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ABSTRACT 

Diabetes mellitus is a long-term metabolic condition that affects more 

than half a billion people worldwide—and this number is expected to increase 

by 20% over the next decade. Approximately 9 in 10 cases of diabetes are 

classified as type 2 diabetes, which is characterised by disruptions in the body’s 

ability to produce or utilize the hormone insulin, leading to elevated blood 

glucose levels. Self-management focuses on keeping glucose within or close to 

the optimal range in order to prevent long-term health complications. Common 

medical treatments for lowering glucose, sulfonylurea oral medications and 

insulin injections, are generally effective but also carry an increased risk for 

hypoglycaemia (low blood glucose).  

For adults with type 2 diabetes, hypoglycaemia is a common side-effect 

of self-management. Roughly 30% of sulfonylurea users and 50% of insulin 

users experience hypoglycaemia each year. While health risks like 

cardiovascular and neurological complications are well established for 

hypoglycaemia, a growing body of evidence indicates that hypoglycaemia is 

also associated with declines in quality of life, which the World Health 

Organisation (WHO) defines as a multi-domain construct encapsulating a 

person’s perceived physical health, psychological state, social relationships, 

and environmental interactions.  

Given the rising prevalence of type 2 diabetes, and the high incidence of 

hypoglycaemia in this population, better understanding hypoglycaemia and the 

full range of its impacts on quality of life is of vital importance. Therefore, the 

overall aim of this PhD dissertation was to investigate the everyday impacts of 

hypoglycaemia on quality of life in adults with type 2 diabetes using a mixed-

method approach. This aim was pursued over three studies. 
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Study 1: Systematic Review 

Previous reviews examining the impact of hypoglycaemia on quality of 

life are limited by a reliance on cross-sectional research and a narrow (and 

sometimes less applicable) selection of measures for assessing quality of life. 

To address these limitations, a broadly-scoped systematic review was 

conducted focused only on longitudinal studies. Descriptive synthesis of 

findings from 20 clinical trials and cohort studies using 16 person-reported 

outcome measures revealed negative impacts in the physical and psychological 

domains of quality of life. Findings indicated self-treated hypoglycaemia was 

followed by impairments in daily functioning and productivity as well as 

elevated anxiety and diabetes distress, while severe events requiring third-

party assistance were followed by reduced confidence in self-management and 

lower perceptions of general health.  Evidence did not support associations 

between hypoglycaemia and quality of sleep, symptoms of depression, general 

mood, or social support. 

Study 2: Mega-Analysis 

Mega-analysis is an approach to secondary analysis which has the 

potential to match meta-analysis as the gold standard for quantitative   

evidence. To provide a deeper examination of the hypoglycaemic impacts 

described in the longitudinal review, a mega-analysis was conducted on data 

for adults with type 2 diabetes (N = 7,219) pooled across 23 clinical trials. 

Covariate-adjusted analyses revealed self-treated hypoglycaemia predicted 

lower perceptions of physical health (g = 0.15) and productivity (g = 0.12) but 

was not associated with perceived mental health. Severe events, meanwhile, 

were linked to lower perceptions of general health (g = 0.56) but not perceived 

mental health or productivity.  Further examination of change in hypoglycaemia 

and differences between subscales depicted a complex relationship between 

hypoglycaemia and quality of life. 
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Study 3: Qualitative Survey 

Existing evidence supports negative impacts for hypoglycaemia in the 

physical and physiological domains of quality of life, but few studies have 

investigated the impact of hypoglycaemia in the social and environmental 

domains. To explore all four WHO domains from a person-centred perspective, 

adults with type 2 diabetes in Denmark, Germany, the Netherlands, and the UK 

were invited to complete an online qualitative survey. Thematic analysis of 

responses from 71 participants revealed a range of hypoglycaemic impacts on 

quality of life, including burdens due to self-management; physical, cognitive, 

and social consequences; performance restrictions; and emotional difficulties. 

Additionally, every one of these impacts had a negative effect on each of the four 

domains of quality of life: physical, psychological, social, and environmental. 

Contributions and Conclusions 

This dissertation offers three original contributions to knowledge. First, 

evidence from the broadest systematic review of longitudinal studies to date 

indicates that, in adults with type 2 diabetes, hypoglycaemia leads to reductions 

in perceived health, physical functioning, and productivity, as well as elevations 

in anxiety and diabetes distress. Second, results from a first-of-its-kind mega-

analysis confirm negative impacts on perceived health and productivity. Third, 

qualitative evidence from a multi-national survey reveals the many ways 

hypoglycaemia impacts all four domains of quality of life. Together, these 

contributions provide clear evidence linking hypoglycaemia to declines in the 

physical and psychological domains of quality of life, and serve to demonstrate 

that impacts differ based on episode severity and how quality of life is 

operationalised. These contributions also illustrate that the lived experience of 

hypoglycaemia among adults with type 2 diabetes extends beyond impacts in 

the physical and psychological domains, to include diverse impacts in the social 

and environmental domains of quality of life as well. 
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DANSK RESUMÉ  

Diabetes mellitus er en langvarig metabolisk tilstand, der påvirker mere 
end en halv milliard mennesker på verdensplan—et tal, der forventes at stige 
med 20% i løbet af det næste årti. Cirka 9 ud af 10 tilfælde af diabetes 
klassificeres som type 2-diabetes, som er karakteriseret ved forstyrrelser i 
kroppens evne til at producere eller udnytte hormonet insulin, hvilket fører til 
forhøjede blodsukkerniveauer. Selvstyring fokuserer på at holde 
glukoseniveauet inden for eller tæt på det optimale målområde for at forhindre 
langsigtede komplikationer. Almindelige medicinske behandlinger til at sænke 
glukose omfatter oral medicinering af sulfonylurinstof og insulininjektioner, 
som almindeligvis er effektive, men som også medfører en øget risiko for 
hypoglykæmi (lav blodglukose). 

For voksne med type 2-diabetes er hypoglykæmi en almindelig 
bivirkning af selvbehandling. Hvert år oplever omtrent 30 % af 
sulfonylurinstofbrugere og 50 % af insulinbrugere hypoglykæmi. 
Sundhedsrisici ved hypoglykæmi, herunder kardiovaskulære og neurologiske 
komplikationer, er fastslået. Samtidig tyder en voksende mængde af evidens på, 
at hypoglykæmi også er forbundet med selvopfattede sundhed og livskvalitet. 
World Health Organisation (WHO) definerer livskvalitet som en 
multidomænekonstruktion, der indkapsler en persons selvopfattede fysiske 
sundhed, psykiske tilstand, sociale relationer og miljøinteraktioner.  

I betragtning af den stigende forekomst af type 2-diabetes og den høje 
forekomst af hypoglykæmi i denne befolkningsgruppe, er en bedre forståelse af 
hypoglykæmi og hele spektret af dets indvirkning på livskvaliteten af afgørende 
betydning. Derfor, det overordnede formål med denne ph.d.-afhandling var at 
benytte mixed methods til at undersøge de daglige indvirkninger af 
hypoglykæmi på livskvaliteten hos voksne med type 2-diabetes. Dette mål blev 
forfulgt i tre undersøgelser. 
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Studie 1: Systematisk Review 

Tidligere reviews, der undersøger virkningen af hypoglykæmi på 
livskvalitet, har været begrænsede af en afhængighed af tværsnitsforskning og 
et snævert (og til tider uanvendeligt) udvalg af metoder til at måle livskvalitet. 
For at imødegå disse begrænsninger blev der udført en bredt anlagt 
systematisk review, der kun fokuserede på longitudinelle undersøgelser. En 
deskriptiv sammenfatning af resultater fra 20 kliniske forsøg og 
kohorteundersøgelser, der anvender 16 personrapporterede resultatmål, 
afslørede negative påvirkninger i de fysiske og psykiske domæner af 
livskvalitet. Resultaterne indikerede, at selvbehandlet hypoglykæmi førte til 
svækkelser af hverdagsfunktionalitet og -produktivitet samt forhøjet angst og 
diabetesbekymring, mens alvorlige hændelser, der krævede tredjepartshjælp, 
blev efterfulgt af nedsat tillid til selvledelse og lavere opfattelse af generel 
sundhed. Evidensen understøttede ikke en sammenhæng mellem hypoglykæmi 
og søvnkvalitet, symptomer på depression, generelt humør eller social støtte. 

Studie 2: Megaanalyse 

Megaanalyse er en tilgang til sekundær analyse, som potentielt kan være 
et match for metaanalyse som guldstandarden for kvantitativ evidens. For 
dybere at undersøge de hypoglykæmiske påvirkninger, der er beskrevet i den 
longitudinelle review, blev der udført en megaanalyse på data for voksne med 
type 2-diabetes (N = 7.219) samlet på tværs af 23 kliniske forsøg. Kovariat-
justerede analyser viste, at selvbehandlet hypoglykæmi forudsagde lavere 
opfattelser af fysisk sundhed (g = 0,15) og produktivitet (g = 0,12), men de var 
ikke forbundet med opfattet mental sundhed. Samtidig var alvorlige hændelser 
forbundet med dårligere opfattelser af generel sundhed (g = 0,56), men ikke 
med opfattet mental sundhed eller produktivitet. Yderligere undersøgelse af 
ændringer i hypoglykæmi og forskellene mellem underskalaer viste en 
kompleks sammenhæng mellem hypoglykæmi og livskvalitet. 
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Studies 3: Kvalitativ Undersøgelse 

Den eksisterende evidens understøtter negative virkninger for 
hypoglykæmi i de fysiske og fysiologiske domæner af livskvalitet, men få 
undersøgelser har undersøgt virkningen af hypoglykæmi i de sociale og 
miljømæssige domæner. For at undersøge alle fire WHO-domæner fra et 
personcentreret perspektiv, blev voksne med type 2-diabetes i Danmark, 
Tyskland, Holland og Storbritannien inviteret til at gennemføre en kvalitativ 
onlineundersøgelse. En tematisk analyse af åbne svar fra 71 deltagere afslørede 
en række hypoglykæmiske påvirkninger på livskvalitet, herunder byrder af 
selvledelse; fysiske, kognitive og sociale konsekvenser; 
præstationsbegrænsninger; og følelsesmæssige vanskeligheder. Derudover 
havde hver af disse påvirkninger en negativ effekt på hvert af de fire 
livskvalitetsdomæner: det fysiske, psykologiske, sociale og miljømæssige. 

