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Preface 

In the last decades, a lot of research has been conducted investigating the associations between 

psychiatric disorders and type 2 diabetes, and overall, there seems to be an increased prevalence and 

incidence of type 2 diabetes in people with a psychiatric disorder. However, an overview of the 

existing knowledge is currently lacking. We need to learn whether the associations between 

psychiatric disorders and type 2 diabetes are similar across the different psychiatric disorders or 

whether the association is different or stronger for some specific psychiatric disorders. Additionally, 

more knowledge on age-specific differences is needed. Unfortunately, an overview of the existing 

literature is not sufficient when aiming to improve preventions initiatives and treatment 

opportunities for people with a psychiatric disorder. To be able to guide the development of new 

interventions, we also need more knowledge regarding the potential mechanisms explaining the 

associations between psychiatric disorders and the development of type 2 diabetes. If we can add to 

our understanding regarding the key mechanisms, we could develop successful interventions that 

will prevent the development of type 2 diabetes. Only by doing so, we can in the end hopefully 

succeed in lowering the increased mortality rates in people with a psychiatric disorder.  

This PhD thesis provides an overview of existing literature on the prevalence and the incidence of 

type 2 diabetes in people with a psychiatric disorder and describes two new cohort studies based on 

data from the Danish national registries to 1) test whether people with a psychiatric disorder are at 

increased risk of developing type 2 diabetes and 2) in case of such an association, explore mediating 

mechanisms explaining the association.  

Our specific research questions were: 

1. Do people with a psychiatric disorder have an increased risk of having and/or developing 

type 2 diabetes? 

2. Which mediating mechanisms may explain the associations between psychiatric disorders 

and incident type 2 diabetes? 

 

Structure of the thesis 

To answer these research questions, this PhD thesis consists of four sub-studies including a total of 

6 scientific papers. Sub-studies 1-3 answer research question 1, whereas sub-study 4 answers 

research question 2. In sub-study 1 we investigated the prevalence of type 2 diabetes in people with 
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a psychiatric disorder by conducting an umbrella review and performing a meta-analysis based on 

data from primary studies (Paper 1 and Paper 2). In sub-study 2 we conducted an umbrella review to 

explore the associations between psychiatric disorders and incident type 2 diabetes (Paper 3 and 

Paper 4). In sub-study 3 we used nationwide, register data to conduct a cohort study with more than 

5,000,000 Danes to investigate the incidence of type 2 diabetes for ten different categories of 

psychiatric disorders and compare this to a control group without a psychiatric disorder (Paper 5). 

Finally, in sub-study 4 we linked data from a national survey and the Danish registries to conduct 

mediation analyses, exploring mediating mechanisms that may explain the associations between 

different categories of psychiatric disorders and incident type 2 diabetes (Paper 6).     
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Summary 

Psychiatric disorders are common in the general population with about one out of three to develop a 

psychiatric disorder during their lifetime. Psychiatric disorders can substantially impair quality of 

life and are associated with two to three times higher mortality rates. High comorbidity of somatic 

disorders in people with psychiatric disorders has been suggested as the main explanation for these 

elevated mortality rates. In the last three decades, many researchers have investigated the 

prevalence as well as the incidence of type 2 diabetes in people with a psychiatric disorder. 

However, a comprehensive overview of this literature is currently lacking. A systematic summary 

of the existing evidence can provide knowledge and insight which can form a starting point for 

future suggestions for optimizing new prevention and treatment initiatives of this vulnerable 

population. However, to be able to optimize our services to this population, more knowledge is 

needed regarding mediators explaining the associations between psychiatric disorders and type 2 

diabetes.  

The aim of this PhD thesis was to provide an overview of the prevalence and the incidence of type 2 

diabetes in people with a psychiatric disorder and to explore mediating mechanisms explaining the 

associations. The thesis consists of four sub-studies containing six papers.  

Sub-study 1: Umbrella review: prevalence of type 2 diabetes in people with a psychiatric 

disorder. Previous research has investigated the prevalence of type 2 diabetes in people with a 

psychiatric disorder, but an overview of the literature is currently lacking. In our umbrella review, 

we summarized findings from existing systematic reviews and additionally, we conducted meta-

analyses to investigate the prevalence estimates of type 2 diabetes for each investigated psychiatric 

disorders. Based on 32 systematic reviews and 245 primary studies, we estimated type 2 diabetes 

prevalence estimates ranging from 8% to 40% for ten different psychiatric disorders. The findings 

suggest a generally increased prevalence of type 2 diabetes in people with a psychiatric disorder 

compared to people without. (Sub-study 1 consists of two papers: a protocol paper and an umbrella 

review). 

Sub-study 2: Umbrella review: incidence of type 2 diabetes in people with a psychiatric 

disorder. To provide an overview of the existing literature, we conducted an umbrella review 

exploring the incidence of type 2 diabetes in people with a psychiatric disorder. A total of 25 

systematic reviews were identified reporting the incidence of type 2 diabetes in six different 

categories of psychiatric disorders. Across all investigated psychiatric disorders, increased risk of 
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type 2 diabetes was reported ranging from relative risk (RR) 1.18 (95% CI 1.12-1.24) to odds ratio 

(OR) 1.94 (95% CI 1.34-2.80). However, more knowledge of potential mediating mechanisms 

explaining these associations was needed. (Sub-study 2 consists of two papers: a protocol paper and 

an umbrella review). 

Sub-study 3: Nationwide, register-based cohort study investigating the incidence of type 2 

diabetes in people with a psychiatric disorder. We conducted a nationwide, register-based, 

dynamic cohort study to investigate the incidence rate ratios (IRR) and age-specific incidence rates 

in people with a psychiatric disorder, compared to people without a psychiatric disorder. Using data 

from 1995 to 2018, we followed more than 5,000,000 Danish adults. We investigated ten different 

categories of psychiatric disorders as well as a composite category (containing any psychiatric 

disorder) as exposures and defined our outcome as incident type 2 diabetes. Across all psychiatric 

disorders, we found that the incidence of type 2 diabetes was higher in people with a psychiatric 

disorder, compared to those without a psychiatric disorder ranging from IRR 1.52 (1.19-1.31) to 

3.08 (2.14-4.44) pending on the specific psychiatric disorders. Further, the biggest difference in 

incidence rates was seen in the younger population. (Sub-study 3 consists of one paper). 

Sub-study 4: A mediation analysis exploring potential mediating mechanisms explaining the 

associations between psychiatric disorders and incident type 2 diabetes. More knowledge on 

potential mediating mechanisms explaining the increased incidence of type 2 diabetes in people 

with a psychiatric disorder is warranted. In a longitudinal cohort study, we followed more than 

250,000 people for up to 8.9 years. We explored to what extent potential mediating mechanisms 

explained the associations between a broad spectrum of psychiatric disorders and incident type 2 

diabetes. In most of the investigated psychiatric disorders (substance use disorders, schizophrenia, 

mood disorders, neurotic disorders, and personality disorder) a statistically significant increased risk 

of incident type 2 diabetes was detected. For these psychiatric disorders, we found that most of the 

investigated mediators (except from unhealthy diet and somatic comorbidity) partially explained the 

associations and that the use of antidepressant medication contributed the most (13%-32% pending 

on the specific psychiatric disorder). (Sub-study 4 consists of one paper). 

In this PhD thesis, the results from the sub-studies will be discussed in relation to existing 

knowledge, methodological challenges, and limitations. Likewise, clinical implications and future 

research were also discussed.  



 9 

Resume (Danish) 

Næsten hvert tredje menneske udvikler psykisk sygdom i løbet af deres liv. Personer med psykisk 

sygdom har ofte lavere livskvalitet sammenlignet med personer uden psykisk sygdom og dør i 

gennemsnit 10-15 år tidligere. Personer med psykisk sygdom dør oftere i forbindelse med selvmord 

og ulykker, men den øgede dødelighed kan særligt forklares ud fra høj komorbiditet af somatiske 

lidelser, herunder i særdeleshed hjertekarsygdomme og type 2 diabetes.  

I de seneste årtier har forskere undersøgt sammenhængen mellem psykisk sygdom og type 2 

diabetes, men et samlet overblik over den nuværende litteratur mangler, ligesom at der fortsat er 

behov for mere viden omkring hvilke potentielle mekanismer, som kan forklare sammenhængen. 

Formålet med denne PhD afhandling er at skabe et overblik over prævalensen og incidensen af type 

2 diabetes blandt personer med psykisk sygdom sammenlignet med personer uden psykisk sygdom, 

samt afdække potentielle medierende mekanismer som kan forklare sammenhængen. PhD 

afhandlingen består af fire delstudier, fordelt på seks artikler, som i det følgende vil blive 

præsenteret. 

Delstudie 1: Overbliksartikel om prævalensen af type 2 diabetes blandt personer med psykisk 

sygdom. Tidligeres studier har undersøgt prævalensen af type 2 diabetes blandt personer med 

psykisk sygdom, men et overblik over disse studier mangler fortsat. I en overbliksartikel 

opsummerer vi fundene, og for hver psykisk sygdom estimerer vi prævalensen af type 2 diabetes. I 

vores oversigtsartikel finder vi 32 systematiske reviews baseret på 245 primære studier, og vi 

estimerer prævalens rater på mellem 8% til 40% på tværs af personer med 10 forskellige kategorier 

af psykisk sygdom. Delstudie 1 består af to artikler; en protokolartikel og en oversigtsartikel. 

Delstudie 2: Overbliksartikel om incidensen af type 2 diabetes blandt personer med psykisk 

sygdom. Vi ønsker at skabe et overblik over eksisterende studier, som har undersøgt incidensen af 

type 2 diabetes blandt personer med psykisk sygdom. Vi identificerede 25 systematiske reviews, 

som rapporterede incidensen af type 2 diabetes blandt personer med psykisk sygdom. Vi 

identificerede seks forskellige kategorier af psykiske sygdom, som var blevet undersøgt. På tværs af 

disse sås en øget incidens af type 2 diabetes sammenlignet med personer uden psykisk sygdom 

varierende fra RR 1.18 (95% CI 1.12-1.24) til OR 1.94 (95% CI 1.34-2.80). Det blev dog 

fremhævet i de identificerede artikler, at mere viden om potentielle mekanismer, som kan forklare 



 10 

sammenhængen mellem psykisk sygdom og type 2 diabetes, fortsat mangler. Delstudie 2 består af 

to artikler; en protokolartikel og en oversigtsartikel. 

Delstudie 3: Landsdækkende, registerbaseret studie, som undersøger incidensen af type 2 

diabetes blandt personer med psykisk sygdom. I et landsdækkende, registerbaseret studie følger 

vi mere end 5.000.000 danskere (≥18 år) i perioden fra 1995-2018. I studiet undersøger vi 10 

forskellige kategorier af psykiske sygdomme og en overordnet kategori (enhver psykisk sygdom). 

Vi ønsker at sammenligne incidens-rate af type 2 diabetes blandt personer med psykisk sygdom 

sammenlignet med incidens-rate for personer uden psykisk sygdom. Ligeledes undersøger vi den 

aldersspecifikke incidens-rate for personer hhv. med og uden psykisk sygdom. På tværs af samtlige 

kategorier af psykiske sygdom finder vi en øget incidens af type 2 diabetes blandt personer med 

psykisk sygdom sammenlignet med personer uden psykisk sygdom varierende fra (IRR) 1.52 (1.19-

1.31) to 3.08 (2.14-4.44) afhængigt af den specifikke psykiske sygdom. Samtidigt ser vi, at 

incidensen af type 2 diabetes er markant højere blandt personer med psykisk sygdom i den yngre 

del af populationen (<50 år). Delstudie 3 består af én artikel. 

Delstudie 4: Undersøgelse af potentielle medierende mekanismer som forklarer 

sammenhængen mellem psykisk sygdom og type 2 diabetes. Der er behov for yderligere viden 

om potentielle medierende mekanismer, som kan forklare sammenhængen mellem psykisk sygdom 

og type 2 diabetes. I et longitudinelt kohorte studie følger vi mere end 250.000 danskere i op til 8,9 

år. Vi ser på sammenhængen mellem 10 forskellige psykiske sygdomme og incidens type 2 diabetes 

og undersøger hvorledes 10 potentielle medierende faktorer kan forklare sammenhængen. For 6 

kategorier af psykisk sygdom (stofmisbrug, skizofreni, affektive lidelser, neurotiske lidelser, 

spiseforstyrrelser, og personlighedsforstyrrelser) ser vi en statistisk signifikant øget risiko for 

udvikling af type 2 diabetes. Vi ser på tværs af de psykiske sygdomme, at de fleste undersøgte 

medierende faktorer kan være med til at forklare sammenhængen (med undtagelse af usunde 

kostvaner og somatisk komorbiditet), men at forbrug af antidepressiv medicin spiller en særlig stor 

rolle (13.3%-32.1% afhængigt af den specifikke psykiske sygdom). Delstudie 4 består af én artikel. 

I afhandlingen diskuteres delstudierne i relation til eksisterende viden, deres metodiske 

begrænsninger, kliniske implikationer samt fremtidig forskning.  
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1. Background 

In 1879, Sir Henry Maudsley wrote:  

“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.” (Sir Henry Maudsley, The 

Pathology of Mind)(1). 

 

In this PhD thesis, we will investigate Sir Henry Maudsley´s hypotheses and explore the 

associations between psychiatric disorders and type 2 diabetes. We will not be able to give a 

definite answer regarding the associations and underlying mechanisms between psychiatric 

disorders and type 2 diabetes, but the goal is to deliver an important contribution to the literature 

with an overview of existing knowledge as well as contributing with more pieces to the puzzle in 

the process of understanding these complex associations. In the following sections, definitions of 

psychiatric disorders and type 2 diabetes will be provided as well as a descriptive overview of the 

occurrence of the different disorders. Thereafter, a summary regarding the current knowledge of the 

associations between psychiatric disorders and type 2 diabetes is provided as well as a theoretical 

description of potential underlying mechanisms.    

 

1.1 Psychiatric disorders in the general population 

Psychiatric disorders are common in the general population, with about one out of three to develop 

a psychiatric disorder during their lifetime (29.2% (95% CI: 25.9-32.6%)) (2). In a recent large-

scale meta-analysis of 192 epidemiological studies from 2021, it was shown that the majority of 

psychiatric disorders have their onset in late adolescence and early adulthood (3). To ensure optimal 

treatment and minimize the risk for long-term consequences, early detection and categorization of 

psychiatric disorders are needed (3). Different, but largely overlapping classification systems have 

been developed for the diagnosis of psychiatric disorders. The World Health Organization (WHO) 

has developed the International Classification of Diseases (ICD) (4). The ICD has been 

continuously updated, and since 1995, ICD 10th version has been applied (subchapter F) (4). From 1 

of January 2022 a revised version of ICD (ICD-11) will be fully implemented in Denmark (5). 
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Another classification system has been developed in the United States by the American Psychiatric 

Association, named the Diagnostic and Statistical Manual of Mental Disorders (DSM) (6). Similar 

to the ICD, there have been continuously updated versions of the DSM, and the latest version DSM-

5 was introduced in 2013 (7).  

In Denmark the ICD has been used in clinical work, meaning that all diagnoses from e.g., hospitals 

and general practitioner is in according to the ICD. However, on some occasions, the DSM has been 

used in relation to research-related projects. When working in a field including different 

classification systems, it is important to be aware of the differences between the systems. In brief, 

there is a big overlap between the two classification systems (ICD and DSM) as well as the 

previous versions of the classifications systems. Based on more new clinical knowledge and 

updated research, new diagnoses are included in the systems, and existing diagnoses are altered or 

excluded. Again, the categorization of some psychiatric disorders can differ between the diagnostic 

systems. For example, in DSM-5 binge eating disorder is treated as a separate diagnosis in the 

subcategory of eating disorders, whereas that specific disorder is not described in ICD-10. Finally, 

in the latest version of DSM (DSM-5) a paradigm shift has been introduced in an attempt to view 

psychiatric disorders in a more dimensional approach ranging from normal to abnormal behaviors 

rather than the more categorical categorization introduced in ICD and earlier versions of the DSM 

(8).  One of the purposes of the dimensional approach is to provide the clinician with more 

information on the patient, and this paradigm shift may therefore potentially have high importance 

to future treatment planning and prognosis (8).  

In a recent systematic review and meta-analysis from 2019 (9), it was questioned whether the global 

prevalence rate of psychiatric disorders in adults was increasing. Across 42 studies, published 

between 1978 and 2015, only a small increase in the prevalence of psychiatric disorders in adults 

was detected OR 1.18 (95% CI: 1.07-1.31), and these findings were mainly explained by 

demographic changes (9), such as population aging (10). Despite only a small increase in the global 

prevalence, psychiatric disorders within the society are a considerable burden worldwide, whereas 

psychiatric disorders are identified as the leading cause of disability in a global perspective and 

account for 21% of the global burden of diseases (11). Even though the change in prevalence of 

psychiatric disorders has only been small within the last decades (9), the use of psychotropic 

medication has doubled within a period of 15 years (10), and likewise, we see an increase in the use 

of health care services (20-33%) within this field (10). It has been questioned whether the increased 

prevalence rate, which has occurred despite the increase in use of medication and health care 
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services, should be seen as a sign of a treatment gap – either in quantity or quality, pointing towards 

even more focus on these vulnerable populations (10). Continually prioritizing of prevention and 

treatment of psychiatric disorders is highly needed: both for the sake of the individual and the 

burden of society. 

 

1.1.1 Life expectancy in people with a psychiatric disorder 

Living with a psychiatric disorder can have major consequences for the individual. People with a 

psychiatric disorder often experience substantially impaired quality of life (12). Moreover, people 

with a psychiatric disorder have higher mortality rates equal to a reduced life expectancy of 10-20 

years compared to people without a psychiatric disorder (13; 14). Previous research has mainly 

focused on the increased mortality rates in people with schizophrenia (15-17), but recently, 

nationwide register-based studies from Denmark have revealed elevated mortality rates across a 

broad spectrum of psychiatric disorders (18; 19). The elevated mortality rates in people with a 

diagnosed psychiatric disorder may be explained by a range of different reasons. People with a 

psychiatric disorder more often die from unnatural causes of death, such as accidents and suicides 

(14; 16), but a major explanation for the increased mortality rates is the increased risk to develop 

comorbid somatic disorders , such as type 2 diabetes (13). An understanding of associations 

between psychiatric disorders and these somatic disorders is needed when aiming for minimizing 

mortality rates differences.    

 

1.2 Type 2 diabetes – a global epidemic?  

Diabetes mellitus is a metabolic condition characterized by hyperglycemia which is a higher-than-

normal level of blood glucose (20). There are different sub-types of diabetes mellitus, and the most 

common form of diabetes is type 2 diabetes (21). In type 2 diabetes hyperglycemia is caused by a 

diminished response to insulin in peripheral target tissues in the body combined with a relatively 

reduced insulin secretion from the pancreas (20). The development of type 2 diabetes is an 

interaction between multiple factors including genetic predisposition, demographic factors (such as 

ethnicity), and health behaviors (such as low physical activity and an unhealthy diet) (20; 22) (see 

Figure 1 for illustration). Hyperglycemia develops gradually, which increases the risk of people 

having type 2 diabetes for several years before detecting the disorder and initiating treatment (20). 

The onset of type 2 diabetes is most often in middle-aged to older adults (23; 24). However, within 

the last decade, there has been an increase in the number of diagnoses of type 2 diabetes in 
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adolescents and young adults (24; 25), which potentially can be explained due to earlier screening 

and thereby earlier detection of otherwise undiagnosed type 2 diabetes.  

 

Figure 1 Risk factors for the development of type 2 diabetes 

 

 

Within the last decades, the prevalence of type 2 diabetes has raised worldwide (21; 22) now 

reaching pandemic levels (26). Currently, the global prevalence rate of type 2 diabetes is estimated 

to be between 6.3% to 9.3% (24; 27; 28), depending on the definition and whether to include 

undiagnosed diabetes. In this PhD thesis, type 2 diabetes refer to diagnosed type 2 diabetes unless 

otherwise specified. Research has found solid evidence for a correlation between type 2 diabetes 

prevalence and economic development (27). Within the next 20 years, a further increase in the 

prevalence of type 2 diabetes is therefore expected due to economic development, especially within 

Africa and different islands in the Pacific Ocean (27; 28). The epidemic of type 2 diabetes 

worldwide has contributed to a massive global focus on potential prevention and treatment 



 15 

initiatives including diet changes, increased physical exercise, and adequate medication use as well 

as social support (22; 26). However, more focus is currently needed especially on specific 

vulnerable populations, for example people with a psychiatric disorder, who are often excluded 

from traditional diabetes prevention studies (29; 30). Thus, more knowledge is required regarding 

how best to prevent and treat type 2 diabetes within these vulnerable populations.  

 

1.3 Type 2 diabetes in people with a psychiatric disorder; a need to understand potential 

mediating mechanisms 

As previously described, the increased mortality rate in people with a psychiatric disorder is partly 

explained by comorbid somatic disorders (13), such as type 2 diabetes. These findings are aligned 

with the increased prevalence and incidence of type 2 diabetes that has been identified within 

populations with different types of psychiatric disorders (31-35). However, an overview of these 

existing studies is needed to be able to summarize the current knowledge, compare these findings 

with prevalence estimates from the general population, and hopefully describe some overall 

tendencies of the occurrence of type 2 diabetes in people with a psychiatric disorder.  

If we want to minimize the development of type 2 diabetes in people with a psychiatric disorder, a 

better understanding of potential mediating mechanisms is needed. Within the last decade, there 

have been theoretical discussions of potential mediating mechanisms and their roles. As an 

example, Holt & Mitchell have developed a theory-based figure illustrating how common 

antecedents and health behaviors might impact the association between psychiatric disorder and 

incident type 2 diabetes (Figure 2). It is hypothesized that people with a psychiatric disorder more 

often have unhealthy health behaviors, which can result in obesity and thereby either directly or 

indirectly increase the risk of development of type 2 diabetes.  



 16 

Figure 2 Theory-based figure of antecedents and health behaviors impacting the association between 

psychiatric disorder and incident type 2 diabetes 

 

(The figure is slightly adjusted, and the original version can be found in: Holt RIG. & Mitchell AJ. 

Diabetes mellitus and severe mental illness: mechanisms and clinical implications. 2015. Nature 

Reviews Endocrinology. 11: 79–89.) 

 

However, much more work is needed to understand these potential mechanisms, their role, and how 

they might affect each other. Previous research has mainly focused on people with severe mental 

illness, and more knowledge of other types of psychiatric disorders is needed. Additionally, most of 

the previous research has focused on a single potential mediating mechanism. A better 

understanding of multiple potential mechanisms and their interactions is needed.    

