Poorly Controlled Blood Sugar Levels (HbA1c≥7), Adjusted for Physician Level Clustering 

(N=37,507 Patients with Diabetes) 

 
 
  

Variable, RR (95%CIs) Model 2:  Demographics Model 3:  Comorbidities

Recent (on study) Depression 1.05 1.01 1.09 * 1.06 1.02 1.10 ** 1.07 1.03 1.11 ***

No Depression (never) 1.00 1.00 1.00

Male 1.07 1.05 1.10 **** 1.06 1.04 1.09 ****

Senior 0.75 0.73 0.76 **** 0.78 0.76 0.80 ****

No. Years with DM 1.08 1.08 1.09 **** 1.09 1.08 1.09 ****

Hypertension 0.92 0.90 0.94 ****

Osteoarthritis 0.88 0.86 0.91 ****

COPD 0.97 0.94 1.01

Dementia 0.98 0.92 1.04

Parkinson's 0.76 0.65 0.90 **

Epilepsy 0.80 0.70 0.91 ***

ICC Physician 0.035 0.062 0.061

Model 1:  Crude

 *p<0.05,  **P<0.01,  ***p<0.001, ****p<0.0001
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Table 16:  
GLIMMIX Models, Associations of Recent Depression Status and Patient Characteristics with Mean Blood Sugar 

Levels, Adjusted for Physician Level Clustering in (N=37,507) Patients with Diabetes 

  

Variable, Estimate 95%CIs

Intercept 7.21 7.18 7.24 **** 7.05 7.01 7.10 **** 7.13 7.09 7.18 ****

Recent Depression (On Study) 0.10 0.05 0.15 **** 0.09 0.04 0.14 *** 0.11 0.06 0.16 ****

No Depression (Never) 0.00 0.00 0.00

Male 0.08 0.05 0.11 **** 0.07 0.04 0.10 ****

Senior -0.48 -0.50 -0.45 **** -0.42 -0.45 -0.39 ****

No. Years with DM 0.08 0.08 0.09 **** 0.08 0.08 0.09 ****

Hypertension -0.12 -0.15 -0.10 ****

Osteoarthritis -0.16 -0.20 -0.13 ****

COPD -0.03 -0.08 0.02

Dementia -0.01 -0.07 0.06

Parkinson's -0.29 -0.45 -0.12 ***

Epilepsy -0.23 -0.36 -0.09 ***

ICC Physician 0.044 0.060 0.058

 *p<0.05,  **P<0.01,  ***p<0.001, ****p<0.0001

Model 1:  Crude Model 2:  Demographics Model 3:  Comorbidities
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Table 17:  
GLIMMIX Models, Associations of Recent Depression Status and Patient Characteristics 

with Change in Blood Sugar Levels, Adjusted for Physician Level Clustering in (N=36,324) Patients with Diabetes 

  

Variable, Estimate 95% CIs Model 3:  Comorbidities

Intercept -0.13 -0.15 -0.12 **** -0.22 -0.25 -0.19 **** -0.23 -0.26 -0.20 ****

Recent Depression (On Study) 0.04 0.00 0.08 0.05 0.01 0.09 * 0.05 0.00 0.09 *

No Depression (Never) 0.00 0.00 0.00

Male -0.07 -0.10 -0.05 **** -0.07 -0.10 -0.05 ****

Senior 0.09 0.06 0.11 **** 0.08 0.05 0.10 ****

No. Years with DM 0.02 0.01 0.02 **** 0.02 0.01 0.02 ****

Hypertension 0.00 -0.02 0.03

Osteoarthritis 0.02 -0.01 0.05

COPD 0.03 -0.01 0.07

Dementia 0.03 -0.03 0.10

Parkinson's 0.03 -0.13 0.18

Epilepsy 0.06 -0.06 0.18

ICC Physician 0.005 0.004 0.004

 *p<0.05,  **P<0.01,  ***p<0.001, ****p<0.0001

Model 1:  Crude Model 2:  Demographics
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Table 18: 

GEE Models, Associations of Recent Depression Status and Patient Characteristics with the Relative Risk 

of Poorly Controlled Blood Sugar Levels (HbA1c≥9), Adjusted for Physician Level Clustering in (N= 20,132) 

Senior Patients with Diabetes 

 
 

 

 

 

 

 
 
 
 

Variable, RR (95%CIs) Model 3:  Comorbidities

Recent  Depression (on study) 1.33 1.08 1.64 ** 1.39 1.13 1.71 ** 1.37 1.11 1.68 **

No Depression (never) 1.00 1.00 1.00

Male 1.13 1.00 1.27 1.08 0.96 1.22

No. Years with DM 1.06 1.03 1.08 **** 1.06 1.04 1.09 ****

Hypertension 0.76 0.67 0.85 ****

Osteoarthritis 0.74 0.65 0.84 ****

COPD 1.05 0.88 1.24

Dementia 1.35 1.12 1.64 **

Parkinson's 0.31 0.12 0.79 *

Epilepsy 1.11 0.65 1.89

ICC Physician 0.015 0.016 0.016

 *p<0.05,  **P<0.01,  ***p<0.001, ****p<0.0001

Model 1:  Crude Model 2:  Demographics
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Table 19: 

GEE Models, Associations of Recent Depression Status and Patient Characteristics with the Relative Risk 

of Poorly Controlled Blood Sugar Levels (HbA1c≥9), Adjusted for Physician Level Clustering in (N=17,356)  

Non-Senior Patients with Diabetes 

 
 
 
  

Variable, RR (95%CIs)

Recent  Depression (on study) 1.12 1.01 1.26 * 1.16 1.04 1.30 ** 1.19 1.06 1.32 **

No Depression (never) 1.00 1.00 1.00

Male 1.08 1.00 1.16 * 1.08 1.00 1.16 *

No. Years with DM 1.06 1.05 1.08 **** 1.07 1.05 1.08 ****

Hypertension 0.81 0.75 0.88 ****

Osteoarthritis 0.77 0.69 0.87 ****

COPD 0.91 0.77 1.08

Dementia 0.80 0.49 1.32

Parkinson's 0.91 0.32 2.63

Epilepsy 0.76 0.52 1.12

ICC Physician 0.023 0.028 0.028

 *p<0.05,  **P<0.01,  ***p<0.001, ****p<0.0001

Model 1:  Crude Model 2:  Demographics Model 3:  Comorbidities
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Table 20:  

GEE Models, Associations of Recent Depression Status and Patient Characteristics with the Relative Risk 

of Poorly Controlled Blood Sugar Levels (HbA1c≥9), Adjusted for Physician Level Clustering in (N=17,299) 

Female Patients with Diabetes 

 
 

 
 

 

 
 
  

Variable, RR (95%CIs)

Recent (on study) Depression 1.36 1.19 1.54 **** 1.26 1.11 1.43 *** 1.26 1.10 1.43 ***

No Depression (never) 1.00 1.00 1.00

Senior 0.35 0.31 0.38 **** 0.37 0.33 0.42 ****

No. Years with DM 1.08 1.06 1.10 **** 1.08 1.06 1.10 ****

Hypertension 0.82 0.75 0.90 ****

Osteoarthritis 0.76 0.67 0.87 ****

COPD 1.09 0.91 1.31

Dementia 1.30 1.00 1.67 *

Parkinson's 0.39 0.11 1.43

Epilepsy 0.95 0.61 1.46

ICC Physician 0.020 0.022 0.022

 *p<0.05,  **P<0.01,  ***p<0.001, ****p<0.0001

Model 2:  DemographicsModel 1:  Crude Model 3:  Comorbidities
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Table 21:  
GEE Models, Associations of Recent Depression Status and Patient Characteristics with the Relative Risk 

of Poorly Controlled Blood Sugar Levels (HbA1c≥9), Adjusted for Physician Level Clustering in (N=20,208)  

Male Patients with Diabetes 

 
 
 
 
  

Variable, RR (95%CIs)

Recent (on study) Depression 1.26 1.09 1.47 ** 1.17 1.01 1.37 * 1.20 1.03 1.39 *

No Depression (never) 1.00 1.00 1.00

Senior 0.36 0.32 0.40 **** 0.39 0.35 0.43 ****

No. Years with DM 1.05 1.03 1.06 **** 1.05 1.03 1.07 ****

Hypertension 0.78 0.72 0.85 ****

Osteoarthritis 0.75 0.67 0.85 ****

COPD 0.91 0.77 1.08

Dementia 1.23 0.95 1.59

Parkinson's 0.47 0.21 1.04

Epilepsy 0.78 0.49 1.24

ICC Physician 0.018 0.018 0.017

 *p<0.05,  **P<0.01,  ***p<0.001, ****p<0.0001

Model 1:  Crude Model 2:  Demographics Model 3:  Comorbidities
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Table 22:  
GEE Models, Associations of Recent Depression Status and Patient Characteristics with the Relative Risk 

of Poorly Controlled Blood Sugar Levels (HbA1c≥9), Adjusted for Physician Level Clustering in (N=16, 059) 

Obese Patients with Diabetes 

 
 
 
  

Variable, RR (95%CIs)

Recent Depression (on study) 1.41 1.23 1.63 **** 1.32 1.15 1.53 **** 1.33 1.16 1.54 ****

No Depression (never) 1.00 1.00 1.00

Male 1.10 1.01 1.20 * 1.10 1.00 1.20 *

Senior 0.35 0.31 0.39 **** 0.38 0.33 0.42 ****

No. Years with DM 1.09 1.07 1.10 **** 1.09 1.07 1.11 ****

Hypertension 0.83 0.76 0.91 ****

Osteoarthritis 0.75 0.67 0.85 ****

COPD 0.98 0.83 1.16

Dementia 1.27 0.92 1.75

Parkinson's 0.20 0.03 1.13

Epilepsy 1.03 0.69 1.52

ICC Physician 0.013 0.016 0.016

 *p<0.05,  **P<0.01,  ***p<0.001, ****p<0.0001

Model 1:  Crude Model 2:  Demographics Model 3:  Comorbidities
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Table 23: 

GEE Models, Associations of Recent Depression Status and Patient Characteristics with the Relative Risk 

of Poorly Controlled Blood Sugar Levels (HbA1c≥9), Adjusted for Physician Level Clustering in (N=13,254)  

Non-Obese Patients with Diabetes

 
 
 
  

Variable, RR (95%CIs)

Recent  Depression (on study) 1.18 0.95 1.46 1.09 0.88 1.35 1.10 0.89 1.36

No Depression (never) 1.00 1.00 1.00

Male 1.10 0.98 1.23 1.08 0.97 1.21

Senior 0.29 0.26 0.33 **** 0.33 0.29 0.37 ****

No. Years with DM 1.06 1.04 1.09 **** 1.07 1.04 1.09 ****

Hypertension 0.74 0.65 0.85 ****

Osteoarthritis 0.72 0.61 0.85 ****

COPD 0.98 0.79 1.22

Dementia 1.29 0.94 1.77

Parkinson's 0.53 0.18 1.57

Epilepsy 0.75 0.41 1.38

ICC Physician 0.026 0.026 0.027

 *p<0.05,  **P<0.01,  ***p<0.001, ****p<0.0001

Model 1:  Crude Model 2:  Demographics Model 3:  Comorbidities
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Table 24: 

Investigation of Treatment Disparities: 