Bidrag of Konklusioner 

Denne afhandling tilbyder tre originale bidrag til videnskaben. For det 
første afslører evidens fra den bredeste systematiske review af longitudinelle 
undersøgelser til dato, at hos voksne med type 2-diabetes fører hypoglykæmi 
til lavere opfattet helbred, nedsat fysisk funktion samt forhøjede psykologiske 
symptomer som angst og diabetesbesvær. For det andet viser og kvantificerer 
evidens fra en meganalyse, der er den første af sin slags, negative indvirkninger 
på opfattet sundhed og produktivitet. For det tredje indikerer kvalitativ evidens 
fra en multinational undersøgelse de mange måder, hvorpå hypoglykæmiske 
påvirkninger opleves på tværs af alle områder af livskvalitet. Tilsammen giver 
disse bidrag klare beviser, der forbinder hypoglykæmi med fald i både de 
fysiske og psykologiske domæner af livskvalitet, og tjener til at demonstrere, at 
påvirkningerne er forskellige baseret på episodens sværhedsgrad, samt 
hvordan livskvalitet måles. De illustrerer også, at oplevelsen af hypoglykæmi 
strækker sig ud over blot påvirkninger på de fysiske og psykologiske domæner 
rapporteret i tidligere forskning, og inkluderer også diverse påvirkninger af 
både de sociale og miljømæssige domæner af livskvalitet. 
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INTRODUCTION 
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WHAT IS DIABETES? 

Diabetes mellitus, or simply “diabetes”, is a long-term metabolic 

condition characterised by elevated levels of glucose in the blood. In 

persons with diabetes, disruptions in glucose metabolism stem either 

from an inability for the pancreas to produce adequate amounts of the 

regulatory hormone insulin, or from impairments in the body’s ability to 

make effective use of the insulin it produces (World Health Organization, 

2016). The prevalence of diabetes has grown rapidly in recent decades, 

and global estimates suggest this trend will continue for decades to come. 

Indeed, more than 500 million adults worldwide were affected by some 

form of diabetes in 2021, and the global total of adults with diabetes is 

projected to grow to nearly 800 million by 2045 (International Diabetes 

Federation, 2021). As such, diabetes is commonly thought of as a 

fundamentally modern health concern. However, its origins as a 

recognised medical condition can be traced back more than 3,500 years 

(Sapra & Bhandari, 2021; Lakhtakia, 2013). 

The name diabetes mellitus derives from a combination of the 

Greek diabainein meaning “to pass through” and the Latin mellitus 

meaning “sweet” in reference to the sugary taste of excess glucose found 

in the urine of persons with diabetes, a diagnostic marker used by 

healthcare practitioners to identify the condition in antiquity up through 

the eighteenth century (Daniels, 2016; Guthrie & Humphreys, 1988). 

Although the symptoms and characteristics of diabetes were recorded by 

scholars in ancient Greece, Egypt, and India, it was not until the late 19th 

century that the link between pancreatic dysfunction and diabetes was 

first understood, and not until the early twentieth century that the first 
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insulin-based treatment was developed using animal-derived insulin 

analogues (Sapra & Bhandari, 2021).  

Progress in understanding the pathogenesis of diabetes, and in 

developing more effective diagnostic tools and treatments, has advanced 

swiftly over the last century. Experimental work in the early 1920s 

revealed that diabetes could be induced via the destruction of insulin-

producing pancreatic tissues and reversed through the administration of 

exogenous insulin, findings which provided the first conclusive evidence 

that insulin deficiently plays a causal role in the development of diabetes 

(Lakhtakia, 2013). The advent of at-home self-administered glucose tests 

in the 1960s, and the manufacture of safer and more effective human 

insulin in the 1980s, also stand out as major hallmarks in the recent 

history of diabetes research (Lakhtakia, 2013). Contemporary treatment 

innovations making use of insulin pumps, pancreatic transplants, and 

gene therapy, meanwhile, reveal not only the continued progress being 

made today, but also hint at exciting discoveries that lie just over the 

horizon (Lakhtakia, 2013). Nevertheless, in the absence of a definitive 

cure, much work remains to be done (DiMeglio et al., 2018). 

Diabetic Subtypes 

Scientific insights in the areas of pathology and pharmacology 

notwithstanding, taxonomic research over the last hundred years has 

redefined diabetes as a diverse condition comprised of a growing number 

of subtypes. Maturity-onset diabetes of the young, a monogenic form of 

diabetes which occurs in those under the age of 25, was identified less 

than 50 years ago (Hoffman et al., 2021). Neonatal diabetes, meanwhile, 

is a monogenetic form of diabetes that typically manifests in infants 

before the age of 6 months which has only received significant attention 
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in the last 20 years (Hattersley et al., 2006; Iafusco et al., 2002). Though 

relatively uncommon—estimated to comprise less than 5% and 0.01% of 

diabetes case, respectively—maturity-onset diabetes of the young and 

neonatal diabetes challenge preconceptions about who is and is not at 

risk for developing diabetes (Hoffman et al., 2021; Beltrand et al., 2020).  

Contemporary work has further expanded upon the catalogue of 

diabetes classifications. As recently as 2021, research on prediabetes, a 

condition characterised by blood glucose levels that fall above the range 

recommended for healthy persons but below the diagnostic threshold for 

clinical diabetes, has suggested that there may be as many as six different 

sub-phenotypes for this condition alone (Wagner et al., 2021). 

Nonetheless, the most prevalent and well-known subtypes, type 1 and 

type 2 diabetes, were also the first to be identified, with differential 

diagnoses cropping up in records dating back 1,500 years to ancient India 

(Lakhtakia, 2013), and these subtypes continue to operate as highly 

active research areas in the health sciences. Despite this scientific 

attention, though, type 1 and type 2 diabetes persist as priority 

noncommunicable diseases identified by the World Health Organisation 

(2016) as in critical need of targeted action by world governments. 

Type 1 diabetes 

Type 1 diabetes is an autoimmune condition in which lymphocytes 

attack and destroy insulin-producing β cells in the pancreas, resulting in 

severe insulin deficiency and, subsequently, elevated levels of glucose in 

the blood (Sapra & Bhandari, 2021). Known today as type 1 diabetes, this 

diabetic subtype was formerly referred to as insulin-dependent diabetes 

due to its characteristic total or near-total cessation of insulin production 

and resultant need for life-long insulin therapy (Tisch & McDevitt, 1996).  



 

 

– 5 – 
 

Beyond changes in terminology, the scientific understanding of the 

pathogenesis of type 1 diabetes has evolved considerably over the last 

few decades. Although roughly half of type 1 diabetes cases occur in 

childhood, lending the impression that this subtype is primarily a 

“juvenile” condition, it is now well established that the onset of type 1 

diabetes may occur at any age (DiMeglio et al., 2018). Type 1 diabetes was 

also once thought to be a straightforward autoimmune disorder. 

However, modern research has since demonstrated that it has a 

complicated aetiology which, though not fully understood, involves a 

combination of both environmental and individual factors, including 

polygenetic inheritance, metabolic activity, immune system functioning, 

viral infection, gut microbiome, and dietary influences like early-life 

exposure to proteins found in cow’s milk (DiMeglio et al., 2018; Åkerblom 

et al., 2002). Certainly, genetics remain an important consideration in the 

development of this diabetic subtype. However, a majority of affected 

persons do not have a relative with type 1 diabetes (DiMeglio et al., 2018), 

and the concordance rate in monozygotic twins is only 50% (Tisch & 

McDevitt, 1996), which suggests that environmental differences play an 

equally important role in the aetiology of type 1 diabetes. 

Type 2 diabetes 

Type 2 diabetes, the target population for this dissertation, stands 

out as the most prevalent diabetic subtype, affecting nearly 9% of the 

total global adult population (World Health Organization, 2016). Despite 

sharing similar symptoms, this subtype has a number of characteristic 

differences that set it apart from type 1 diabetes (International Diabetes 

Federation, 2021). Most notably, type 2 diabetes is marked by insufficient 

secretion of insulin relative to metabolic needs, leading to elevated blood 
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glucose levels (Flannick et al., 2016). Rather than the immune destruction 

of β cells, the primary mechanism driving insulin insufficiency in type 2 

diabetes is a gradual lessening of the body’s ability to effectively utilise 

the insulin it produces, a process referred to as insulin resistance 

(Petersen & Shulman, 2006). Insulin resistance typically begins years 

before the actual onset of type 2 diabetes (Wilcox, 2005) and, in contrast 

to type 1 diabetes, the secretion of insulin increases in the early stages of 

type 2 diabetes to compensate for reduced sensitivity (Fonseca, 2009). 

Accordingly, the primary aim of treatment during this early period is to 

improve glycaemic control rather than provide supplemental insulin, 

which explains why this subtype was initially referred to as non-insulin-

dependent diabetes (Nathan, 2002; Ferrannini, 1998).  

Eventually, as insulin resistance progresses, the compensatory 

insulin response is unable to cope with heightened metabolic demands—

at which point β-cell function starts to decline, insulin production drops, 

and blood glucose levels rise sharply (Petersen & Shulman, 2006). It is 

also at this point that insulin therapy becomes an important treatment 

option (Ferrannini, 1998). Research is still exploring the exact causes of 

β-cell decline in type 2 diabetes, but a common explanation is that 

impaired β-cell functioning is due, in large part, to toxicity arising from 

the prolonged elevation of blood glucose (Ferrannini, 1998).  

Though insulin resistance is well established in the pathogenesis of 

type 2 diabetes, the aetiology of insulin resistance itself is less clear. The 

direct physiological antecedent is believed to be a defect in receptors 

involved in insulin signalling, but the origins of this defect remain poorly 

understood (Wilcox, 2005). Polygenetic influences play an important 

role, however, as insulin resistance in those with type 2 diabetes is often 

shared by close relatives who do not have the condition (Wilcox, 2005).  
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Indeed, type 2 diabetes itself is highly heritable—a fact which 

directly contradicts popular conceptions about the causes of this 

condition. Among pairs of monozygotic twins with a single affected twin, 

the lifetime risk of developing type 2 diabetes for the unaffected twin is 

90%, far exceeding the concordance rate for type 1 diabetes (Sapra & 

Bhandari, 2021). However, it is also true that environmental factors play 

an important role in the aetiology of type 2 diabetes. The most common 

and significant risk factor for this subtype is obesity (Petersen & Shulman, 

2006), though high levels of physical and psychological stress, low levels 

of physical activity, and side-effects due to medication are important 

contributing factors as well (Wilcox, 2005).  