 

1.4 The aim of this PhD thesis 

In the long term, we want to make sure that people with a psychiatric disorder live longer, with a 

better health and improved quality of life. We need to find ways to prevent that this group more 

often develops type 2 diabetes. To be able to achieve this goal, we need more detailed information 

about the exact size of the problem. This can be obtained by providing an overview of the existing 

literature describing the prevalence and incidence of type 2 diabetes in people with a psychiatric 
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disorder. We need to learn more about the expected associations: what characterizes these 

associations and also which potential mechanisms may explain the associations. 

We therefore aimed to answer the following two research questions: 

1. Do people with a psychiatric disorder have an increased risk of having and developing type 

2 diabetes? 

2. Which mediating mechanisms may explain the associations between psychiatric disorders 

and incident type 2 diabetes? 
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2. Methods 

In order to answer the different research questions, multiple methodologies were applied within this 

PhD thesis. The applied methods can be categorized into three categories: 1) methods for 

conducting a systematic review of systematic reviews (umbrella reviews), 2) methods for analyzing 

longitudinal data from a register-based cohort study to investigate incidence rates, and 3) statistical 

methods for conducting mediation analysis. In this methods section, first we describe the 

methodology of conducting umbrella reviews including the specific methods used in sub-study 1 

and sub-study 2. Then we will describe the general methodology when conducting a register-based 

cohort study and introduce the specific methods applied within sub-study 3 (to investigate incidence 

rates) and sub-study 4 (to conduct mediation analyses).   

 

2.1 Methodology of umbrella reviews with and without meta-analyses 

“Umbrella review” is a term that is used to describe an overview of existing reviews. In different 

settings, umbrella reviews have been named “overview of reviews”, “review of reviews”, and 

“systematic review of systematic reviews” (36). In this PhD thesis the concept umbrella review 

refers to a systematic review of systematic reviews. According to this definition, it is not predefined 

whether an umbrella review includes a meta-analysis of the existing data. The decision whether or 

not to include a meta-analysis of existing data within an umbrella review often depends on the 

nature, amount, and quality of the existing data. In the following sections, both an umbrella review 

with and an umbrella review without meta-analyzed data will be presented.    

When conducting an umbrella review, the importance of registering a protocol for review prior to 

completion has been emphasized, especially within the last decade. The rationale for registering a 

protocol for an umbrella review is similar to the rational for registering other types of systematic 

reviews. Overall, the objective of registering protocols for systematic reviews has been to reduce 

unplanned duplication of reviews as well as provide transparency in the review process and thereby 

minimizing potential bias. An umbrella review can be registered in different ways. PROSPERO is 

an international database of registered systematic reviews in health and social care (37). 

Furthermore, PROSPERO is for free and encourages researchers to register the systematic review 

before initiating the formal screening process (37). In multiple journals, it is now a requirement to 

have preregistered the systematic review to be able to publish within the journal. Registering a 

systematic review is considered as good research practice, and in line with this, there has been an 
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increasing tendency to also publish a protocol prior to conducting a randomized controlled trial or a 

systematic review. Publication of study protocols has previously been common within the field of 

intervention studies, but the tendency has spread to other research methodologies and may now be 

seen as an expansion of the information registered in e.g., PROSPERO. One of the major strengths 

when publishing a protocol of a systematic review is that it provides a predefined plan and thus 

minimize potential bias when conducting the review. 

 In the initial process of planning an umbrella review, specific steps must be considered before 

registering and or publication of a protocol. In an umbrella review the following elements of 

methodology are typically included (Figure 3):  
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Figure 3 Elements within the methodology of conducting umbrella reviews 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the following sections, the different elements of the umbrella reviews conducted in sub-study 1 

and sub-study 2 are presented. A more detailed description of the methods can be found in the 

published papers (Appendix 1-4). 

- Registration in PROSPERO 

- Publication of protocol 

- Development of search string 

- Searches in multiple electronic databases 

and additional sources 

- Combination of searches and removal of 

duplicates 

- Screening on title and abstract level 

- Screening on full-text level 

- Screening of reference lists 

- Data extraction (from systematic reviews and 

potentially from primary studies) 

- Narrative synthesis 

- Meta-analysis 

- Assessment of methodological quality and 

risk of bias 
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2.1.1 Sub-study 1: Umbrella review into the prevalence of diabetes in people with a psychiatric 

disorder (paper 1 and paper 2) 

Initially, the umbrella review was registered in PROSPERO (registration number: 

CRD42020159870), and a protocol describing the planned review was published in Systematic 

Reviews (38).  

Search strategy and screening process 

In January 2021, we searched the following electronic databases: EMBASE, PsycINFO, PubMed, 

and Cochrane Database of Systematic Reviews, from inception to January 2021. To be sure to 

include all relevant references, we developed a search string consisting of four domains: 1) 

psychiatric disorders, 2) prevalence, 3) diabetes, and 4) systematic reviews (see Figure 4). The 

search string included both MeSH terms and Boolean Logic operators. Search terms within each 

domain were combined with an “OR” and the different domains were combined with “AND”.  

 

Figure 4 Illustration of the four domains included within the search string in sub-study 1 

 

 

 

 

 

In this umbrella review, two independent reviewers conducted the screening process, and we only 

included publications fulfilling the following eligibility criteria: 1) a systematic review, 2) 

investigating an adult population with at least one psychiatric disorders, 3) a measure of the 

prevalence of type 2 diabetes, and 4) language should be either English, Dutch, German, or a 

Scandinavian language.  

In multiple quality assessments tools, it is recommended that eligibility criteria are not defined 

based solely on language limitations (39; 40). However, due to limited resources and no opportunity 

to translate papers written in language not readable for any of the co-authors, we decided to include 

eligibility criteria 4. We acknowledge that this decision is a limitation of the umbrella review and 

that it potentially may have excluded relevant publications from our umbrella review.  

Psychiatric 

disorder 
Prevalence Diabetes 

Systematic 

review + + + 
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Data extraction, risk of bias assessment, and data-synthesis 

In this umbrella review, we conducted a narrative synthesis based on all identified systematic 

reviews as well as meta-analyses based on data from the primary studies included within the 

identified systematic reviews. To be able to extract the relevant information we needed to extract it 

from different levels. From all included systematic reviews, two independent reviewers extracted 

relevant information predefined in the published protocol. Furthermore, information regarding the 

number of participants and prevalent type 2 diabetes were extracted from all primary studies 

included within the systematic reviews. For each of the included systematic reviews, two 

independent reviewers assessed the risk of bias with the Risk of Bias in Systematic Reviews 

(ROBIS) tool (39). In ROBIS four domains are evaluated which may introduce bias into a 

systematic review. The four domains are: 1) study eligibility criteria, 2) identification and selection 

of studies, 3) data collection and study appraisal, and 4) synthesis and findings. For all included 

systematic reviews, each of the four domains were assessed as having either high, low, or unclear 

risk of bias. 

A narrative synthesis of existing systematic reviews was conducted divided into the different 

categories of psychiatric disorders identified through the search. Based on data from the primary 

studies included in the systematic reviews, we meta-analyzed type 2 prevalence estimates in people 

with a psychiatric disorder. A meta-analysis was conducted for each of the identified categories of 

psychiatric disorders. To estimate the type 2 prevalence, we used random effect models and used 

double arcsine transformations and the inverse variance methods to stabilize the variance (41). I2 

metrics were used to evaluate between-study heterogeneity (42; 43). As a deviation from the 

published protocol (38), we used the Doi plot and Luis Furuya-Kanamori index (LFK index) to 

assess potential publication bias (44), as sensitivity issues have been raised in relation to Egger´s 

test (44; 45), which we originally had planned to use.      

 

2.1.2 Sub-study 2: Umbrella review into the incidence of diabetes in people with a psychiatric 

disorder (paper 3 and paper 4) 

In 2018, the umbrella review was registered to PROSPERO (registration number: 

CRD42018096362), and in 2019 a protocol was published in BMJ Open (46).  
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Search strategy and screening process 

In March 2021, we searched in the following four databases (EMBASE, PsycINFO, PubMed, and 

Cochrane Database of Systematic Reviews) from their inception until March 2021. A 

comprehensive search string was developed in collaboration with a librarian and was designed to 

include three different domains: 1) psychiatric disorders, 2) diabetes, and 3) systematic reviews (see 

Figure 5). Similar to sub-study 1, MeSH terms and Boolean Logic operators were used to create the 

search string, whereas search terms within the domains were combined with “OR”, and the domains 

were combined with “AND”. 

 

Figure 5 Illustration of the three domains included within the search string in sub-study 2 

 

 

 

 

 

As we only wanted to include systematic reviews of observational, longitudinal studies in adult 

humans, the following five eligibility criteria were set: 1) a systematic review, 2) the included 

primary studies must be observational and longitudinal focusing on adult humans, and results based 

on longitudinal must be included, 3) must focus on at least one psychiatric disorder as risk factor for 

incident type 2 diabetes, and the psychiatric disorder must be measured at baseline, 4) type 2 

diabetes must be an outcome, and 5) at least one control group without a psychiatric disorder must 

be included.  

In contrary to sub-study 1, we had the opportunity to avoid any language restrictions in this 

umbrella review. Two independent reviewers conducted the screening process. 

Data extraction, quality assessment, and data-synthesis 

Two independent reviewers extracted data based on a predefined data extraction form, see the 

protocol for details (46). A narrative synthesis of the identified systematic reviews was provided. 

Originally, we planned to conduct a second-order meta-analysis for each of the psychiatric disorders 

identified as risk factors within the umbrella review. In a second-order meta-analysis, an overall 
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summary estimation of the relative risk of type 2 diabetes is calculated based on all systematic 

reviews with meta-analysis. However, due to a large overlap in the primary studies included within 

the systematic reviews, it was not possible to conduct second order meta-analysis for the identified 

psychiatric disorders. Instead, we therefore provided a forest plot illustrating the OR and RR which 

had been reported in systematic reviews with meta-analyses. Further, an illustration summarizing 

the identified mediating mechanisms was provided. 

In the initial registration in PROSPERO, we described that two independent reviewers would use A 

MeaSurement Tool to Assess systematic Reviews (AMSTAR) 2 to assess methodological quality 

and ROBIS for assessing risk of bias. However, when getting more familiar with the different 

assessment tools we realized that another version of the AMSTAR tool was more sufficient (40; 47; 

48), and two independent reviewers therefore used this assessment tool, which was also described in 

the published protocol (46). The AMSTAR tool consists of 11-items that assess different aspects of 

the methodological quality. For each included systematic review, an overall score was calculated 

based on summarizing scores from all 11-items. An overall score at 0-3 was defined as “low 

methodological quality”, 4-7 as “medium methodological quality”, and 8-11 as high methodological 

quality”.   

 

2.2 Methodological aspects of conducting a register-based cohort study 

In the Nordic countries, there is a long tradition of collecting information on the individual level 

regarding birth, death, social conditions, and medical conditions (49). Also in Denmark, the 

continuous collection of information for individuals is integrated within the structure of Danish 

society. In Denmark, all this information is collected and stored in the Danish registries offering 

great opportunities for large epidemiological studies and at the same time the opportunity to respect 

the privacy of Danish citizens (49). All people with a permanent residence in Denmark are assigned 

a unique, personal registration number (CPR-number) at birth or immigration (49; 50). The unique 

CPR-number for all people in Denmark can be used to combine data from different Danish 

registries and if needed combine with e.g., survey-based data.  

Working on data from the Danish registries requires approval by the Danish Data Protection 

Agency and authorization to data access is granted by the Danish National Health Data Authority 

ensuring correct handling of data respecting all citizen’s confidentiality. For studies solely based on 

register data, informed consent is not required according to Danish law. 
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When using data from the Danish registries, it gives a unique opportunity to follow a large 

population-based sample over a long time period. Most of the Danish registries go back for several 

decades (49). For example, the cause of death has been collected since 1875 (51). For psychiatric 

disorders, the Danish Psychiatric Central Register started to register back in 1970 (52), and for 

medical conditions, the National Patient Register started to register back in 1977 (53). When using 

data from the Danish registries, it is important to have in mind the potential changes that have 

happened in society and thus potentially affected the data within the registries. For instance, despite 

that the National Patient Register was established in 1977, the current diagnosis system in Denmark, 

the ICD-10 was not introduced before 1995. Therefore, any diagnoses in the National Patient 

Register prior to 1995 must be based on an earlier diagnosis classification system.   

In this PhD thesis, psychiatric disorders were defined based on ICD-10 diagnosis codes when using 

data from the Danish registries (sub-study 3 and sub-study 4). Therefore, per definition, psychiatric 

disorders could not be measured prior to 1995.  

In the following sections, the methodological aspects of sub-study 3 focusing on incidence rates of 

type 2 diabetes in people with a psychiatric disorder, and sub-study 4 focusing on mediation 

analyses explaining associations between psychiatric disorders and incident type 2 diabetes, will be 

presented.  

 

2.2.1 Sub-study 3: Nationwide register-based cohort study (paper 5) 

To investigate the associations between psychiatric disorders and incident type 2 diabetes in the 

entire adult Danish population, we conducted a nationwide, register-based, dynamic cohort study. 

The cohort was defined as all adult Danes (≥18 years), and we followed the cohort from 01.01.1995 

until 31.12.2018 (end of study period). Due to the dynamic cohort design, study entry was defined 

as 01.01.1995 or when the participant turned 18 years old, whichever came later. 

Outcome, exposures, and co-variables 

The outcome in our analyses was incident type 2 diabetes, and therefore we excluded all 

participants with known diabetes prior to study entry. Type 2 diabetes was defined based on a 

nationwide diabetes register (54) using data from multiple Danish health care registers including the 

National Patient Register (53), the National Prescription Register (55), the National Health Services 

Register (56), the DiaBase (57), and the Danish Adult Diabetes Database (58). A detailed 
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description of the nationwide diabetes register can be foundelsew here (54), but in short, diabetes 

was defined based on the following inclusion criteria, whichever happened first: 

1) First diagnosis of diabetes treated within the hospital (ICD-10: diagnosis code E10, E11) in 

the National Patient register (53) 

2) First data of purchase any glucose-lowering medication (ATC code A10*) (55) 

3) First use of podiatry for patients with diabetes in the National Health Services Register (56) 

4) Earliest data of eye examination in the DiaBase (57) 

5) Earliest date of diagnosis in the Danish Adult Diabetes Database (58) 

Due to the detailed information extracted from these registries, the nationwide diabetes register has 

sufficient information to distinguish diabetes into respectively type 1 or type 2 diabetes based on a 

comprehensive algorithm. In the algorithm, type 2 diabetes is defined as when not having type 1 

diabetes. Therefore, the definition of type 1 diabetes initial must be defined. In the nationwide 

diabetes register, participants are classified with type 1 diabetes when one of the following criteria 

are fulfilled: a) purchase of insulin before age 30 years, b) classified as type 1 diabetes in more than 

50% of the records within the Danish Adult Diabetes Database, or c) not classified in the Danish 

Adult Diabetes Database but having more than 50% of the records in the National Patient Register 

classified as having type 1 diabetes. Finally, no participants can be defined as having type 1 

diabetes if they don’t have purchased insulin at any time. Thus, individuals registered within the 

nationwide diabetes register, not fulfilling these criteria were categorized as having type 2 diabetes.   

Psychiatric disorders were the exposures in sub-study 3 and were defined based on the 10 sub-

categories from the ICD-10 sub-chapter F (4) (see Table 1 for an overview). Besides the ten 

categories of psychiatric disorders, we also included a composite category, which comprised any 

psychiatric disorders. Information regarding the psychiatric disorders was extracted from the Danish 

Psychiatric Central Research Register (52) including information on all admissions to psychiatric 

hospitals, outpatients, and emergency contact since 01.01.1995 (52).   
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Table 1 Overview of psychiatric disorders included as exposures in sub-study 3 and sub-study 4 defined 

based on ICD-10 codes 

Psychiatric disorder. 

Examples of diagnoses included in each category 

ICD-10 codes 

Any psychiatric disorder; includes all psychiatric disorders in ICD-10  F00-F99 

Organic, including symptomatic, psychiatric disorders; includes dementia in 

Alzheimer disease, vascular dementia, etc. 

F00-F09 

Mental and behavioral disorders due to psychoactive substance use; includes 

use of alcohol, cannabis, cocaine, nicotine, opioids, sedatives, hypnotics, 

anxiolytics, etc. 

F10-F19 

Schizophrenia and related disorders; includes schizophrenia, schizotypal 

disorders, schizoaffective disorders, and other psychotic disorders 

F20-F29 

Mood disorders; includes bipolar disorder, depressive disorders, etc. F30-F39 

Neurotic, stress-related, and somatoform disorders; includes anxiety disorders, 

phobias, obsessive-compulsive disorders, etc. 

F40-F48 

Eating disorders; includes anorexia nervosa, bulimia nervosa, etc. F50 

Specific personality disorders F60 

Intellectual disabilities F70-F79 

Pervasive developmental disorders; includes autism spectrum disorder F84 

Behavioral and emotional disorders with onset usually occurring in childhood 

and adolescence; includes attention-deficit/hyperactivity disorder, conduct 

disorders, childhood emotional disorders, etc. 

F90-F98 

Note: The original version of Table 1 can be found in Paper 5, Appendix 5: Lindekilde, N, Scheuer, SH, 

Diaz, LJ, Rubin, KH, Plana-Ripoll, O, Henriksen, JE, Lasgaard, M, Andersen, GS, & Pouwer, F. Risk of 

developing type 2 diabetes in individuals with a psychiatric disorder: A nationwide register-based cohort 

study. Diabetes Care, accepted pending minor revisions. 

 

An overview of all covariables included with the analyses and their sources can be seen in Table 2.  
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Table 2 Co-variables included within sub-study 3 

Co-variables  Description Source 

Sex Dichotomized (men, women) The Danish Civil Registration 

System(50) 

Age Continuous The Danish Civil Registration 

System(50) 

Migration status Dichotomized (Danish, immigrant) The Danish Civil Registration 

System(50) 

Highest level of 

education 

Categorical (lower secondary or below, 

upper secondary, tertiary or above) 

Educational Attainment Register(59) 

 

Study design and statistical analyses 

In sub-study 3, we had a maximum follow-up period of 24 years, and we followed all participants 

from study entry until either 1) date of incident type 2 diabetes, 2) emigration, 3) death, or 4) end of 

study period (31.12.2018) whichever came first.  

Based on previous research (60), we expected gender differences in the occurrence of different 

psychiatric disorders. We therefore made initial analyses checking for interaction with sex and 

found significant interaction across all psychiatric disorders. All analyses were therefore stratified 

by sex. 

To follow our cohort, we applied multi-state models for each of the psychiatric disorders to get an 

overview of their transitions during the follow-up period. In Figures 6a and 6b, we present a multi-

state model for the composite category “any psychiatric disorder” for respectively men and women. 

In the presented multi-state models, the participants can be in five different stages: 1) No 

psychiatric + No DM2 (contains people not having any psychiatric disorder and not having type 2 

diabetes), 2) Any psychiatric (contains people with any psychiatric disorder), 3) DM2 (contains 

people with type 2 diabetes), 4) Any psychiatric + DM2 (contains people with any psychiatric 

disorder and type 2 diabetes), and 5) dead (contains people registered as dead). The numbers on the 

arrows are transitions per 1,000 person-years of follow-up, whereas the numbers in brackets are the 

overall incidence rates. Figure 6a includes all men within the study cohort, and Figure 6b includes 

all women within the study cohort.   
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Figure 6a Multi-state model for all men within the study cohort 

 

Note: The original version of Figure 6a can be found in Paper 5, Appendix 5: Lindekilde, N, Scheuer, SH, 

Diaz, LJ, Rubin, KH, Plana-Ripoll, O, Henriksen, JE, Lasgaard, M, Andersen, GS, & Pouwer, F. Risk of 

developing type 2 diabetes in individuals with a psychiatric disorder: A nationwide register-based cohort 

study. Diabetes Care, accepted pending minor revisions. 
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Figure 6b Multi-state model for all women within the study cohort 

 

Note: The original version of Figure 6b can be found in Paper 5, Appendix 5: Lindekilde, N, Scheuer, SH, 

Diaz, LJ, Rubin, KH, Plana-Ripoll, O, Henriksen, JE, Lasgaard, M, Andersen, GS, & Pouwer, F. Risk of 

developing type 2 diabetes in individuals with a psychiatric disorder: A nationwide register-based cohort 

study. Diabetes Care, accepted pending minor revisions. 

 

We considered psychiatric disorders as time-varying factors meaning that during study period, a 

participant would be considered as unexposed until first psychiatric diagnosis, and then be 

considered as exposed afterward. 

We conducted two different types of analyses. First, we estimated overall IRR, in which we 

compared the overall incidence rate for people with a psychiatric disorder to people without a 

psychiatric disorder. The IRR were estimated with multivariable adjusted Poisson regression 

models, using log-person-time as the offset variable, and adjusted for age, calendar-year, migration 

status, and highest level of education. Second, we investigated age-specific incidence rates of type 2 
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diabetes for people with and without a psychiatric disorder, also adjusted for calendar-year, 

migration status, and level of education.  

 

2.2.2 Sub-study 4: Linked study based on data from survey and the Danish registries (paper 6) 

Sub-study 4 is not a nationwide cohort study. Instead, we investigated potential mechanisms 

mediating the associations between psychiatric disorders and incident type 2 diabetes in people who 

participated in the national health survey “How are you?” in 2010 or 2013.  

The national health survey “How are you?” is conducted every fourth year by the five Danish 

regions and the National Institute of Public Health, University of Southern Denmark. This survey is 

a national representative, cross-sectional survey including Danes aged 16 years or older, and the 

survey is sent to a random sample of the people living in Denmark based on their CPR-numbers. As 

the participants are randomly drawn at each collection time point, the samples differ from each 

other and with only minimal overlap. The survey is sent out using a mixed-mode approach to 

collect the data including both online questionnaires accessed through a unique web access or by 

filling out enclosed questionnaires. In sub-study 4, data from the national health survey were 

combined with information from multiple Danish registries – explained in more details below. 

Outcome, exposures, potential mediators, and co-variables 

In sub-study 4, our outcome, incident type 2 diabetes, was defined based on information from the 

National Patient Register (53) and the National Prescription Register (55). To be able to define type 

2 diabetes, we initially identified people as having diabetes if they had either a diagnosis of diabetes 

(ICD-10 codes: E10, E11) in the National Patient Register (53) or records of any prescription of 

diabetes medication extracted from the National Prescription Register (55). To differentiate between 

type 1 and type 2 diabetes, we defined people as having type 1 diabetes if they either a) purchased 

insulin before they turned 30 years old, or b) purchased insulin after the age of 30 years, and a 

diagnosis of type 1 diabetes in the National Patient Register (53). All people defined as having 

diabetes but not defined as having type 1 diabetes were classified as having type 2 diabetes. 

The exposures within this sub-study were psychiatric disorders, and we included the same 

categories of psychiatric disorders that were used in sub-study 3. However, the composite category 

“any psychiatric disorder” was only included for descriptive purposes in sub-study 4 (see Table 1 
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for an overview of the categories). Information on exposures was collected from 01.01.1995 until 

study entry.  