GLIMMIX Models, Associations of Recent Depression Status and Patient Characteristics in 51,747 Patients with 

Diabetes   

  

Variable, Estimate 95%CIs Model 3:  Number of HbA1c Tests Model 3: Number of Visits on Study

Intercept 1.65 1.50 1.79 **** 15.11 13.08 17.14 ****

Recent Depression (On Study) 0.27 0.18 0.37 **** 8.06 7.49 8.62 ****

No Depression (Never) 0.00

Male 0.20 0.15 0.25 **** -1.49 -1.78 -1.19 ****

Senior 0.41 0.36 0.46 **** 1.35 1.04 1.67 ****

No. Years with DM 0.18 0.17 0.19 **** 0.33 0.27 0.38 ****

Hypertension 0.55 0.50 0.60 **** 3.31 2.99 3.63 ****

Osteoarthritis 0.41 0.34 0.47 **** 4.97 4.60 5.35 ****

COPD -0.01 -0.10 0.07 7.31 6.80 7.83 ****

Dementia -0.43 -0.55 -0.31 **** 0.64 -0.11 1.39

Parkinson's -0.34 -0.63 -0.04 * 1.38 -0.42 3.18

Epilepsy -0.21 -0.44 0.03 4.26 2.81 5.71 ****

ICC Physician 0.304 0.735

 *p<0.05,  **P<0.01,  ***p<0.001, ****p<0.0001
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Table 25: 

Investigation of Treatment Disparities:  

The Relative Risk of BMI Not Done and Various Diabetes Treatments Prescribed,  

Adjusted for Physician Level Clustering in 51,747 Patients with Diabetes  

  
  

Variable, RR (95%CIs)

Recent (on study) Depression 0.96 0.92 1.01 0.84 0.79 0.88 ****

No Depression (never) 1.00 1.00

Male 0.97 0.94 0.99 * 0.94 0.91 0.96 ****

Senior 1.12 1.09 1.16 **** 1.14 1.10 1.17 ****

No. Years with DM 0.98 0.97 0.99 **** 0.87 0.85 0.89 ****

Hypertension 0.88 0.85 0.91 **** 0.85 0.82 0.89 ****

Osteoarthritis 0.86 0.83 0.89 **** 1.08 1.04 1.12 ****

COPD 1.05 1.01 1.09 ** 0.93 0.89 0.98 **

Dementia 1.29 1.21 1.38 **** 1.07 1.00 1.15 *

Parkinson's 1.04 0.93 1.17 1.18 1.02 1.36 *

Epilepsy 1.04 0.95 1.15 1.11 1.00 1.23

ICC Physician 0.502 0.169

 *p<0.05,  **P<0.01,  ***p<0.001, ****p<0.0001

 Model 3 : RR of BMI Not Done Model 3: RR of No DM Treatment



 

163 

 

Table 25 Continued: 

Investigation of Treatment Disparities:  

The Relative Risk of BMI Not Done and Various Diabetes Treatments Prescribed,  

Adjusted for Physician Level Clustering in 51,747 Patients with Diabetes 

  

Variable, RR (95%CIs)

Recent (on study) Depression 1.35 1.28 1.43 **** 1.06 1.03 1.09 ****

No Depression (never) 1.00 1.00

Male 1.04 1.01 1.07 * 1.04 1.03 1.06 ****

Senior 0.76 0.73 0.79 **** 0.94 0.93 0.96 ****

No. Years with DM 1.16 1.15 1.17 **** 1.06 1.05 1.06 ****

Hypertension 0.94 0.90 0.97 *** 1.16 1.13 1.18 ****

Osteoarthritis 0.88 0.84 0.92 **** 0.99 0.97 1.01

COPD 1.15 1.09 1.21 **** 1.01 0.99 1.04

Dementia 0.99 0.91 1.08 0.96 0.92 0.99 *

Parkinson's 0.77 0.61 0.96 * 0.90 0.82 0.98 *

Epilepsy 1.14 1.00 1.30 * 0.91 0.84 0.98 **

ICC Physician 0.044 0.156

 *p<0.05,  **P<0.01,  ***p<0.001, ****p<0.0001

Model 3: RR of Insulin Treatment Model 3: RR of Metformin Treatment
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Table 25 Continued: 

Investigation of Treatment Disparities:  

The Relative Risk of BMI Not Done and Various Diabetes Treatments Prescribed,  

Adjusted for Physician Level Clustering in 51,747 Patients with Diabetes 

 
  

Variable, RR (95%CIs) Model 3:  RR of Sulfonylurea Treatment Model 3:  RR of Gliptin Treatment Model 3:  RR of Other DM Treatment

Recent (on study) Depression 1.14 1.08 1.20 **** 1.05 0.95 1.17 1.13 1.01 1.27 *

No Depression (never) 1.00 1.00 1.00

Male 1.16 1.13 1.20 **** 1.17 1.11 1.23 **** 1.10 1.04 1.16 ***

Senior 1.05 1.02 1.09 ** 0.78 0.74 0.84 **** 0.85 0.79 0.92 ****

No. Years with DM 1.15 1.14 1.16 **** 1.12 1.10 1.13 **** 1.25 1.23 1.27 ****

Hypertension 1.19 1.15 1.24 **** 1.26 1.18 1.33 **** 1.33 1.23 1.43 ****

Osteoarthritis 0.95 0.92 0.99 ** 0.99 0.93 1.05 1.12 1.04 1.21 **

COPD 1.03 0.98 1.08 0.95 0.87 1.04 0.90 0.81 1.00

Dementia 1.00 0.94 1.06 0.88 0.78 1.00 0.92 0.80 1.05

Parkinson's 0.93 0.82 1.07 0.77 0.56 1.05 0.55 0.37 0.82 **

Epilepsy 0.79 0.68 0.92 ** 0.80 0.63 1.02 0.86 0.65 1.13

ICC Physician 0.049 0.098 0.041

 *p<0.05,  **P<0.01,  ***p<0.001, ****p<0.0001
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4.6 Sensitivity Analysis Figures and Tables 

Table 26:  
GEE Models, Associations of Recent Depression Status and Patient Characteristics with the Relative Risk  

of Poorly Controlled Blood Sugar Levels (HbA1c≥9), Adjusted for Physician Level Clustering in Patients with 

Diabetes, with and without Smoking and QAIPPE (SES) 

 
 

Variable, RR (95%CIs) Model 3: Comorbidities Plus Smoking & SES

Recent (on study) Depression 1.22 1.10 1.34 **** 1.21 1.02 1.42 *

No Depression (never) 1.00 1.00

Male 1.08 1.02 1.15 * 1.12 1.02 1.24 *

Senior 0.38 0.36 0.41 **** 0.34 0.30 0.39 ****

No. Years with DM 1.07 1.05 1.08 **** 1.06 1.04 1.09 ****

QAIPPE (SES) 1.05 0.87 1.27

Smoking 1.53 1.32 1.77 ****

Hypertension 0.79 0.74 0.85 **** 0.85 0.76 0.95 ***

Osteoarthritis 0.76 0.70 0.83 **** 0.69 0.59 0.80 ****

COPD 0.97 0.87 1.10 0.89 0.71 1.11

Dementia 1.27 1.07 1.50 ** 1.36 1.00 1.85

Parkinson's 0.44 0.22 0.87 * 0.39 0.10 1.51

Epilepsy 0.85 0.62 1.16 0.77 0.46 1.30

ICC Physician 0.019 0.015

Total No. Patients

 *p<0.05,  **P<0.01,  ***p<0.001, ****p<0.0001

N= 37,480 N= 14,060

Model 3:  Comorbidities
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4.7 Summary of Chapter 4 Main Finding 

 

Table 9: Characteristics of Patients with Recent Depression compared to those without Depression

Younger, more females, fewer years with diabetes, lower incomes, higher BMIs, more current smokers,  more comorbidities, 

more visits, more diabetes medications, more antidepressants, more referrals, more blood sugar test, and higher blood sugar levels

Table 10: Treated Depression compared to Untreated Depression Groups

Same mean HbA1c (7.23), same % at target Hb A1c  (45.9% vs 45.8%), same % with poor control (11.9% vs 12.5%)

Table 11: Recent Depression Status and the Relative Risk of Poorly Controlled Blood Sugar (HbA1c≥9)

Model 1  (Crude) 2  (Demographics) 3  (Comorbidity)

1.28 (1.16, 1.42) 1.21 (1.09, 1.33) 1.22 (1.10, 1.34)

Table 12: Partitioning of Variance in Mean Blood Sugar Levels by Network, Practice, Physician and Patient

ICC Network Practice Physician Patient

1.2% 1.4% 2.1% 95.3%

Table 13: Partitioning of Variance in Mean Blood Sugar Levels by Physician and Patient

ICC Physician Patient

4.4% 95.6%

Table 14: Recent Depression Status and the Relative Risk of Poorly Controlled Blood Sugar (HbA1c≥8)

Model 1  (Crude) 2  (Demographics) 3  (Comorbidity)

1.22 (1.14, 1.31) 1.19 (1.12, 1.28)  1.20 (1.13, 1.29)

Table 15: Recent Depression Status and the Relative Risk of Poorly Controlled Blood Sugar (HbA1c≥7)

Model 1  (Crude) 2  (Demographics) 3  (Comorbidity)

1.05 (1.01, 1.09) 1.06 (1.02, 1.10) 1.07 (1.03, 1.11) 

Table 16: Associations of Recent Depression Status and Mean Blood Sugar Levels

Model 1  (Crude) 2  (Demographics) 3  (Comorbidity)

Intercept 7.21 (7.18, 7.24) 7.05 (7.01, 7.10) 7.13 (7.09, 7.18)

Recent Depression 0.10 (0.05, 0.15) 0.09 (0.09, 0.14) 0.11 (0.06, 0.16) 
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Table 17: Associations of Recent Depression Status and Change in Blood Sugar Levels

Model 1  (Crude) 2  (Demographics) 3  (Comorbidity)

Intercept -0.13 (-0.15, -0.12) -0.22 (-0.25, -0.19) -0.23 (-0.26,-0.20) 

Recent Depression 0.04 (0.00, 0.08) 0.05 (0.01, 0.09) 0.05 (0.00, 0.09)

Table 18: Recent Depression Status and the Relative Risk of Poorly Controlled Blood Sugar (HbA1c≥9) in Seniors

Model 1  (Crude) 2  (Demographics) 3  (Comorbidity)

1.33 (1.08, 1.64) 1.39 (1.13, 1.71) 1.37 (1.11, 1.68) 

Table 19: Recent Depression Status and the Relative Risk of Poorly Controlled Blood Sugar (HbA1c≥9) in Non-seniors

Model 1  (Crude) 2  (Demographics) 3  (Comorbidity)

1.12 (1.01, 1.26) 1.16 (1.04, 1.30) 1.19 (1.06, 1.32) 

Table 20: Recent Depression Status and the Relative Risk of Poorly Controlled Blood Sugar (HbA1c≥9) in Females

Model 1  (Crude) 2  (Demographics) 3  (Comorbidity)

1.36 (1.19, 1.54) 1.26 (1.11, 1.43) 1.26 (1.10, 1.43)

Table 21: Recent Depression Status and the Relative Risk of Poorly Controlled Blood Sugar (HbA1c≥9) in Males