As with type 1 diabetes, dietary factors are implicated in the 

development of type 2 diabetes. Nevertheless, this relationship is much 

less straightforward than commonly believed. Evidence has shown that 

diets with a higher proportion of plant-based foods, especially those rich 

in vegetables, fruits, nuts, and wholegrains, along with a lower proportion 

of refined foods, processed meats, beverages sweetened with sugar, and 

alcohol, are effective at reducing the risk of developing type 2 diabetes 

(McMacken & Shah, 2017; Ley et al. 2014). Dietary interventions, in 

combination with increased physical activity, can also act as an effective 

treatment strategy for improving glycaemic control in persons already 

diagnosed with type 2 diabetes (Ley et al. 2014; Khazrai et al. 2014; De 

Feyter et al., 2007). Dietary interventions remain a controversial topic, 

however, as these treatments are not always effective—even among 

individuals who experience significant weight loss—the reasons for 

which are not well understood (World Health Organization, 2016; 

Khazrai et al. 2014). 
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Finally, demographic factors reveal unique challenges for many in 

the type 2 diabetes population. For one, the prevalence of type 2 diabetes 

varies noticeably by ethnicity. For example, in North America and Europe, 

the risk of developing type 2 diabetes is higher for nearly all ethnic 

minorities (Sapra & Bhandari, 2021; Meeks et al., 2016). Relative to other 

subtypes, the onset of type 2 diabetes also tends to occur later in life, 

typically after the age of 40 (Flannick et al., 2016). The average age of 

onset varies somewhat by region, but estimates range from 56 to 62 years 

old (Zhao et al, 2021; Sattar et al., 2019); it is important to note, however, 

that like type 1 diabetes, the onset of type 2 diabetes can occur at virtually 

any age and has been observed in children as young as 4 years old 

(Sawatsky et al., 2017). Generally, though, as age increases so too does 

the risk of developing type 2 diabetes; the prevalence of this subtype is 

especially high among the elderly, affecting an estimated 25% of the total 

population of adults over the age of 65 (Sapra & Bhandari, 2021). The 

relatively late onset of type 2 diabetes is of particular concern because it 

can make adjusting to the condition more difficult, especially for older 

adults with age-related memory deficits (Primožič et al., 2012).  

Today, a substantial portion of the world’s population is impacted 

by type 2 diabetes, and despite scientific advances in understanding and 

the development of more effective means for glycaemic monitoring and 

treatment, the number of adults with type 2 diabetes is projected to grow 

by almost 50% over the next 25 years (International Diabetes Federation, 

2021). Given these trends, and the unique challenges faced by this 

population, developing a thorough understanding of the consequences of 

type 2 diabetes is of ever-increasing importance for healthcare 

professionals worldwide. 
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Prevalence of Diabetes 

The prevalence of diabetes as a whole has risen dramatically over 

the last half century. The proportion of the world’s population affected by 

some form of diabetes rose by 80% from 1980 to 2021 (World Health 

Organization, 2016), and is expected to increase an additional 16% over 

the period from 2021 to 2045 (International Diabetes Federation, 2021). 

Expenditures on diabetes-related healthcare have continued to climb as 

well, with costs for adults growing globally from €200 to €840 billion 

from 2007 to 2021 (International Diabetes Federation, 2021).  

According to the World Health Organization (2016), statistics 

describing the global prevalence of individual diabetic subtypes simply 

do not exist due to barriers associated with the complexities of laboratory 

testing needed to reliably differentiate between each subtype. However, 

estimates from country-specific population studies (Figure 1) suggest 

type 2 diabetes comprises the vast majority—that is more than 9 in 10—

cases of diabetes (World Health Organization, 2016). 

 

Figure 1. Estimated Prevalence of Diabetes by Subtype 

 
Note: Estimates are drawn from a US population study by Xu et al. (2018) 
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Diabetes is prevalent in all regions of the world. The proportion of 

the population affected by some form of diabetes is not evenly 

distributed, however, as the prevalence in high-income and middle-

income countries is almost double that found in low-income countries, 

estimated at roughly 11% and 6%, respectively (International Diabetes 

Federation, 2021). Significant regional disparities also exist for 

healthcare expenditures, with much of global healthcare spending 

occurring in high-income countries, particularly those in North America 

and to a lesser extent Europe (International Diabetes Federation, 2021). 

Distribution differs by gender as well, with slightly fewer women (10%) 

than men (11%) affected by diabetes (International Diabetes Federation, 

2021). Not only have population studies observed this gender disparity 

separately for both type 1 and type 2 diabetes, but estimates reveal a 

similar gap for both subtypes across all age groups (Blohmé et al., 1992). 

Like prevalence, recent growth trends for diabetes vary 

dramatically depending upon region. Over the last decade, the prevalence 

of diabetes has grown more quickly in low-income and middle-income 

countries relative to high-income countries, and the death rate 

attributable to diabetes is proportionally higher in regions where growth 

rates are highest (World Health Organization, 2016). Growth in high-

income countries, in contrast, has seemingly plateaued over the same 

period (World Health Organization, 2016). Moreover, while the 

percentage of deaths attributed to diabetes appears to be in decline, when 

compared to the general population, all-cause mortality is still estimated 

to be 20% and 200% higher for persons with type 2 and type 1 diabetes, 

respectively (Harding et al., 2014), and higher still for those with young-

onset type 2 diabetes, which occurs between the ages of 15 and 30 years 

old (Constantino et al., 2013). 
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In general, disparities in growth rates for diabetes between high-

income, middle-income, and lower-income regions are expected to 

persist into the foreseeable future (International Diabetes Federation, 

2021). Nonetheless, over the next 25 years the number of persons with 

diabetes is projected to increase substantially in all regions of the world 

(Table 1). Once more, though individualised global estimates are sparse, 

estimates from available population studies indicate that the prevalence 

of diabetes is still rising for both type 1 (DiMeglio et al., 2018) and type 2 

diabetes (International Diabetes Federation, 2021).  

 

Table 1. Number of Persons with Diabetes by Region (in Millions) 

Region of the World 
Year 

Projected 
Increase 

2021 2045 

Worldwide 537 783 46 % 

     Africa 24 55 134 % 

     Middle East and North Africa 73 136 87 % 

     South-East Asia 90 152 68 % 

     South and Central America 32 49 50 % 

     Western Pacific 206 260 27 % 

     North America and Caribbean 51 63 24 % 

     Europe 61 69 13 % 

Note: Estimates for 2021 and projections for 2045 are sourced from the International 
Diabetes Federation (2021). The two most populous countries, China and India, are 
included within the Western Pacific and the South-East Asia regions, respectively. 
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Consequences of Diabetes 

The onset of type 1 diabetes is swift and largely unpredictable 

outside of a few biological markers (Van Belle et al., 2011). In contrast, 

the progression of insulin resistance tends to be gradual in the early 

period leading up to the onset of type 2 diabetes, and mild-to-moderate 

symptoms often present during this “latent” period (Griffin et al., 2000). 

Even in the earliest stages, unpleasant symptoms can impinge upon daily 

living. Warning signs during the latent period include physical symptoms, 

such as recurrent infections, impaired vision, erectile dysfunction, and 

itching or pain especially in the feet, as well as psychological symptoms 

like frequent bouts of fatigue, restlessness, and irritability 

(Ramachandran, 2014). Warning signs notwithstanding, the gradual 

onset of type 2 diabetes can be problematic for early detection, as 

symptom unawareness is a major contributing factor to the estimated 

45% of persons with diabetes worldwide who remain undiagnosed 

(International Diabetes Federation, 2021). 

Absent early treatment, over time the progression of type 2 

diabetes can present similarly to type 1 diabetes. For both subtypes, 

hallmark symptoms include intensified thirst, known as polydipsia, a 

frequent need to urinate, known as polyuria, and a large increase in 

appetite, known as polyphagia (Ramachandran, 2014). Although they 

share a similar profile, symptoms are often less severe, or even absent, in 

those with type 2 diabetes, especially in the period immediately following 

onset (International Diabetes Federation, 2021). Nevertheless, the long-

term consequences of type 1 and type 2 diabetes on physical and mental 

health can be extremely serious, especially for those with suboptimal 

glycaemic control, and may leave affected persons feeling distressed and 

debilitated (Fisher et al., 2019; Papatheodorou et al., 2018). 



 

 

– 13 – 
 

Health complications for diabetes 

For persons with diabetes, the risk of developing a complication—

an unfavourable health outcome which follows as a direct consequence 

of the underlying condition (Helo & Moulton, 2017)—increases as 

diabetes progresses (Mitka, 2007). Broadly speaking, the most prevalent 

long-term complications of diabetes can be divided into two categories: 

microvascular and macrovascular complications (Papatheodorou et al., 

2018). Microvascular complications, which affect small blood vessels and 

capillaries, are believed to arise primarily as a consequence of prolonged 

stress placed on the circulatory system by suboptimal glycaemic control 

(Reusch, 2003). The most common microvascular complications are 

retinopathy, neuropathy, and nephropathy (Papatheodorou et al., 2018).  

In retinopathy, damage to ocular blood vessels leads to impaired 

vision and eventually, if untreated, blindness (Reusch, 2003). Long-term 

risk for this complication is high. More than 9 in 10 persons with diabetes 

will develop some degree of retinopathy in the 20 years after onset 

(Nathan, 1993). Diabetes may also damage nerve fibres, a complication 

known as neuropathy, which can result in somatic symptoms including 

tingling, numbness, pain, and muscle weakness (Brown & Asbury, 1984). 

Although which body parts are impacted varies between individuals, 

neuropathy is most common in the hands and feet (Reusch, 2003). 