To explore the role of multiple potential mechanisms, we included a broad range of potential 

mediators. Likewise, we included multiple co-variables to adjust our analyses (see Table 3). More 

detailed information on the potential mediators can be found in paper 6. 
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Table 3 Potential mediators and co-variables included within sub-study 4 

Variables  Description Source 

Potential mediators 

Daily Smoker Dichotomized (yes, no) The national health survey 

High alcohol consumption Dichotomized (yes, no) The national health survey 

Physical inactivity Dichotomized (yes, no) The national health survey 

Poor diet Dichotomized (yes, no) The national health survey 

Sleep problems Dichotomized (yes, no) The national health survey 

Obesity Dichotomized (yes, no) The national health survey 

Use of antipsychotic 

medication 

Dichotomized (yes, no) The National Prescription Register (55) 

Use of antidepressant 

medication 

Dichotomized (yes, no) The National Prescription Register (55) 

Psychiatric comorbidity Dichotomized (yes, no) The Danish Psychiatric Central 

Register(52) 

Somatic comorbidity Continuous The National Patient Register (53) 

Co-variables 

Sex Dichotomized (men, women) The Danish Civil Registration System(50) 

Age Continuous The Danish Civil Registration System(50) 

Highest level of education Categorical (lower secondary 

or below, upper secondary, 

tertiary or above) 

Educational Attainment Register(59) 

Marital status Categorical (married, 

divorced, widowed, 

unmarried) 

The Danish Civil Registration System(50) 

Migration status Dichotomized (Danish, 

immigrant) 

The Danish Civil Registration System(50) 
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Study design 

In 2010, 177,639 people participated in the national health survey equal to a response rate of 59.5%, 

whereas 162,283 people participated in 2013 (response rate 54%). A minor subsample of 

participants had participated in the survey in both 2010 and 2013. To not have them counting 

double, we only included their participation in 2010. Furthermore, we decided to exclude all 

persons who had answered less than three of the included variables from the survey. This resulted in 

a total of 339,922 people from the national health profile.  

When combining the data from the national health survey with the Danish registries it was not 

possible to identify 45 of the pseudonymized identification numbers. Dialog with Statistic Denmark 

revealed that this was due to change in gender and errors in the identification numbers in connection 

with immigration. These 45 persons were therefore excluded from the study sample. Furthermore, 

we excluded all persons how migrated 10 years before study entry (n = 12,990), and persons 

missing data on level of education (n = 5,975). Likewise, as our outcome was incident type 2 

diabetes, we excluded all persons who had pre-existing type 2 diabetes (n = 15,833). Thus, our final 

study sample consisted of 287,603 persons.    

In this cohort study, we followed participants from study entry which was defined as the date of 

participation in the survey (01.02.2010 or 01.02.2013) until censoring (emigration, death, end of 

study period (31.12.2018)) or incident type 2 diabetes (our outcome). In Figure 7, we show the 

theoretical model explaining the expected associations which we want to investigate in the 

following mediation analyses. 
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Figure 7 Theoretical model of potential mechanisms mediating the associations between psychiatric 

disorders and incident type 2 diabetes 

 
Note: The original version of Figure 7 can be found in Paper 6, Appendix 6: Lindekilde, N, Diaz, LJ, 

Lasgaard, M, Henriksen, JE, Scheuer, SH, Andersen, GS, Rubin, KH, & Pouwer, F. A comprehensive 

mediation analysis of mechanisms that may explain the increased risk of developing type 2 diabetes in 

individuals with a psychiatric disorder: a longitudinal register-based cohort study. (Manuscript prepared for 

submission). 
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Statistical analysis 

When conducting studies fully or partially based on survey data it is important to keep in mind 

whether the participants represent the overall background population. When exploring the 

differences between participants from the national health survey of the general Danish population it 

revealed that the response rate was rather low among young men, older people, and people with 

another ethnicity than Danish. These differences introduce some potential selection bias but luckily 

it is possible to statistically adjust for this to some extent. To enhance the representativeness of the 

study population, weights were calculated for each participant based on information from the 

Danish registries on gender, age, municipality of residence, educational level, income, marital 

status, country of birth, visits to the general practitioner, hospitalization, occupational status, and 

owner/tenant status. Using a model-based calibration approach, a weight was constructed to account 

for differences in sub-groups (61). All participants in under-represented subgroups got a weight 

larger than 1 and participants in over-represented sub-group got a weight smaller than 1 which 

makes it possible to apply weighted data to be more representative for the Danish population. 

To describe the study sample, we initially calculated the median and interquartile range for 

continuous variables, and frequencies and percentages for binary and categorical variables. All 

percentages were based on weighted data. 

During the last decades, different types of mediation analyses have been developed and used in 

epidemiological research. In sub-study 4, we conducted mediation analyses based on the 

counterfactual framework (62; 63). In the counterfactual framework, it is highlighted that the total 

effect of an exposure on an outcome can be decomposed into direct effect and indirect effects. The 

direct effect refers to the association between the exposure and outcome not explained by the 

investigated mediators. On contrary, the indirect effects are mediated through one or more 

mediators fulfilling the following two criteria a) being significantly correlated with the exposure, 

and b) significantly correlated with the outcome.  

Initially, we tested which of the potential mediators fulfilled the two criteria mentioned above. If a 

potential mediator only fulfilled criteria a but not b, it was included as a covariate in the mediation 

analysis instead. All potential mediators fulfilling both criteria were included as mediators in the 

mediation analysis. In all mediation analyses, we estimated respectively the total, direct, and 

indirect effect, and furthermore, the indirect effect for each identified mediator was also estimated. 

As we handled our outcome, incident type 2 diabetes, in a survival format, all estimations were 
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based on a Cox proportional hazard model, which provided the opportunity to include time to event 

as well as censoring during study period. Mediation analyses were conducted in R (R Foundation 

for Statistical Computing, Vienna, Austria) using the package mma (64). In all analyses, the 

significant level was set at 0.05.   

 

As our mediation analyses conducted in R (R Foundation for Statistical Computing, Vienna, 

Austria) using the package mma (64) cannot handle missing data, we initially only included all 

participants with completed data equal to 250,013 persons. However, it is very likely, that the 

participants who have some missing data in the survey differ from the participates with complete 

data. If this is the case, this could potentially introduce selection bias, and therefore we wanted to 

investigate this further in sensitivity analyses. Thus, we decided to create a dataset in which we 

imputed data for missing single items. We decided not to impute information for the variables that 

were based on a total score because the calculation of these variables (unhealthy diet and high 

alcohol consumption) already had handled missingness. Before we could impute missing data for 

single items in the complete study sample, we initially explored the type of missingness in the 

dataset. According to a Little MCARs test, data was not missing completely at random. Combined 

with the knowledge that we had no reason to expect our data to be missing not at random, we 

decided to assume that data was missing at random. When data is missing at random it is possible to 

impute missing data using the R Packages MICE (65). When imputing the data for single items and 

excluding persons with missingness in the variables based on a total score, we ended up with a 

dataset consisting of 266,039 persons.  
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3. Results 

Overall, across the different sub-studies, we observed that people with a psychiatric disorder had a 

consistently increased risk of having and/or developing type 2 diabetes, across different types of 

psychiatric disorders. Further, in sub-study 3 we found that the elevated incidence rates of type 2 

diabetes in people with a psychiatric disorder were comparable for men and women and that the 

incidence rate of type 2 diabetes was especially increased in the younger part of the population with 

a psychiatric disorder. Finally, in sub-study 4 we found that most of the investigated potential 

mediators partially explained the associations between a broad spectrum of psychiatric disorders 

and incident type 2 diabetes and that use of psychotropic medication was the mediator explaining 

most of the associations, regardless of which psychiatric disorder was investigated. In the following 

sections, primary findings from sub-studies will be presented. Secondary findings can be found in 

the papers (see Appendix 1-6).    

 

3.1 A summary of findings from sub-study 1: Prevalence of type 2 diabetes in psychiatric 

disorders: An umbrella review with meta-analysis of 245 longitudinal studies from 32 

systematic reviews (paper 1 and paper 2) 

In total, we identified 5,155 records, after the removal of duplicates 4,403 abstracts were screened, 

and 431 full-text articles were read resulting in 32 systematic reviews identified within our umbrella 

review (see Figure 8). The identified systematic reviews included a total of 245 unique primary 

studies and focused on 11 categories of psychiatric disorders (schizophrenia, bipolar disorder, 

depression, substance use disorder, anxiety disorder, eating disorder, intellectual disability, 

psychosis, sleep disorder, dementia, and a mixed group of psychiatric disorders). All systematic 

reviews defined psychiatric disorders and type 2 diabetes based on different methods and 

measurements including diagnosis, prescription data, screening, admission status, medical records, 

surveys, interviews, and self-reported. A majority of the systematic reviews (63%) had a high risk 

of bias. 

  



 39 

Figure 8 Flowchart of studies included in sub-study 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note:  Figure 8 was originally published in Paper 2, Appendix 2: Lindekilde, N, Scheuer, SH, Rutters, F, 

Knudsen, L, Lasgaard, M, Rubin, KH, Henriksen, JE, Kivimäki, M, Andersen, GS, & Pouwer, F. Prevalence 

of type 2 diabetes in psychiatric disorders: An umbrella review with meta-analysis of 245 observational 

studies from 32 systematic reviews. Diabetologia. (2021). 
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PubMed (n = 1,280) 

Embase (n = 3,494) 

PsycINFO (n = 295) 

The Cochrane Database of SR (n = 85) 

Additional records identified through other sources 

(n = 1) 

Total of records 

(n = 5,155) 

Records screened 

(n = 4,403) 

Duplicates removed 

(n = 752) 

Records excluded 

(n = 3,972) 

Full-text articles excluded, with reasons  

(n = 399) 

1. Not a systematic review (n = 183) 
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4. Not in English, German, Dutch, or a 

Scandinavian language (n = 6) Studies included in the  
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(n = 32) 

Full-text articles screened for 

eligibility 

(n = 431) 
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A narrative synthesis of the 32 systematic reviews revealed a broad range of type 2 diabetes 

prevalence estimates for the different psychiatric disorders ranging from 1% to 66%. When only 

including the 12 systematic reviews with a low risk of bias, the prevalence estimates ranged from 

5% to 22%. In the majority of the systematic reviews, comparisons were made with people without 

a psychiatric disorder revealing higher type 2 diabetes prevalence estimates for people with a 

psychiatric disorder across different psychiatric disorders.  

For all psychiatric disorders investigated in more than 1 systematic review (schizophrenia, bipolar 

disorder, depression, substance use disorder, anxiety disorder, eating disorder, intellectual disability, 

psychosis, sleep disorder, and a mixed group of psychiatric disorders), we meta-analyzed 

prevalence estimates of type 2 diabetes based on findings from primary studies included within the 

systematic reviews. In our ten meta-analyses, we found type 2 diabetes prevalence estimates 

ranging from 8% to 40% depending on the psychiatric disorder of interest. A high level of between-

study heterogeneity was detected in all our meta-analyses, and substantial publication bias was 

detected in 40% of our meta-analyses (4 out of 10). An overview of the prevalence estimates from 

the different syntheses and meta-analyses, across the different psychiatric disorders are provided in 

Table 4.     
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Table 4 Overview of prevalence estimates from syntheses and meta-analyses  

 Prevalence estimates of 

T2DM in all included 

SR, % 

Prevalence estimates 

of T2DM in SR with 

low risk of bias, % 

Meta-analyzed prevalence 

estimates based on primary 

studies 

Psychiatric 

disorder 

No of 

SR (n) 

Prevalence 

estimates 

(%) 

No of 

SR (n) 

Prevalence 

estimates 

(%) 

No of primary 

studies and 

participants 

included in the 

meta-analysis (n) 

Prevalence 

estimates 

(%) 

Schizophrenia 7 1.3% - 

31.5% 

1 9.5% 32 (149,295) 10.1% 

Bipolar disorder 4 9.4% - 

31.3% 

1 9.4% 23 (23,493) 11.44% 

Depression 3 3.4% - 49% 1 8.7% 21 (12,568,442) 9.1% 

Substance use 

disorder 

3 11.9% - 

31.1% 

2 11.9%-

15.6% 

14 (9,926) 15.6% 

Anxiety disorder 2 10.0% - 

24.9% 

1 10.0% 10 (45,899) 13.7% 

Eating disorder 2 BED: 2% - 

26% 

1 BED: 5.1% 6 (969) 20.7% 

Intellectual 

disability 

2 8.3%-8.7% 1 8.7% 20 (42,378) 8.1% 

Psychosis 2 5% - 18.9% 1 18.9% 11 (4,744) 11.1% 

Sleep disorder 2 22.3%-

66.0% 

1 22.3% 15 (186,274) 39.7% 

Dementia 1 15% 0 - - - 

Mixed group of 

psychiatric 

disorders 

9 2%-31.5% 2 7.5% to 9% 138 (13,524,005) 10.0% 

Note:  Table 4 was originally published in Paper 2, Appendix 2: Lindekilde, N, Scheuer, SH, Rutters, F, 

Knudsen, L, Lasgaard, M, Rubin, KH, Henriksen, JE, Kivimäki, M, Andersen, GS, & Pouwer, F. Prevalence 

of type 2 diabetes in psychiatric disorders: An umbrella review with meta-analysis of 245 observational 

studies from 32 systematic reviews. Diabetologia. (2021). 

 

3.2 A summary of findings from sub-study 2: Psychiatric disorders as risk factors for type 2 

diabetes: An umbrella review of systematic reviews with and without meta-analyses (paper 

3 and paper 4) 

We identified 25 systematic reviews from a total of 8,612 abstracts identified and 180 full-text 

articles read (see Figure 9). The systematic reviews included 101 unique longitudinal studies 

describing 6 categories of psychiatric disorders (depression, use of antidepressant medication, use 

of antipsychotic medication, eating disorder, insomnia, and anxiety disorder) as risk factors for the 

development of incident type 2 diabetes. In a narrative synthesis, we found for all psychiatric 

disorders, except for eating disorders, a clear tendency of increased risk of incident type 2 diabetes 
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was detected when compared with people without the psychiatric disorder of interest (See Table 5). 

The same findings were detected when plotting OR and RR risks from the systematic reviews with 

meta-analyses into a forest plot (Figure 10). Importantly, only 2 out of the 25 systematic reviews 

had high methodological quality. 
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Figure 9 Flowchart of studies included in sub-study 2 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note:  Figure 8 was originally published in Paper 4, Appendix 4: Lindekilde, N, Rutters, F, Henriksen, JE, 

Lasgaard, M, Schram, MT, Rubin, KH, Kivimäki, M, Nefs, G, & Pouwer, F. Psychiatric disorders as risk 

factors for type 2 diabetes: an umbrella review of systematic reviews with and without meta-analyses, 

Diabetes Research and Clinical Practice (2021). 
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Table 5 Overview of incidence estimates reported in the included systematic reviews 

Psychiatric disorder No of SR 

(MA) 

Incidence estimates (95% CI) 

Depression 13(5) RR: 1.18 (1.12-1.24) to OR: 1.56 (1.37-1.77) 

Antidepressant medication 5(4) RR = 1.27 (1.19-1.35) to OR = 1.50 (1.08-

2.10) 

Antipsychotic medication 2(1) OR = 1.94 (1.34-2.80) to OR = 1.93 (1.37-

2.73) 

Eating disorder 2(1) Bulimia nervosa: RR = 1.7 (1.2-2.5) 

Binge eating disorder: OR = 3.34 (0.85-13.12) 

Anorexia nervosa: RR = 0.71 (0.52-0.98 

Insomnia 2(2) RR = 1.55 (1.21-1.99) to RR = 1.74 (1.30-

2.34) 

Anxiety disorder 1(1) OR = 1.47 (1.23-1.75) 

Note:  Table 5 was originally published in Paper 4, Appendix 4: Lindekilde, N, Rutters, F, Henriksen, JE, 

Lasgaard, M, Schram, MT, Rubin, KH, Kivimäki, M, Nefs, G, & Pouwer, F. Psychiatric disorders as risk 

factors for type 2 diabetes: an umbrella review of systematic reviews with and without meta-analyses, 

Diabetes Research and Clinical Practice (2021). 
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Figure 10. Forest plot showing risk of incident type 2 diabetes in systematic reviews with meta-analyses 

AN: anorexia nervosa; BED: binge eating disorder; BN: bulimia nervosa; DIS: difficulties initiating sleep; DMS: 

difficulties maintaining sleep, SGA: second generation antipsychotics, *: odds ratio, ^: relative risks 

Note:  Figure 10 was originally published in Paper 4, Appendix 4: Lindekilde, N, Rutters, F, Henriksen, JE, 

Lasgaard, M, Schram, MT, Rubin, KH, Kivimäki, M, Nefs, G, & Pouwer, F. Psychiatric disorders as risk 

factors for type 2 diabetes: an umbrella review of systematic reviews with and without meta-analyses, 

Diabetes Research and Clinical Practice (2021). 
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To gain an overview of potential mechanisms explaining the associations between different 

psychiatric disorders and incident type 2 diabetes, we created a figure illustrating the mediating 

mechanisms proposed within the identified systematic reviews (see Figure 11). In the majority of 

the systematic reviews which adjusted their analyses for potential mediating mechanisms, the 

association remained significant after adjusting for mechanisms. In all systematic reviews, potential 

mechanisms were discussed and the possibility of interaction between several mechanisms was 

often presented. However, no evidence for this was investigated nor detected within the studies.  

 

Figure 11 Illustration of proposed mediating mechanisms explaining the associations between psychiatric 

disorders and incident type 2 diabetes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note:  Figure 11 was originally published in Paper 4, Appendix 4: Lindekilde, N, Rutters, F, Henriksen, JE, 

Lasgaard, M, Schram, MT, Rubin, KH, Kivimäki, M, Nefs, G, & Pouwer, F. Psychiatric disorders as risk 

factors for type 2 diabetes: an umbrella review of systematic reviews with and without meta-analyses, 

Diabetes Research and Clinical Practice (2021). 
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3.3 A summary of findings from sub-study 3: Risk of developing type 2 diabetes in 

individuals with a psychiatric disorder: A nationwide, register-based cohort study (paper 5) 

After exclusion of people without information on highest level of education (n = 504,914) and 

people with pre-existing diabetes (n = 65,638), we followed a cohort consisting of 5,005,612 

participants for more than 89,000,000 person-years. In total, 7 % of the participants developed type 

2 diabetes during the study period. 10% of the participant had at least one psychiatric disorder 

during the study period, and among these participants, 9% developed type 2 diabetes during the 

study period.   

Across all investigated psychiatric disorders, incidence rates of type 2 diabetes were higher in 

people with a psychiatric disorder compared to incidence rates in people without a psychiatric 

disorder, when adjusting for age, calendar year, and level of education. These findings were 

consistent for men and women. IRR comparing the incidence rates for people with and without a 

psychiatric disorder are presented in Table 6.   
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Table 6 Incidence rate ratios comparing incidence rates for people with and without a psychiatric disorder, 

for respectively men and women 

Psychiatric disorder Incidence rate ratio (95% CI) 

Any psychiatric disorder   

          Men 1.47 (1.45-1.50) 

          Women 1.65 (1.62-1.68) 

Organic disorders   

          Men 1.25 (1.19-1.31) 

          Women 1.29 (1.23-1.35) 

Substance use disorders   

          Men 1.43 (1.39-1.47) 

          Women 1.77 (1.70-1.84) 

Schizophrenia   

          Men 1.95 (1.88-2.02) 

          Women 2.35 (2.26-2.43) 

Mood disorders   

          Men 1.55 (1.51-1.60) 

          Women 1.74 (1.70-1.78) 

Neurotic disorders   

          Men 1.61 (1.57-1.66) 

          Women 1.71 (1.67-1.76) 

Eating disorders   

          Men 3.08 (2.14-4.44) 

          Women 1.87 (1.67-2.10) 

Personality disorders   

          Men 1.76 (1.68-1.85) 

          Women 2.28 (2.20-2.37) 

Intellectual disabilities   

          Men 1.43 (1.30-1.58) 

          Women 2.30 (2.20-2.53) 

Developmental disorders 

          Men 1.67 (1.37-2.02) 

          Women 1.88 (1.37-2.57) 

Behavioral disorders   

          Men 2.07 (1.84-2.34) 

          Women 2.30 (1.99-2.67) 

Note: The original version of Table 6 can be found in Paper 5, Appendix 5: Lindekilde, N, Scheuer, SH, 

Diaz, LJ, Rubin, KH, Plana-Ripoll, O, Henriksen, JE, Lasgaard, M, Andersen, GS, & Pouwer, F. Risk of 

developing type 2 diabetes in individuals with a psychiatric disorder: A nationwide register-based cohort 

study. Diabetes Care, accepted pending minor revisions. 
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For both people with and without a psychiatric disorder, despite sex and despite the specific 

psychiatric disorder, we found that the incidence rates of type 2 diabetes increased as a function of 

age. For the older populations, the incidence rates of type 2 diabetes stabilized and often showed a 

tendency to decrease. When comparing the incidence rates for people with a psychiatric disorder to 

people without a psychiatric disorder, the biggest differences were detected in the younger 

populations (below 50 years). This tendency was consistent across all the investigated psychiatric 

disorders. Figure 12a and Figure 12b illustrate an example of a comparison of age-specific 

incidence rates of type 2 diabetes for people with or without any psychiatric disorder for 

respectively men and women.   

 

Figure 12a Age-specific incidence rates of type 2 diabetes in men with and without any psychiatric disorder 

 

Note: The original version of Figure 12a can be found in Paper 5, Appendix 5: Lindekilde, N, Scheuer, SH, 

Diaz, LJ, Rubin, KH, Plana-Ripoll, O, Henriksen, JE, Lasgaard, M, Andersen, GS, & Pouwer, F. Risk of 

developing type 2 diabetes in individuals with a psychiatric disorder: A nationwide register-based cohort 

study. Diabetes Care, accepted pending minor revisions. 
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Figure 12b Age-specific incidence rates of type 2 diabetes in women with and without any psychiatric 

disorder 

 

Note: The original version of Figure 12b can be found in Paper 5, Appendix 5: Lindekilde, N, Scheuer, SH, 

Diaz, LJ, Rubin, KH, Plana-Ripoll, O, Henriksen, JE, Lasgaard, M, Andersen, GS, & Pouwer, F. Risk of 

developing type 2 diabetes in individuals with a psychiatric disorder: A nationwide register-based cohort 

study. Diabetes Care, accepted pending minor revisions. 