Model 1  (Crude) 2  (Demographics) 3  (Comorbidity)

1.26 (1.09, 1.47) 1.17 (1.01, 1.37) 1.20 (1.03, 1.39)

Table 22: Recent Depression Status and the Relative Risk of Poorly Controlled Blood Sugar (HbA1c≥9) in the Obese 

Model 1  (Crude) 2  (Demographics) 3  (Comorbidity)

1.41 (1.23, 1.63) 1.32 (1.15, 1.53) 1.33 (1.16, 1.54)

Table 23: Recent Depression Status and the Relative Risk of Poorly Controlled Blood Sugar (HbA1c≥9) in the Non-Obese

Model 1  (Crude) 2  (Demographics) 3  (Comorbidity)

1.18 (0.95, 1.46) 1.09 (0.88, 1.35) 1.10 (0.89, 1.36)

Table 24: Investigation of Treatment Disparities: Associations of Recent Depression Status and Patient Characteristics

Outcome # HbA1c Tests # Visits 

Intercept 1.65 (1.50, 1.79) 15.11 (13.08, 17.14)

Recent Depression 0.27 (0.18, 0.37) 8.06 (7.49, 8.62)

Table 25: Investigation of Treatment Disparities: The Relative Risk of BMI Not Done and Various Diabetes Treatments Prescribed

Outcome RR of No BMI done RR of No DM Meds RR of Insulin RR of Metformin RR of Sulfonylurea RR of Gliptin RR of Other DM Med

Recent Depression 0.96 (0.92, 1.01) 0.84 (0.79, 0.88) 1.35 (1.28, 1.43) 1.06 (1.03, 1.09) 1.14 (1.08, 1.20) 1.05 (0.95, 1.17) 1.13 (1.01, 1.27)

Table 26: Recent Depression Status and the Relative Risk of Poorly Controlled Blood Sugar (HbA1c≥9,) with and without Smoking and QAIPPE (SES)

Model 3  (Comorbidity) 3  (Comorbidity + SES & Smoking)

Recent Depression 1.22 (1.10, 1.34) 1.21 (1.02, 1.42)
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Chapter 5 

Estimates of Poor Blood Sugar Control Corrected for Misclassification of 

Depression 

5.1 Objectives 

In Chapter 3, we observed exposure misclassification in the validation cases as similar to 

that found by other researchers, demonstrating that only about half of patients with diabetes have 

their depression recognized (Kahn et al., 2008;  Katon et al., 2004; Sartorius et al., 1993).  The 

primary objective in this study was to explore the magnitude of the relative risk (RR) estimates 

of poor control of diabetes in depression found in Chapter 4, after they have been corrected for 

this exposure misclassification of depression.  Secondary objectives included examining the 

exposure corrected estimates for various subgroups based on sex and senior status.  In addition, 

this study explored estimates corrected for depression misclassification using Williamson’s chart 

abstraction validation sensitivity and specificity to examine the potential magnitude of the 

depression diabetes association (Williamson et al., 2014).  

 

5.2 Methods  

The method used here simulates the data that would have been observed had the 

misclassified variable been correctly classified, given the sensitivity and specificity of 

classification.  We evaluated recent depression status in diabetes in relation to poor blood sugar 

control defined as HbA1c≥9 among the 52,143 CPCSSN patients with diabetes from Chapter 4. 

The 8,047 patients for whom it was not possible to determine if their depression was ongoing or 

resolved also had to be excluded for this analysis, as they were not included in the original 
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relative risk estimates in Chapter 4 that are to be corrected here.  The crude relative risk of recent 

depression on poor blood sugar control was used as well as the crude estimate specifically for 

males, females, seniors and non-senior citizens.  The effect of exposure misclassification was 

subjected to a bias analysis using the sensitivity and specificity for the depression algorithm in 

diabetes calculated in Chapter 3.  The primary criterion standard used was a multistage 

assessment process in which patients with diabetes were screened with nine question version of 

the Patient Health Questionnaire (PHQ-9) and then assessed by their family physicians who 

made the final determination of their depression status.   A second criterion standard was then 

applied using the chart abstraction validation measure for Williamson et al. to examine the 

effects of misclassification if the algorithm alone was perfected and the number of missed cases 

of depression remained the same (Williamson et al., 2014).  As different levels in accuracies 

were found for males/females and senior/non-seniors, the corresponding sensitivities were also 

applied for each subgroup.  One known limitation to this method is that negative cells may be 

produced when the sensitivities and specificities are applied yielding non-calculable corrected 

estimates (Fox et al., 2005). 

5.2.1 Formulas and Calculations 

The formulas from Tim Lash’s Bias analysis were applied to the results of this thesis 

work (Lash et al., 2009).  In these formulas D+ represents the “diseased population” or in this 

case the population with poor blood sugar control or those with HbA1c ≥9.  Likewise D- 

represents the population with HbA1c<9 or better control.  The new cells represented by capital 

A, B, C and D in a two by two table corrected for exposure misclassification are calculated with 

the following formulas. 
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A = [a – D+ * (1 - SPD+) ] / [SED+ - (1 - SPD+)] B = D+  -  A 

C=  [c – D- *  (1 - SPD-)]  / [SED- - (1 - SPD-)] D = D-  -  C 

 

Here SE and SP represent the sensitivities and specificities respectively calculated in the 

validation work.  Figure 13 provides a sample calculation for the relative risk estimates of poor 

blood sugar control corrected for the misclassification of depression status.  As approximately 

half of depression cases were missed, it seems intuitive that the number of depression cases 

would increase after the validation correction is applied.  However, even though the specificity is 

reasonably good and only about 8% are false positive cases, the large number of non-depressed 

patients (34,503) means that many more patients with depression are now being re-categorized, 

resulting in a particularly diminishing estimated number patients with depression with good 

control, as most patients did not have poor control.  This now means the overall estimate of the 

number of patients with recent depression went from 3,004 to only 413.2 in the corrected 

estimate, which is accurate, but may appear counterintuitive.  Overall, we assumed that non-

differential misclassification was occurring here as there was no opportunity for recall bias in 

this historical secondary use administrative data set so sensitivities and specificities applied the 

same for those with poor control as those with better blood sugar control.  Also, the outcome of 

poor blood sugar control was not assessed by patient recall as in national surveys, but was 

determined by hard coded laboratory values that were directly extracted into the electronic 

medical record and therefore not subjected to bias.  Detection bias would be possible if the 

patients with depression had more opportunity to have their blood sugar levels assessed and 

controlled due to increased medical attention.  However, we observed the opposite phenomenon 

where those with depression were still more likely to have poor control despite an increase in 

medical visits.  Unfortunately, the validation sample was not powered to examine differential 
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misclassification for those with poor sugar control compared to those without as only 16% of the 

sample had the baseline HbA1c ≥9.  However it is a reasonable assumption that non-differential 

misclassification of depression status was occurring with cases frequently missed in all 

circumstances. 

5.2.2 Analysis 

The analysis implemented for accounting for exposure misclassification was a back-

calculated set of expected results, given the fixed set of sensitivity and specificity parameters.  

Crude relative risks (RRs) from Chapter 4 of this thesis and corresponding sensitivity and 

specificities from Chapter 3 of this thesis were applied in the spreadsheets provided in Chapter 6 

(Exposure Misclassification) of Applying Quantitative Bias Analysis to Epidemiologic Data 

(Lash et al., 2009), which can be found at http://sites.google.com/site/biasanalysis/.  From the 

spreadsheet on exposure misclassification, the corrected relative risks for the diabetes group as a 

whole, as well as individual subgroups based on sex and senior status, were calculated using the 

validation sensitivities and specificities.  A sensitivity analysis was also conducted using the 

sensitivity and specificity Williamson et al found using a chart abstraction of the patients’ 

medical record as the criterion measure (Williamson et al., 2014), as well as the positive and 

negative predictive values found in Chapter 4 which accounts for the prevalence of depression in 

these patients with diabetes. 

 

5.3 Results 

The back-calculated relative risks with the sensitivities and specificities of exposure 

misclassifications applied to them to estimate what they would have been had the 

misclassification not occurred were examined.   Overall, these corrections for misclassification 
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of recent depression status resulted in relative risks higher than the analysis relying exclusively 

on CPCSSN’s diagnosis algorithm, which relies exclusively on electronic medical record data.  

Table 27 shows for  patients with diabetes, the corrected estimate of the relative risk of poor 

blood sugar control for patients with and without recent depression was 5.99 (5.47, 6.55).   A 

sample calculation for this corrected relative risk estimate is provided in Figure 13.   

Among just the men, Table 28 shows that the corrected estimate of relative risk of poor 

blood sugar control for patients with diabetes, with and without recent depression was 4.46 (3.78, 

5.25).  For females, corrected estimates could not be generated for the subset of patients with 

diabetes because the corrected estimates produced one negative cell in the two by two table 

(Table 29).  Also for those ≥65years, corrected estimates could not be generated for the subset of 

patients with diabetes who were seniors because the corrected estimates generated two negative 

cells (Table 30).  However among patients <65years, Table 31 shows for patients with diabetes 

that the corrected estimate of relative risk of poor blood sugar control for those with and without 

recent depression was only 1.20 (1.09, 1.33).  Since the specificity is higher in the non-seniors 

than in the other subgroups (almost 97%), far fewer of large numbers of non-depressed patients 

were re-categorized, resulting in the intuitively anticipated increase in the number of patients 

with depression in the corrected table.  Interestingly, the odds ratio is known to overestimate the 

relative risk for common outcomes (Zhang & Yu, 1998).  In this sample 10% of patients with 

diabetes have poor control over blood sugar levels which is considered common.  Here both the 

values are calculated as part of the standard bias correction spreadsheets.  This phenomena is 

quite apparent in all our analysis where in every case the odds ratio overestimated the relative 

risk.  The amount of this overestimation varied from a slight increase in non-seniors (RR= 1.20 
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and OR 1.25) to a more than doubling of the effect estimates in the analysis of all patients with 

diabetes (RR= 5.99 and OR= 12.5). 

5.3.1 Sensitivity Analysis 

The back-calculated relative risks using the sensitivities and specificities of exposure 

misclassifications from the chart abstraction of the patient’s medical record that Williamson et al. 

conducted on the CPCSSN depression algorithm were also examined in a sensitivity analysis 

(Williamson et al., 2014).  Their depression algorithm sensitivity of 81% and specificity of 95% 

were used in conjunction with the crude relative risks calculated in Chapter 4 to produce 

estimates corrected for the misclassification of the depression algorithm, assuming the medical 

chart was the criterion measure.  Again, these corrections for misclassification of recent 

depression status also produced higher relative risks, although the associations were not as strong 

as when the criterion measure included the missed cases of depression, as well as the 

misclassification of the algorithm itself.  However in this analysis, no negative cells were 

produced in the corrected estimates and so results were produced for all the subgroups.  Table 32 

shows that the corrected estimate of the relative risk of poor blood sugar control for all the 

patients with diabetes in CPCSSN with and without recent depression was 1.79 (1.60, 2.01).  