Neuropathy is considered an important risk factor for diabetic foot 

syndrome, where numbness makes it more difficult for persons with 

diabetes to detect and manage the foot lesions, ulcers, and infections that 

occur with increasing frequency as diabetes advances (Papatheodorou et 

al., 2018; Mishra et al., 2017). Approximately 6% of persons with diabetes 

are affected by diabetic foot syndrome and, in the absence of regular foot 

care, this complication may progress to such an extent that it requires 
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amputation (Papatheodorou et al., 2018; Mishra et al., 2017). Finally, in 

nephropathy, accumulative diabetes-related kidney damage results in 

deteriorated renal function, which may ultimately progress to kidney 

failure; though relatively uncommon, nephropathy has the highest 

mortality rate of any diabetic complication (Reusch, 2003). The combined 

impact of these microvascular complications cannot be overstated. In the 

United States, diabetes is not only the leading cause of blindness, but of 

lower limb amputation and kidney failure as well (Reusch, 2003). 

The causes of macrovascular complications, which affect large 

blood vessels and arteries, are less well understood, though evidence 

suggests glycaemic control is at least a contributing factor (Reusch, 

2003). The most common macrovascular complication is cardiovascular 

disease, a group of vascular disorders that includes coronary heart 

disease, which affects the arteries supplying the heart, and peripheral 

arterial disease, which affects circulation in the limbs (World Health 

Organization, 2021; Papatheodorou et al., 2018). Cardiovascular disease 

is the leading cause of death among persons with diabetes; however, 

coinciding risk factors (e.g., obesity) make it difficult to determine the 

precise extent to which type 2 diabetes itself causes this type of 

complication (Viigimaa at al., 2020).  

When considered together, the impacts of microvascular and 

macrovascular complications—particularly in combination with other 

diabetic complications, such as lowered resistance to infections, dental 

diseases, and birthing difficulties associated with gestational diabetes—

clearly demonstrate that the long-term health consequences of diabetes 

constitute a serious and compelling concern for global health 

(Papatheodorou et al., 2018; World Health Organization, 2016). 
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Daily living and mental health in diabetes 

Health complications can have a profound impact on the lives of the 

people they affect, and as such they receive a great deal of attention in the 

research literature. But the consequences of diabetes extend beyond 

physical health, and a growing body of research has revealed that 

diabetes impacts daily living in a number of subtle ways that may be 

easily overlooked in clinical practice (Kokanovic & Manderson, 2007). 

First and foremost, persons with diabetes may feel distressed about their 

condition. Distress may be general, for example feelings of powerlessness 

and fear, or specific, for example concerns about negative social stigma, 

greater relationship strain, and worries about eating (Fisher et al., 2019). 

Frustrations and anxieties may also emerge in relation to the burdens of 

managing diabetes, with difficulties communicating with healthcare 

professionals, trouble finding social support, feeling overwhelmed by the 

demands of maintaining a treatment regimen, and stress due to diabetes-

related financial pressures cited as common sources of distress 

(Tanenbaum et al., 2016; Blanchette et al., 2021; Mendenhall et al., 2019). 

Diabetes is associated with several mental health comorbidities as 

well, although research is still investigating whether this relationship is 

causal and, if so, in which direction the relationship runs. In particular, 

persons with diabetes are known to have an increased risk for developing 

anxiety disorders, including generalized anxiety disorder and panic 

disorder; major depression; clinical and subclinical eating disorders; 

sleep disorders; and trauma and stressor-related disorders, especially 

post-traumatic stress disorder (Ducat et al., 2014; Robinson et al., 2018). 

The prevalence of bipolar disorder and schizophrenia spectrum and 

other psychotic disorders is also higher in persons with diabetes, but the 

precise nature of this relationship is still unclear (Robinson et al., 2018). 
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WHAT IS HYPOGLYCAEMIA? 

Establishing and maintaining adequate glycaemic control, a state in 

which glucose levels are consistently well-regulated, is of paramount 

importance not only for slowing the progression of diabetes but for 

preventing future complications as well (Skyler, 2004). The primary 

challenge for achieving glycaemic control in both type 1 and type 2 

diabetes is the prevention of hyperglycaemia, a characteristic feature of 

diabetes in which elevated levels of glucose in the blood exceed the 

threshold recommended for healthy persons (Inzucchi, 2006). Persons 

who experience chronic hyperglycaemia—commonly indicated by high 

blood concentrations of glycated haemoglobin (HbA1c), a measure which 

reflects long-term glycaemic control over the preceding 3 to 4 months—

are at an especially high risk of developing future health complications 

(Little & David, 2009). Consequently, treatment regimens for diabetes 

overwhelmingly rely on glucose-lowering medications (Skyler, 2004).  

Type 1 diabetes is generally managed using insulin delivered via 

injections or pumps; however, a plethora of options exist as either 

alternatives to, or supplements for, insulin therapy in type 2 diabetes—

in particular, oral medications such as sulfonylureas, meglitinides, and 

metformin (Bailey et al., 2016). Although the mechanism of action differs 

by medication type, the vast majority of new and established treatment 

options all share a common effect: the reduction of glucose (Ni et al., 

2020; Bailey et al., 2016). Overall, glucose-lowering medications have an 

undeniably positive impact on the course and consequences of diabetes 

(Skyler, 2004). Yet, in recent years, the traditional wisdom of prioritising 

the treatment of hyperglycaemia above all else—a strategy which has 

been especially common in hospital settings—has been criticised for 
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pulling attention away from other concerns which can be crucial for the 

long-term health and well-being of persons with diabetes (Inzucchi & 

Siegel, 2009). 

A major and often overlooked concern is hypoglycaemia, episodes 

in which blood glucose falls below the level recommended for healthy 

persons. Hypoglycaemia occurs not as a direct consequence of diabetes 

but rather as a side-effect of glucose-lowering medication, particularly 

insulin (Heller et al., 2020; Kalra et al., 2013; Williams et al., 2012). 

Indeed, hypoglycaemia is the most common adverse event experienced 

by persons using sulfonylureas or insulin to manage diabetes (Klein-

Schwartz et al., 2016). It is also worth noting that while, on rare occasions, 

hypoglycaemia may be caused by other conditions (e.g., alcoholism), 

diabetes-related glycaemic management is far and away the leading 

cause of hypoglycaemia in the general population (Malouf & Brust, 1985).  

Hypoglycaemic episodes are marked by physical symptoms, 

including shakiness, slurred speech, dizziness, and anxiety, as well as 

cognitive symptoms like irritability, confusion, and irrational behaviour 

(Kalra et al. 2013). Iatrogenic hypoglycaemia is a widely recognised 

feature of type 1 diabetes, likely due to its historical classification as an 

insulin-dependent condition (Tisch & McDevitt, 1996). Only recently, 

however, has hypoglycaemia also been acknowledged as an important 

adverse event among persons with type 2 diabetes (Zammitt & Frier, 

2005). One reason for this change is that advances in testing and 

treatment over the last few decades have led to significant improvements 

in life expectancy for persons with type 2 diabetes (Muschik et al., 2017). 

Reduced mortality has, in turn, led to growth in the prevalence of 

hypoglycaemia simply because older age and longer duration of diabetes 

are risk factors for hypoglycaemia (Lipska et al., 2013). Once more, as 
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type 2 diabetes progresses and the endogenous production of insulin 

declines, the need for exogenous insulin increases over time, resulting in 

an even greater risk for hypoglycaemia (Nathan, 2002; Ferrannini, 1998).  

Contemporary prevalence studies demonstrate that a substantial 

portion of the type 2 diabetes population is impacted by hypoglycaemia. 

Nearly one-third of adults using sulfonylureas to maintain glycaemic 

control are expected to experience one or more episodes of 

hypoglycaemia annually (Edridge et al., 2015). The risk is even higher for 

persons with type 2 diabetes using insulin, with the proportion of insulin-

using adults affected by hypoglycaemia over a one-year period estimated 

to be fully double the rate reported by sulfonylurea users (Ratzki-

Leewing et al., 2018; Edridge et al., 2015). Moreover, as insulin therapy 

becomes increasingly common in this population—projections suggest 

the amount of insulin needed to treat type 2 diabetes will grow by roughly 

20% over the next decade (Basu et al., 2019)—the move away from the 

initial conceptualisation of type 2 diabetes as non-insulin-dependent is 

likely to continue, in favour of a fuller understanding of type 2 diabetes 

as a complex condition with evolving treatment needs. 

Fortunately, increased awareness in recent years concerning the 

high prevalence of hypoglycaemia in persons with both type 1 and type 2 

diabetes, and its associated risks, has led to a shift in the conversation 

surrounding glycaemic control. Rather than emphasise the avoidance of 

hyperglycaemia, modern guidelines have redefined optimal control in 

terms of “time in range”, which aims for a balanced avoidance of both 

hyperglycaemia and hypoglycaemia and prioritises keeping persons with 

diabetes within a healthy glycaemic range for as long a period as possible 

(Gabbay et al., 2020).  
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Yet, despite positive developments in redefining glycaemic control, 

misconceptions about type 2 diabetes remain widespread. Lingering 

notions that hypoglycaemia is rare or mild in persons with type 2 

diabetes, or that it does not pose a serious risk, continue to undermine 

the quality of care provided to affected persons (Heller et al., 2020). The 

persistence of these misconceptions also makes hypoglycaemia a 

uniquely important area of study for the type 2 population. 

Severity of Hypoglycaemia 

Broadly speaking, hypoglycaemic severity can be categorised 

based on whether an episode was self-treated, formerly referred to as 

mild or moderate hypoglycaemia, or whether assistance from a third 

party was required to treat the event, also referred to as severe 

hypoglycaemia (Morales & Schneider, 2014). As researchers and 

clinicians have begun to redefine glycaemic control in terms of time in 

range, however, differentiating between self-treated hypoglycaemic 

episodes that are nearer to, or farther away from, the lower threshold of 

the optimal glycaemic window has become increasingly important. 

A joint statement made by the American Diabetes Association and 

the European Association for the Study of Diabetes recently addressed 

this need, updating classic definitions for hypoglycaemic severity to 

include additional granularity based upon proximity to the optimal 

glycaemic range (International Hypoglycaemia Study Group, 2017). 