 

3.4 A summary of findings from sub-study 4:  a comprehensive mediation analysis of 

mechanisms that may explain the increased risk of developing type 2 diabetes in people 

with a psychiatric disorder (paper 6) 

Our study population consisted of 287,603 persons, of which 250,013 had complete data. Of these, 

6% had a psychiatric disorder at study entry, and during the study period a total of 3% developed 

type 2 diabetes. Substance use disorders, schizophrenia, mood disorders, neurotic disorders, eating 

disorders, and personality disorders were significant associated with incident of type 2 diabetes, 

whereas organic disorders, intellectual disabilities, developmental disorders, and behavioral 

disorders did not reach a significant level of association with incident type 2 diabetes. In the next 

step we investigated the role of the potential mediators for all psychiatric disorders with a 
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significant association to incident type 2 diabetes. For all investigated psychiatric disorders, we 

found that most of the potential mediators partially explained the associations between psychiatric 

disorders and incident type 2 diabetes. However, poor diet and somatic comorbidity did not. In all 

psychiatric disorders except for eating disorders, the summarized indirect effect of the mediators 

explained more than 50% of the associations with incident type 2 diabetes. Use of antidepressant 

medication explain most of the indirect effect for all psychiatric disorders (13-32%). Despite a 

majority of the potential mediators partially explaining the associations between psychiatric 

disorders and incident type 2 diabetes, we also found that an effect remains unexplained for all 

psychiatric disorders. However, the amount of unexplained effect differed substantial across the 

different psychiatric disorders (3-80%).  
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Table 7 Estimates of total, direct, and indirect effects of all psychiatric disorders significantly associated with 

incident type 2 diabetes 

 Substance use 

disorders 

Schizophrenia Mood disorders 

 HR (95% CI) PME HR (95% CI) PME HR (95% CI) PME 

Total effect 2.23 (1.84-2.70) 100% 2.24 (1.76-2.84) 100% 2.34 (2.05-2.66) 100% 

Direct effect a 1.11 (.89-1.39) 13.1% 1.02 (.79-1.31) 2.5% 1.17 (1.01-1.37) 18.8% 

Summarized indirect 

effect b 

2.02 (1.83-2.20) 87.8% 2.19 (1.97-2.45) 97.5% 1.99 (1.83-2.17) 81.2% 

Indirect effect through:       

Daily smoking 1.17 (1.15-1.20) 20.1% 1.09 (1.07-1.11) 10.3% 1.06 (1.04-1.07) 6.8% 

High alcohol consumption .97 (.95-.99) -4.1% .99 (.99-1.00) -1.0% 1.00 (.99-1.00) -.5% 

Physical inactivity 1.03 (1.02-1.04) 4.1% 1.04 (1.03-1.06) 5.2% 1.02 (1.02-1.03) 2.6% 

Unhealthy diet ¤  ¤  ¤  

Sleep problems 1.07 (1.06-1.09) 8.6% 1.05 (1.04-1.07) 6.3% 1.07 (1.05-1.09) 8.0% 

Obesity 1.04 (1.01-1.07) 4.7% 1.17 (1.13-1.21) 19.5% 1.10 (1.08-1.12) 11.1% 

Antipsychotic medication 1.07 (1.02-1.12) 8.6% 1.14 (1.05-1.23) 16.1% 1.07 (1.02-1.12) 7.6% 

Antidepressant medication 1.24 (1.19-1.29) 26.7% 1.20 (1.17-1.24) 23.1% 1.31 (1.25-1.38) 32.1% 

Psychiatric comorbidity 1.15 (1.08-1.22) 17.1% 1.15 (1.10-1.21) 17.7% 1.12 (1.04-1.20) 13.1% 

Somatic comorbidity ¤  ¤  ¤  

 Neurotic disorders Eating disorders Personality disorders 
 HR (95% CI) PME HR (95% CI) PME HR (95% CI) PME 

Total effect 2.36 (2.13-2.61) 100% 3.06 (2.13-4.38) 100% 2.62 (2.17-3.18) 100% 

Direct effect a 1.52 (1.38-1.67) 48.7% 2.43 (1.71-3.43) 79.5% 1.26 (1.00-1.60) 24.0% 

Summarized indirect 

effect b 

1.55 (1.50-1.61) 51.3% 1.26 (1.18-1.37) 20.5% 2.08 (1.89-2.29) 76.0% 

Indirect effect through:       

Daily smoking 1.05 (1.04-1.06) 5.6% ¤  1.07 (1.06-1.09) 7.5% 

High alcohol consumption 1.00 (.99-1.00) -.5% ¤  1.00 (.99-1.00) 0.0% 

Physical inactivity 1.02 (1.01-1.03) 2.5% .99 (.99-1.00) -.1% 1.03 (1.02-1.04) 3.0% 

Unhealthy diet ¤  ¤  ¤  

Sleep problems 1.07 (1.05-1.08) 7.6% 1.05 (1.04-1.07) 4.5% 1.08 (1.07-1.10) 8.4% 

Obesity 1.06 (1.05-1.08) 7.2% .93 (.90-.96) -6.4% 1.13 (1.10-1.16) 12.4% 

Antipsychotic medication 1.05 (1.03-1.07) 5.7% 1.03 (1.01-1.05) 2.7% 1.07 (1.01-1.13) 6.7% 

Antidepressant medication 1.22 (1.17-1.26) 23.0% 1.16 (1.12-1.20) 13.3% 1.26 (1.22-1.31) 24.2% 

Psychiatric comorbidity ¤  1.08 (1.03-1.14) 7.3% 1.15 (1.07-1.23) 14.1% 

Somatic comorbidity ¤  ¤  ¤  

Abbreviations: CI, confidence interval; HR, hazard ratio;  
a Effect of the psychiatric disorder of interest not explained by mediators. 
b Effect of the psychiatric disorder of interest trough mediator(s). 

¤ Indicate that the potential mediator is not identified as a mediator within the mediation analysis. 

Note: The original version of Table 7 can be found in Paper 6, Appendix 6: Lindekilde, N, Diaz, LJ, 

Lasgaard, M, Henriksen, JE, Scheuer, SH, Andersen, GS, Rubin, KH, & Pouwer, F. A comprehensive 

mediation analysis of mechanisms that may explain the increased risk of developing type 2 diabetes in 

individuals with a psychiatric disorder: a longitudinal register-based cohort study. (Manuscript prepared for 

submission). 
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4. Discussion 

In the following section, first we will summarize our results and compare these with previous 

findings from the literature. Next, we will discuss a more conceptual understanding of the mediating 

mechanism explaining the associations between psychiatric disorders and incident type 2 diabetes. 

Finally, we will discuss different methodological considerations relevant for the included sub-

studies and what consequences these decisions have had for the findings of the thesis.  

 

4.1 Summary of the findings within the PhD thesis and comparison with previous findings 

Across all sub-studies, we concluded that people with a psychiatric disorder more often have and 

more often develop type 2 diabetes, compared to people without a psychiatric disorder. These 

findings are consistent across different types of psychiatric disorders. In sub-study 1, we observed 

meta-analyzed prevalence estimates of type 2 diabetes ranging from 8-40% in people with one of 10 

different categories of psychiatric disorders. Similarly, we found in sub-study 2 that people with one 

of six categories of psychiatric disorders, have an increased risk of developing type 2 diabetes, 

compared to people without such psychiatric disorder, and it was theorized how multiple potential 

mechanisms may mediate the associations. In sub-study 3, a nationwide cohort study with 24 years 

of follow-up, we found an increased risk of type 2 diabetes in people a psychiatric disorder, and the 

tendency was consistent across a broad spectrum of 10 categories of psychiatric disorders, and age-

specific incidence rates revealed the biggest differences in the younger population. Finally, in sub-

study 4 we see that multiple mediators seems to partially explain the associations between 

psychiatric disorders and incident type 2 diabetes. 

As our two umbrella reviews (sub-study 1 and sub-study 2) are based on findings from existing 

literature it is inherent that our findings from these sub-studies are in line with previous findings. 

We see that when investigating the prevalence of type 2 diabetes in people with a psychiatric 

disorder, most research has focused on schizophrenia. In contrast when focusing on incidence 

instead, most systematic reviews focused on people with depression. We also observed that despite 

an overall focus on type 2 diabetes in people with different types of psychiatric disorders, the 

prevalence and incidence of type 2 diabetes in people with psychiatric disorders, such as autism 

were not included in our umbrella reviews. However, recently relevant reviews within this field 

have been published illustrating how the field is still evolving (66). 
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In line with previous findings, our nationwide, register-based cohort study (sub-study 3) showed an 

increasing risk of type 2 diabetes across a broad spectrum of psychiatric disorders. Our findings 

were in line with an existing nationwide register-based study from Denmark (67). However, overall 

we saw higher risks estimates in our findings. We expect that these differences partially could be 

explained due to a more nuanced way of defining diabetes in our study, where we used information 

from five different registries (54). A key finding from our sub-study 3 is that we observed a 

particularly elevated risk of type 2 diabetes in people with a psychiatric disorder from the younger 

part of the population (<50 years). This finding is in line with previous studies (68) suggesting that 

people with a psychiatric disorder in general have an earlier onset of type 2 diabetes.  

To the best of our knowledge, sub-study 4 is the first of its kind to investigate which potential 

mediators may explain the associations between a broad spectrum of psychiatric disorders and 

incident type 2 diabetes. In contrast to sub-study 3, not all psychiatric disorders were significantly 

associated with incident type 2 diabetes in sub-study 4. Substance use disorders, schizophrenia, 

mood disorders, neurotic disorders, eating disorders, and personality disorders were significantly 

associated with incident type 2 diabetes. We believe that the remaining psychiatric disorders 

(organic disorders, intellectual disabilities, developmental disorders and behavioral disorders) did 

not reach significant associations with incident type 2 diabetes due to lack of statistical power. We 

acknowledge that our sample size in sub-study 4 is considerably lower than the sample size in sub-

study 3 (n = 250,013 vs n = 5,005,612). Due to the relatively low percentages of persons with the 

different psychiatric disorders, and the expected incident rate for type 2 diabetes, it is not surprising 

that several of the less prevalent psychiatric disorders (organic disorders, intellectual disabilities, 

developmental disorders, behavioral disorders) do not reach a significant level in the mediation 

analyses. Additional explanations may be a shorter follow-up period in sub-study 3 compared to 

sub-study 4 (up to 8.9 years vs. up to 24 years), and the fact that we defined psychiatric disorders in 

different ways in the two sub-studies. In sub-study 3 we included defined psychiatric disorders as 

time-varying factors, meaning that persons were defined as having a psychiatric disorder the first 

date they received a psychiatric diagnosis. On contrary, in sub-study 4, psychiatric disorders were 

dichotomized and defined based on prevalent psychiatric diagnosis prior to study entry. Thus, 

persons who developed a psychiatric during study period were not included as having a psychiatric 

disorder. The difference in the definitions of psychiatric disorder, has impacted the number of 

people classified as having a psychiatric disorder in the two sub-studies.  
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Previous studies (69; 70) have shown that the use of psychotropic medication increases the risk of 

incident type 2 diabetes. These findings are supported in our sub-study 4 where the use of 

antidepressant medication is identified as a key mediator in the mediation analyses. Interestingly, 

we found that across all the investigated psychiatric disorders, health behaviors only contributed 

with a minor part of the indirect effect. As health behaviors are well-known risk factors for incident 

type 2 diabetes (71), these findings should be explored more in the future. Additionally, for all the 

psychiatric disorders (except neurotic disorders) psychiatric comorbidity had a partially indirect 

effect on the association with incident type 2 diabetes. These findings are in line with results from 

previous studies describing high comorbidity between psychiatric disorders (72) and indicating the 

importance of adjusting for psychiatric comorbidity when investigating incident type 2 diabetes 

(73). For all psychiatric disorders, obesity played a significant role in explaining the association 

with incident type 2 diabetes. As obesity often is mentioned as one of the largest risk factors for 

incident type 2 diabetes (21), it was not surprising that obesity partially explains the association. 

However, it could be argued that it is a surprise that other mediators such as the use of psychotropic 

medication contribute more to the combined indirect effect, compared to obesity. Additional 

knowledge regarding potential intercorrelations between the mediators affect the associations 

between psychiatric disorders and incident type 2 diabetes is still needed. 

 

4.2 Methodological considerations 

When conducting this PhD thesis, we aimed for the highest quality of research as possible, and it 

has been an explicit statement that we wanted to minimize biases and strengthen the design of the 

sub-studies to the largest degree even though in some occasions, this has resulted in more time-

consuming procedures. The findings from this PhD thesis are therefore strengthened by a 

methodological design of high quality. Our umbrella reviews are based on pre-defined designs, and 

screening processes, data extractions, and quality assessments are based on the work of independent 

reviewers to minimize biases. Our register-based cohort studies are based on large sample sizes and 

long follow-ups when compared to previous research, which allows us to investigate a broad 

spectrum of psychiatric disorders, including multiple mediators and still have power enough to 

provide solid findings.  

However, despite the strengthens within this PhD thesis, multiple methodological considerations 

should be discussed, and the impact of different limitations should be exhibited.    
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4.2.1 Pros and cons when registering in PROSPERO and publishing a protocol paper 

In both sub-study 1 and sub-study 2, our umbrella reviews were initially registered in PROSPERO 

and published as protocol papers prior to the conduction of the reviews. As mentioned earlier, 

registration in PROSPERO has been a requirement for publication in many journals, and this 

registration or publication of protocol can minimize the risk of potential reporting bias. However, 

different considerations and limitations have been raised in relation to these initiatives.  

Since the initiation of PROSPERO in 2012, more systematic reviews have been registered every 

year (74). As PROSPERO is funded by the National Institute for Health Research and only has a 

limited capacity, the increasing number of registrations has been a burden to the affiliation behind 

PROSPERO, which has therefore been delayed in their handling of registrations (75). This has 

ended up in delay of research projects as well as lowered the quality of the procedure normally 

conducted in PROSPERO as an attempt to minimize time delays (75). When preparing conduction 

of a systematic review it is therefore important to include an expected period for registration in 

PROSPERO. The same considerations are relevant when publishing a protocol paper. In our 

experience, there can be quite a large difference in the processing time when journals publish 

protocols. Whereas some journals only consider formalities of the structures other provide peer-

reviews with suggestions to design and content. Thus, registration and publication can be useful 

tools if the processing time does not have a negative impact of the conduction of the review. 

Another question is then whether researchers use the registrations in PROSPERO as originally 

intended. An overview has shown that only a minority of the registrations are updated and thus 

registered as ongoing (74). This can influence the worth of using PROSPERO for registration, as 

delays in registration can blur the risk of later reporting biases and potentially increase the risk of 

duplication of existing reviews. In a large global survey from 2020 (76), only around half of the 

questioned researchers registered their systematic reviews prior to conducting their work. However, 

a majority (73%) believed that registering protocols was meaningful to prevent duplication (76). 

Across these studies, there seems to be a tendency in which researchers understand the importance 

of registering systematic reviews, but that registration is not necessarily prioritized. It could be 

hypothesized that a requirement of mandatory registration prior to publication as well as a more 

effective registration process in PROSPERO with minimal delay in response time could prompt 

researchers to register in the future.   
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4.2.2 Different types of meta-analyses when doing an umbrella review 

Initially we had planned to conduct two different types of meta-analyses within our umbrella 

reviews. In sub-study 1 we wanted to conduct meta-analyses based on data from the primary studies 

included within the identified systematic reviews, and in sub-study 2 we planned to do a second-

order meta-analyses based on data from the identified systematic reviews. However, it was not 

possible to conduct second order meta-analyses, due to a too big overlap in the primary studies 

within the systematic reviews we identified in sub-study 2.  

Our experiences are good examples that can contribute to some of the more conceptual 

considerations regarding whether umbrella reviews are the most optimal method to explore a 

specific topic. Our experience with too big overlap between primary studies is a common issue if 

the topic is rather specific. In our sub-study 2, the overall term “psychiatric disorder” was rather 

broad, but as we wanted to focus on specific psychiatric disorders, we ran into issues with too big 

overlap between the primary studies within the identified systematic reviews.  

When second-order meta-analyses were not possible, we could have decided to do meta-analyses 

based on the primary studies in line with our sub-study 1. However, we decided not to do that for 

several reasons including balancing the time that is required to do these analyses and some 

methodological considerations that we also had in relation to sub-study 1. When doing an umbrella 

review and conducting meta-analyses based on the primary studies, it is important to acknowledge 

that the meta-analyses will always be limited by methodological shortcomings of the umbrella 

review. In an umbrella review, the most recent primary studies were not included as they are not 

included in any of the identified systematic reviews. Likewise, it is not possible to do meta-analysis 

within areas that have not previously been investigated in a systematic review, such as autism and 

attention deficit hyperactivity disorder. Despite these limitations, it is our impression that a 

comprehensive range of existing literature has been included in our meta-analyses in sub-study 1 

and thus the findings are reliable and valid. However, if the whole thesis should be done again, we 

would strongly consider conducting original systematic reviews rather than umbrella reviews. Even 

though this would result in a larger screening process, it would also allow some more detailed 

investigations into the quality of the primary studies.   
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4.2.3 The tip of the iceberg 

In our two register-based cohort studies (sub-study 3 and sub-study 4), psychiatric disorders are 

defined solely based on information from the Danish Psychiatric Central Research Register 

available since 1995. The definition of psychiatric disorders has been used in multiple studies (18; 

67; 72; 77), and the register is acknowledged as having high validity (52). However, despite the 

high validity, it is important to notice what is actually included within this definition, and what is 

not. In the Danish Psychiatric Central Research Register, we find all Danes, who have been in 

contact with the psychiatric hospitals either as inpatients, outpatients, or in an emergency setting. 

However, in Denmark, psychiatric hospitals do not treat all people with a psychiatric disorder. 

Actually, the majority of people with a psychiatric disorder will never visit a psychiatric hospital. 

Instead, they will go to the general practitioner, a psychiatrist, or to a psychologist from the primary 

sector or remain untreated. In the Danish welfare system, there is an order of hierarchy, in which it 

is expected, that the most severe cases of psychiatric disorders are diagnosed and treated within the 

hospitals. Therefore, we also expect that the psychiatric disorders within our two register-based 

cohort studies are psychiatric disorders in the more severe end of the spectrum of psychiatric 

disorders.  

As we are aware of the fact that we do not have psychiatric diagnoses from the general practitioner, 

the psychiatrist, and psychologist from the primary sector, we accept that we do not have an 

overview of all people in Denmark with a psychiatric disorder. This is supported when comparing 

the prevalence estimates from sub-study 3 and sub-study 4 with worldwide prevalence estimates of 

psychiatric disorders. In our two sub-studies, we found prevalence estimates of any psychiatric 

disorder at 10% and 6% respectively. This is around one-third of the estimated global lifetime 

prevalence (29%) supporting our expectation that we only have a minor number of Danes with a 

psychiatric disorder included in our definition.  

When highlighting these limitations in the definition, it is relevant to question what impact the 

definition has on the findings from our study. In two previous systematic reviews, it was found that 

the incidence rate of type 2 diabetes is higher in people with depression when depression is defined 

based on a diagnostic interview or medication use, rather than only elevated symptoms measured by 

questionnaires (35; 78). If this signal that people with a severe psychiatric disorder have a more 

increased risk of developing type 2 diabetes, compared to people with minor degree of psychiatric 

disorder, this could suggest that our findings from sub-study 3 are overestimated. On the contrary, 

as we expect that people with any level of psychiatric disorder have an increased risk of developing 
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type 2 diabetes, compared to people without psychiatric disorder, it could be argued that our 

findings in sub-study 3 are underestimated. The same considerations are relevant for sub-study 4. 

We found that the use of psychotropic medication is identified as the mediator with the largest 

indirect effect partially explaining the association between a broad spectrum of psychiatric disorders 

and incident type 2 diabetes. But these findings are specific for people with a psychiatric diagnosis 

from the hospitals. It could be hypothesized, that people with a psychiatric disorder from for 

example general practitioner differs from the people we have investigated, and thus it could be the 

case that other mechanisms have a more important role for this subgroup. Overall, we believe that 

our findings are relevant for all people with a psychiatric disorder, despite the subtype and degree. 

However, we are aware that the degree of the psychiatric disorder has a potential effect, and thus, 

more work is needed within the population of people with milder degrees of psychiatric disorders. 

 

4.2.4 How to define type 2 diabetes in research projects? 

As initially stated, in this thesis type 2 refers to diagnosed type 2 diabetes unless otherwise 

specified. In the different sub-studies type 2 diabetes has been defined in various ways. In our 

umbrella reviews, we observed that the identified systematic reviews included a broad range of 

measures when defining type 2 diabetes including diagnosis, medical records, diabetes screening, 

medication prescription, and self-reported. Only in a minority of the identified systematic reviews, 

differences in the measurement of type 2 diabetes were investigated, which indicated potential 

differences in the findings depending in the type of measurement.  

In our two register-based cohort sub-studies, two different definitions of type 2 diabetes were used. 

In sub-study 3 the definition of type 2 diabetes was based on a comprehensive algorithm using 

information from multiple registries (54), whereas type 2 diabetes was defined based on only 

hospital diagnosis and medication use in sub-study 4. In Denmark, most people with type 2 diabetes 

are diagnosed and treated in general practice (58), which will mean that the majority will not be 

identified through hospital diagnoses. However, worldwide it is also assumed that up to 90% of 

people with diagnosed type 2 diabetes regularly uses medication for the treatment of the disorder 

(79; 80), and thus we expect that the majority of the people with diagnosed type 2 diabetes can be 

identified through the medication prescription register. Thus, based on these assumptions, we 

believe that most of the people with type 2 diabetes are identified in the definition used in sub-study 

4 and that mainly people diagnosed in general practice and not taking prescription medication as 
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treatment for their type 2 diabetes will be overlooked in sub-study 4. In our opinion, the definition 

of type 2 diabetes that we have used in sub-study 3 has the potential to be more sensitive and 

therefore more accurate in its detection of type 2 diabetes. Especially in relation to dividing people 

into having either type 1 or type 2 diabetes, the definition used in sub-study 3 has several 

advantages. Whereas the definition of type 2 diabetes used in sub-study 4, solely is based on a 

diagnosis and medication prescriptions, the algorithm behind the definition in sub-study 3, also 

takes specific procedures into account and also the amount of different diabetes diagnoses from the 

National Patient Register. It is relevant albeit difficult to discuss, how these different ways to define 

type 2 diabetes potential have impacted the findings of the thesis. It is most likely that people with 

type 2 diabetes who could potentially be overlooked in accordance with these definitions probably 

will be in a very mild version not requiring treatment with medication. However, it is also possible, 

that more people with more severe type 2 diabetes diagnosed by the general practitioner, who 

decides not to take medication may be due to lack of resources, will be overlooked in our 

definitions. Following these considerations, it is not possible for us to evaluate how many people 

with diagnosed type 2 diabetes will be overlooked. We expect that this will be a very small part of 

the overall population of people with type 2 diabetes in Denmark, and we therefore don’t believe 

the different definitions have had any significance for the findings.  

 

4.2.5 What about undiagnosed type 2 diabetes? 

Another important topic to discuss is the differences between diagnosed and undiagnosed type 2 

diabetes. When comparing prevalence and incidence estimates it is important to focus on whether it 

is for diagnosed or undiagnosed disorders. When using data from the Danish registries, we expect 

that there are only records of diagnosed type 2 diabetes, as we assume that no one would be 

prescribed medication for the treatment of type 2 diabetes if they did not have a diagnosis already. 