Among the men, Table 33 shows that for patients with diabetes the corrected estimate of relative 

risk of poor blood sugar control for those with and without recent depression was 2.44 

(2.00, 2.97).  Among the women with diabetes, Table 34 shows that the corrected estimate of 

relative risk of poor blood sugar control for patients with and without recent depression was less 

than the men with a relative risk of 1.71 (1.48, 1.97).   Among patients with diabetes ≥65years, 

Table 35 shows that the corrected estimate of relative risk of poor blood sugar control for those 

with and without recent depression was the highest at 2.46 (1.87, 3.18). However, among adults 
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<65years, Table 36 shows that for patients with diabetes, the corrected estimate of relative risk of 

poor blood sugar control for those with and without recent depression was the lowest at 1.25 

(1.10, 1.42).  Overall, the relative risk estimates corrected for exposure misclassification of the 

depression algorithm using a chart abstraction criterion measure all demonstrated increases in the 

strength of the association between depression and poor diabetes control compared to the 

uncorrected estimates. 

An alternate method by Lash et al. for producing bias corrected estimates was 

investigated using the positive and negative predictive values found in Chapter 4 instead of the 

values for the sensitivity and specificity (Lash et al., 2009, page 90).  The formula for producing 

the corrected cells in the new two by two table, using the positive and negative predictive values 

(PPV and NPV) is as follows: 

A = a (PPV D+ ) +b(1 - NPVD+)   B = D+  -  A 

C=  c (PPV D- ) +d(1 - NPVD-) D = D-  -  C 

 

In this analysis the cohort of all the patients with diabetes, as well as the four specific 

subgroups (men, women, seniors and non-seniors), all produced attenuate relative risk estimates 

(Table 37).   The corrected relative risk estimates were 1.07 (1.00, 1.14) for all the patients with 

diabetes, 1.07 (0.97, 1.18) for the males, 1.06 (0.97, 1.17) for the females, 1.04 (0.91, 1.2) for 

seniors and 1.04 (0.96, 1.12) for non-seniors.  However, one of the limitations of this method 

acknowledged by Lash et al. is that the predictive values are influenced by the underlying 

prevalence of the exposure in the population.  In the cohort of all CPCSSN patients with 

diabetes, the observed proportion of patients with depression is 8.0% (3004/37,507), but the 

validation sample estimates show a much higher prevalence of 34.5% of patients with diabetes 

and depression.  Therefore, applying the predictive values from the validation study may not be 
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an appropriate method and it does not replicate the results using the measures of sensitivity and 

specificity.         

5.4 Discussion 

5.4.1 Summary of Main Findings 

The presentation of conventional statistics alone implies that only random error needs 

quantification.  In observational settings they can be misleading as researchers often either ignore 

misclassification or conclude that their measures of effect are likely to have been further from 

the null than observed if the bias did not exist. This kind of interpretation can happen even when 

there is evidence that the errors are dependent and do not necessarily bias the result towards the 

null.  By reporting only the conventional confidence interval, a study may mislead readers and 

may even present results inconsistent with what would have been seen had the bias been absent.   

Our results support this concern. Some of the corrected relative risks observed were 

dramatically higher than the relative risks obtained using conventional analysis.  Unfortunately 

as this bias correction procedure is not commonly done, there is little literature with which to 

compare our depression and diabetes findings.  While our crude estimates were consistent with 

the general diabetes-depression literature, they were small in comparison to the much stronger 

effect estimates calculated after accounting for the magnitude and pattern of exposure 

misclassification for both the overall diabetes group (crude RR=1.31 vs corrected RR=5.99)  and 

the subgroup of men (crude RR=1.29 vs corrected RR=4.46).  In fact, both the diabetes group as 

a whole and the male subset show that the new corrected relative risks are considerably outside 

of the crude confidence intervals of 1.19-1.44 for the diabetes group and 1.11-1.49 for the male 

subgroup.  The younger subgroup of patients with diabetes <65years however, remained 

essentially the same post correction (crude RR 1.16 vs corrected RR=1.20).  Also their corrected 
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relative risk of 1.20 falls within the crude relative risk’s confidence interval (1.01-1.26) and the 

estimates in model 3 for the fully adjusted relative risk of 1.19 (1.06, 1.32).   

Both the females and seniors yielded non-calculable results as one or more cells in the 

corrected two by two table contained a theoretically negative number of patients.  Lash et al. 

concedes that negative cells are an inherent limitation of the bias corrections methods using 

sensitivity and specificity.  He states “One limitation of this method is that there are often 

combinations of sensitivity, specificity, and exposure of disease prevalence that will produce 

negative cell counts...  For exposure misclassification, negative cell counts will occur when the 

number of observed exposed cases (the “a” cell) is less than the product of the number of 

individual exposed and the false positive portion  i.e., when the false-positive rate is greater than 

the percent of exposed person that are cases” (Lash et al., 2009, page 108).  This is precisely the 

case for the subgroup of senior patients where the false positive rate is 10.5% and proportion of 

patients with depression with poor control is only 7.14%.    However, this not the case for female 

patients where the false positive rate is only 10.3% and the proportion of patients with depression 

with poor control is 12.4%.  Yet he does also state that “Negative cells can also occur when…the 

classification system’s accuracy is less than 50%, suggesting worse than random classification” 

(Lash et al., 2009, page 108).  This was the situation for both the females and seniors, who had 

low sensitivities below 50% (43% for females and 39% for seniors), and so accuracies this low 

may simply not be practical in the use of the bias corrections.  The other three analyses with 

viable results all had sensitivities and specificities greater than 50%.  These results are also 

consistent with previous findings from Chapter 4 in which seniors and females with depression 

had poorer diabetic control compared to men and younger patients.  Here we observed that the 

men had slightly lower corrected relative risks than the group as a whole and the patients less 
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than 65 years had a low corrected relative risk that remained essentially unchanged from the 

conventional estimates.  

5.4.2 Sensitivity Analysis 

When previous chart abstraction estimates were used to correct the misclassification in a 

sensitivity analysis, fortunately all viable results were produced.  Generally a much better 

agreement between chart abstraction and computer case detection algorithms can be expected.  If 

the depression algorithm were improved to be as accurate as a chart abstraction, relative risks of 

depression on poor blood sugar control would be closer to a 1.8 fold increase which is generally 

more consist with meta-analysis findings of a doubling of the odds of poor control when a 

diabetes patient is also depressed (Anderson et al., 2001).  In this sensitivity analysis, men and 

seniors were particularly at risk of poor control with about a 2.5 fold increase when comorbid 

depression was present.  Again here younger (<65 years) adults with diabetes were at the least 

risk (RR= 1.25).  Overall it is not surprising that when the number of cases of depression not yet 

detected is incorporated using our criterion measure of the PHQ-9 and family physician review, 

that the potential corrected estimates are even higher (6 fold) than when only the 

misclassification of the algorithm is accounted for in the results. 

It can be argued that there is no point in validation algorithms against cases that have not 

come to medical attention and the best that can be achieved is to create an algorithm that 

perfectly mimics the state of the medical knowledge of the health care providers and what they 

record in their patient files.  However, true underlying associations can be weakened or 

altogether overlooked if patients are commonly miss-categorized and the wrong group attributes 

analyzed.  It is important to correctly identify the emotional states of patients in order to 

accurately quantify that impact on a patient’s physical wellbeing.   In addition, the results using 
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the predictive value method of bias correction all produced attenuated estimates that are not 

likely valid as the prevalence of depression was different in the validation sample and in 

CPCSSN.  This second approach was not particularly useful for examining misclassification bias 

in this dataset and Lash et al. admit this is an inherent drawback of the alternate methodology.  

Correction for exposure misclassification in a dichotomized depression status was easily 

implemented in the spreadsheets provided by Lash et al. (Lash et al., 2009).  However, there are 

some inherent limitations of this method, as some values when used for back-calculation were 

impossible to calculate because they produced hypothetically, negative cell counts.  Additionally, 

there are inherent limitations of using a relatively small validation sample size, as it may not 

have produced accurate estimates of sensitivities and specificities despite their consistency with 

the literature. The validation sensitivities and specificities applied here may be less generalizable 

outside the Eastern Ontario Network in which they were generated.  Also, high estimates of six 

fold increases in relative risks have not been reported elsewhere, but similar issues with low 

depression detection may be masking the strength of the association in other studies as well.   

5.4.3 Conclusions and Future Directions 

While the direction of the corrected estimates remained the same, the true strength of the 

association between recent depression and poor control of diabetes may be much stronger than 

we can measure with the accuracies of our current secondary use databases.  This bias analysis 

now allows CPCSSN investigators to assess quantitatively the possible exposure-adjusted effect 

of misclassification on the relative risk estimate, in contrast to a speculative approach to 

understanding information bias.  However, low sensitivities (below 50%) may not be useful as 

they produced non-viable correction estimates, at least in our current dataset.  However, 

validation estimates are commonly available in the literature and investigators who cannot 



 

179 

 

conduct a validation exercise on their own data can at least apply external estimate to the data to 

better speculate about the degree of error cause by the misclassification.  Our results using 

external estimates generated with the criterion measures of chart abstraction suggest there is 

about a two-fold increase in the risk of poor control for those patients with comorbid diabetes 

and depression.  When missing cases of depression are incorporated outside of the information 

known to health care providers, the strength of this association maybe as high as a six-fold 

increase in poor control for those with depression.  This research highlights the potential need for 

family physicians to be aware of the emotional status on the patients with chronic physical 

conditions. 

These bias corrections allow an exploration of the effects that the systematic error can 

have had on the data in a way that summarizes the likely impact of misclassification on the 

results, allowing the reader to see what might be likely values for the real risk.  The sources of 

error in this thesis biased the conventional relative risks in a manner that was not captured by the 

conventional confidence interval.  Future studies should include validation components so 

quantitative introspection can be done into the potential amount and direction of the 

misclassification bias. 
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5.5 Main Figures and Tables 
 

Table 27: 
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Figure 13: Sample Calculation for the Relative Risk Estimate of Poor Blood Sugar Control 

Corrected for the Misclassification of Depression Status 

 

  Observed Data   

 Poor Control Recent Depression + Recent Depression - Total 

HbA1c≥9 + 383 a 

  

3361 b 

  

D+ =3,744 

HbA1c≥9 - 2621 c 

  

31142 d 

  

D- =33,763 

Total 3004 m 

  

34503 n 

  

 37,507 

  

 

Formulas for the New Corrected Cells in the 2x2 Table 
 
A = [a – D+ * (1 - SPD+) ] / [SED+ - (1 - SPD+)]            B = D+  -  A 
C=  [c – D- *  (1 - SPD-)]  / [SED- - (1 - SPD-)]              D = D-  -  C 
 

Where D+  represents the “poor control” and D- represents the “good control” population 

  New Misclassification Corrected Data   

 Poor Control Recent Depression + Recent Depression - Total 

HbA1c ≥9 +  234.07 A 
  

 3,509.93 B 
  

3,744 

HbA1c ≥9 -  179.12 C 
  

 33,583.88 D 
  

33,763 

Total  413.19   37,093.81    37,507 
  

SE=0.506494 & SP=0.924658 from Chapter 3: Depression Validation Study 

A =383-(3744*1-0.92) = 100.92 = 234.07 
          0.51-(1-0.92)            0.43 
 
B =3,744-234.07 = 3,509.93 
 
C =2,621-(33763*1-0.92) = 77.23 = 179.12 
         0.51-(1-0.92)                0.43 
 
D =33,763-179.12 = 33,583.88 
 

Corrected RR = 234.07/413.19        = 0.57  = 5.99 

     3,509.93/37,093.81    0.09 
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Table 28: 
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Table 29:  