These new guidelines provide definitions for three progressively intense 

levels of hypoglycaemic severity, separating self-treated episodes into 

two categories based upon glucose level (Box 1). 
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Consequences of Hypoglycaemia 

Direct impacts on physical health attributable to severe (level 3) 

hypoglycaemia are well established in the research literature. Numerous 

studies support the link between severe hypoglycaemic events and 

heightened risk of developing one or more macrovascular complications, 

including cardiovascular disease; cerebrovascular disease, which involves 

restricted blood flow to the brain; and myocardial infarction, commonly 

known as a “heart attack” (Papatheodorou et al., 2018; Kalra et al. 2013; 

Frier et al., 2011; Rensing et al., 2011). Elevated risks for kidney 

dysfunction, vision loss, and neurocognitive dysfunction are likewise 

associated with severe hypoglycaemia (Morales & Schneider, 2014; Kalra 

et al., 2013). Profoundly severe hypoglycaemia may act as a direct cause 

of life-threatening seizures and coma, and, in rare instances, can even 

result in sudden and unexpected death (Reno et al., 2018; Frier et al., 

2011; The Diabetes Control and Complications Trial Research Group, 

1997). In total, the all-cause mortality rate among those experiencing 

severe hypoglycaemia is six times higher than that observed in persons 

with diabetes who do not experience severe events (Kalra et al., 2013). 

Box 1. Three levels of hypoglycaemic severity 

Level 1 Self-treated hypoglycaemic episodes with 

glucose readings from 3.0 to 3.9 mmol/L 

Level 2 Self-treated hypoglycaemic episodes with 

glucose readings less than 3.0 mmol/L 

Level 3  Severe events requiring third-party 

assistance regardless of glucose reading 
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After 5 years of using insulin, roughly 25% of persons with type 2 

diabetes can be expected to experience severe hypoglycaemia (Heller et 

al., 2020). While this figure is consistent with the prevalence observed in 

type 1 diabetes, the actual number of severe events is often higher among 

those with type 2 diabetes (Heller et al., 2020). Moreover, it is important 

to note that the incidence of severe hypoglycaemia is not distributed 

homogenously, as more than half of all severe events can be attributed to 

just 5% of individuals (Morales & Schneider, 2014). An important factor 

contributing to the recurrence of severe events is impaired awareness of 

hypoglycaemia, a complication associated with long-term insulin use that 

makes it more difficult for persons with diabetes to recognise the onset 

of hypoglycaemic symptoms (Graveling & Frier, 2010; Gold et al., 1994). 

If unaddressed, this lack of awareness can delay self-management efforts, 

which exacerbates the severity and frequency of hypoglycaemia and 

creates barriers for maintaining effective treatment (Graveling & Frier, 

2010; Guisasola et al., 2008). Although impaired awareness can 

complicate treatment, educational interventions aimed at improving 

awareness of hypoglycaemic symptoms have been successful in reducing 

severe hypoglycaemia, particularly among those experiencing a high 

frequency of events (Van Meijel et al., 2020; Little et al., 2018). 

Compared to severe hypoglycaemia, self-treated episodes are far 

more common. Global estimates indicate that, over the span of 30 days, 

approximately 30% of persons with type 2 diabetes experience one or 

more self-treated episodes of hypoglycaemia (Brod et al., 2016); over the 

span of one year, this estimate increases to upward of 50% of persons in 

the type 2 diabetes population (Williams et al., 2012). When severe 

hypoglycaemic events are excluded, evidence supporting impacts on 

physical health attributable specifically to self-treated hypoglycaemia is 
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sparse. While research reporting on consequences unique to self-treated 

episodes is rare, studies differentiating between episodes of level 1 and 

level 2 hypoglycaemia are, at present, non-existent. That is not to say, 

however, that self-treated episodes have no physiological effects.  

Brain function is fuelled by glucose, and as such glucose 

deprivation can lead to reduced cognitive performance (Cryer, 2007). In 

a study on brain function in healthy persons without diabetes, a 

hypoglycaemic episode was experimentally induced and held stable at 

the lower glucose threshold (3.0 mmol/L) for level 1 hypoglycaemia 

(Jones et al., 1990). Results demonstrated that even at a relatively 

moderate degree of glucose deprivation, functional impairments were 

observable in both the higher cortex and the brain stem—impacts of the 

same type, though of lower intensity, as those observed in persons 

experiencing severe events (Jones et al., 1990). Moreover, these 

physiological effects are keenly felt by those experiencing hypoglycaemia, 

as affected persons report feeling less focused and less attentive as an 

immediate consequence of self-treated episodes (Brod et al., 2012). 

In the short-term, distracting physical symptoms (e.g., nausea, 

shakiness) and lapses in concentration not only interfere with daily living 

but may pose a legitimate health risk in potentially dangerous situations 

that require sustained attention. Estimates suggest around 30% of self-

treated episodes occur in the workplace, and sudden deficits in 

performance and attention may lead to undue risk in certain occupations, 

for example while climbing or operating heavy machinery (Dømgaard et 

al., 2015; Kalra et al., 2013). For the same reasons, hypoglycaemia also 

presents a safety risk for those who drive a vehicle at work or for personal 

use. Worries that the physical and cognitive symptoms of hypoglycaemia 

will interfere with driving, along with concerns about finding safe 
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opportunities to self-treat these episodes while on the road, are 

commonly reported by person with diabetes (Dømgaard et al., 2015; Cox 

et al., 2001)—concerns which are even more pronounced for those 

experiencing severe events (Kalra et al., 2013). 

Long-term health impacts are, in general, less clear for self-treated 

hypoglycaemia, as few studies have reported on this topic. One of the 

most serious consequences to be observed, however, is a dysregulated 

response to infection. Park and colleagues (2012) examined health 

outcomes in a hospital setting for those experiencing self-treated 

hypoglycaemia, defined in this study as a combination of both level 1 and 

level 2 episodes (glucose readings between 2.2 and 3.8 mmol/L). Results 

showed participants with diabetes who experienced a greater number of 

self-treated episodes were at a significantly higher risk of dying due to 

sepsis, an extreme bodily reaction to infection. A heightened risk was even 

observed for participants experiencing a single self-treated episode; 

however, it remains unclear if this impact was causal, or if hypoglycaemia 

merely reflected suboptimal glycaemic control (Park et al., 2012).  

Another serious consequence for both self-treated episodes and 

severe events, one which is more widely recognised, is that persons with 

diabetes frequently report that hypoglycaemia is a barrier to effective 

treatment. Not only is a greater frequency of hypoglycaemia associated 

with significantly higher levels of anxiety about maintaining the 

treatment regimen, but it also leads to avoidance of treatment-related 

activities, for example skipping insulin injections (Polonsky et al., 2015). 

Therefore, while self-treated and severe hypoglycaemia carry different 

risks, they both have important consequences for health.  
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HOW DOES HYPOGLYCAEMIA IMPACT 

QUALITY OF LIFE? 

Like other aspects of diabetes discussed earlier in this chapter, the 

impacts of hypoglycaemia extend beyond morbidity and mortality. A 

growing body of research suggests hypoglycaemia can have significant 

and wide-ranging consequences for daily living (Rossi et al., 2019; 

Williams et al., 2012). Indeed, a promising area of study that has emerged 

in recent years is that of hypoglycaemia and its impacts on quality of life. 

Research interest in hypoglycaemia and quality of life within the type 2 

diabetes population has grown dramatically over the last 30 years. For 

instance, the number of relevant research articles indexed on PubMed 

published over the last decade represents an increase of more than 140% 

over the preceding decade (Figure 2). Nonetheless, to understand how 

hypoglycaemia impacts quality of life, it is first necessary to define quality 

of life and explore how it has been conceptualised both historically and in 

practice within the research literature. 

Defining Quality of Life 

As a general term in everyday parlance, quality of life describes a 

person’s perceived level of health, comfort, and enjoyment in daily life 

(Jenkinson, 2020). This view is largely consistent with what psychologists 

refer to as life satisfaction, a conceptualisation of “the good life” that falls 

under the umbrella of subjective or hedonistic theories of happiness (de 

Ruyter, 2007). First popularised by Utilitarian philosophers in the 19th 

century, subjective theories of happiness emphasise an individual’s 

personal perception of what is intrinsically fulfilling or satisfying 

(Chekola, 2006).  
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Figure 2. Research Interest in Hypoglycaemia and Quality of Life 

 
Note: Data were obtained from a PubMed search conducted on January 18, 2022, 
using the keywords “type 2 diabetes”, “hypoglycemia”, and “quality of life”. 

 
Though common within the psychological and health sciences, 

quality-of-life measures grounded in subjective happiness have been 

criticised on several fronts. First, they do not explain why an individual is 

or is not satisfied with their daily life (Veenhoven, 1996). Second, they 

can be unreliable as ratings tend to be biased by recent life events, social 

desirability, and cultural norms (Veenhoven, 1996). Third, they do not 

differentiate between genuinely satisfied individuals and those who have 

either settled for their current situation or are simply unaware of 

alternatives that may constitute a more satisfying life (Chekola, 2006). 

Fourth, they tend to remain stable over time as individuals adjust to 

changing life circumstances—a process known as hedonic adaptation—

which calls into question whether comparisons of subjective happiness 

can be meaningfully interpreted (Lyubomirsky, 2010). 
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In contrast, objective or eudemonic theories of happiness provide 

an opposing philosophical perspective that conceptualises the good life 

as dependent upon what is necessary for human flourishing, emphasising 

what is of instrumental value to the individual independent of her or his 

subjective feelings (de Ruyter, 2007). Named after eudemonia, Aristotle’s 

term describing the highest moral good for both the individual and 

society, modern eudemonic theories typically focus on the fulfilment of 

explicitly defined human needs (Fabian, 2020).  

Although quality-of-life measures grounded in objective happiness 

offer advantages in terms of explanatory power and reliability, two major 

criticisms have been levied against them. First, evidence suggests that 

objective outcomes are not so easily disentangled from subjective 

experience, and therefore the latter cannot simply be ignored. For 

instance, higher subjective satisfaction with treatment predicts closer 

and more persistent adherence to the treatment regimen and better 

health (Polonsky & Henry, 2016; Barbosa et al., 2012), while higher 

general life satisfaction predicts better health and longevity (Diener & 

Chan, 2011). Second, humanistic psychologists argue on philosophical 

grounds that ignoring an individual’s subjective wants and opinions 

disregards that person’s basic autonomy—a need which is, in and of itself, 

vital for human flourishing (Chirkov et al., 2011). 