However, we acknowledge, that some mediations such as metformin can be used for preventive 

purposes as well as in treatment of other diseases (81). When comparing the overall type 2 

prevalence during the study period in respectively sub-study 3 and sub-study 4, we found type 2 

prevalence estimates of respectively 7% and 3%, which is in line with the global prevalence 

estimates by a study by Khan and colleagues (27), which is also based on diagnosed type 2 diabetes.   

Within the last decades, it has been estimated that between 24% to 84% of people with type 2 

diabetes are undiagnosed (28; 68; 82). However, big differences have been reported regarding the 
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percentages of undiagnosed type 2 diabetes across countries, whereas the highest degree of 

undiagnosed type 2 diabetes is detected in low- and middle-income countries accounting for 84% of 

all incident cases of undiagnosed diabetes worldwide (28). Within the last decades, there has been 

an increasing focus on continuously screening procedures in many western countries, whereas for 

example the American Diabetes Association recommends regular screening for prediabetes and 

type 2 diabetes in all adults aged 35 to 70 years being overweight (83). These types of 

recommendations may partially explain the lower prevalence of undiagnosed type 2 diabetes within 

these countries. Despite this tendency, it is still very relevant to focus on this group of people with 

undiagnosed type 2 diabetes for several reasons. First of all, this group of people will not be offered 

any treatment before their type 2 diabetes is diagnosed, and delay of treatment can lead to a greater 

risk of complications (22). Second, and especially important for this PhD thesis, it has previously 

been suggested, that the percentages of undiagnosed type 2 diabetes is especially high among 

people with a psychiatric disorder (68). In fact, it has been suggested that up to 70% of all type 2 

diabetes are undiagnosed within people with a psychiatric disorder (68). An increased proportion of 

undiagnosed type 2 diabetes could be explained by the fact that people with a psychiatric disorder 

more often skip medical examinations (84) and additionally it has been argued that they have 

limited access to the healthcare system due to unavailable care or inexpedient interactions with 

relevant healthcare providers (85). However, in the National guidelines for the Danish general 

practitioners, it is required that persons with a severe mental illness or long-lasting use of 

psychotropic medication should be routinely screened for type 2 diabetes (86). This 

recommendation may contribute to a lower proportion of undiagnosed type 2 diabetes in people 

with a psychiatric disorder in Denmark. However, it is relevant to acknowledge that a higher 

proportion of undiagnosed type 2 diabetes in people with a psychiatric disorder compared to people 

without a psychiatric disorder, might have affected the findings in our thesis. Thus, our findings 

could be underestimations, and we could expect even larger estimates if we have had the 

opportunity to explore both diagnosed and undiagnosed type 2 diabetes. In future studies, more 

focus on both diagnosed and undiagnosed type 2 diabetes could provide valuable knowledge 

contributing to both preventive and treatment initiatives.  

 

4.2.6 Occurrence of type 2 diabetes in children and adolescents with psychiatric disorder 

In this PhD thesis, the focus has only been on adults. Therefore, none of the studies had investigated 

the prevalence nor the incidence of type 2 diabetes in children and adolescents with a psychiatric 
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disorder. In general, only very few children and adolescents develop type 2 diabetes, as the onset of 

the disorder most often occurs in middle-aged people. However, within the last years, there has 

been a tendency of earlier onset and a growing population of young people being diagnosed with 

type 2 diabetes (24). This tendency has made general practitioners aware of the possibility of 

children and adolescents developing type 2 diabetes, and therefore helped to minimize the risk for 

undetected type 2 diabetes in this young population.  

Research has suggested that people with a psychiatric disorder develop type 2 diabetes 10 to 20 

years earlier compared to people without a psychiatric disorder (68). In sub-study 3 our findings 

confirm that individuals with a psychiatric disorder have earlier onset of type 2 diabetes compared 

to individuals without a psychiatric disorder. In continuation of these findings, it could be argued 

that we should also have focused on children and adolescents in this thesis. However, we decided 

not to include children and adolescents for several reasons. We believe that the manifestation of 

psychiatric disorders and health behavior related to the psychiatric disorders can be quite different 

for respectively children, adolescents, and adults, which was an argument for not looking at all age 

groups simultaneously. Second, due to the follow-up period in sub-study 3, it makes sense to only 

include adults. Despite we have a long follow-up period at 24 years, we would risk not having a 

sufficient follow-up period for them to actually develop type 2 diabetes, which would have resulted 

in a potential power issue for the youngest population. Finally, information on health behavior was 

not available for people younger than 16 years old in sub-study 4. 

Our decision on not including children and adolescents has potentially impacted the results of our 

sub-study 3. As we have only included adults, it has limited the number of people with psychiatric 

disorders with onset most often in childhood and adolescence (intellectual disabilities, 

developmental disorders, and behavioral disorders).  

 

5. Clinical implications 

Literature-based research and research that is based on population-based data may be criticized for 

not being patient-centered enough, and not directly relevant for clinical practice. Despite the fact 

that the present thesis was based on exactly these types of data, we argue that our findings have 

high relevance for clinical practice and provide important knowledge for both general practitioners, 

psychiatrist, endocrinologist or nurses treating these vulnerable populations. Our findings highlight 
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that people with a psychiatric disorder – regardless of which type of psychiatric disorder- have an 

increased risk of having and/or developing type 2 diabetes. For health care professionals this 

knowledge is relevant in their everyday work-life and highlights the importance of focusing on type 

2 diabetes when being in contact with people with a psychiatric disorder. It has been emphasized 

that treatment of somatic comorbidities is often very low on the priority list for both the individual 

and for health care professionals (87; 88). However, the high prevalence and incidence rates 

highlight the relevance. 

It has been discussed whether and to which extent screening for type 2 diabetes is an optimal way to 

prioritize resources (89; 90). Based on the findings from our thesis, we are not able to answer 

whether screening is an optimal priority of resources. However, we can point out that if screening 

for type 2 diabetes is a tool in the toolbox, then people with psychiatric disorders are a relevant 

vulnerable population to routinely screen (85).  

Our findings (from sub-study 3) suggest that especially younger people (below 50 years old) with a 

psychiatric disorder have an increased risk of developing type 2 diabetes. This knowledge is 

important when health care professionals in the future should prioritize a specific group of patients. 

In the future, it could be meaningful to prioritize prevention studies targeting younger people with a 

psychiatric disorder. We have also learned that multiple mechanisms partially explain the 

associations between psychiatric disorders and incident type 2 diabetes. The use of psychotropic 

medication was identified as the mediator contributing the most. Prevention studies could benefit 

from this knowledge and thus, prevention studies should focus on optimizing the use of 

psychotropic medication in this population. Within the last decade, there has been a general focus 

on the possibility to minimize the use of psychotropic medication, and promising results have been 

announced indicating that it is possible to minimize the amount of psychotropic medication without 

relapse in the psychiatric disorder (91). Hopefully, this knowledge can be implemented in clinical 

practice when trying to optimize the use of psychotropic medication in people with psychiatric 

disorders.   

Within the last decade, an increasing focus has been on precision medicine in the treatment of 

diabetes (92). Precision medicine is characterized by aiming for providing the right therapy for the 

specific individual, which is in contrast to more traditional approaches where individual variation in 

effectiveness is not encountered (92). Previously, precision medicine has focused mainly on 

biological factors such as genetic information (92). However, based on the findings from this thesis, 
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we argue that precision medicine should also focus on the psychiatric disorders and how they 

increase the risk for developing type 2 diabetes. In clinical practice, precision medicine will be an 

important step when future targeting people in increased risk of a specific disease, and likewise to 

optimize the treatment for the individual. We believe that the findings from this PhD thesis can help 

the clinician identify individuals at increased risk of developing type 2 diabetes.   

 

6. Future research 

This PhD thesis has confirmed some existing knowledge, but several new findings has also 

emerged. However, it is clear that our journey has only just begun, and many questions remain 

unanswered. All our sub-studies confirm an increased prevalence or risk of type 2 diabetes across 

different types of psychiatric disorders. Our findings emphasize that in future studies it will be 

meaningful not only to focus on a specific psychiatric disorder but rather focus on various 

psychiatric disorders. The consistent findings across many different types of psychiatric disorders 

support the idea that an increased level of distress could be a common denominator. Future studies 

should investigate whether the level of distress is a better predictor for incident type 2 diabetes 

rather than a specific diagnosis.   

Another area which we have not given much attention within this PhD thesis is the investigation of 

the potential role of genetics. From previous research, we know that genetics may play a role in the 

development of type 2 diabetes (71) and also have a role when explaining the associations between 

psychiatric disorders and incident type 2 diabetes (93). In future studies, more research should focus 

on how genetics more specific plays a role in explaining the associations between psychiatric 

disorders and type 2 diabetes. Is it possible in the future to identify people being significantly at risk 

of developing type 2 diabetes solely based on genetic information? During this PhD project, we 

have been in contact with a strong research group from the Department of Economic and Business 

Economics - National Centre for Register-based Research at Aarhus University led by Professor 

Bjarni Jóhann Vilhjálmsson. In their research, they try to identify common genetic denominators 

across different psychiatric disorders. In future research, it could be interesting to investigate 

associations between genetic denominators and risk of developing type 2 diabetes.    

Even though we learn more about the role of genetics, much more knowledge is needed regarding 

understanding the mechanisms explaining the associations between psychiatric disorders and the 
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development of type 2 diabetes. To the best of our knowledge, our sub-study 4 is the first of its kind 

to investigate the associations between psychiatric disorders and incident type 2 diabetes when 

exploring multiple potential mediators within a time-to-event design. In sub-study 4 we detected the 

large indirect effect use of antidepressant medication had on the associations between the different 

psychiatric disorders and incident type 2 diabetes. However, in future studies the mediating effects 

of specific types of medications should be investigated further. Also, more studies are needed to 

gain even more knowledge of additional mediating mechanisms, and future studies should measure 

potential mechanisms multiple times to provide more details of these expected associations.    

In future studies, more focus should be on undiagnosed type 2 diabetes within people with a 

psychiatric disorder. Only a few previous studies have focused on this topic, and despite a previous 

review suggesting an elevated rate of undiagnosed type 2 diabetes in people with a psychiatric 

disorder (68), more research is needed. In the same review, it is postulated that people with a 

psychiatric disorder develop type 2 diabetes earlier compared to people without a psychiatric 

disorder. Despite our sub-study 3 supporting these findings, more research within this area is also 

needed.  

From earlier research e.g., by de Jonge and colleagues (73) we know the importance of adjusting for 

psychiatric comorbidity when investigating the associations between psychiatric disorders and 

diabetes. However, in sub-study 3 we did not adjust for psychiatric comorbidity due to the study 

design. When we included psychiatric comorbidity as a potential mediator in our mediation studies 

in sub-study 4, we observed that psychiatric comorbidity to a minor degree partially explained the 

associations between a majority of the investigated psychiatric disorders and incident type 2 

diabetes. Our results from sub-study 4 therefore support the findings from previous research and 

highlight that we in future studies should take psychiatric comorbidity into account.  

Finally, now where we have confirmed a higher occurrence of type 2 diabetes in people with a 

psychiatric disorder compared to people without, we need to ask the next questions, such as: Which 

long-term consequences do the coexisting of psychiatric disorders and type 2 diabetes have? and 

what is the best treatment for coexisting disorders? Luckily, studies have already started to 

investigate these questions. Next to the PhD project, we have been involved in another study from 

Steno Diabetes Center Copenhagen exploring these research questions in nationwide contexts (94). 

Furthermore, we must question how we in future can prevent the high occurrence of type 2 diabetes 

in people with a psychiatric disorder based on the knowledge regarding mediating mechanisms 
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which we have gained from sub-study 4. In a current research project HISTORI, it is investigated 

whether the use of semaglutide – a medication which has previously been used to treat obesity, may 

prevent the development of type 2 diabetes in persons with schizophrenia (95). However, additional 

future studies are needed at should investigate prevention initiatives focusing on some of the 

additional mediators identified in this thesis.  

 

7. Conclusions 

At the end of our journey, we pause and summarize our conclusions. We have found that regardless 

of the type of psychiatric disorder, people with a psychiatric disorder have an increased prevalence 

and risk of developing type 2 diabetes. People with a psychiatric disorder are a vulnerable 

population, and especially the younger population seems to be at increased risk compared to people 

without a psychiatric disorder. The use of antidepressant medication is the mediator that to the 

largest degree explains the associations between psychiatric disorders and incident type 2 diabetes. 

On contrary, unhealthy diet and somatic comorbidity did not mediate the associations, and high 

alcohol consumption had a low negative effect on the association. However, much more research 

within this areas is needed to fully understand the role of the identified mediators as well as 

identifying additional mechanisms contributing to the significant associations.  

We started this journey aiming for a better understanding of the increased mortality rates within 

people with a psychiatric disorder, and we have contributed with several pieces to the puzzle. Our 

findings support the knowledge that people with a psychiatric disorder constitute a vulnerable 

population with an increased risk of developing type 2 diabetes, and we have identified mechanisms 

partially explaining these associations. We believe that our work can be an important step in the 

right direction leading attention to this vulnerable population and highlighting the need for future 

prevention and treatment initiatives. Hopefully in the long run our findings may help minimize the 

elevated mortality rates within people with a psychiatric disorder.  
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Appendix 1: Paper 1 

 

This appendix include: 

Paper 1:  

Lindekilde, N., Scheuer, S., Rutters, F., Henriksen, J. E., Rubin, K. H., Lasgaard, M., Andersen, G. 

S., & Pouwer, F. The prevalence of type 2 diabetes in people with psychiatric disorders: an 

umbrella review protocol. Systematic Reviews, 9, (2020). https://doi.org/10.1186/s13643-020-

01341-6 

 

Supplementary material can be found at: https://doi.org/10.1186/s13643-020-01341-6 
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Appendix 2: Paper 2 
 

 

This appendix include: 

Paper 2:  

Lindekilde, N., Scheuer, S. H., Rutters, F., Knudsen, L., Lasgaard, M., Rubin, K. H., Henriksen, J. 

E., Kivimäki, M., Andersen, G. S., & Pouwer, F. Prevalence of type 2 diabetes in psychiatric 

disorders: An umbrella review with meta-analysis of 245 observational studies from 32 systematic 

reviews. Diabetologia. (2021). https://doi.org/10.1007/s00125-021-05609-x 

 

Note: Due to copyright and the Embargo period, the included version of the paper in this thesis is 

the Accepted Version. The published version can be found at the following DOI number: 

https://doi.org/10.1007/s00125-021-05609-x 
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Abstract 

Aims/hypothesis Estimates of the global prevalence of type 2 diabetes vary between 6% and 9%. The 

prevalence of type 2 diabetes has also been investigated in psychiatric populations, but a critical appraisal of 

the existing evidence is lacking, and an overview is needed. This umbrella review summarizes existing 

systematic reviews of observational studies investigating the prevalence of type 2 diabetes in people with a 

psychiatric disorder.  

Methods We searched PubMed, EMBASE, PsycINFO and Cochrane Database of Systematic Reviews from 

inception to January 17, 2021, and screened reference lists of included systematic reviews. Based on pre-

specified criteria we included systematic reviews investigating prevalence of type 2 diabetes in adults (≥18-

years) with a psychiatric disorder. Title and abstracts of 5,155 identified records and full text of 431 selected 

studies were screened by two independent reviewers, based on predefined eligibility criteria and an a priori 

developed extraction form, following the PRISMA and MOOSE guidelines. Risk of bias was assessed with 

the ROBIS instrument. Data extracted from primary studies were synthesized using random-effects meta-

analyses.  

Results A total of 32 systematic reviews with 245 unique primary studies were identified and met inclusion 

criteria. Of them, 12 had low risk of bias. They reported type 2 diabetes prevalence estimates ranging from 

5% to 22% depending on the specific psychiatric disorder. We meta-analyzed data for ten categories of 

psychiatric disorders and found prevalence estimates of type 2 diabetes varying between 8% to 40%: 40% 

among people with sleep disorders, 21% in binge eating disorders, 16% in substance use disorders, 14% in 

anxiety disorders, 11% in bipolar disorders, 11% in psychosis, 10% in schizophrenia, 10% in a mixed group 

of psychiatric disorders, 9% in depression, and 8% in intellectual disabilities. All meta-analyses revealed 

high levels of heterogeneity.  

Conclusions/interpretation Type 2 diabetes is a common comorbidity in people with a psychiatric disorder. 

Future research should investigate whether routine screening for type 2 diabetes and subsequent prevention 

initiatives for these people are warranted. 

PROSPERO registration no: CRD42020159870 
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Research in Context 

What is already known about this subject? 

• The prevalence of type 2 diabetes has been investigated in different psychiatric populations, but an 

overview with meta-analysis is needed. 

• In some papers, the prevalence of type 2 diabetes in people with a psychiatric disorder is reported 

higher compared to the general population. 

What is the key question?  

• What is the prevalence of type 2 diabetes in people with a psychiatric disorder? 

What are the new findings?  

• Meta-analyses of 245 primary studies from 32 systematic reviews show that diabetes prevalence is 

higher in individuals with sleep disorders (40%), binge eating disorders (21%), substance use 

disorders (16%), anxiety disorders (14%), bipolar disorders (11%), psychosis (11%), schizophrenia 

(10%), mixed group of psychiatric disorders (10%) than in the general population over 18 years of 

age (6% to 9%).  

How might this impact on clinical practice in the foreseeable future?  

• Type 2 diabetes is a common comorbidity in individuals with psychiatric disorders. Future research 

should evaluate whether diabetes screening is warranted and whether diabetes treatment targets are 

currently met in this group.  
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Introduction 

Psychiatric disorders are common [1], can substantially impair quality of life [2], and are associated with 

elevated mortality rates [3, 4]. Excess mortality in individuals with a psychiatric disorder can be attributed to 

more frequent suicides and accidents, but also the high prevalence of comorbid somatic disorders in this 

population [5-8]. The prevalence of type 2 diabetes mellitus (T2DM), for example, has been reported to be 

higher in people with bipolar disorder [9], schizophrenia [10], or major depression [11], compared to the 

general population. The global prevalence of T2DM has increased from 1990 onwards, current estimates 

ranging between 6.3% and 9.3%, and the prevalence is expected to increase further within the next 20 years 

[12, 13]. During the last decades, a number of systematic reviews have investigated the prevalence of T2DM 

in people with different psychiatric disorders. However, no systematic overview and critical appraisal of this 

literature is currently available. 

To address this limitation, this umbrella review sought to summarize and critically assess the existing 

evidence on the prevalence of T2DM in people with a psychiatric disorder. We focused on systematic 

reviews of observational studies to generate a narrative synthesis of the prevalence estimates. Our review 

included a risk of bias assessment and meta-analyses of prevalence estimates from the primary studies 

included in the systematic reviews.  

 

Methods 

Protocol, registration, and study design  

We registered the protocol for this umbrella review at PROSPERO (registration no: CRD42020159870) and 

described it in an a priori published protocol [14]. We followed the Preferred Reporting Items for 

Systematics Reviews and Meta-Analyses (PRISMA) [15] and the Meta-analysis of Observational Studies in 

Epidemiology (MOOSE) guidelines [16] (ESM Table 1 and ESM Table 2). The umbrella review covers 

systematic reviews describing the prevalence of T2DM in people with a psychiatric disorder. 
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Search strategy and eligibility criteria 

We searched four electronic databases (PubMed, EMBASE, PsycINFO, and Cochrane Database of 

Systematic Reviews) from their inception to 17th of January 2021. We used a structured search strategy with 

searches in four blocks: (I) psychiatric disorders, (II) diabetes, (III) prevalence, and (IV) systematic reviews. 

Search words and MeSH-terms within each block of the search were combined with an “OR”. In the final 

search, the blocks (I-IV) were combined with an “AND”. We included only systematic reviews in English, 

Dutch, German, or Scandinavian language, with no limitations in publication date. The complete block 

search is reported in ESM Table 3. 

More specifically, we included systematic reviews of observational studies, investigating the prevalence of 

T2DM in people with a psychiatric disorder. We used a definition of psychiatric disorders as psychiatric 

diagnoses mentioned in the ICD or DSM classification systems or elevated levels of clusters of psychiatric 

symptoms (DSM III or DSM IV, axis I or axis II; DSM5 section II; ICD 10, F00-F99) [17-20]. We did not 

include reviews focusing on 1) a single psychiatric symptom or 2) distress not described as a condition in the 

ICD or DSM classification systems (e.g., work-related stress and sleep duration). We included systematic 

reviews where the psychiatric disorders were assessed by diagnosis, diagnostic interviews, hospital records, 

prescriptions of psychotropic medication, or self-reported, and where T2DM was assessed by diagnosis, 

medical records, prescription of glucose-lowering medication, or self-reports. Only systematic reviews 

focusing on adult samples (≥18 years) were included. If no information was available regarding type of 

diabetes, we expected that the majority of adults had T2DM and included the study. Studies with a design 

other than a systematic review were excluded. Similarly, reviews without an explicit literature search 

strategy were regarded as unsystematic and were thus excluded.    

We removed duplicates in merged searches from different databases with the reference managing package 

EndNote X8 (Clarivate Analytics (US) LLC). Two independent reviewers (NL and SHS) selected studies to 

be read in full text by screening titles and abstracts using the software package Covidence (Melbourne, 
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Australia), and subsequently selected studies for final inclusion based on the full text of these studies, based 

on the predefined eligibility criteria. If at least one of the reviewers regarded a record as potentially eligible 

during the title/abstract screening, the record was included and evaluated at the full-text level. Any 

disagreements at the full-text level were resolved after consulting a third author (FR). Finally, the reference 

lists of the included systematic reviews were manually screened for other potentially eligible systematic 

reviews.  

 

Data extraction  

Two independent reviewers (NL and SHS) extracted the following information from the included systematic 

reviews, using an extraction form we developed before extraction of the information: name of first author, 

year of publication, country where the study was conducted, type of study (systematic review with or without 

meta-analysis), type of psychiatric disorder(s), assessment of psychiatric disorder(s) and assessment of 

T2DM, number of primary studies of the prevalence of T2DM, total number of study participants, and 

primary findings including information on the prevalence of T2DM, OR and RR, when possible. The first 

author (NL) extracted the following information from all primary studies included in the systematic reviews: 

name of first author, year of publication, total number of study participants, number of study participants 

with T2DM and/or prevalence estimates. We divided the included systematic reviews into categories of 

psychiatric disorders and conducted a narrative data-synthesis for each of the identified categories of 

psychiatric disorders.  

 

Statistical analysis 

If more than one systematic review described the prevalence of T2DM for each of the identified categories of 

psychiatric disorders, we conducted separate meta-analyses to summarize the results of a large number of 

prevalence estimates quantitatively. This was a deviation from the original PROSPERO protocol  although 

the amendment was described in our published protocol [14]. We conducted meta-analyses based on data 
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extracted from the primary studies that were included in the systematic reviews. We defined the numerator as 

number of people with a psychiatric disorder and T2DM, and the denominator as total number of people with 

a psychiatric disorder in the primary study. We included each primary study only once in the meta-analysis. 