 

EXPOSURE MISCLASSIFICATION: Recent Depression in Females                                                                                                      

Se (HbA1c≥9+) 0.43 100

Se (HbA1c≥9-) 0.43 100 Outcome HbA1c≥9

Sp (HbA1c≥9+) 0.90 100 Exposure Recent Depression

Sp (HbA1c≥9-) 0.90 100

FALSE Error Check: 

Total

a b Observed Measure (95% CI)

RR (Recent Depression-HbA1c≥9) 1.37 (1.2 - 1.56)

c d OR (Recent Depression-HbA1c≥9) 1.42 (1.22 - 1.65)

m n

Total

A B Corrected Measure

RR (Recent Depression-HbA1c≥9) -18.04

C D OR (Recent Depression-HbA1c≥9) -6.54

M N

SE(LN(OR))

C=  [c – D- *  (1 - SPD-)]  / [SED- - (1 - SPD-)] D = D-  -  C

Equations

A = [a – D+ * (1 - SPD+) ] / [SED+ - (1 - SPD+)] B = D+  -  A

HbA1c≥9 - -255.8 15927.8 15672

Total -101.2 17400.2

Corrected Data

Corrected Data

Recent Depression + Recent Depression -

HbA1c≥9 + 154.5 1472.5 1627

HbA1c≥9 - 1539 14133 15672

Total 1757 15542

Data (Enter Recent Depression-HbA1c≥9 Data in Blue Cells)

Observed Data

Recent Depression + Recent Depression -

HbA1c≥9 + 218 1409 1627

Input Bias Parameters

Variable Names

Negative Cell

This spreadsheet can be used to conduct a simple sensitivity analysis to correct for exposure misclassification. 
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Table 30: 

 

EXPOSURE MISCLASSIFICATION: Recent Depression in Senior Citizens                                                                                                       

Se (HbA1c≥9+) 0.39 100

Se (HbA1c≥9-) 0.39 100 Outcome HbA1c≥9

Sp (HbA1c≥9+) 0.90 100 Exposure Recent Depression

Sp (HbA1c≥9-) 0.90 100

FALSE Error Check: 

Total

a b Observed Measure (95% CI)

RR (Recent Depression-HbA1c≥9) 1.35 (1.1 - 1.65)

c d OR (Recent Depression-HbA1c≥9) 1.37 (1.1 - 1.71)

m n

Total

A B Corrected Measure

RR (Recent Depression-HbA1c≥9) 0.52

C D OR (Recent Depression-HbA1c≥9) 0.51

M N

SE(LN(OR))

C=  [c – D- *  (1 - SPD-)]  / [SED- - (1 - SPD-)]

A = [a – D+ * (1 - SPD+) ] / [SED+ - (1 - SPD+)]

D = D-  -  C

19039

Total -2849.5 22981.5

Equations

Corrected Data

Corrected Data

Recent Depression + Recent Depression -

HbA1c≥9 + -75.7 1168.7 1093

1093

HbA1c≥9 - 1209 17830 19039

Total 1302 18830

B = D+  -  A

Data (Enter Recent Depression-HbA1c≥9 Data in Blue Cells)

Observed Data

HbA1c≥9 - -2773.8 21812.8

HbA1c≥9 + 93 1000

Recent Depression + Recent Depression -

Input Bias Parameters

Variable Names

Negative Cell

This spreadsheet can be used to conduct a simple sensitivity analysis to correct for exposure misclassification. 
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Table 31: 
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5.6 Sensitivity Analysis Tables 

Table 32: 
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Table 33: 
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Table 34: 
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Table 35:  
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Table 36: 
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Table 37: Exposure Misclassification: Using the Positive and Negative Predictive Values 
 
Formula from Timothy Lash’s “Applying Quantitative Bias Analysis to Epidemiologic 
Data”, 2009 Chapter 6 Page 90 
 

A = a (PPV D+ ) +b(1 - NPVD+)   B = D+  -  A 

C=  c (PPV D- ) +d(1 - NPVD-) D = D-  -  C 

 
 
All Patients with Diabetes: 

 
PPV= 0.78   NPV= 0.78 
 
A= 383(0.78) + 3361(0.22)= 1036.99 
C= 2621(0.78) + 31142(0.22)= 8884.81 
B= 3744 - 1036.99= 2707.01 
D= 33763 - 8884.81= 24878.19 
 
RRC= 1.07 (1.00-1.14) 
 
 

All Male Patients: 
 
PPV= 0.81   NPV= 0.85 
 
A= 165(0.81) + 1952(0.15)= 433.22 
C= 1082(0.81) + 17009(0.15)= 3485.04 
B= 2117 - 433.22= 1683.78 
D= 18091 - 3485.04= 14605.96 
 
RRC= 1.07 (0.97-1.18) 
 
 

All Female Patients: 
 
PPV= 0.74   NPV= 0.69 
 
A= 218(0.74) + 1409(0.31)= 593.23 
C= 1539(0.74) + 14133(0.31)= 5471.69 
B= 1627 - 593.23 = 1033.77 
D= 15672 - 5471.69 = 10200.31 
 
RRC= 1.06 (0.97-1.17) 
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All Senior Patients: 

 
PPV= 0.57  NPV= 0.80 
 
A= 93(0.57) + 1000(0.20)= 251.06 
C= 1209(0.57) + 17830(0.20)= 4219.72 
B= 1093 - 251.06 = 841.94 
D= 19039 - 4219.72 = 14819.28 
 
RRC= 1.04 (0.91-1.2) 
 
 

All Non-Senior Patients: 
 
PPV= 0.93   NPV= 0.75 
 
A= 289(0.93) + 2356(0.247)= 850.42 
C= 1412(0.93) + 13299(0.247)= 4596.19 
B= 2645 - 850.42= 1794.58 
D= 14711 - 4596.19= 10114.81 
 
RRC= 1.04 (0.96-1.12) 
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Chapter 6 

Summary and Conclusions 

 

6.1 Overview 

The purpose of this thesis was to better understand the relationship between diabetes and 

depression and the factors that influence poor blood sugar control in Canadians with diabetes 

with and without depression.  This thesis had three main studies that addressed the following 

questions: 

1.  What is the prevalence of comorbid depression among Canadians with diabetes?   

2.  How accurate is the current Canadian Primary Care Sentinel Surveillance Network     

(CPCSSN) depression case finding algorithm in patients with diabetes?   

3. What is the relative risk (RR) of uncontrolled diabetes in patients with and without 

depression?   

4.  What factors affect the relationship between depression and blood sugar control in 

diabetes?   

5. Do disparities in the treatment or management of diabetes exist for patients who also 

suffer from depression?   

6. What would the estimate of the relative risk of depression on poor blood sugar control 

be if exposure misclassification had not occurred?  

 

6.1.1 Summary of Key Findings 

What is the prevalence of comorbid depression among Canadians with diabetes?   
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The prevalence of depression in diabetes measured by the CPCSSN case finding 

algorithm was 19.8% and estimated prevalence from the validation results was much higher at 

34.5% (Figure 6). 

How accurate is the current CPCSSN depression case finding algorithm in patients with 

diabetes?   

Our validation study found that while the specificities for the depression case finding 

algorithm were high, approximately half of the cases of depression in diabetes were undetected 

(Figure 6).  Also, we observed different sensitivities for males and females, and seniors and non-

seniors (Figures 8-11).  Overall, future improvements in the accuracy of our electronic medical 

records that generate the CPCSSN depression algorithms and data, may allow researchers to 

provide better estimates of the associations in primary care chronic conditions. 

What is the relative risk of uncontrolled diabetes in patients with and without depression?   

We discovered that Canadian patients with diabetes and recent depression are 1.28 times 

more likely to have poor blood sugar control compared to those with diabetes, but without recent 

depression, in an unadjusted model with 95% confidence intervals of 1.16-1.42 (Table 11).  

Table 11 also shows the strength of this effect was only slightly attenuated in the full model 

adjusted for family physician clustering, demographics and comorbidities with a relative risk of 

1.22 (1.10, 1.34).  These estimates were similar to findings from other countries. 

What factors affect the relationship between depression and blood sugar control in diabetes?   

The effects for clustering around family physician were generally small except when 

measuring mean HbA1c (Table 16).  Physicians may cluster around the type of diabetes patient 

they have in their practice or they may have limited abilities to control patients’ blood sugar 

levels based on the routine clinical interventions they perform.  Also there was some indication 
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of effect modification between recent depression and obesity on poor blood sugar control, as 

well by age (<65yrs), and to a lesser extent by gender (Tables 18-23) .  Patients with diabetes 

that were obese or seniors appeared particularly susceptible to the effect of depression on blood 

sugar control.  However, these interaction terms for these potential effect modifiers did not reach 

statistical significance, so future studies are needed. Unfortunately missing data was an issue in 

the CPCSSN databases and it was unlikely to be “missing at random” which limited the use of 

potentially important confounders.  Evidence that weight gain producing antidepressants and 

diabetes producing antipsychotics impact this relationship was not found in our results using the 

CPCSSN database. 

Do disparities in the treatment or management of diabetes exist for patients who also suffer from 

depression?   

No evidence for treatment disparities was found for patients with diabetes experiencing 

depression in either the number of visits, the number of diabetes treatments prescribed, the 

number of BMI measurements taken, or the number of laboratory tests done for blood sugar 

levels (Tables 24-25). 

What would the estimate of the relative risk of depression on poor blood sugar control be if 

exposure misclassification had not occurred?   

The corrected relative risk indicated potentially a six-fold increase in the risk of poor 

blood sugar control for those with recent depression compared to those without, and this was not 

captured in the conventional confidence interval (Table 27).  The true strength of the association 

between recent depression and poor control of diabetes may be much stronger than we can 

measure with the accuracies of our current secondary use electronic medical record databases. 
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6.2 Generalizability 

The primary objective here is to assess the generalizability of our CPCSSN sample to the 

Canadian population and investigate the face validity of the CPCSSN diabetes database for 

research purposes.  We examined how CPCSSN patients without diabetes differed from those 

that were detected by the case finding algorithms as having diabetes.   As these primary care 

electronic medical records are generated mainly for clinical organizational purposes, 

inappropriate ones (e.g. inactive patients) were excluded from the original dataset of 988, 269 

patient records (Figure 14).  Children were excluded by eliminating patient records where the 

year of birth was after 1996 and non-plausible birth records showing patients greater than 120 

years old were removed.  Another 99,527 records were removed as the patient’s status was 

logged as inactive from the practice and the medical chart would be incomplete.  Ultimately, the 

final data set used in this study included 712, 877 patient electronic medical records.   