To address the limitations of both perspectives, humanistic 

psychologists propose a conceptualisation of the good life that focuses on 

self-actualisation, or achieving one’s fullest potential, by emphasising the 

importance of need fulfilment while at the same time respecting personal 

autonomy and freedom to choose based on intrinsic motivation (Chirkov 

et al., 2011). Maslow’s hierarchy of needs, a prominent humanistic theory 

proposed in the 1940s, posits that needs in four basic categories 



 

 

– 27 – 
 

(physiological, safety, social, and esteem needs) must be met in order to 

achieve self-actualisation (Fallatah & Syed, 2017)—a domain structure 

that shares similarities with many modern quality-of-life frameworks. 

Alongside the humanistic psychology boom, the concept of quality 

of life rose to prominence in the field of medicine in the 1960s as trade-

offs between improvements in health and longevity and treatment-

related declines in the quality of patients’ daily living experience became 

an essential point of discussion among clinicians and other healthcare 

practitioners (Karimi & Brazier, 2016). Research on quality of life as both 

subjective and objective constructs would eventually develop into 

essential areas of study not only in clinical medicine but health economics 

as well (Fitzpatrick et al., 1992). Today, a large portion of this research is 

dedicated to studying negative impacts attributable to chronic health 

conditions like cancer, heart disease, hypertension, dementia, and stroke 

(e.g., Cardoso et al., 2022; Knapp et al., 2022; Heyworth et al., 2009). 

Nevertheless, despite the increasing relevance of quality of life in health-

related studies, application of this concept has proven challenging as the 

breadth and ambiguity of quality of life continues to create difficulties for 

operationalising and measuring it. 

In response to these challenges, the World Health Organisation 

convened a panel of health experts from around the world and tasked 

them with clarifying what quality of life is within a cross-cultural, health 

science context. Consensus among these experts led to a formal definition 

of quality of life as a “broad-ranging concept” incorporating perceptions 

of both objective functional capacity and subjective personal satisfaction 

in relation to “physical health, psychological state, level of independence, 

social relationships, personal beliefs, and relationship to salient features 

of the environment” (WHOQOL Group, 1994, p. 28). Building upon the 
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domain-oriented work of Maslow and others, this definition was further 

refined based on feedback from clinicians, focus groups, and study 

participants in 19 countries across Europe, North and South America, 

Africa, and Asia, culminating in the development of a global psychometric 

instrument for assessing quality of life: the World Health Organisation 

Quality of Life (WHOQOL) scale. 

Usage within this dissertation 

The more recent, abbreviated version of the scale developed by the 

World Health Organisation, the WHOQOL-BREF (WHOQOL Group, 1998), 

was chosen as the foundation for understanding quality of life in this 

dissertation. This decision was motivated by two factors: (a) the 

developers of the scale report that this measure performs well in terms 

of internal consistency, test-retest reliability, and both discriminant and 

content validity, and more importantly (b) findings from a Danish 

validation study indicate that the brief version of the measure 

demonstrates better construct validity for persons with diabetes than the 

original instrument (Bech, 2001). 

Quality of life, according to the WHOQOL-BREF, is a multi-

dimensional formative construct that captures a person’s subjective 

evaluations across four broad domains, with each domain comprised of 

individual facets related to specific aspects of daily living. In this model, 

facets in the physical domain include mobility and basic physiological 

needs like sleeping, facets in the psychological domain include mood and 

cognition, facets in the social domain include relationships and sexuality, 

and facets in the environmental domain include availability of essential 

services, transportation, and opportunities for growth and leisure. For a 

complete list of domains and facets in the WHOQOL-BREF, see  Figure 3. 
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Figure 3. Facets and Domains of Quality of Life (WHOQOL-BREF) 

 

Disagreements, criticisms, and limitations 

Despite offering a comprehensive, concrete, and cross-culturally 

validated formulation of quality of life, the WHOQOL scales have not been 

universally adopted within the health sciences. For one, disagreement 

remains as to which outcomes, specifically, should be included in formal 

measures of quality of life (Speight et al., 2020). Assessments of the 

positive and negative facets of general mood notwithstanding, WHOQOL 
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scales do not include items for specific mood disorders, for example 

symptoms of anxiety and depression, which many consider essential for 

assessing quality of life in health research (e.g., EuroQol Research 

Foundation, 2018). A lack of granularity regarding the context of the 

individual is also presented as a common critique of the World Health 

Organisation perspective. For instance, dietary freedom has been 

proposed as a vital component of quality of life for persons with diabetes 

(Holmes-Truscott et al., 2018), but this facet goes unaddressed within the 

standard WHOQOL scales. The original developers themselves even 

acknowledge that the global view taken by the World Health Organisation 

may overlook important contextual factors like culture-specific 

contributors to quality of life (WHOQOL Group, 1994). 

A second point of contention relates to how quality-of-life 

assessments are interpreted. Confusion over terminology is 

commonplace in the health sciences, as researchers frequently use 

phrases like “health”, “health status”, “health-related quality of life” and 

“quality of life” interchangeably, regardless of which measure has been 

used (Karimi & Brazier, 2016). Health is the oldest of these terms and, 

historically, has referred to the absence of disease, with poor health 

described in terms of the degree of functional impairment caused by a 

given medical condition along with a prognosis for future morbidity and 

mortality (Patrick et al., 1973). Growing recognition of the importance of 

patients’ subjective experience in the 1960s, however, eventually led to 

the term health status which was coined to describe the social status that 

accompanies health whereby value judgments are made in reference to 

social norms about accepted role performance and well-being (Patrick et 

al., 1973). Today, this term is largely used for health status instruments 

which assess perceived health predominately for facets in the physical 
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and psychological domains, typically rated against demographically 

normed samples (EuroQol Research Foundation, 2018; Ware et al., 2000). 

Quality of life and health-related quality of life can be more difficult 

to define as usage varies widely. Generally, the broadest definitions agree 

insofar as they assess capacity for functioning in daily life and perceived 

well-being across multiple domains. Health-related quality of life, 

however, tends to emphasise only those facets directly related to health, 

while overall quality of life encapsulates not only health but a broader 

range of concerns important for daily living as well, like social and 

environmental interactions (Karimi & Brazier, 2016). Therefore, while 

other terms refer to important areas of life that are subsumed under the 

umbrella of quality of life, their greater specificity falls short of capturing 

the full scope of an individual’s holistic quality of life. 

Hypoglycaemic Impacts on Quality of Life 

Although debate continues concerning appropriate outcomes and 

terms, researchers generally abide by the broad definition outlined by the 

World Health Organisation insomuch as quality of life is conceptualised 

as a multi-faceted, subjective evaluation of functioning in, and satisfaction 

with, various dimensions of daily life. Accordingly, any person-reported 

outcome that describes an important aspect of daily living in the physical, 

psychological, social, or environmental domain has the potential to be 

relevant for studies exploring hypoglycaemic impacts. Viewed through 

this lens, available evidence suggests that hypoglycaemia has far-

reaching impacts on many domains and facets of generic quality of life.  
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Physical domain 

In addition to lower ratings of perceived physical health (Rossi et 

al., 2019; Lopez et al., 2014), findings from hypoglycaemic impact studies 

demonstrate that the occurrence of any hypoglycaemia in persons with 

type 2 diabetes is associated with negative impacts on numerous facets 

in the physical domain of quality of life. These impacts include greater 

discomfort and more restricted mobility (Orozco-Beltrán et al., 2018), 

increased feelings of fatigue (Seo et al., 2015), as well as decreased sleep 

quality (Dumber & Upendra, 2020; Kalra et al., 2013). Hypoglycaemia has 

also been reported to interfere with self-care and the usual activities of 

daily living like household chores (Orozco-Beltrán et al., 2018), to create 

barriers for diabetes self-management (Dumber & Upendra, 2020; 

Polonsky et al., 2015), and to interfere with productivity and increase 

absenteeism at work (Dumber & Upendra, 2020; Lopez et al., 2014; Kalra 

et al., 2013). Studies focusing on severe hypoglycaemia in persons with 

type 2 diabetes have generally reported similar albeit more pronounced 

effects, including lower ratings of perceived health (Rossi et al., 2019; 

Hendrieckx et al., 2019) and deleterious impacts on facets like 

discomfort, mobility, self-care, and performance of usual activities 

(Hendrieckx et al., 2019). Although effect sizes are absent in many 

studies, impacts on perceived health are generally small (0.2 ≤ d ≤ 0.4) for 

the occurrence of any episode, and small to large (0.3 ≤ d ≤ 0.8) for severe 

events (Rossi et al., 2019; Hendrieckx et al., 2019). 

Psychological domain 

Hypoglycaemia is associated with negative impacts on several 

facets in the psychological domain of quality of life. Compared to those 

without a recent history of hypoglycaemia, persons with type 2 diabetes 
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experiencing hypoglycaemia display lower ratings of perceived mental 

health (Lopez et al., 2014) and small reductions in emotional well-being 

(d = 0.4; Rossi et al., 2019). Impacts on individual facets related to mood 

are also well-established, with studies reporting associations between 

hypoglycaemia and mood instabilities like irritability (Orozco-Beltrán et 

al., 2018), as well as elevated symptoms of mood disorders like anxiety 

(Orozco-Beltrán et al., 2018; Aucoin & Bhardwaj, 2016) and depression 

(Dumber & Upendra, 2020; Orozco-Beltrán et al., 2018; Pan et al., 2010). 

Studies exploring impacts for severe events have confirmed these results, 

insofar as they provide support for hypoglycaemia-related declines in 

perceived mental health (Hendrieckx et al., 2019), along with reductions 

in emotional well-being and increases in symptoms of anxiety and 

depression (Rossi et al., 2019; Hendrieckx et al., 2019). 

Impacts on other facets in the psychological domain have received 

less attention. Findings from select impact studies, however, indicate that 

hypoglycaemia is associated with cognitive impairments in elderly 

persons with type 2 diabetes; the occurrence of hypoglycaemia in this 

population can lead to feelings of confusion in the short-term (Freeman, 

2019), while severe events may lead to reduced cognitive functioning and 

accelerated cognitive decline in the long-term (Feinkohl et al., 2014). 