If several primary studies were based on the same sample, we included the study with the largest sample 

size. If data regarding the numerator and denominator were not available in the primary study, we extracted 

data from the original systematic review when possible, as the authors of the systematic reviews in some 

cases had contacted the author of the primary study to obtain the relevant information. In cases where no data 

was available, we excluded the primary study from the meta-analyses.  

We used a random effects model for all meta-analyses. In order to stabilize the variance, we used double 

arcsine transformations and the inverse variance method [21]. We calculated the I2 metrics to evaluate 

between-study heterogeneity [22, 23]. In our published protocol [14], we planned to use Egger's test to 

examine publication bias [24]. However, concerns have been raised about the sensitivity of Egger's test to 

detect asymmetry, when the number of included studies is small [25]. Therefore, we decided to use two more 

recent methods, the Doi plot and the Luis Furuya-Kanamori index [LFK index], to identify publication bias. 

In the LFK index a value beyond ±1 is deemed consistent with publication bias and this index has shown to 

be more sensitive than Egger's test [25]. All meta-analyses were conducted in MetaXL, a software package 

for meta-analysis in Microsoft Excel [21, 26].  

 

Risk of bias assessment  

Two independent reviewers (NL and either SHS or LK) assessed the risk of bias for each of the included 

systematic reviews, using the Risk of Bias in Systematic Reviews (ROBIS) tool [27]. A third author (LK or 

SHS) resolved disagreements. We assessed the following four types of risk of bias: (I) study eligibility 

criteria, II) identification and selection of studies, (III) data collection and study appraisal, and (IV) synthesis 

and findings. Based on how we assessed potential risk of bias within the four types (I-IV), we assessed an 

overall risk of bias in the systematic review (high, low or unclear risk of bias). 
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Results 

Study selection and characteristics 

In total, we identified 32 systematic reviews including a total of 245 unique primary studies focusing on 

prevalence of T2DM in psychiatric disorders from 431 full-text screenings and 5,155 records found in the 

dataset searches (Figure 1). The included systematic reviews were focused on 11 categories of psychiatric 

disorders: 1) schizophrenia (n = 7) [10, 28-33], 2) bipolar disorders (n = 4) [9, 31, 34, 35], 3) depression (n = 

3) [11, 31, 36], 4) substance use disorders (n = 3) [31, 37, 38], 5) anxiety disorders (n = 2) [31, 39], 6) eating 

disorders (n = 2) [40, 41], 7) intellectual disabilities (n = 2) [42, 43], 8) psychosis (n = 2) [44, 45], 9) sleep 

disorders (n = 2) [46, 47], 10) dementia (n = 1) [48], and 11) an “mixed” group that comprised different 

types of psychiatric disorders (n = 9) [31, 49-56]. 

We present the characteristics of the 32 systematic reviews in Table 1. Nineteen (59%) of the 32 systematic 

reviews originated from Europe, six (19%) from the USA, four (13%) from Australia, one (3%) from each of 

Chile, China, and Ethiopia. Different methods were used to identify psychiatric disorders and T2DM, 

including diagnostic criteria, prescription data, screening, admission status, medical records, diagnostic tests, 

surveys, questionnaires, interviews, and self-reports. In most of the systematic reviews (91%, 29/32), 

multiple types of assessments were used. A considerable proportion (41%, 13/32) did not report the type of 

assessment for psychiatric disorders or T2DM. Several systematic reviews were based on an overlapping set 

of primary studies. We report an overview of the 245 unique primary studies of the prevalence of T2DM in 

ESM Table 4.  

 

Risk of bias assessment 

We report an overview of the risk of bias assessment in Table 2 and ESM Fig 1. A total of 20 included 

systematic reviews had a high risk of bias [28-36, 41, 42, 45, 47-49, 51, 52, 54-56] while 12 reviews had a 

low risk of bias [9-11, 37-40, 43, 44, 46, 50, 53]. We found high concerns regarding the identification and 
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selection of studies in 19 reviews (59%) and concerns regarding the data collection and study appraisal in 18 

reviews (56%).  

 

Narrative synthesis 

An overview of prevalence estimates for each category of psychiatric disorder is shown in Table 3. In the 32 

systematic reviews, prevalence estimates for T2DM in the identified psychiatric disorders ranged between 

1.3% and 66.0%. When only including systematic reviews with low risk of bias (n = 12), the prevalence 

estimates of T2DM ranged from 5.1% to 22.3%. In the systematic reviews with low risk of bias, the highest 

prevalence estimates of T2DM was reported in people with sleep disorders (22.3%) [46], psychosis (18.9%) 

[44], and substance use disorders (11.9-15.3%) [37, 38]. Forty-four percent (14/32) of the included 

systematic reviews made comparisons with control groups and reported increased risk of T2DM in people 

with psychiatric disorders. In one of the included systematic reviews investigating intellectual disabilities, 

three primary studies reported a tendency of decreased risk of T2DM [42]. 

 

Meta-analyses of the prevalence of T2DM 

For ten of the 11 categories of psychiatric disorders, more than one systematic review reported the 

prevalence of people with T2DM. We therefore conducted new meta-analyses of T2DM prevalence 

estimates for each of these categories of psychiatric disorders. These ten meta-analyses included between six 

and 153 unique primary studies depending on the psychiatric disorder, and an overview of the estimated 

prevalence estimates for each of the categories is presented in Table 4. According to our meta-analyses, 

people with sleep disorders have the highest prevalence of T2DM (39.7%, 95% CI 34.9-44.7%), followed by 

those with binge eating disorders (20.7%, 95% CI 7.6-37.4%), substance use disorders (15.6%, 95% CI 10.3-

21.7%), anxiety disorders (13.7%, 95% CI 7.7-20.9%), bipolar disorders (11.4%, 95% CI 7.8-15.6%) and 

psychosis (11.1%, 95% CI 7.3-15.5%). We found the lowest prevalence of T2DM in people with intellectual 

disabilities (8.1%, 95% CI 6.5-9.8%). We report forest plots for all meta-analyses in ESM Fig 2.  
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In all meta-analyses, a high level of between-study heterogeneity was detected (I2 0.89-0.99). We found 

substantial publication bias in the four meta-analyses focusing on schizophrenia, substance use disorders, 

binge eating disorders and mixed group of psychiatric disorders. We found only minor publication bias in the 

meta-analysis of T2DM prevalence in people with psychosis. We report Doi plots for all meta-analyses in 

ESM Fig 3.  

 

Discussion 

In this umbrella review, we systematically summarized and critically assessed the existing evidence on 

prevalence of T2DM in people with a psychiatric disorder.  

We meta-analyzed data from primary studies for ten categories of psychiatric disorders revealing prevalence 

estimates between 8% and 40%. Our meta-analyses were based on primary studies from several systematic 

reviews and therefore were built on more data than previous meta-analyses. Overall, we found that the 

majority of the meta-analyses revealed prevalence estimates that were comparable with existing meta-

analyses within each of the categories of psychiatric disorders [9-11, 38-40, 44, 46, 50, 53]. However, meta-

analyzed data revealed notable high prevalence estimates for sleep disorders (40%) and binge eating 

disorders (20%). Sleep disorders, as defined in DSM5 constitute a subgroup of psychiatric disorders [19], 

and has high comorbidity with several other somatic diseases [57, 58]. In our umbrella review, the majority 

of the primary studies were conducted among people with additional somatic diseases such as chronic kidney 

diseases. It is likely that this physical comorbidity contributes to the high T2DM prevalence estimates in 

people with sleep disorders.  A previous review suggested the association between sleep disorders and 

T2DM is bidirectional with sleep disorders being a risk factor for T2DM and T2DM, especially when 

combined with poor metabolic control, being a risk factor for sleep disorders [59]. For people with binge 

eating disorders, the T2DM prevalence estimates were based on data from four primary studies with limited 

sample sizes. The results should be interpretated with caution, due to large confidence intervals. 



 90 

Additionally, there might be an effect of publication year, with more recent publications reporting higher 

prevalence of T2DM in people with binge eating disorders (see ESM Fig. 2). 

In 44% of the included systematic reviews, comparisons with control groups were made, revealing an 

increased prevalence of T2DM in people with a psychiatric disorder. This increased prevalence of T2DM 

was detected for most of the investigated psychiatric disorders, suggesting a shared vulnerability in people 

with psychiatric disorders to develop T2DM. In line with these findings, our meta-analyzed T2DM 

prevalence estimates typically exceeded those for global prevalence estimates of T2DM [12, 13]. However, 

better understanding of these differences and explaining factors are still needed. The global prevalence 

estimates of 6.3% to 9.3% for T2DM is as in 2017 and 2019 respectively [12, 13] whereas the primary 

studies included in the meta-analyses were conducted between 1980 and 2020. The comparison of the global 

prevalence estimates with the findings from our meta-analyses suggest people across all the investigated 

psychiatric disorders more often have T2DM. However, more refined comparisons should be made between 

prevalence estimates in the future to better account differences in populations groups, study settings and the 

broad range of years as well as methods to ascertain T2DM.   

In the general population, the prevalence of T2DM has increased considerably over the past decades [13, 60, 

61], due to an increase in the population incidence of obesity and T2DM, a decrease in age-standardized 

mortality and a growing proportion of the aging population [62]. However, with the exception of people with 

binge eating disorder, the forest plots (ESM Fig 2.) show that when the primary studies are ranked according 

to publication year, there is no indication of increase in prevalence estimates of T2DM in people with a 

psychiatric disorder with publication year of the study over the past 2-3 decades. This might  be explained by 

issues, such as changes in prescription patterns of psychotropic drugs over the past decades [63] and the high 

amount of undiagnosed T2DM in people with a psychiatric disorder [64]. These issues warrant further 

investigation. 

Overall, this umbrella review highlights the importance to focus on prevalent T2DM across different 

psychiatric disorders as we see a general tendency of elevated T2DM prevalence rates in people with a 

psychiatric disorder. Much of previous research has focused on schizophrenia and depression [10, 65, 66, 
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67], but our findings suggest that the prevalence of T2DM is high also in several other psychiatric disorders 

emphasizing the need for future studies that cover the full range of psychiatric disorders. Future 

collaborations should follow the example by the initiative of the European Depression in Diabetes (EDID) 

Research Consortium [68], combining researchers from different fields and countries to collaborate with a 

focus on a psychiatric disorder and diabetes. 

 

Strengths and limitations 

To the best of our knowledge, this is the most comprehensive summary on T2DM in psychiatric disorders to 

date providing an overview across different psychiatric disorders in one and same paper. We have 

summarized all existing systematic reviews in the field and included all primary studies to estimate the 

T2DM prevalence for each psychiatric disorder. 

There are also several limitations that should be acknowledged. First, our umbrella review included studies 

published during an extended period of several decades, where the clinical context has changed considerably. 

Changes in treatment guidelines [69] and lifestyle factors such as physical activity [70], dietary habits [71], 

and smoking behaviors [72] will presumably have had an impact on prevalence estimates of T2DM in people 

with a psychiatric disorder. We have not explored possible effects of these developments in this umbrella 

review. Another limitation is that we have not included most recent observational studies, that are not 

included in a systematic review. However, primary studies up to 2020 have been included in the umbrella 

review and we therefore estimate this gap is modest. A third limitation is that the prevalence of T2DM was 

not available for some common psychiatric disorders such as attention deficit hyperactivity disorder and 

autism. Fourth, a majority of the included systematic reviews had high risk of bias regarding the 

identification and selection of studies and there were also concerns regarding data collection and study 

appraisal. In most cases, the systematic reviews were rated as having high risk of bias because no efforts 

were taken to minimize error during the conduction of the study. For example, there was no description of 

two independent reviewers conducting the procedures. Lastly, we detected publication bias in several of the 
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identified categories of psychiatric disorders. All conducted meta-analyses yielded wide confidence intervals 

and we found a high level of heterogeneity. This might be explained by different types of study populations 

due to different purposes of the included systematic reviews and primary studies. Some systematic reviews 

had no restrictions on the study population, whereas other reviews had a narrower focus on elderly 

populations or inpatients. Furthermore, different assessment methods of psychiatric disorders and T2DM 

were used. More homogenous prevalence estimates could be expected if all primary studies used the golden 

standards for diagnosis of T2DM [73]. 

 

Conclusions 

In more than a decade, the importance of screening and adequate treatment of T2DM in people with 

psychiatric disorders has been highlighted [74]. By providing the most comprehensive review on this issue to 

date, this umbrella review confirms that T2DM is a common comorbidity in people with a psychiatric 

disorder particularly sleep disorders, binge eating disorders, substance use disorders, and anxiety disorders. 

Our review identified a need for future research to identify contributors to this comorbidity. Future research 

must determine whether underdiagnosis of T2DM in people with psychiatric disorders means that the present 

figures are lower-bound estimates. Reliable information about prevalence and a better understanding of 

biological and behavioral factors driving increased prevalence of T2DM in people with psychiatric disorders, 

will be crucial to developing cost-effective strategies for care of T2DM in people with psychiatric disorders.  
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Table 1. Characteristic of 32 systematic reviews included in the umbrella review investigating prevalence of type 2 diabetes among people with 

psychiatric disorders 

First author (year), country Study 

design 

Psychiatric disorder Assessment of 

psychiatric 

disorder 

Assessment of 

T2DM 

No of 

primary 

studies (in 

MA) 

No of participants 

(Characteristics of 

participants) 

Prevalence 

estimates T2DM 

Comparison of prevalence 

estimates with control group 

Schizophrenia (n = 7) 

 Oud (2009)       

The   Netherlands 

SR Schizophrenia Not reported Not reported 2 21,114 including cases 

with schizophrenia and 

controls 

9-14% Not reported 

 Mitchell (2013a) 

United Kingdom 

MA Schizophrenia 

(divided into First 

episode and 

unmedicated) 

Diagnosis (DSM, 

ICD); clinical 

expert judgement 

or miscellaneous 

criteria 

Not reported (First 

episode: 9 

Un-

medicated: 

4) 

15,693 cases with 

schizophrenia 

First episode: 

1.3% (95% CI, .5–

2.4).  

Unmedicated: 

2.1% (95% CI, .5–

4.8) 

Not reported 

 Mitchell (2013b) 

United Kingdom 

MA Schizophrenia and 

related disorders 

Diagnosis (DSM, 

ICD); clinical 

expert judgement 

or miscellaneous 

criteria 

Not reported (14) 2,186 cases with 

schizophrenia or 

related disorders 

10.9% (95% CI, 

7.0–15.5) 

Not reported 

 van den Brink (2013) 

The Netherlands* 

SR Schizophrenia Assessment instruments; medical 

records (Not distinguished between 

assessment of psychiatric disorder or 

diabetes assessment) 

2 5,499 cases with 

schizophrenia 

(People living in long-

term care facilities) 

15.8-31.5% 

 

Not reported 

 Stubbs (2015) United 

Kingdom 

MA Schizophrenia Diagnosis (DSM, 

ICD); diagnostic 

interviews; 

medical records 

Recognized criteria 

(ADA, WHO), 

medical records; 

self-or physician 

report; medication 

use 

(25) 145,718 cases with 

schizophrenia and 

4,343,407 controls 

9.5% (95% CI, 

7.0-12.8%) 

RR=1.82 (95% CI, 1.56-2.13) 

(n studies = 25) 

 Ayano (2019) Ethiopia SR Schizophrenia Not reported Glucose level (only 

reported in one 

study) 

4 Not reported 9.8-15%  In one study reported 3 times 

higher than the general 

population 

 Ma (2020) Australia MA 

 

Schizophrenia and 

other psychotic 

disorders 

Diagnosis 

(DSM5) 

 

Medical records ; 

self-report ; 

prescription of 

medication ; 

4 

 

1,685 12.4% (95% CI 

10.8-14.0) 

 

Not reported 
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  measure of 

abnormal glucose 

states ( impaired 

glucose regulation 

and abnormal 

reference range of 

glucose  

(Inpatients from secure 

psychiatric hospitals or 

custodial centres) 

 

Bipolar disorders (n = 4) 

 Lala (2012) USA SR Bipolar disorder 

 

Medical records 

(Not distinguished between assessment 

of psychiatric disorder or diabetes 

assessment) 

4 418 cases with 

psychiatric disorders 

(Focuses on elderly 

people above 50) 

13-31.3% 

 

Not reported 

 van den Brink (2013) 

The Netherlands* 

SR Bipolar disorder Assessment instruments; medical 

records (Not distinguished between 

assessment of psychiatric disorder or 

diabetes assessment) 

1 5,299 cases with 

bipolar disorder 

(People living in long-

term care facilities) 

28.0% 

 

Not reported 

 Vancampfort (2015a) 

Belgium 

MA Bipolar disorder Diagnosis (DSM, 

ICD); diagnostic 

interviews 

Screening 

(OGTT+ADA 

criteria); 

medication use; 

self-or physician 

report; medical 

records; medical 

claims 

19(17) 18,060 cases with 

bipolar disorder 

783,049 matched 

controls 

9.4% (95% CI, 

6.5-12.7%) 

RR=1.98 (95% CI, 1.6-2.4) (n 

studies = 4, comparing to 

matched controls) 

 Charles (2016) USA SR Bipolar disorder Admission 

status; medical 

records; 

medication use 

Medical records; 

medication use 

5 35,272 cases with 

bipolar disorder and 

around 35,500,000 

controls 

10.77% (n studies 

=1) 

People with bipolar disorder 

have higher rates of diabetes 

ranging from OR = 1.6 to RR 

= 3.19 (95% CI 2.74-3.70) (n 

studies =5) 

Depression (n = 3) 

 van den Brink (2013) 

The Netherlands* 

SR Depression Assessment instruments; medical 

records (Not distinguished between 

assessment of psychiatric disorder or 

diabetes assessment) 

1 154,262 cases with 

depression 

(Individuals living in 

long-term care 

facilities) 

30.3%  Not reported 

 Vancampfort (2015b) 

Belgium 

MA Major depressive 

disorder 

Diagnosis (DSM, 

ICD); diagnostic 

interviews; 

Screening (fasting 

glucose); self-

report; medical 

17(16) 158,834 cases with 

major depressive 

8.7% (95% CI, 

7.3-10.2%) 

RR = 1.49 (95% CI = 1.29–

1.72; p < 0.001) (n studies = 
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surveys/rating 

scales  

records; medical 

claims 

disorder and 2,098,063 

controls 

10, comparing to the general 

controls). 

 Ross (2019) Australia SR Depression 

(including 

postpartum 

depression and 

major depression 

disorder) 

Diagnosis (DSM, 

ICD); 

questionnaires; 

self-report 

Not reported 8  

Note: of 

two 

references 

reported 

almost 

identical 

data – only 

the most 

recent is 

included 

33,114,038 including 

cases with depression 

and controls  

(Focuses on 

pregnancy) 

Postpartum 

depression: 14.5% 

(n studies =1)  

Depression: 3.4-

49% (n studies =6) 

 

Postpartum depression: In one 

study women with postpartum 

depression had significant 

higher prevalence of DM 

compared to controls. Another 

study found no significant 

differences. 

Depression: In three studies, 

women with depression have 

significant higher prevalence 

of DM than control (reported 

in one study: OR=1.52 (95% 

CI, 1.47-1.589)). 

Substance use disorders (n = 3) 

 van den Brink (2013) 

The Netherlands* 

SR Substance use 

disorder 

Assessment instruments; medical 

records (Not distinguished between 

assessment of psychiatric disorder or 

diabetes assessment) 

1 4,849 cases with 

substance use disorder 

(Individuals living in 

long-term care 

facilities) 

31.1%  

 

Not reported 

 Vancampfort (2016c) 

Belgium 

MA Alcohol Use 

disorder 

Diagnosis (DSM, 

ICD); test-score  

Screening (fasting 

glucose, OGTT); 

self-or physician 

report 

(7) 8,998 cases with 

alcohol use disorder 

Unadjusted 11.9% 

(95% CI, 9.3-

15.1%). When 

applying the trim 

and fill method 

adjusted for 2 

studies:12.4% 

(95% CI, 11.8-

13.9%) 

No data available 

 Dam (2019) The 

Netherlands 

SR Korsakoff´s 

syndrome 

Diagnosis (ICD); survey/rating scales; 

medical records (Not distinguished 

between assessment of psychiatric 

disorder or diabetes assessment) 

6 1,102 cases with 

Korsakoff´s syndrome  

15.6% (range 10-

26%) 

Not reported 

Anxiety disorders (n = 2) 

 van den Brink (2013) 

The Netherlands* 

SR Anxiety disorder Assessment instruments; medical 

records (Not distinguished between 

assessment of psychiatric disorder or 

diabetes assessment) 

1 22,513 cases with 

anxiety disorder 

 24.9% Not reported 
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(Individuals living in 

long-term care 

facilities) 

 Vancampfort (2016b) 

Belgium 

MA Posttraumatic stress 

disorder 

Diagnosis (DSM, 

ICD); validated 

screening 

instruments 

Screening (fasting 

glucose, OGTT); 

medication use; 

self-report 

(9) 23,396 cases with 

posttraumatic stress 

disorders and 125,723 

controls 

Unadjusted 10.0% 

(95% CI, 8.1-

12.0%), and 

remained the same 

after the trim and 

fill methods 

RR=1.49 (95% CI, 1.17-1.89) 

(n studies = 5) 

Eating disorders (n = 2) 

 Nieto-Martinez (2017) 

USA 

MA Eating disorder 

(including binge 

eating disorder, 

bulimia nervosa, 

anorexia nervosa) 

Diagnosis (DSM, 

ICD); clinical 

interviews; 

questionnaire; 

self-report 

Clinical criteria; 

medication use; 

self-report 

(4) 18,752 including cases 

with eating disorder 

and controls 

Binge eating: 

5.1% (n studies = 

1) 

Binge eating disorder: OR = 

3.69 (95% CI 1.12-12.12) (n 

studies = 4) 

Bulimia nervosa: OR = 3.45 

(95% CI 1.92-6.19) (n studies 

= 2) 

Anorexia nervosa: NS OR = 

.868 (95% CI .40-1.88) (n 

studies = 1) 

 Olguin (2017) Chile SR Binge eating 

disorder 

Questionnaires/surveys; medical records 

(Not distinguished between assessment 

of psychiatric disorder or diabetes 

assessment) 

3 5,227 including cases 

with binge eating 

disorder and controls 

2-26% Two studies found higher rates 

of diabetes and one study 

found comparable rates of 

diabetes in cases with binge 

eating disorder compared to 

control group. 