The differences we observed between the CPCSSN diabetes population and the general 

Canadian primary care population are all consistent with the diabetic literature.  This suggests 

the CPCSSN diabetes finding algorithm appears to have correctly classified the patients with 

diabetes.   Table 38 showed that in Canada compared to the non-diabetic general adult 

population in CPCSSN, diabetic patients were an average of 16.3 years older with 31.8% more 

seniors, and 8.0% more men.  They had lower average income with fewer in the highest and 

more in the lowest income category.  Their BMI’s were higher on average with 27.8% more 

obese patients and 22.2% fewer with normal BMIs and 10.5% more past smokers.  On average 

they had 11 more encounters/visits over the study period with 18.4% more seen during the study 

period at all and 20.9% more patients seen at least once in the past 2yrs and 23.6% more within 

the first year.  They had higher average blood sugars with mean HbA1cs of 7.29 for patients with 
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diabetes and 5.62 for average adults.  We saw 23.4% more with high HbA1c (7-7.99), 10.5% 

more with very high HbA1c (8-8.99) and 12.2% more with poor blood sugar control HbA1c 

(≥9).  They were 1.8% more likely to die on study, with 6.9% more cases of COPD, 6.6% more 

cases of lifetime depression, 37.8% more cases of hypertension, and 13.8% more cases of 

osteoarthritis than patients without diabetes.  Due to the large sample sizes involved all the 

differences are statistically significant except for the 4th income quintile.  This also supports the 

original chart abstraction based validation work showing high levels of both sensitivity and 

specificity for the diabetes algorithm (Williamson et al., 2014).  This table provides further 

evidence of the reliability of the CPCSSN database for national diabetes research. 

 

6.3 Strengths and Limitations 

The thesis was strengthened by its use of a large detailed national database, which 

improved our power to detect associations. These findings also provided results in a Canadian 

context that can be used to contrast results from other countries and provide our primary care 

physicians with direct knowledge applicable to their patients.   

6.3.1 Power 

This thesis incorporated an original patient validation study to directly quantify 

misclassification bias in the dataset and estimated its impact on the strength and direction of the 

associations between diabetes and depression.  However, despite a substantial effort in the 

validation study, the eventual number of study participants after 1,179 recruitment letters were 

sent to physicians and their patients was only 152.  This was not near the target sample of 291, 

leaving the study underpowered.  Fortunately, linkages to the national dataset for 71 of the 80 

additional patient’s depression screening data from the third rural site were possible and this 
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increased the sample target to 223.  Still, a larger sample size would have resulted in tighter 

confidence intervals particularly around the sensitivity (39.1-62.1%) as the specificity estimate 

was reasonably narrow (86.6-95.9%).  This in turn would have created more accurate corrected 

relative risk estimates in the third bias correction study.   

The power limitation of the first study was also the strength of the second study, which 

included 60,837 patients with diabetes.  However, this meant that achieving statistical 

significance was relatively easy and small unimportant differences were often highly statistically 

significant.  Procedures like backward elimination were less useful as almost all the variables 

would have remained significant in the model.  Instead we forced variables into the model based 

on a priori clinical relevance and their impact on the change in estimates of the risks examined.  

All studies that use large national databases such as CPCSSN may be faced with this issue where 

clinical significance is more important than relying on traditional epidemiological methods that 

use p-values as part of an elimination strategy in modeling.  In addition, international 

comparisons rely on using variables that other studies have considered clinically relevant and 

adopting consistent modeling strategies becomes crucial in international research. 

6.3.2 Clinical Significance 

We confirmed a clinically important finding in Canada that family physicians are only 

aware of approximately half of the cases of depression in diabetes with a low sensitivity between 

39.1-62.1%.   It is possible that the accuracy across the Canadian CPCSSN sites could be 

different than our findings, but they are consistent with those found in depression validation 

studies in other countries (Kahn et al., 2008; Katon et al., 2004; Mitchell et al., 2009).  Although 

our first site was an academic practice, the second one was more community based and the third 

site was exclusively rural.  This made results more representative than if we had only 
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investigated the validation in academic practices, which may be better at detecting depression 

than non-academic sites.  Different regional networks or provinces also may have better 

detection rates.  For example, the British Columbia clinical practice guidelines included PHQ-9 

depression screening so their family physicians may be more likely to identify depression in 

high-risk groups like patients with diabetes (British Columbia Guidelines and Protocols and 

Advisory Committee, 2013).  Local variation in depression detection may have limited the 

extrapolatability of our results, but we found no evidence of this in our study sample.  The 

characteristics of the patients in our validation sample were contrasted with all the available 

patients with diabetes from participating physicians and there was no evidence of any important 

selection bias occurring.  In addition, the characteristics of responders and non-responders in our 

study were examined for a response bias, in which the only evidence observed in the data was 

slightly more male responders (11.4%) and seniors (12.1%).  This might have reduced the 

number of depression cases observed as depression is less common in men and seniors, leading 

to a slight underestimation of our lifetime depression prevalence of 34.5%.  In addition to the 

small size of the validation study, the rural site used a slightly different method with in-office 

recruitment of patients with diabetes and this could have impacted the validation results in either 

direction.  Recruitment of family physicians and patients was challenging as the physicians were 

busy with the clinics and the patients may have been somewhat reluctant to disclose answers to 

the sensitive mental health questions in the PHQ-9, which made our participation rates lower 

than originally anticipated.  Overall, knowing that approximately one in three patients with 

diabetes may have depression in their lifetime is clinically relevant as depression can both 

directly reduce a patient’s quality of life and make control of diabetes challenging (Polonsky et 
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al., 2005).   With both of these conditions being so common and debilitating, their synergy could 

significantly contribute to the health burden of Canadians. 

Crude and adjusted relative risk estimates of 1.28 (1.16, 1.42) and 1.22 (1.10, 1.34) of 

poor blood sugar control detected in a large secondary use database in those who were depressed 

compared to those who were not depressed are clinically important findings.  This is because 

poor blood sugar control is known to lead to devastating clinical outcomes such as blindness and 

amputation, kidney failure and even death (American Diabetes Association, 2014; Canadian 

Diabetes Association, 2013).  Untreated depression can also lead to death.  If these associations 

are strong enough to be detected in a database known to have considerable misclassification of 

values and many missing variables, the true strength of the association may actually be much 

stronger.   

Another strength of this thesis work is that we were able to use the validation study 

results to quantify the potential effects of misclassification on our risk estimates.  Our findings 

suggested that if the depression case finding algorithm in CPCSSN were perfectly in line with a 

chart abstraction, this association would be closer to two fold, which is certainly important 

considering the potential negative outcomes associated with poor control in diabetes.  

Additionally, if the missing depression cases were better identified as in our validation study, the 

risk for patients with diabetes could be as high as six fold, indicating that depression may be a 

critical risk factor in poor blood sugar control. 

6.3.3 CPCSSN Measures 

Using laboratory values for HbA1c taken directly from the patient’s electronic medical 

record as outcomes for this study was a critical strength.  The diabetes case finding algorithm 

previously demonstrated both a high sensitivity and specificity and as such likely did not 
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contribute to bias in our results (Williamson et al., 2014).  In contrast, provincial billing 

databases do not have access to this direct extraction of laboratory values and must rely on the 

accuracy of billing codes alone.  National survey data would have to depend on accurate patient 

reporting of blood sugar control, which is highly subject to recall biases that this historical 

database is not.  This method of outcome ascertainment was an important strength of both the 

second and third studies.  In addition, using national Canadian estimates directly from 

information in the patients’ medical record, which includes that billing component, but is not 

restricted to it or patient self-reports, allows for better national comparisons and can establish 

benchmarks for our health care system against other nations. We were also able to investigate 

external validity quantitatively and found that compared to the non-diabetic patients in CPCSSN, 

those with patients with diabetes showed characteristics expected from the diabetes literature 

lending face validity to both CPCSSN and this thesis work on diabetes. 

6.3.4 Bias 

There are some limitations that may affect the internal and external validity of the study 

results.  Better exposure classification of depression status, including more accurate start and 

stop dates in the database, may have revealed higher estimates.  The corrected relative risks 

depended on the validation results and they may differ outside the Eastern Ontario Network, 

limiting our external validity.  Yet, as this is a historical cohort, there is no opportunity for recall 

bias from patients and no interviewer bias as data is extracted directly from patient medical 

records via an objective case finding algorithm that is applied to exposed and unexposed patients 

equally. 

The primary threat to the internal validity of this work is misclassification bias.  It was 

quantified as a substantial problem with approximately half of the cases of depression missing.  
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However, we were able to measure the amount of misclassification and correct the relative risks 

to provide better estimates of the true risk if the misclassification had not occurred, revealing 

potential risks of depression on diabetes control may be much higher than we were able to 

directly measure. The assumption was made that this was non-differential bias as there was no 

opportunity for recall or interviewer bias.  Although it was not possible to ascertain if that non-

differential misclassification was occurring as our validation sample was not powered to 

determine that difference, it is theoretically possible that patients with depression had their blood 

sugars evaluated and/or controlled differently than non-depressed patients or that those with poor 

control were more likely to have their depression detected.  This could result in an increase in 

detection due to increased medical attention of the comorbidities, or a decreased detection and 

evaluation if depression is causing patients to seek less medical attention.  However we saw no 

evidence that patients with depression had increased testing however, as the adjusted number of 

HbA1c tests given per year were virtually the same (0.7 vs 0.6).  The laboratory measures of 

HbA1c are objective and could not differently bias the outcomes based on exposure status.  

Patients with depression also had more visits per year than non-depressed patients (8.4 vs 5.5), 

indicating they did not seek less medical attention than patients with diabetes without depression 

and therefore not likely to have contributed to an attrition bias.  This increase in medical visits 

could have created a form of detection bias where patients with depression had more opportunity 

to have their blood sugars measured and controlled, but this would have manifested in better 

control not poorer control as in our findings.   However, we cannot make inferences or 

conclusions about the patients with depression in CPCSSN that have not yet come to medical 

attention, nor the ones that did not participate in the validation study.  Those patients with 
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diabetes and depression that are “off the medical radar” may well show different results that 

cannot be quantified with the methods and data available in this thesis. 

6.3.5 Confounding 

In the second study the lack of control for important covariates such as anxiety or cancer 

may have distorted the association between depression and diabetes.  The demographic variables 

generally attenuated the strength of our associations slightly, but the addition of the 

comorbidities did not result in much change in the effect estimates. There is also still likely to be 

residual confounding in the models.  The CPCSSN repository has many important common 

chronic conditions extracted into it however, there were other physical conditions such as 

cancers and mental health comorbidities such as anxiety that were not controlled for in our 

analysis.  While the cancers are rare and their absence is less likely to impact our findings, 

anxiety is not and is known to impact poor sugar control in the opposite direction as depression.  

The lack of control for anxiety may have resulted in attenuated effect estimates as it is not 

currently included in CPCSSN and therefore not in our models.  Missing data on both potentially 

important confounders and patient outcomes may have led to systematically different results. 

6.3.6 Secondary Use Database 

The primary purpose of the electronic medical record is solely clinical and, unlike 

research databases, many variables that are important in the etiological relationships are not 

immediately clinically relevant.  Even when variables are clinically relevant such as pack years 

of smoking or those known to the practice such as patient postal codes for billing, they may 

reside at the practice, but are just not systematically recorded for easy research extraction.  This 

results in a plethora of missing data.  There are some potential solutions.  For example, the postal 

conversion file could be applied at the local site level where is it is known for almost all patients 
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with a permanent residence and the converted income quintal (QAIPPE) and extracted into the 

national repository instead of postal code.  This would increase the privacy of the CPCSSN 

database considerably and with the possible exception of studies on rural areas, it would provide 

researchers with more pertinent SES data as well as more complete data for analysis.   