Lastly, a limited body of evidence demonstrates that hypoglycaemia can 

disrupt spiritual practices that involve fasting, for example during Lent 

(Ahmed et al., 2019) and Ramadan (Tourkmani et al., 2018). 

Social and environmental domains 

Many hypoglycaemic impact studies, especially those exploring 

severe events, rely on health status instruments that emphasise facets in 

the physical and psychological domains of quality of life (c.f., Hendrieckx 
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et al., 2019). Consequently, relatively few published studies have 

provided results explicitly substantiating hypoglycaemic impacts on 

facets in the social and environmental domains. That said, the evidence 

available indicates that hypoglycaemic impacts do arise in both domains.  

In the social domain, the occurrence of hypoglycaemia in persons 

with type 2 diabetes has been linked to facets connected with social 

withdrawal. These impacts are evident both in terms of reduced person-

to-person communication (Orozco-Beltrán et al., 2018) and decreased 

participation in social activities (Cannon et al., 2018). Likewise, 

avoidance of sexual activity has been reported as an undesirable 

hypoglycaemia-related impact (Weitzman et al., 2013). 

In the environmental domain, meanwhile, there is a significant 

body of research dedicated to documenting the economic consequences 

of hypoglycaemia. Indeed, numerous studies show that, in all regions of 

the world, hypoglycaemia carries substantial financial costs not only for 

governments and healthcare providers (Ulrich et al., 2016), but for 

individuals with type 2 diabetes as well (Alzaid et al., 2020). Financial 

costs attributable to self-treated and severe hypoglycaemia are especially 

high for individuals and healthcare institutions in the United States (Liu 

et al., 2018; Foos et al., 2015). Furthermore, people with type 2 diabetes 

from low-income backgrounds are disproportionately impacted by 

hypoglycaemia, exhibiting double the risk for severe events compared to 

their middle- and upper-income counterparts (Waitman et al., 2017). 

Hypoglycaemia has also been observed to impact transportation, 

particularly for those who drive a vehicle. Estimates from one study 

suggest that, for participants with type 1 and type 2 diabetes, having a 

history of severe hypoglycaemia increases the chance of being in a car 

accident by more than 300% (Redelmeier et al., 2009).  Moreover, 
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experimental studies reveal that a sizeable number of people with type 2 

diabetes (about 25%) will still choose to drive a vehicle even when 

experiencing symptoms of hypoglycaemia (Stork et al., 2007). At the 

same time, many persons with type 2 diabetes report avoiding driving 

whenever possible, citing fears about hypoglycaemia as the primary 

reason for doing so (Weitzman et al., 2013). Worries about experiencing 

and self-managing hypoglycaemic episodes while driving, and fear about 

hurting others in traffic as a result, are also commonly reported in this 

population (Dømgaard et al., 2015; Lopez et al., 2014; Kalra et al., 2013). 

Impacts on diabetes-specific quality of life 

Thus far, the impacts of hypoglycaemia have been presented for 

studies using generic measures of quality of life intended for general use. 

A smaller body of research, however, has investigated impacts using 

diabetes-specific measures of quality of life. While these measures share 

substantial overlap with facets and domains on the WHOQOL-BREF, they 

are designed specifically for persons with diabetes and as such include 

common problem areas for this population that may be overlooked by 

generic measures (Watkins & Connell, 2004). Diabetes-specific measures 

are also more targeted insofar as they ask participants to report impacts 

explicitly attributable to diabetes, rather than simply provide a general 

rating of quality of life (Watkins & Connell, 2004). 

Results from impact studies using broad measure of diabetes-

specific quality of life spanning the physical, psychological, social, and 

environmental domains reveal that, in persons with type 2 diabetes, 

lower ratings of global quality of life are reported by those who 

experience any hypoglycaemia (Jódar-Gimeno et al., 2015; Rombopoulos 

et al., 2013) and severe hypoglycaemia (Hendrieckx et al., 2019). Once 
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more, hypoglycaemic impacts on individual facets of diabetes-specific 

quality of life mirror many of those reported for generic measures, 

including deleterious effects on physical functioning, work life, emotional 

well-being, social life, and sex life (Jódar-Gimeno et al., 2015; 

Rombopoulos et al., 2013).  

The occurrence of hypoglycaemia also shares a relationship with 

many other diabetes-specific outcomes which have gone largely untested 

in studies relying on generic measures. In the physical domain, 

hypoglycaemia is associated with stronger restrictions of dietary 

freedom (Jódar-Gimeno et al., 2015). In the psychological domain, 

hypoglycaemia has been linked to more negative perceptions of physical 

appearance (Jódar-Gimeno et al., 2015; Rombopoulos et al., 2013), along 

with reduced self-confidence, motivation, and optimism about the future 

(Jódar-Gimeno et al., 2015). Greater overall distress attributed to 

diabetes is also reported by persons with type 2 diabetes experiencing 

both self-treated hypoglycaemic episodes (d = 0.4; Rossi et al., 2019) and 

severe events (d = 0.4; Rossi et al., 2019; Hendrieckx et al., 2019). 

Diabetes-specific measures support a broad range of impacts in the 

social domain relative to generic measures. Findings from these studies 

indicate that hypoglycaemia is accompanied by greater dissatisfaction 

with family life and increased feelings of dependency on others (Jódar-

Gimeno et al., 2015; Rombopoulos et al., 2013), along with more negative 

reactions from others (Jódar-Gimeno et al., 2015). Diabetes-specific 

measures support a multitude of negative impacts in the environmental 

domain as well. For persons with type 2 diabetes, the occurrence of 

hypoglycaemia is linked to greater dissatisfaction with leisure activities, 

holidays, travel (Jódar-Gimeno et al., 2015; Rombopoulos et al., 2013), 

and finances (Jódar-Gimeno et al., 2015). Finally, those who experience 
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hypoglycaemia tend to report greater discontentment with their personal 

housing situation (Jódar-Gimeno et al., 2015; Rombopoulos et al., 

2013)—a finding which is especially problematic given that many people 

with type 2 diabetes avoid leaving their home because of concerns about 

hypoglycaemia (Weitzman et al., 2013). 

Impacts on hypoglycaemia-specific quality of life. Findings from 

studies using diabetes-specific measures reveal wide-ranging impacts for 

hypoglycaemia across all four domains of quality of life. That these 

measures are specifically tailored to person with diabetes is likely 

responsible for their greater sensitivity in detecting impacts on certain 

outcomes relative to generic instruments (Tan et al., 2015; Hermanns et 

al., 2006). Following this rationale, it stands to reason that even greater 

sensitivity would be attained using hypoglycaemia-specific measures, 

wherein participants are asked to report impacts that are explicitly 

attributable to hypoglycaemia. 

Indeed, such measures do exist. For instance, numerous studies 

have explored fear of hypoglycaemia, reporting that the occurrence of 

hypoglycaemia in persons with type 2 diabetes is accompanied by both 

increased worry about future hypoglycaemia and greater avoidance of 

activities and situations that might cause hypoglycaemia or complicate its 

management (Grammes et al., 2018; Jódar-Gimeno et al., 2015). Similar 

impacts on fear of hypoglycaemia have been observed for self-treated 

episodes, where effect sizes were small (d = 0.4; Rossi et al., 2019), and 

for severe events where effect sizes were generally large (0.7 ≤ d ≤ 1.3; 

Rossi et al., 2019; Hendrieckx et al., 2019).  

Nonetheless, the concept of hypoglycaemia-specific quality of life 

has yet to reach broad usage. One reason is that concerns about 

hypoglycaemia have traditionally been conceptualised as a component of 
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diabetes distress (Kalra et al., 2018), a facet in the psychological domain 

of diabetes-specific quality of life. Another reason is that, although many 

diabetes-specific instruments have performed well in validation studies 

(Watkins & Connell, 2004), at present only a handful of hypoglycaemia-

specific measures have been developed, and all lack sufficient evidence to 

firmly establish validity and reliability (Carlton et al., 2021). 

Limitations of existing impact studies 

Considered as a whole, findings from impact studies using both 

generic and diabetes-specific measures demonstrate that the occurrence 

of hypoglycaemia shares associations with declines in quality of life on a 

wide range of facets in the physical, psychological, social, and 

environmental domains. However, these studies are not without their 

limitations. First, quality-of-life outcomes have not been investigated 

homogenously across all domains. Instead, impact studies have typically 

focused on generic measures of health status or diabetes-specific 

measures in the psychological domain. In addition, environmental impact 

studies have, in large part, focused on externally verifiable metrics (e.g., 

finances, number of car accidents) rather than person-reported 

outcomes, and as such are largely absent from quality-of-life measures. 

Consequently, evidence supporting impacts for hypoglycaemia is 

underrepresented in areas outside of the physical and psychological 

domains of quality of life.  

A second limitation is that most studies do not report effect sizes 

for hypoglycaemic impacts, and many are lacking the statistical 

information necessary to compute them. For instance, a recent systematic 

review found that effect sizes could only be computed for half of included 

studies examining impacts on health status and fear of hypoglycaemia, 
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and for none of the included studies examining well-being (Hendrieckx et 

al., 2019). Effect sizes also vary widely depending upon the incidence of 

hypoglycaemia. Although a small number of studies report moderate 

impacts, most report small effects—especially studies where the rate of 

hypoglycaemia is relatively low (Hendrieckx et al., 2019). Furthermore, 

broad heterogeneity in both the composition and specificity of quality-of-

life measures makes meaningful interpretation of effect sizes challenging. 

A third limitation for the existing body of research is that the 

majority of impact studies define hypoglycaemia based on whether or not 

participants have recently experienced any episode or event regardless 

of severity. As is the case for studies reporting on the health 

consequences of hypoglycaemia, evidence from quality-of-life studies 

comparing self-treated and severe (level 3) hypoglycaemia is limited, and 

studies comparing level 1 and level 2 episodes are lacking altogether. 

Similarly, few studies have looked beyond statistical associations, with 

only a handful using qualitative methods to investigate the mechanisms 

underlying how hypoglycaemia impacts quality of life. 