Intellectual disabilities (n = 2) 

 McVilly (2014) 

Australia 

SR Intellectual 

disabilities and 

developmental 

disabilities 

Not reported Interview; survey; 

physician report; 

medical records 

13 Sample sizes ranged 

between, n = 4-27,116 

8.7% (range 3.4-

18.5%) 

Not reported 

 MacRae (2015) United 

Kingdom 

SR Intellectual 

disabilities 

Not reported Screening (fasting 

glucose); 

questionnaire; 

diagnosis; medical 

records; physical; 

self- or physician 

report; interviews; 

medication use 

22 49,011 cases with 

intellectual disabilities  

8.3% (range .4-

25%) 

Eight studies found significant 

higher prevalence of diabetes 

in cases with intellectual 

disabilities compared to the 

general population.  

Three studies found less 

prevalence of diabetes in cases 

with intellectual disabilities 
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compared to the general 

population. 

Psychosis (n = 2) 

 Chung (2020) USA MA Non-affective 

psychosis 

Diagnosis (DSM, 

ICD) 

Screening (Fasting 

glycose); 

medication use; 

medical records 

(10) 3,790 cases with non-

affective psychosis. 

(Around 20 % of the 

cases have a family 

history of DM.) 

18.9%  Not reported 

 Foley (2011) Australia SR Psychosis Not reported Not reported 1 Not reported 5% 10-fold higher prevalence of 

diabetes in cases with 

psychosis compared to 

controls (5% vs .5%, n studies 

= 1) 

Sleep disorders (n = 2) 

 Guo (2016) China MA Obstructive sleep 

apnea 

Not reported Not reported (8) 1,063 cases with 

obstructive sleep apnea 

22.3% Not reported 

 Puthenpura (2020) 

USA 

SR Sleep apnea Apnea–hypopnea 

index criteria or 

Diagnosis (ICD-

9) 

Not reported 7 186,686 

(Patients with a 

chronic kidney disease) 

17.0-66.0% Not reported 

Dementia (n = 1) 

 Smith (2014) United 

Kingdom 

SR Dementia Diagnosis 

(DSM); 

diagnostic tests; 

assessment 

instruments 

Not reported 2 193 with dementia 15 % Not reported 

Mixed group of psychiatric disorders (n = 9) 

 Osborn (2008) United 

Kingdom 

MA Severe mental 

illness (including 

schizophrenia, 

schizoaffective 

disorder, and 

bipolar disorder) 

Diagnosis Screening (for 

random glucose, 

fasting glucose or 

impaired glucose 

tolerance); 

Diagnosis; medical 

records; self-report 

26(9) 9,612 cases with severe 

mental illness and 

3,449,677 controls 

 

12.13% RR = 1.70 (1.21-2.37) (n 

studies = 9) 

 Barnard (2013) United 

Kingdom 

SR Antidepressant 

medication (as a 

proxy for undefined 

Medication use Screening (glucose 

level); self-report; 

medication use 

1 461 cases with 

depression and 25,315 

controls 

2.8%  OR = 1.43 [95% CI .73–2.80], 

p = 0.293) 
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psychiatric 

disorders) 

 van den Brink (2013) 

The Netherlands* 

SR Severe mental 

illness (not 

specified) 

Assessment instruments; medical 

records (Not distinguished between 

assessment of psychiatric disorder or 

diabetes assessment) 

1 13,730 cases with 

severe mental illness 

(Individuals living in 

long-term care 

facilities) 

29.90% 

 

Not reported 

 Janssen (2015) USA SR Severe mental 

illness (including 

schizophrenia. 

bipolar disorder, 

major depression 

and PTSD) 

Not reported Screening (fasting 

glucose); medical 

records 

6 Not reported 16.1% (median 

12.5% range 6.9-

34%) 

Not reported 

 Young (2015) United 

Kingdom 

SR Antipsychotic 

medication use (as 

a proxy for 

undefined 

psychiatric 

disorders) 

Medication use WHO definition 12 Not reported 2-28% Not reported 

 Vancampfort (2016a) 

Belgium 

MA Severe mental 

illness (including; 

schizophrenia, 

bipolar disorder and 

major depressive 

disorder) 

 

Diagnosis (DSM, 

ICD) 

Screening (blood 

testing); self-report; 

medical records 

(118) 438,245 cases with 

severe mental illness 

and 5,622,664 matched 

controls 

Unadjusted 10.2% 

(95% CI, 9.1-

11.4%) When 

applying the trim 

and fill method 

adjusted for 13 

studies: 11.3% 

(95% CI, 10.0-

12.6%) 

For multi-episode severe 

mental illness: RR=1.85 (95% 

CI, 1.45-2.37) (n studies = 38).  

For first-episode patients: NS 

RR=4.64 (95% CI, 0.73-29.3) 

(n studies = 3) 

 Roberts (2017) United 

Kingdom 

MA Psychiatric 

inpatients 

(including 

schizophrenia, 

schizoaffective 

disorder, mood 

disorder, substance 

use disorder, or not 

specified) 

Diagnostic 

criteria (DSM, 

ICD); Admission 

status; 

medication use  

Diagnosis; 

screening (fasting 

glucose, blood 

glucose); 

medication use 

(13) 3,122 cases with 

mental disorder 

(Inpatients from 

psychiatric setting) 

9 % (95% CI: 6-

13) 

Not reported 

 Rigal (2018) France SR Mental disorders 

(including 

schizophrenia, 

schizoaffective 

disorder, bipolar, 

other psychiatric 

Diagnosis (DSM 

or unspecified); 

questionnaire 

Screening 

(Glycemia> 1.26 

g/dL (2 different 

dosages)); 

medication use 

(4) 963 with mental 

disorder and 1,681 

controls 

5.5-13% (n studies 

=3) 

RR = 4.8-fold higher in 

individuals with mental 

disorders compared to 

controls. (n studies = 4) 
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disorder or 

depressive 

symptoms) 

 Onyeka (2019) Norway MA Severe mental 

illness (including 

schizophrenia, 

bipolar disorder and 

other psychotic 

conditions) with or 

without substance 

use disorder.  

Diagnosis (DSM, 

ICD) 

Not reported (3) Not reported For severe mental 

illness with 

substance use 

disorder 7.5% 

(95% CI, 1.1-37.6) 

 

For severe mental 

illness without 

substance use 

disorder 7.5% 

(95% CI 1.3-33.9) 

Not reported 

ADA, American Diabetes Association; DSM, Diagnostic and Statistical Manual of Mental Disorders; ICD, International Statistical Classification of Diseases and 

Related Health Problems; MA, meta-analysis; NS, not significant; OGTT, oral glucose tolerance test; OR, odds ratio; RR, relative risk; SR, systematic review; T2DM, 

Type 2 diabetes; WHO, World Health Organization; *, The paper include several exposures and is therefore represented in several categories 
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Table 2. Presentation of ROBIS assessment of the 32 systematic reviews included in the umbrella review 

Systematic review 

Phase 2  Phase 3 

1. study eligibility 

criteria 

2. Identification  

and selection of studies 

3. Data collection 

and study appraisal 

4. Synthesis and 

findings  

Risk of bias in 

the review 

Osborn (2008) High Low High High  High 

Oud (2009) High High High Low  High 

Foley (2011) Low High High High  High 

Lala (2012) High High High High  High 

Barnard (2013) Low Low High High  High 

Mitchell (2013a) Low High High High  High 

Mitchell (2013b) Low High High Low  High 

van den Brink (2013) Low High Low High  High 

McVilly (2014) Low High Low Low  Low 

Smith (2014) High High High High  High 

Janssen (2015) Low High High Low  High 

MacRae (2015) High High Low Low  High 

Stubbs (2015) Low Low Low Low  Low 

Vancampfort (2015a) Low Low Low Low  Low 

Vancampfort (2015b) Low Low Low Low  Low 

Young (2015) High High High High  High 

Charles (2016) Low High High High  High 

Guo (2016) Low High Low Low  Low 

Vancampfort (2016a) Low Low High Low  High 

Vancampfort (2016b) Low Low Low Low  Low 

Vancampfort (2016c) Low Low Low Low  Low 

Nieto-Martinez 

(2017) 

Low Low Low Low  Low 

Olguin (2017) Low High High High  High 

Roberts (2017) Low High Low Low  Low 

Rigal (2018) Low High High Low  High 

Dam (2019) High Low Low Low  Low 

Onyeka (2019) High Low Low Low  Low 

Ross (2019) Low High High High  High 

Ayano (2019) High High High High  High 

Chung (2020) Low Low Low Low  Low 

Ma (2020) Low High High Low  High 

Puthenpura (2020) Low Low High Low  High 

Low = Low risk of bias; High = High risk of bias 
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Table 3. Overview of prevalence estimates of T2DM for 11 categories of psychiatric disorders identified in 

32 systematic reviews included within the umbrella review 

Psychiatric disorder No of SR 

(MA) 

included, 

n 

Prevalence 

estimates of 

T2DM in all 

SR, % 

No of SR 

with low 

risk of 

bias, n 

Prevalence 

estimates of T2DM 

in SR with low risk 

of bias, % 

No of SR 

comparing with 

controls, n 

Comparison of prevalence 

estimates with control 

group 

Schizophrenia 7 (4) 1.3% - 31.5% 1 9.5% 1 1.8 – 3 times increased risk 

 

Bipolar disorder 4 (1) 9.4% - 31.3% 1 9.4% 2 1.6 - 3.19 increased risk 

 

Depression 3 (1) 3.4% - 49% 1 8.7% 2 1.43 – 1.52 increased risk 

 

Substance use disorder 3 (1) 11.9% - 31.1% 2 11.9%-15.6% 0 - 

 

Anxiety disorder 2 (1) 10.0% - 24.9% 1 10.0% 1 1.49 increased risk 

 

Eating disorder 2 (1) BED: 2% - 26% 1 BED: 5.1% 2 BED and BN: Increased 

risk (not specified) 

 

Intellectual disability 2 8.3%-8.7% 1 8.7% 1 7 primary studies reported 

increased risk, 3 primary 

studies reported decreased 

risk  

 

Psychosis 2 (1) 5% - 18.9% 1 18.9% 1 1 primary study reported 

10 times increased risk 

 

Sleep disorder 2 (1) 22.3%-66.0% 1 22.3% 0 - 

 

Dementia 1 15% 0 - 0 - 

 

Mixed group of 

psychiatric disorders 

9 (5) 2%-31.5% 2 7.5% to 9% 3 1.43 - 4.8 increased risk 

BED, Binge Eating Disorder; BN, Bulimia Nervosa; SR, systematic review; T2DM, type 2 diabetes mellitus   
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Table 4. Prevalence estimates of type 2 diabetes in psychiatric disorders from random-effects meta-analyses 

of 245 primary studies from 32 systematic reviews.  

Psychiatric 

disorder 

No of 

systematic 

reviews, n 

No of 

primary 

studies, 

n 

No of 

included 

primary 

studies, n 

No of 

participants, 

n 

Prevalence 

of T2DM 

(95% 

confidence 

intervals) % 

I2, % Publication 

bias (LFK 

index of 

asymmetry) 

Schizophrenia 7* 35 32 149,295 10.05% 

(8.07-13.13) 

 

>.99 4.49 (major) 

Bipolar 

disorder 

4 26 23 23,493 11.44% 

(7.84-15.60) 

 

.99 .22 (no) 

Depression 3 24 21 12,568,442 9.08%  

(6.41-12.15) 

 

>.99 .58 (no) 

Substance use 

disorder 

3 14 14 

 

9,926 15.58% 

(10.33-

21.66) 

 

.98 -4.42 

(major) 

Anxiety 

disorder 

2 10 10 45,899 13.66% 

(7.71-20.92) 

 

>99 -.99 (no) 

Binge eating 

disorder 

2 6 6 969 20.65% 

(7.64-37.43) 

 

.97 -2.13 

(major) 

Intellectual 

disability  

2 23 20 42,378 8.07%  

(6.49-9.81) 

 

.96 .71 (no) 

Psychosis 2 11 11 4,744 11.06% 

(7.25-15.54) 

 

.95 1.70 (minor) 

Sleep disorder 2 15 15 186,274 39.73% 

(34.90-

44.66) 

 

.89 -.85 (no) 
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Mixed group 

of psychiatric 

disorders 

7 153 138 13,524,005 9.95%  

(9.28-10.73) 

>99 2.69 (major) 

LFK index, Luis Furuya-Kanamori index; T2DM, Type 2 diabetes. 

* In two of the seven systematic reviews describing people with schizophrenia, primary studies were not 

reported and therefore only primary studies from five systematic review were included in the meta-analysis 
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Figure 1. Study flowchart  

 

 

 

  

Records identified through database searching 

PubMed (n = 1,280) 

Embase (n = 3,494) 

PsycINFO (n = 295) 

The Cochrane Database of SR (n = 85) 

Additional records identified 

through other sources 

(n = 1) 

Total of records 

(n = 5,155) 

Records screened 

(n = 4,403) 

Duplicates removed 

(n = 752) 

Records excluded 

(n = 3,972) 

 

Full-text articles excluded, with reasons  

(n = 399) 

5. Not a systematic review (n = 183) 

 

6. Not an adult population with a 

psychiatric disorder (n = 78) 

 

7. Not T2DM prevalence (n = 132) 

 

8. Not in English, German, Dutch, 

or a Scandinavian language (n = 

6) 

 
 
 
 
 

Studies included in the  

umbrella review  

(n = 32) 

Full-text articles screened for 

eligibility 

(n = 431) 
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ESM Table 1. PRISMA 2009 Checklist and MOOSE guidelines 

Section/topic  # Checklist item  
Reported on 

page #  

TITLE   

Title  1 Identify the report as a systematic review, meta-analysis, or both.  1 

ABSTRACT   

Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 

participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications of 

key findings; systematic review registration number.  

3-4 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what is already known.  5 

Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 

outcomes, and study design (PICOS).  

5 

METHODS   

Protocol and 

registration  

5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 

registration information including registration number.  

5 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 

language, publication status) used as criteria for eligibility, giving rationale.  

6-7 

Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional 

studies) in the search and date last searched.  

6 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated.  6 + Appendix 3 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 

included in the meta-analysis).  

6-7 

Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for 

obtaining and confirming data from investigators.  

7 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 

simplifications made.  

7-8 

Risk of bias in 

individual studies  

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at 

the study or outcome level), and how this information is to be used in any data synthesis.  

8-9 

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  7-9 
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Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., 

I2) for each meta-analysis.  

8-9 

Risk of bias across 

studies  

15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting 

within studies).  

8-9 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which 

were pre-specified.  

N/A 

RESULTS   

Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each 

stage, ideally with a flow diagram.  

9, + Figure 1 

Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 

provide the citations.  

9-10, + Table 1+ 

Table 3 

Risk of bias within 

studies  

19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  10, + Table 2 + 

Appendix 5 

Results of individual 

studies  

20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention 

group (b) effect estimates and confidence intervals, ideally with a forest plot.  

9-11, + Table 1 

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  10-11, + Table 4, 

+ Appendix 6 

Risk of bias across 

studies  

22 Present results of any assessment of risk of bias across studies (see Item 15).  10, Table 4, + 

Appendix 7 

Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).  N/A 

DISCUSSION   

Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key 

groups (e.g., healthcare providers, users, and policy makers).  

11-12 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 

identified research, reporting bias).  

13 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future research.  14 

FUNDING   

Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 

systematic review.  

15 

From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. 

doi:10.1371/journal.pmed1000097 
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ESM Table 2. MOOSE Checklist for Meta-analyses of Observational Studies 

Item No  Recommendation Reported on 

Page No 

Reporting of background should include  

1  Problem definition  5 

2  Hypothesis statement  5 

3  Description of study outcome(s)  5 

4  Type of exposure or intervention used  5 

5  Type of study designs used  5 

6  Study population  5 

Reporting of search strategy should include  

7  Qualifications of searchers (eg, librarians and investigators)  N/A 

8  Search strategy, including time period included in the synthesis and key words  6-7, 

Appendix 3 

9  Effort to include all available studies, including contact with authors  N/A 

10  Databases and registries searched  6 

11  Search software used, name and version, including special features used (eg, 

explosion)  

6-7 

12  Use of hand searching (eg, reference lists of obtained articles)  7 

13  List of citations located and those excluded, including justification  6-7 

Figure 1 

14  Method of addressing articles published in languages other than English  N/A 

15  Method of handling abstracts and unpublished studies  N/A 

16  Description of any contact with authors  N/A 

Reporting of methods should include  

17  Description of relevance or appropriateness of studies assembled for assessing 

the hypothesis to be tested  

6-7 

18  Rationale for the selection and coding of data (eg, sound clinical principles or 

convenience)  

6-7 

19  Documentation of how data were classified and coded (eg, multiple raters, 

blinding and interrater reliability)  

7-8 

20  Assessment of confounding (eg, comparability of cases and controls in studies 

where appropriate)  

N/A 

21  Assessment of study quality, including blinding of quality assessors, 

stratification or regression on possible predictors of study results  

9 

22  Assessment of heterogeneity  8-9 

23  Description of statistical methods (eg, complete description of fixed or random 

effects models, justification of whether the chosen models account for 

predictors of study results, dose-response models, or cumulative meta-analysis) 

in sufficient detail to be replicated  

8-9 

24  Provision of appropriate tables and graphics  8-9 

Reporting of results should include  

25  Graphic summarizing individual study estimates and overall estimate  Table 3, 

Table 4, 

Appendix 6, 

Appendix 7 

26  Table giving descriptive information for each study included  Table 1 

27  Results of sensitivity testing (eg, subgroup analysis)  N/A 
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28  Indication of statistical uncertainty of findings  10-12,  

Table 4, 

Appendix 6, 

Appendix 7 

Reporting of discussion should include  

29  Quantitative assessment of bias (eg, publication bias)  10-11 

30  Justification for exclusion (eg, exclusion of non-English language citations)  N/A 

31  Assessment of quality of included studies  10 

Reporting of conclusions should include  

32  Consideration of alternative explanations for observed results  11-12 

33  Generalization of the conclusions (ie, appropriate for the data presented and 

within the domain of the literature review)  

14 

34  Guidelines for future research  12-14 

35  Disclosure of funding source  15 
From: Stroup DF, Berlin JA, Morton SC, et al, for the Meta-analysis Of Observational Studies in Epidemiology (MOOSE) Group. Meta-analysis of 

Observational Studies in Epidemiology. A Proposal for Reporting. JAMA. 2000;283(15):2008-2012. doi: 10.1001/jama.283.15.2008. 
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ESM Table 3. Search strategy 

PubMed 

No. Description or domain: Search term 

1 Search terms for psychiatric 

disorders (title/abstract) 

 

psychiatric OR psychological* OR mental OR disorder* OR dysfunction* OR 

“developmental delay” OR psychogenetic OR stuttering OR autis* OR 

Asperger OR ADHD OR ADD OR pica OR encopresis OR enuresis OR 

“selective mutism” OR “acquired aphasia with epilepsy” OR “Rett´s 

syndrome” OR “disturbance of activity and attention” OR “elective mutism” 

OR cluttering OR delirium OR dementia OR Alzheimer OR amnesia OR 

“amnesic syndrome” OR hallucinosis OR “postencephalitic syndrome” OR 

“postconcussional syndrome” OR dependence OR abuse OR intoxication OR 

withdrawal OR “harmful use” OR schizophrenia OR psychosis OR psychoses 

OR psychotic OR catatonia OR depress* OR manic OR mania OR hypomania 

OR bipolar OR cyclothymi* OR dysthymi* OR agoraphobia OR phobi* OR 

“panic attack*” OR PTSD OR anxiety OR “predominantly obsessional 

thoughts or ruminations” OR OCD OR obsessions OR compulsions OR 

“predominantly compulsive acts” OR “acute stress reaction” OR “reaction* to 

severe stress” OR dissociate* OR hypochondriasis OR neurasthenia OR 

depersonalization OR “premature ejaculation” OR dyspareunia OR 

vaginismus OR paraphilia OR exhibitionism OR fetishism OR pedophilia OR 

“sexual masochism” OR “sexual sadism” OR voyeurism OR “sexual desire” 

OR “sexual aversion” OR “failure of genital response” OR “excessive sexual 

drive” OR transsexualism OR transvestism OR paedophilia OR 

sadomasochism OR “egodystonic sexual orientation” OR “inhibited female 

orgasm” OR “inhibited male orgasm” OR frotteurism OR anorexia OR 

bulimia OR overeating OR dyssomnia OR insomnia OR hypersomnia OR 

narcolepsy OR parasomnia OR hypoventilation OR “sleep apnea” OR “sleep 

walking” OR “sleep terror” OR “restless legs syndrome” OR “abuse of non-

dependence-producing substances” OR “behavioural syndrome” OR 

dysphoria OR kleptomania OR pyromania OR “pathological gambling” OR 

trichotillomania OR excoriation OR retardation OR personality 

2 MeSH terms for psychiatric 

disorders 

"Mental Disorders"[Mesh] 

3 Search terms for prevalence 

(title/abstract) 

prevalence OR incidence OR epidemiology OR epidemiological OR “risk 

factor*” OR cross-sectional OR “cross sectional” 

4 MeSH terms for prevalence "Prevalence"[Mesh] OR "Epidemiology"[Mesh] OR "Incidence"[Mesh] OR 

"Epidemiologic Studies"[Mesh] 

5 Search terms for diabetes 

(title/abstract) 

diabetes 

6 MeSH terms for diabetes "Diabetes Mellitus"[Mesh] 

7 Search terms for systematic 

review (title/abstract) 

“systematic review*” OR “comprehensive review*” OR “systematic 

overview*” OR “comprehensive overview*” OR meta-analys* OR 

metaanalys*  

8 MeSH terms for systematic 

review 

"Review Literature as Topic"[Mesh] OR "Meta-Analysis as Topic"[Mesh] 

9 Domain for psychiatric 

disorders 

1 OR 2 

10 Domain for prevalence 3 OR 4 

11 Domain for diabetes 5 OR 6 

12 Domain for systematic 

reviews 

7 OR 8 

13 Total search string 9 AND 10 AND 11 AND 12 

 

The Cochrane Database of Systematic Reviews 

No. Description or domain: Search term 
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1 Search terms for psychiatric 

disorders (title/abstract) 

 

psychiatric OR psychological* OR mental OR disorder* OR dysfunction* OR 

“developmental delay” OR psychogenetic OR stuttering OR autis* OR 

Asperger OR ADHD OR ADD OR pica OR encopresis OR enuresis OR 

“selective mutism” OR “acquired aphasia with epilepsy” OR “Rett´s 

syndrome” OR “disturbance of activity and attention” OR “elective mutism” 

OR cluttering OR delirium OR dementia OR Alzheimer OR amnesia OR 

“amnesic syndrome” OR hallucinosis OR “postencephalitic syndrome” OR 

“postconcussional syndrome” OR dependence OR abuse OR intoxication OR 

withdrawal OR “harmful use” OR schizophrenia OR psychosis OR psychoses 

OR psychotic OR catatonia OR depress* OR manic OR mania OR hypomania 

OR bipolar OR cyclothymi* OR dysthymi* OR agoraphobia OR phobi* OR 

“panic attack*” OR PTSD OR anxiety OR “predominantly obsessional 

thoughts or ruminations” OR OCD OR obsessions OR compulsions OR 

“predominantly compulsive acts” OR “acute stress reaction” OR “reaction* to 

severe stress” OR dissociate* OR hypochondriasis OR neurasthenia OR 

depersonalization OR “premature ejaculation” OR dyspareunia OR 

vaginismus OR paraphilia OR exhibitionism OR fetishism OR pedophilia OR 

“sexual masochism” OR “sexual sadism” OR voyeurism OR “sexual desire” 