Unfortunately, PHQ-9 type depression screens are not completed regularly in Canada and 

when they are done, they are not necessarily entered into any database as is done in some health 

care organizations.  This leaves CPCSSN with more misclassified cases of depression.   Also as 

CPCSSN is relatively new, the validity of many of these variables still needs to be established 

and the assumptions of missing at random investigated and thoroughly tested before all the 

potential exposures, outcomes and confounders can be maximally applied to a research context.  

In the future, electronic medical records are likely to become increasingly systematic and their 

utility improved for both clinical and research purposes.  If ethics boards are provided with 

rationale for broader clinical information, additional variables such as anxiety and cancer could 

also be extracted into the CPCSSN repository.  As efforts to educate clinicians on the benefits of 

systemically using their electronic medical records unfold, many of the current limitations of 

CPCSSN have the potential to resolve into strengths. 

 

6.4 Main Study Contributions 

This thesis work contributes to the primary care literature by assessing the prevalence of 

depression in diabetes across Canada, 19.8% in CPCSSN and 34.5% in the validation sample.  

The validation study quantified the accuracy of the depression case finding, not just against chart 

abstraction, but with patient depression screens assessed by their family physicians.  Findings 

suggested that, like other countries, Canadian family physicians miss approximately half the 
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cases of depression (Kahn et al., 2008; Katon et al., 2004; Mitchell et al., 2009).  Results also 

indicated that in Canada patients with diabetes and depression were similarily at significantly 

increased risk for poor control, higher mean blood sugars, and decreased ability to reduce blood 

sugar levels over time (Brieler et al., 2016; Frayne et al., 2005).  We found a crude relative risk 

of poor blood sugar control in patients with diabetes and depression as 1.28 (1.16, 1.42) 

compared to those with diabetes but without depression, and a relative risk of 1.22 (1.10, 1.34) 

after adjusting for both demographic and comorbidity confounders, which is fairly consistent 

with findings from other countries (Brieler et al., 2016; Susan M Frayne et al., 2005). The 

comorbidities were all protective except for dementia and this finding has not been reported in 

previous literature.  However, it is possible that the increased medical attention where the 

physician focuses on aspects of care that are possible to control, may mean that blood sugar 

levels are followed more tightly in recognition of the patients overall increased vulnerability.  

Whereas in dementia, difficulties remembering care plans, medication, blood sugar results could 

make controlling diabetes so challenging that adding depression into the situation could be too 

much for patients and their caregivers, resulting in worsening of blood sugar levels.   

Our validation results were used to provide depression misclassification corrected, 

adjusted relative risks.  Our findings suggested the true risk for poorer blood sugar control for 

patients with diabetes and depression may be as high as a six-fold increase when correcting with 

current information from the patient and their physician.  Even if the depression case finding 

algorithm could be improved to match the information available by medical chart abstraction, a 

two fold increase in risk would be expected for those with diabetes and depression.  The problem 

of depression interfering with diabetes control is likely much larger than is possible to detect in a 
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secondary use database.  The fact that the risk is still apparent in this database is evidence of the 

robustness of depression’s effect on diabetes. 

6.4.1 Treatment Disparities 

This work fills an important gap in investigating potential treatment disparities in 

diabetes management and treatment for patients with comorbid depression.  Although we 

expected to see fewer visits, tests and treatments in patients with diabetes and depression, our 

findings suggest that the increased risk for poor blood sugar control observed in patients with 

depression is not caused by a lack of medical visits, nor insufficient testing, nor infrequent 

diabetes treatments.  Other factors possibly intrinsic to the nature of depression are potentially 

interfering in the control over diabetes.  The quality and content of the visits could be examined 

to help identify future interventions.  For example, are the foot and eye exams being completed 

as frequently in those with depression?  Does having a social worker or dietician go home with a 

patient with depression to review food choices, strategies and exercise plans help improve blood 

sugar control?   Are pamphlets on diabetes management less effective in a patient with 

depression who is still “inactive” in Wagner’s care model (Wagner et al., 1999)?  However, this 

work does show patients with depression are already receiving more care; it is just not effective 

at controlling their blood sugars.  As a result, encouraging physicians to see their patients with 

diabetes and depression more frequently may not resolve the issues of their increased 

vulnerability.  Interventions aimed at providing diabetes education in a different manner for 

those suffering with depression, recognizing their potential difficulties, engaging and reacting to 

the information provided may be more effective at controlling both conditions.   Adding 

depression screening to the diabetes flow sheet is in another intervention that warrants further 
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evaluation.  This would ensure mood repair was part of the patient visits and may increase the 

chances of having an engaged and “active” diabetes patient. 

6.4.2 Effect Modification 

As previous studies have been criticized for not stratifying results on factors such as age 

and sex, they were incorporated into the initial analysis plan (Kessler, 2003).  Evidence of effect 

modification was observed between seniors and younger adults with adjusted relative risks of 

1.37 and 1.19 respectively.  This is supported in the literature as separate depression screening 

tools have been developed for seniors, since depression can manifest differently in them.   

Although not a statistically significant interaction, our findings did show that the relative risks of 

depression for poor control are higher in seniors than younger patients.  This points to an 

important increased vulnerably that physicians should be aware when treating them.  Female 

patients showed a slight increase in adjusted relative risk compared to males (1.26 verses 1.20), 

but this was not statistically significant and less of a clinically significant difference. 

Previously, obesity had not been suggested as an important effect modifier and it is an 

important finding of this work.  Again, although not statistically significant, a potentially 

clinically important difference in the relative risk of depression on poor control of diabetes for 

obese patients was observed, with a relative risk of 1.33 (1.16, 1.54) and 1.10 (0.89, 1.36) for 

obese and non-obese groups.  This may reflect different underlying etiologies of diabetes and 

certainly could lead to different management recommendations.  For obese patients, depression 

may directly interfere with weight loss goals aimed at improving blood sugar levels by creating 

an “inactive” patient unable to adhere to diet and exercise plans.  Physicians need to be aware 

that depression can particularly impact an obese patient’s ability to control their blood sugar and 
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future studies should stratify depression patients not only by age and sex, but obese status as 

well. 

6.4.3 Clinical and Public Health Contributions 

The findings from our research can be used to help primary care physicians and mental 

health professionals become more of and better target risk groups that may be vulnerable to the 

effects of depression on diabetes.  The under-diagnosis of depression remains an important 

problem in primary care.  Although no trials have confirmed this approach, targeted PHQ-9 

screening for patients at high-risk, such as those with diabetes, is one strategy that could 

potentially improve the current situation. Using in-office depression screening may be a more 

effective method to reach patients than sending patients questionnaires by mail. Also, the 

accuracy of the depression case finding appears to differ for both men and women and seniors 

and younger adults with diabetes.  There could be a role of public health in potentially screening 

these and other high risk patients.  Alternatively, other mechanisms (compensation for screening, 

additional mental health staff etc.) could be developed to support the family physician’s practice 

allowing more time for them to reduce the number of missed depression cases. Family 

physicians need to be aware that depression can impact the optimal control of diabetes and that 

patients with depression are at increased risk of at least a quarter increase in risk, but possibly up 

to six fold increase in poor control of blood sugar levels.  This research can also help clinicians 

recognize that seniors and obese patients with diabetes are particularly susceptible to depression 

effects as on blood sugar control.  
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6.5 Directions for Future Research    

Future depression research should include stratified analysis of results by age, sex and 

obesity, and could consider the different potential misclassification rates of these subgroups. 

Sensitivity and specificity of the depression case finding algorithm should be explored in other 

high-risk groups such as post-partum women or people with post-traumatic stress disorder, as 

well as the general population.  The lower accuracy of the depression diagnostic algorithm in 

both women and seniors could be further investigated.  In primary care settings, the development 

of specific detection and management strategies may be warranted in these groups as evidenced 

by the lower levels of accuracy in the depression case finding for women and seniors.    The 

reasons for the differential effects of depression and potential subtypes of diabetes for those with 

obesity and for patients over 65 years require follow-up studies.  Additional work is needed to 

examine the risk of poor blood sugar control specifically in the patients with diabetes without 

any diabetes treatments prescribed and those without basic diabetes management measures such 

as HbA1c or BMI recorded in their electronic medical record, as these subgroups may be at 

increased risk.  Future cost-effectiveness studies are needed to examine the potential long-term 

advantages, such as downstream cost reductions, if depression is detected and treated sooner in 

diabetes.    

Investigations are needed to discover ways to minimize missing values and also to 

conduct more quantitative analysis on the assumptions of missing at random in the CPCSSN 

database.  Investigations into mechanisms to improve the quality of the depression case finding 

algorithm data generated from the electronic medical records should be explored.    CPCSSN 

also could fairly easily generate a “current depression” algorithm using the date of most recent 

evidence of depression, which may reveal more associations than when simply using “lifetime 
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depression” status.  Lastly, future depression studies should also attempt to quantify for the 

reader the impact of misclassification on the effect estimates in their results.  

 

6.6 Suitability for a Doctoral Dissertation in Epidemiology 

In this doctoral thesis I have made several original contributions to the epidemiology of 

both depression and diabetes with results unique to Canadian research, but applicable 

internationally for primary care clinicians.  I have demonstrated the ability to successfully 

undertake independent, original field research, which has contributed to the knowledge of both 

depression and diabetes managements.  In the critical appraisal and synthesis of the literature, I 

gained an in depth understanding of the epidemiology of diabetes, potential risks and factors that 

impact its management and ultimately control.  Likewise, I have become proficient in the clinical 

epidemiology of depression, its risk factors and potential treatments, as well as challenges in its 

accurate measurement.   

I designed the validation study, wrote the protocol and developed all the logistics of the 

research.  I successfully applied for ethics approval and maintained ethical compliance with 

highly sensitive patient information. I orchestrated a timely implementation of complex primary 

data collection. I presented, recruited, and persuaded physicians, nurses and patients to volunteer 

their time and expertise to participate in my clinical protocol. I generated original depression 

survey data in the challenging subject matter of mental wellbeing. My multistage random 

sampling techniques resulted in a well-balanced validation sample. I organized all of the patient 

mailings, generated unique anonymous patient identifiers, cleaned and analyzed the data, and 

interpreted the results and conclusions.  I created, maintained, and analyzed an original primary 

care validation database.  
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Several data linkages were required between the primary care practices’ clinical 

databases, the local CPCSSN network data, the national dataset in the repository and the 

validation database.  These linkages were often complex as the variables within each database 

had unique identifiers, individual labels and the units were not organized in any uniform manner.  

Some of the electronic medical record data files in the national database, such as information on 

patient’s referrals, had not yet been used in any analysis and required considerable epidemiologic 

logistics to program clinically meaningful categories.  I addressed a vast number of 

administrative database cleaning and quality issues in an original database with almost a million 

medical records.   I performed a number of complex statistical analyses using multilevel Poisson 

regression. The large detailed dataset at CPCSSN strained the analytical capacity of the SAS 

programs. Files such as the prescriptions and their rationale for every medication taken for 

almost one million patients were so cumbersome, creative programming solutions needed to be 

developed on my part to generate the outcomes in this thesis.   Now the CPCSSN data is being 

transferred to a local server similar to the organization of the provincial billing data at Institute 

for Clinical Evaluative Sciences to increase analytical capacity for future researchers. 

Overall this research allowed me the opportunity to study the descriptive epidemiology of 

depression and diabetes control in-depth.  I tested a novel hypothesis using existing CPCSSN 

administrative survey data and gained an understanding of retrospective designs, their strengths 

and limitations, and its effects on statistical analyses and external validity.  I became familiar 

with misclassification corrections useful for research using administrative databases with 

substantial data quality issues. I will be first author on all thesis related publications.  These 

epidemiologic investigation techniques I have mastered will serve as a solid foundation for my 

future research. 
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6.7 Conclusions 

In summary, this dissertation provided the following original contributions to the 

epidemiology of depression and diabetes control in Canada.  We now know that approximately 

half of the cases of depression in diabetes may be missed by Canadian family physicians, as is 

seen in other countries.  The true depression prevalence in Canadians with diabetes may be 

closer to one in three rather than one in five.  Depression increases the risk of poor diabetes 

control by approximately one quarter.  For some subgroups like seniors and obese patients with 

diabetes, this risk may be higher (closer to a one third increase).  After controlling for 

demographic factors, comorbidities and clustering by family physician, we found patients with 

diabetes who had experienced recent depression had a higher average blood sugar level.  Also, 

patients with diabetes and recent depression had overall reduced ability to decrease blood sugar 

levels from the beginning of the study to the end of the study period, which persisted after 

adjusting for the demographics and comorbidities and clustering by physician.   Treatment 

disparities for those patients with diabetes and depression were not apparent in this thesis.  

Patients with diabetes and depression were shown to have significantly poorer control over their 

blood sugars, but this does not appear to be caused by the lack of visits, testing, or treatments for 

diabetes.   Investigators do need to be cognizant of the intrinsic misclassification biases when 

analyzing secondary data collected for a different purpose.  Due to the misclassification of the 

depression case finding algorithm, findings in this thesis are likely underestimates with the 

strength of the corrected relative risk of depression on poor diabetes control likely much 

stronger.  In the future, quality improvement in the CPCSSN case finding algorithms could lead 
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to better detection of important associations and reveal the underlying etiology of the conditions 

under study. 
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6.8 Main Figures and Tables 

Figure 14:  CPCSSN Patients included in the Depression Validation Study 

  

 

 

7 

Opt Outs 390 

Derostered 17 

Duplicate 1777 

External 16368 

Group Home 56 

Inactive 99527 

Non Clinic 1974 

Long Term Care 96 

Non Clinic - Sports 264 

Seen on Call 3 

Urgent Care 249 

Birth Year<1996 148,236 

Birth Year>1896 6 

Deceased Year ≤2011 7885 

988,269 Original CPCSSN patient medical records in database 

 

Total removed 276,848 (28%) 

Final CPCSSN adult sample: 711,421 (72%) 
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Table 38: Adult Patients with Diabetes Compared to Adults without Diabetes from the Canadian Population in CPCSSN 

 
HbA1c- Hemoglobin A1c; BMI- Body Mass Index;  COPD- Chronic Obstructive Pulmonary Disease;QAIPPE- Quintile of Annual Income Per Person Equivalent ;SD- Standard Deviation 

All CPCSSN N=711,421 n1 n2 Difference Lower Limit Upper Limit

Age (yrs) -Mean (SD) 60458 64.41 15.04 636947 48.13 18.79 16.28 16.15 16.41

Seniors (>65yrs) 60458 31215 51.63% 636947 123921 19.46% 32.18% 31.77% 32.59%

Gender-Female 60815 29522 48.54% 649691 367784 56.61% -8.07% -8.48% -7.65%

Income Quintiles (QAIPPE)

Mean Income Quintile (SD) 36021 3.08 1.41 350082 3.24 1.41 -0.17 -0.18 -0.15

1 Lowest 36021 6696 18.59% 350082 54404 15.54% 3.05% 2.63% 3.47%

2 36021 6713 18.64% 350082 61009 17.43% 1.21% 0.79% 1.63%

3 36021 7352 20.41% 350082 69515 19.86% 0.55% 0.12% 0.99%

4 36021 7648 21.23% 350082 75722 21.63% -0.40% -0.84% 0.05%

5 (Highest) 36021 7612 21.13% 350082 89432 25.55% -4.41% -4.86% -3.97%

BMI

Missing/Not Done 60837 18998 31.23% 650584 338461 52.02% -20.80% -21.18% -20.41%

Most Recent BMI- Mean (SD) 41839 31.99 7.63 312123 27.54 6.66 4.44 4.36 4.52

Low 41839 267 0.64% 312123 7492 2.40% -1.76% -1.86% -1.67%

Normal 41839 5816 13.90% 312123 112679 36.10% -22.20% -22.57% -21.83%

Overweight 41839 12586 30.08% 312123 105895 33.93% -3.85% -4.32% -3.38%

Obese 41839 23170 55.38% 312123 86057 27.57% 27.81% 27.31% 28.31%

Smoking Status:

Never 28004 11080 39.57% 219644 105626 48.09% -8.52% -9.13% -7.91%

Past 28004 11746 41.94% 219644 69179 31.50% 10.45% 9.84% 11.06%

Current 28004 5178 18.49% 219644 44839 20.41% -1.92% -2.41% -1.44%

Encounters/Visits:

# Encounters in Study-Mean (SD) 60837 18.64 23.08 650584 7.65 13.01 10.99 10.80 11.17

≥1 Encounter in Study Period 60837 55779 91.69% 650584 476410 73.23% 18.46% 18.21% 18.70%

≥1 Encounter within 2yrs 60837 53800 88.43% 650584 439212 67.51% 20.92% 20.64% 21.20%

≥1 Encounter within first year 60837 48028 78.95% 650584 359946 55.33% 23.62% 23.27% 23.96%

A1C

Missing/None Done 60837 18603 30.58% 650584 530186 81.49% -50.92% -51.29% -50.54%

Baseline A1C- Mean (SD) 42234 7.29 1.59 120398 5.62 0.36 1.67 1.65 1.68

Normal (< 7) 42234 22790 53.96% 120398 120398 100.00% -46.04% -46.51% -45.56%

High (7-7.99) 42234 9858 23.34% 120398 0 0.00% 23.34% NA NA

Very High (8-8.99) 42234 4433 10.50% 120398 0 0.00% 10.50% NA NA

Extremely High (≥ 9) 42234 5153 12.20% 120398 0 0.00% 12.20% NA NA

Deaths 60837 1482 2.44% 650584 4262 0.66% 1.78% 1.66% 1.90%

Conditions:

COPD 60837 6000 9.86% 650584 19447 2.99% 6.87% 6.63% 7.11%

Dementia 60837 2815 4.63% 650584 10369 1.59% 3.03% 2.86% 3.20%

Depression 60837 12031 19.78% 650584 85923 13.21% 6.57% 6.24% 6.90%

Diabetes Mellitus 60837 60837 100.00% 650584 0 0.00% 100.00% 100.00% 100.00%

Epilepsy 60837 692 1.14% 650584 6124 0.94% 0.20% 0.11% 0.28%

Hypertension 60837 32668 53.70% 650584 102863 15.81% 37.89% 37.48% 38.29%

Osteoarthritis 60837 13732 22.57% 650584 56966 8.76% 13.82% 13.48% 14.15%

Parkinson's Disease 60837 454 0.75% 650584 1731 0.27% 0.48% 0.41% 0.55%

DM Patients N=60,837 CPCSSN Non-DM Adults N=650,584
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Appendices 

Appendix 1: Questionnaire Mailed to Study Patients to Screen for Depression 

Validity of CPCSSN’s Depression Diagnostic Algorithm Incorporating Patient Reports 

      Patient Health Questionnaire: 
Date: |__|__|  |__|__|  |__|__| 

       MM       DD      Y Y 
 
Over the last 2 weeks, how often have you been bothered by any of the following problems?  

Please check (�) the box that best represents your response. 

 
1. Little interest or pleasure in doing things? 
 Not at all �         Several Days�         More than half the days �         Nearly every day � 
 
2. Feeling down, depressed, or hopeless? 
 Not at all �         Several Days�         More than half the days �         Nearly every day � 
 
3. Trouble falling or staying asleep, or sleeping too much? 
 Not at all �         Several Days�         More than half the days �         Nearly every day � 
 
4. Feeling tired or having little energy? 
 Not at all �         Several Days�         More than half the days �         Nearly every day � 
 
5. Poor appetite or overeating? 
 Not at all �         Several Days�         More than half the days �         Nearly every day � 
  
6. Feeling bad about yourself-or that you are a failure or have let yourself or your family down? 
 Not at all �         Several Days�         More than half the days �         Nearly every day � 

 
7. Trouble concentrating on things, such as reading the newspaper or watching television? 
 Not at all �         Several Days�         More than half the days �         Nearly every day � 
 
8. Moving or speaking so slowly that other people could have noticed? Or the opposite—being so 

fidgety or restless that you have been moving around a lot more than usual? 
 Not at all �         Several Days�         More than half the days �         Nearly every day � 
 
9. Thoughts that you would be better off dead or of hurting yourself in some way? 
 Not at all �         Several Days�         More than half the days �         Nearly every day � 
 
 If you have been bothered by any of the 9 problems listed above, please answer the following: 
 How difficult have these problems made it for you to do your work, take care of things at home, 

or get along with other people? 
 Not difficult at all �         Somewhat Difficult�         Very Difficult�         Extremely Difficult� 
 

Have you ever in your lifetime been diagnosed with depression by a health care professional? 
Yes �  No� 

 
Thank you for taking the time to complete this survey  
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  Appendix 2: Eastern Ontario Network Physician Recruitment Letter 
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Appendix 3: Family Physician Consent 
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Appendix 6: Family Physician Assessment Form 

 

 
“Validity of CPCSSN’s Depression Diagnostic Algorithm Incorporating 

Patient Reports” 

 
Family Physician Depression Assessment Form: 

 
 

1. Patient’s EMR ID #: ________________________ 
 
 

2. I have review this patient’s PHQ-9 responses: 
 
Score________ / 27    Date Reviewed: |__|__|  |__|__|  |__|__| 
                                          MM       DD      Y Y 

 
                                                                      
3. I believe at this time this patient has: 

 
 

�Depression*  �Possible Depression*  �No evidence of Depression 
 

*If the patient is “Depressed” or “Possibly Depressed”, the symptoms from the PHQ-9: 
 

�Had already come to my attention  �Were new information for me  
 
 

4. This patient ‘s lifetime history includes: 
 

 
5. �Depression  �Possible Depression  �No evidence of Depression 
 
--------------------------------------------------------------------------------------------------------------------------------------- 
Please Note:  It is not necessary to contact every patient as many are asymptomatic (<5/27) and not likely 
depressed.  Unless there is some additional information suggesting otherwise, please simply indicate “No 
evidence of Depression” and no further follow-up is expected.  For most patients the form should take only a 
minute or so to complete. 
 
For borderline patients (5-9/27) it is up to your clinical discretion if you think any contact with the patient is 
warranted.   There is also an option for “Possible Depression” if patients are not interested in discussing issues 
any further.  For patients >9/27 we do suggest they are contacted to determine their current depression status.  
 
Also, if a patient that indicates that “they wish they were dead or want to hurt themselves in some way” a copy 
of the patient’s PHQ-9 will be forwarded to the FP/Nurse right away to be handled in your standard practice. 

 
Thank you for taking the time to complete this form. 