OR “sexual aversion” OR “failure of genital response” OR “excessive sexual 

drive” OR transsexualism OR transvestism OR paedophilia OR 

sadomasochism OR “egodystonic sexual orientation” OR “inhibited female 

orgasm” OR “inhibited male orgasm” OR frotteurism OR anorexia OR 

bulimia OR overeating OR dyssomnia OR insomnia OR hypersomnia OR 

narcolepsy OR parasomnia OR hypoventilation OR “sleep apnea” OR “sleep 

walking” OR “sleep terror” OR “restless legs syndrome” OR “abuse of non-

dependence-producing substances” OR “behavioural syndrome” OR 

dysphoria OR kleptomania OR pyromania OR “pathological gambling” OR 

trichotillomania OR excoriation OR retardation OR personality 

2 MeSH terms for psychiatric 

disorders 

MeSH descriptor: [Mental Disorders] explode all trees 

3 Search terms for prevalence 

(title/abstract) 

prevalence OR incidence OR epidemiology OR epidemiological OR risk 

factor* OR cross-sectional OR cross sectional 

4 MeSH terms for prevalence MeSH descriptor: [Prevalence] explode all trees OR MeSH descriptor: [Cross-

sectional Studies] explode all trees 

5 Search terms for diabetes 

(title/abstract) 

diabetes 

6 MeSH terms for diabetes MeSH descriptor: [Diabetes Mellitus] explode all trees 

7 Search terms for systematic 

review (title/abstract) 

systematic review* OR comprehensive review* OR systematic overview* OR 

comprehensive overview* OR meta-analys* OR metaanalys*  

8 MeSH terms for systematic 

review 
MeSH descriptor: [Review Literature as Topic] explode all trees OR MeSH 

descriptor: [Meta-Analysis as Topic] explode all trees  

9 Domain for psychiatric 

disorders 

1 OR 2 

10 Domain for prevalence 3 OR 4 

11 Domain for diabetes 5 OR 6 

12 Domain for systematic 

reviews/meta-analysis 

7 OR 8 

13 Total search string 9 AND 10 AND 11 AND 12 
 

 

PsycINFO 

No. Description or domain: Search term 

1 Search terms for 

psychiatric disorders 

psychiatric OR psychological* OR mental OR disorder* OR dysfunction* OR 

developmental delay OR psychogenetic OR stuttering OR autis* OR Asperger 

OR ADHD OR pica OR encopresis OR enuresis OR selective mutism OR 
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mp. (mp=title, abstract, 

heading eord, table of 

contents,key consepts, 

original title, tests & 

measures, mesh)  

acquired aphasia with epilepsy OR Retts syndrome OR disturbance of activity 

and attention OR elective mutism OR cluttering OR delirium OR dementia OR 

Alzheimer OR amnesia OR amnesic syndrome OR hallucinosis OR 

postencephalitic syndrome OR postconcussional syndrome OR dependence OR 

abuse OR intoxication OR withdrawal OR schizophrenia OR psychosis OR 

psychoses OR psychotic OR catatonia OR depress* OR manic OR mania OR 

hypomania OR bipolar OR cyclothymi* OR dysthymi* OR agoraphobia OR 

phobi* OR panic attack* OR PTSD OR anxiety OR predominantly obsessional 

thoughts or ruminations OR OCD OR obsessions OR compulsions OR 

predominantly compulsive acts OR acute stress reaction OR reaction* to severe 

stress OR dissociate* OR hypochondriasis OR neurasthenia OR 

depersonalization OR premature ejaculation OR dyspareunia OR vaginismus 

OR paraphilia OR exhibitionism OR fetishism OR pedophilia OR sexual 

masochism OR sexual sadism OR voyeurism OR sexual desire OR sexual 

aversion OR failure of genital response OR excessive sexual drive OR 

transsexualism OR transvestism OR paedophilia OR sadomasochism OR 

egodystonic sexual orientation OR inhibited female orgasm OR inhibited male 

orgasm OR frotteurism OR anorexia OR bulimia OR overeating OR dyssomnia 

OR insomnia OR hypersomnia OR narcolepsy OR parasomnia OR 

hypoventilation OR sleep apnea OR sleep walking OR sleep terror OR restless 

legs syndrome OR abuse of non-dependence-producing substances OR 

behavioural syndrome OR dysphoria OR kleptomania OR pyromania OR 

pathological gambling OR trichotillomania OR excoriation OR retardation OR 

personality 

2 Subject headings for 

psychiatric disorders 

exp Mental Disorders/ 

3 Search terms for 

prevalence 

mp. (mp=title, abstract, 

heading eord, table of 

contents,key consepts, 

original title, tests & 

measures, mesh) 

prevalence OR incidence OR epidemiology OR epidemiological OR risk 

factor* OR cross-sectional OR cross sectional 

4 Subject headings for 

prevalence 

exp Epidemiology/ OR exp Risk factor/ 

5 Search terms for diabetes 

mp. (mp=title, abstract, 

heading eord, table of 

contents,key consepts, 

original title, tests & 

measures, mesh) 

diabetes 

6 Subject headings for 

diabetes 

exp diabetes mellitus/ 

7 Search terms for 

systematic review mp. 

(mp=title, abstract, 

heading eord, table of 

contents,key consepts, 

original title, tests & 

measures, mesh) 

systematic review* OR comprehensive review* OR systematic overview* OR 

comprehensive overview* OR meta-analys* OR metaanalys*  

8 Subject headings for 

systematic review 

exp "literature review"/ OR exp meta analysis/ 

9 Domain for psychiatric 

disorders 

1 OR 2 

10 Domain for prevalence 3 OR 4 

11 Domain for diabetes 5 OR 6 
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12 Domain for systematic 

reviews/meta-analysis 

7 OR 8 

13 Total search string 9 AND 10 AND 11 AND 12 
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1 Search terms for 

psychiatric disorders mp. 

(mp. = title, abstract, 

heading word, drug trade 

name, original title, device 

manufacturer, drug 

manufacturer, device trade 

name, keyword, floating 

subheading word, 

candidate term word) 

psychiatric OR psychological* OR mental OR disorder* OR dysfunction* OR 

developmental delay OR psychogenetic OR stuttering OR autis* OR Asperger 

OR ADHD OR pica OR encopresis OR enuresis OR selective mutism OR 
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and attention OR elective mutism OR cluttering OR delirium OR dementia OR 

Alzheimer OR amnesia OR amnesic syndrome OR hallucinosis OR 
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abuse OR intoxication OR withdrawal OR schizophrenia OR psychosis OR 

psychoses OR psychotic OR catatonia OR depress* OR manic OR mania OR 

hypomania OR bipolar OR cyclothymi* OR dysthymi* OR agoraphobia OR 

phobi* OR panic attack* OR PTSD OR anxiety OR predominantly obsessional 

thoughts or ruminations OR OCD OR obsessions OR compulsions OR 

predominantly compulsive acts OR acute stress reaction OR reaction* to severe 

stress OR dissociate* OR hypochondriasis OR neurasthenia OR 

depersonalization OR premature ejaculation OR dyspareunia OR vaginismus 

OR paraphilia OR exhibitionism OR fetishism OR pedophilia OR sexual 

masochism OR sexual sadism OR voyeurism OR sexual desire OR sexual 

aversion OR failure of genital response OR excessive sexual drive OR 

transsexualism OR transvestism OR paedophilia OR sadomasochism OR 

egodystonic sexual orientation OR inhibited female orgasm OR inhibited male 

orgasm OR frotteurism OR anorexia OR bulimia OR overeating OR dyssomnia 

OR insomnia OR hypersomnia OR narcolepsy OR parasomnia OR 

hypoventilation OR sleep apnea OR sleep walking OR sleep terror OR restless 

legs syndrome OR abuse of non-dependence-producing substances OR 

behavioural syndrome OR dysphoria OR kleptomania OR pyromania OR 

pathological gambling OR trichotillomania OR excoriation OR retardation OR 

personality 

2 Subject headings for 

psychiatric disorders 

exp mental disease/ 

3 Search terms for 

prevalence mp. 

(mp. = title, abstract, 

heading word, drug trade 

name, original title, device 

manufacturer, drug 

manufacturer, device trade 

name, keyword, floating 

subheading word, 

candidate term word) 

prevalence OR incidence OR epidemiology OR epidemiological OR risk 

factor* OR cross-sectional OR cross sectional 

4 Subject headings for 

prevalence 

exp Prevalence/ OR exp Epidemiology/ OR exp Incidence/ OR cross-sectional 

studies/ 

5 Search terms for diabetes 

mp. (mp. = title, abstract, 

heading word, drug trade 

name, original title, device 

manufacturer, drug 

manufacturer, device trade 

name, keyword, floating 

diabetes 
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subheading word, 

candidate term word) 

6 Subject headings for 

diabetes 

exp diabetes mellitus/ 

7 Search terms for 

systematic review mp. 

(mp. = title, abstract, 

heading word, drug trade 

name, original title, device 

manufacturer, drug 

manufacturer, device trade 

name, keyword, floating 

subheading word, 

candidate term word) 

systematic review* OR comprehensive review* OR systematic overview* OR 

comprehensive overview* OR meta-analys* OR metaanalys*  

8 Subject headings for 

systematic review 

exp "systematic review"/ OR exp meta analysis/   

9 Domain for psychiatric 

disorders 

1 OR 2 

10 Domain for prevalence 3 OR 4 

11 Domain for diabetes 5 OR 6 

12 Domain for systematic 

reviews/meta-analysis 

7 OR 8 

13 Total search string 9 AND 10 AND 11 AND 12 
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ESM Table 4. Overview of 245 unique primary studies in 32 systematic reviews included in the umbrella review focusing on 

prevalence of T2DM diabetes in people with a psychiatric disorder 
Included systematic 

reviews 
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Primary studes 

Liliker 1980 x             x     x               

Tabata 1987                   x              x 

Finney 1989 x                                x 

Gierz 1993 x                                 

Mukherjee 1996 x       x        x   x               

Steinert 1996 x                                 

Casadebaig 1997 x                                 

Valk 1997         x   x                      

Makikyro 1998 x            x      x               

Cassindy 1999 x             x     x               

Dickey 2000                            x      

Dixon 2000 x x           x      x               

Schepers 2000                           x       

Johnson 2001                      x x           

Levine 2001           x              x         

Bulik 2002                      x            

Butler 2002            x                      

Dickerson 2002 x            x      x               

McElroy 2002              x     x               

Weisberg 2002                    x              
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Regenold 2002 x   x          x     x               

Sernyak 2002                   x               

Cohen 2003 x                                 

Gupta 2003                   x               

Kerr 2003            x                      

Ryan 2003 x                  x               

Subramaniam 2003 x                  x               

Arranz 2004 x                                x 

Curkendall 2004 x            x      x               

David 2004                    x x             

Egede 2004               x    x               

Enger 2004 x            x      x               

Fernandez 2004                x                  

Goldacre 2004            x                     x 

Havercamp 2004            x                      

Hobye 2004            x                      

Jones 2004  x                                

Kessing 2004 x                                x 

Kilbourne 2004 x             x     x               

Lamberti 2004 x                  x           x    

Macfarlane 2004                x         x      x   

Singh 2004                             x    x 

Sokal 2004 x            x      x               

Chafetz 2005 x                  x               

Cohen 2005                   x               

Goff 2005           x  x      x     x          
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Hung 2005 x            x      x       x    x    

Lamberti 2005                              x    

Saari 2005 x                                x 

Sajatovic 2005    x                              

Susce 2005 x                  x               

Taylor 2005                x                  

Carney 2006             x      x               

Citrome 2006                   x               

Cohen 2006                   x      x         

Correll 2006               x    x               

De Hert 2006                   x               

Lambert 2006           x                       

Lehmann 2006    x                              

McDermott 2006         x   x                      

Osborn 2006 x            x      x     x          

Reader 2006     x                             

Shah 2006         x   x                      

Wang 2006                         x         

Almeida 2007               x    x               

Attux 2007                   x               

Birkenaes 2007              x     x               

Bobes 2007                   x               

Fairoz 2007                   x               

Guerdjikova 2007                       x           

Henderson 2007                   x               

Kilbourne 2007                   x               
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Lasich 2007                   x               

Mackin 2007                x        x          

McDermott 2007         x   x                      

Moreno 2007                   x              x 

O´Brien 2007                         x         

Reist 2007                x                 x 

Robson 2007                          x       x 

Straetsman 2007            x                      

Voruganti 2007                   x           x    

Yurtserver 2007                              x    

Cheon 2008                           x       

Daumit 2008           x                       

Fiedorowicz 2008              x     x               

Gildenger 2008    x                              

Le Noury 2008                x                  

Saddichha 2008                   x              x 

Suvisaari 2008                   x              x 

van Winkel 2008              x     x               

Yildiz 2008                              x    

Banta 2009                x                  

Bell 2009           x        x               

Bernardo 2009                   x               

Chien 2009             x      x               

Fullerton 2009        x                          

Go 2009                         x         

Jin 2009                    x              
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Kim 2009              x     x               

Patten 2009               x    x               

Rezai 2009                   x               

Sohler 2009         x   x                      

Tsai 2009              x     x               

Verma 2009   x          x      x               

Winter 2009         x                         

Basil 2010                             x     

Benute 2010                             x     

Blank 2010               x    x               

Bresee 2010             x      x               

Chen 2010                   x               

Chien 2010              x   x  x               

Ferreira 2010                   x               

Gale 2010               x    x               

Holt 2010                          x       x 

Jerrell 2010                x                  

Koponen 2010                        x         x 

Lemke 2010        x                          

Lozano 2010                  x                

Okomura 2010             x   x   x               

Padmavati 2010                   x              x 

Ramos Rios 2010                   x               

Rimmer 2010            x                      

Shirman 2010         x   x                      

Spitzer 2010                    x              



 
127 

Tang 2010                                x  

Tyler 2010         x   x                      

Achbrenner 2011        x                          

Argo 2011           x        x               

Bresee 2011             x      x               

Chen 2011         x   x                 x     

Falissard 2011                x                  

Fiedorowicz 2011               x    x               

Hatt 2011               x    x               

Haveman 2011         x   x                      

Haw 2011                         x         

Hert 2011                          x       x 

Ju 2011                     x             

Kimijima 2011                         x         

Kursumi 2011                              x    

Lin 2011                            x      

Lunsky 2011            x                      

Mai 2011             x                     

Masuda 2011                                x  

Mookhoek 2011                   x      x         

Nuevo 2011             x      x               

Phutane 2011             x      x               

Pietrzak 2011                    x              

Reichard 2011         x   x                      

Substrahini 2011             x      x               

Webb 2011                       x           
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Wong 2011         x   x                      

Zhang 2011             x      x           x    

Atlantis 2012               x    x              x 

Bensenor 2012                   x               

Beumer 2012                   x               

Chien 2012               x    x               

Hsieh 2012              x   x                 

Kelbrick 2012                         x         

Kirkpatrick 2012             x      x               

Kodesh 2012                 x                x 

Li 2012               x    x               

Magalhaes 2012              x     x               

Morden 2012             x      x               

Morin 2012            x                      

Na 2012                   x               

Said 2012                   x               

Schoef 2012             x      x               

Svedal 2012                 x                x 

Tsan 2012                x                  

Vasudev 2012                         x         

Wijnia 2012                           x       

Wilson 2012                           x       

Winter 2012         x   x                      

Almital 2013               x    x               

Chandini 2013                     x             

Chung 2013                   x               
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Crump 2013                 x                x 

Fleishhacher 2013                   x               

Glaus 2013                     x             

Gordon 2013                   x               

Hendrie 2013                   x               

Kelbrick 2013                         x         

Ko 2013                   x               

Lukashek 2013                    x              

Medeiros-Ferreira 

2013 

                  x               

Munhoz 2013               x    x              x 

Semiz 2013                   x               

Sivalingam 2013                                x  

Steylen 2013                   x               

Sweileh 2013                   x               

Vancampfort 2013                   x               

Windle 2013               x    x               

Winter 2013            x                      

Agyemang 2014               x    x               

Chen 2014                   x              x 

Correl 2014                   x               

Depp 2014              x     x               

Foley 2014             x x     x           x    

Gerridzen 2014                           x       

Gladugau 2014                   x               

Gottlieb 2014                  x                

Keller 2014                   x               
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Kelly 2014                   x               

Konz 2014                   x               

Lloberes 2014                  x                

Long 2014                               x   

McMillan 2014                  x                

Miller-Archie 2014                    x              

Pach 2014                     x             

Pedrosa 2014                  x                

Räisänen 2014                             x     

Schoepf 2014             x x x    x               

Smith 2014               x    x               

Vaccarino 2014                    x              

Wu 2014                   x               

Wändell 2014                   x               

Calkin 2015              x     x               

Hong 2015                     x             

Huang 2015                  x                

Kan 2015                         x         

Kim 2015                   x               

Mat 2015                               x   

Mei-Dan 2015                             x     

Mitchell 2015                      x            

Muxfeldt 2015                  x                

Parra 2015                  x                

Perugi 2015              x     x               

Odlaug 2015                     x             
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Osborn 2015                   x               

Raevouori 2015                      x            

Razzano 2015                   x               

Roberts 2015                    x              

Sicras Mainar 2015                   x               

Strassnig 2015                   x               

Sylvia 2015              x     x               

Wade 2015                   x               

Wani 2015                   x              x 

Miller 2016                              x    

Tuohy 2016                                x  

Xu 2016                                x  

Icick 2017                            x      

Puzzy 2017                               x   

Gerridzen 2018                           x       

Kerns 2018                                x  

Jhamp 2020                                x  

* Three of the systematic reviews did not report the references of their primary studies 
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ESM Fig. 1. Graphical presentation of the ROBIS assessments of 32 systematic reviews 

included in the umbrella review  

 

 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

1. Study eligibility criteria

2. Identification and selection of studies

3. Data collection and stud appraisal

4. Synthesis and findings

RISK OF BIAS IN THE REVIEW

High Low



 133 

ESM Fig. 2. Forest plots illustrating random effects models of prevalence estimates of T2DM 

in 10 categories of psychiatric disorders  

 

ESM Fig 2a. Forest plot for prevalence of T2DM among people with schizophrenia 
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ESM Fig 2b. Forest plot for prevalence of T2DM among people with bipolar disorder 
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ESM Fig 2c. Forest plot for prevalence of T2DM among people with depression 
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ESM Fig 2d. Forest plot for prevalence of T2DM among people with substance use disorder 

 

 

ESM Fig 2e. Forest plot for prevalence of T2DM among people with anxiety disorder 
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ESM Fig 2f. Forest plot for prevalence of T2DM among people with binge eating disorder 

 

ESM Fig 2g. Forest plot for prevalence of T2DM among people with intellectual disability 
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ESM Fig 2h. Forest plot for prevalence of T2DM among people with psychosis 

 

ESM Fig 2i. Forest plot for prevalence of T2DM among people with sleep disorder 
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ESM Fig 2j. Forest plot for prevalence of T2DM among people in the group of mixed psychiatric disorders
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ESM Fig. 3. Doi-plots for 10 meta-analyses investigating the prevalence of T2DM in people 

with a psychiatric disorder. 

 

 

ESM Fig. 3a. Doi plot for prevalence of T2DM among people with schizophrenia 

 

 

 

ESM Fig. 3b. Doi plot for prevalence of T2DM among people with bipolar disorder 
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ESM Fig. 3c. Doi plot for prevalence of T2DM among people with depression 

 

 

ESM Fig. 3d. Doi plot for prevalence of T2DM among people with substance use disorder 
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ESM Fig. 3e. Doi plot for prevalence of T2DM among people with anxiety disorder 

 

 

ESM Fig. 3f. Doi plot for prevalence of T2DM among people with binge eating disorder 
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 ESM Fig. 3g. Doi plot for prevalence of T2DM among people with intellectual disability 

 

 

 

ESM Fig. 3h. Doi plot for prevalence of T2DM among people with psychosis 
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ESM Fig. 3i. Doi plot for prevalence of T2DM among people with sleep disorder 

 

 

ESM Fig. 3j. Doi plot for prevalence of T2DM among people in the group of mixed psychiatric disorders 
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Appendix 3: Paper 3 
 

 

This appendix include: 

Paper 3:  

Lindekilde N, Nefs G, Henriksen JE, Lasgaard M, Schram M, Rubin K, Rutters F, Kivimaki M, 

Pouwer F. Psychiatric disorders as risk factors for the development of type 2 diabetes mellitus: an 

umbrella review protocol. BMJ Open. 2019 May 30;9(5):e024981. doi: 10.1136/bmjopen-2018-

024981 

 

Supplementary material can be found at: https://bmjopen.bmj.com/content/9/5/e024981.long 
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Appendix 4: Paper 4 
 

 

This appendix include: 

Paper 4:  

Lindekilde, N., Rutters, F., Henriksen, J. E., Lasgaard, M., Schram, M. T., Rubin, K. H., Kivimäki, 

M., Nefs, G., & Pouwer, F. Psychiatric disorders as risk factors for type 2 diabetes: an umbrella 

review of systematic reviews with and without meta-analyses, Diabetes Research and Clinical 

Practice (2021), doi: https://doi.org/10.1016/j.diabres.2021.108855 

 

 

Supplementary material can be found at: https://doi.org/10.1016/j.diabres.2021.108855  
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Appendix 5: Paper 5 

 

This appendix include: 

Paper 5:  

Lindekilde, N., Scheuer, S. H., Diaz, L. J., Rubin, K. H., Plana-Ripoll, O., Henriksen, J. E., 

Lasgaard, M., Andersen, G. S., & Pouwer, F. Risk of developing type 2 diabetes in individuals with 

a psychiatric disorder: A nationwide register-based cohort study. Diabetes Care, accepted pending 

minor revisions. 

 

Due to copyright regulations, this appendix is omitted from the electronical version of the 

PhD-thesis 
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Appendix 6: Paper 6 

 

This appendix include: 

Paper 6:  

Lindekilde, N., Diaz, L. J., Lasgaard, M., Henriksen, J. E., Scheuer, S. H., Andersen, G. S., Rubin, 

K. H., & Pouwer, F. A comprehensive mediation analysis of mechanisms that may explain the 

increased risk of developing type 2 diabetes in individuals with a psychiatric disorder: a 

longitudinal register-based cohort study. (Manuscript prepared for submission) 

 

Due to copyright regulations, this appendix is omitted from the electronical version of the 

PhD-thesis 

  



 168 

Appendix 7: Additional scientific contributions 

Publications: 

Peer-reviewed journals 
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