Finally, a fourth limitation is that hypoglycaemic impacts have 

predominately been explored in cross-sectional studies, making it 

difficult to determine whether episodes of hypoglycaemia precede, 

follow, or share an independent association with outcomes related to 

quality of life. Reverse causation remains a plausible explanation, at least 

in some cases, as overall health-related quality of life has been shown to 

predict long-term survival rates for those with chronic conditions like 

peripherical artery disease (Issa et al., 2010). Likewise, specific facets of 

quality life are associated with increased risk for developing future 

chronic health conditions, for instance depression and type 2 diabetes 

(Rustad et al., 2011). At present, longitudinal hypoglycaemic impact 
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studies are rare, and those that do exist provide evidence supporting a far 

narrower range of outcomes, namely negative hypoglycaemic impacts on 

health status, well-being, and fear of hypoglycaemia (Zhang et al., 2010). 

Therefore, additional longitudinal research exploring changes in quality 

of life over time is sorely needed, particularly mixed-methods studies that 

differentiate between impacts based on level of hypoglycaemic severity 

and evaluate outcomes in all four domains of quality of life.  

WHAT MOTIVATES THIS DISSERTATION? 

A significant percentage of adults worldwide are currently affected 

by type 2 diabetes, and this population is expected to grow over the next 

two decades both in terms of absolute numbers and as a proportion of the 

total global populace. Improved longevity among persons with type 2 

diabetes has led to a greater reliance on glucose-lowering medications, 

and as a result iatrogenic hypoglycaemia has become an increasingly 

critical, though still underrecognized, concern for this population. The 

health risks of hypoglycaemia are well established, but a growing body of 

research suggests that hypoglycaemia has potentially wide-ranging 

impacts on a multitude of areas important for daily living.  

Considering the global scale of type 2 diabetes and the high 

prevalence of hypoglycaemia in this population, understanding the ways 

in which hypoglycaemia impacts all aspects of everyday life is vitally 

important for improving quality of care around the world, especially 

given persistent misconceptions about the risks and consequences of 

hypoglycaemia in persons with type 2 diabetes. Therefore, the 

overarching goal of this dissertation was to explore the psychosocial 

impacts of hypoglycaemia on quality of life in adults with type 2 diabetes.  
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Mixed-Method Framework for Original Research 

The goal of this dissertation was pursued across three studies using 

an explanatory sequential mixed-method framework (Fetters et al., 2013; 

Ivankova et al., 2006). First, quantitative data from a systematic review 

and mega-analysis were synthesized, and then mechanisms underlying 

these relationships were explored using a qualitative survey (Figure 4). 

Figure 4. Explanatory Sequential Mixed-Method Flowchart 

Phase Procedure Output 

 

• Systematic review of 
longitudinal studies 
(N = 20)  

• Descriptive synthesis 
indicating which facets of 
quality of life are impacted 
by hypoglycaemia   

• Formulate inclusion 
criteria for measures  

• Develop statistical 
models to address 
gaps in the literature 

• Statistical analysis plan 

• Mega-analysis of data 
from adults with type 2 
diabetes pooled across 
23 clinical trials  
(N = 7,219) 

• Statistical models 
quantifying how 
hypoglycaemic severity, 
frequency, and change 
impact quality of life 

• Determine survey 
content and coding 
schemes based on 
previous findings  

• Public and patient 
involvement (PPI)  

• “Wheel of life” visual 
prompts for quality of life 

• Online questionnaire 

• Thematic analysis plan 

• Survey adults with 
type 2 diabetes in 
Denmark, Germany, 
the Netherlands, and 
the UK (N = 71) 

• Thematic analyses for 
important life areas, impact 
types for hypoglycaemia, 
and the relationship 
connecting the two 

• Interpretation and 
integration of findings 
across all three studies 

• Synthesis and interpretation 
of impacts in the Discussion 
section of the dissertation 

   



 

 

– 42 – 
 

 

 

 

  

Chapter 2 

SYSTEMATIC REVIEW 
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BACKGROUND 

Recent systematic literature reviews reveal that, so far, evidence 

supporting a link between hypoglycaemia and quality of life in persons 

with type 2 diabetes has come predominantly from studies employing 

cross-sectional analyses (Dumber & Upendra, 2020; Hendrieckx et al., 

2019). These studies have been essential for establishing that episodes of 

hypoglycaemia are, in fact, related to an assortment of quality-of-life-

related outcomes. Nonetheless, the dearth of longitudinal evidence has 

made it difficult to determine whether hypoglycaemia precedes changes 

in quality of life, or if the two simply share an independent association. 

To establish a causal link between hypoglycaemia and quality of 

life, the strongest line of evidence would be to experimentally induce a 

hypoglycaemic state and measure its impacts on future quality of life 

(Hill, 1965). Although induction studies do exist, they commonly focus on 

short-term observations of biological processes (Seaquist et al., 2017; 

Cryer, 2007); the induction of hypoglycaemia in persons with diabetes to 

determine long-term impacts is problematic for a variety of reasons.  

First, given the substantial health risks that may arise from 

disrupting glycaemic control in persons with diabetes (Lind et al., 2014), 

induction studies lasting longer than a few days are likely to face 

significant criticism on ethical grounds as it is difficult to convincingly 

argue that the risk to participants is sufficiently outweighed by potential 

benefits to society (Franklin & Grady, 2001). Second, the time required 

for hypoglycaemic impacts to manifest is unclear though probably of 

some duration. Quality of life is an expansive, multi-faceted construct and, 

as such, may be insensitive to short-term changes produced by one or two 

hypoglycaemic episodes (Michalos & Kahlke, 2010). Induction studies 



 
 

 

– 44 – 
 

may then be expected to require prohibitively expensive and dangerous 

long-term trials to adequately establish causal effects. Hence, the best 

available evidence for a causal link between hypoglycaemia and quality 

of life is to establish a directional relationship using longitudinal designs, 

with assessments ideally taking place in a controlled setting (Hill, 1965).  

State of Longitudinal Evidence 

Despite its importance, evidence from longitudinal studies 

investigating hypoglycaemia and quality of life in persons with type 2 

diabetes is scarce. Prior to this dissertation, only a single systematic 

review had focused exclusively on longitudinal research. In the review, 

Zhang and colleagues (2010) summarised results from 17 intervention 

studies reporting on hypoglycaemia and detriments to generic and 

diabetes-specific quality of life. While most studies in the review lacked 

explicit statistical information describing changes in quality of life over 

time, Zhang and colleagues’ work remains the best frame of reference for 

the state of longitudinal evidence prior to this dissertation. 

Hypoglycaemic impacts on generic quality of life 

In Zhang and colleagues’ (2010) review, nine studies assessed 

health status using the EuroQol 5-Dimension (EQ-5D) health status 

instrument (EuroQol Research Foundation, 2018). The EQ-5D provides a 

brief assessment of perceived health using four physical items measuring 

self-care, mobility, performance of usual activities, and pain or 

discomfort, along with one mood item measuring anxiety or depression. 

The EQ-5D also includes a Visual Analogue Scale (VAS) rating general 

health on a scale from 0 (worst imaginable) to 100 (best imaginable). In 

all but one study, hypoglycaemia was associated with lower perceptions 
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of health on EQ-5D summary scores and the VAS. Only one of these 

studies differentiated between self-treated and severe hypoglycaemia, 

finding that persons experiencing severe events had lower perceptions of 

health than those who experienced only self-treated episodes and, once 

more, the magnitude of this difference was clinically meaningful. 

Two studies used the Short Form 36-item (SF-36) health status 

instrument (Ware et al., 2000). Compared to the EQ-5D, the SF-36 

provides a broad assessment of perceived health using a 21-item physical 

component comprised of four subscales measuring physical functioning, 

role limitations due to physical functioning, bodily pain, and general 

health, along with a 14-item mental component comprised of four 

subscales measuring vitality, social functioning, role limitations due to 

emotions, and mental health. One study reported that hypoglycaemia was 

associated with lower ratings on all physical component subscales and all 

mental component subscales apart from vitality. The second study 

confirmed these associations for the mental component summary scores 

only, while a third study using the RAND Corporation 36-item (RAND-36) 

health status instrument (Hays et al., 1993)—a measure containing the 

same items as the SF-36—found that hypoglycaemia was associated with 

lower ratings on all physical and mental component subscales, with 

severe events having a stronger impact than self-treated episodes. 

Lastly, emotional well-being, a facet within the psychological 

domain, was evaluated in one study using the Psychological General Well-

Being (PGWB) index (Dupuy, 1984), and in another using the Quality of 

Well-Being (QWB) scale (Kaplan et al., 1998). Results from both studies 

showed that a greater frequency of hypoglycaemic symptoms was 

associated with significantly lower emotional well-being. 
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Hypoglycaemic impacts on diabetes-specific quality of life 

In Zhang and colleagues’ (2010) review, one study provided a 

broad assessment of overall diabetes-specific quality of life using the 

Diabetes Quality of Life (DQOL) survey (DCCT Research Group, 1988), a 

diabetes-specific measure of worries, satisfaction, and impacts on facets 

in the physical, psychological, and social domains. Results from this study 

revealed no significant changes in DQOL summary scores among those 

experiencing self-treated hypoglycaemia.  

Five studies evaluated fear of hypoglycaemia, a diabetes-specific 

facet of the psychological domain, using the revised Hypoglycemia Fear 

Survey (HFS-II; Gonder-Frederick et al., 2011). Three studies found that 

participants who had a recent history of hypoglycaemia experienced 

higher overall fear of hypoglycaemia. A fourth study found the same 

results for the HFS-II avoidance behaviour and worry subscales. The fifth 

study was the only to compare impacts for self-treated and severe 

hypoglycaemia, and results demonstrated that scores on the worry 

subscale were higher among those experiencing self-treated episodes, 

and higher still among those experiencing severe events. 

THE CURRENT STUDY 

The remainder of this chapter elaborates on methods, results, and 

important points of discussion from the paper, “Changes in Quality of Life 

Following Hypoglycaemia in Adults with Type 2 Diabetes: A Systematic 

Review of Longitudinal Studies”, published in Diabetic Medicine (Matlock, 

Broadley, Hendrieckx, et al., 2022). For further information, consult the 

graphical abstract, Figure 17 in Appendix 1, or the full published 

manuscript in Appendix 2. 
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Aim 

The goal of the current study was to conduct a systematic review of 

evidence from longitudinal studies reporting on the relationship between 

hypoglycaemia and changes in the physical, psychological, social, and 

environmental domains of quality of life. 

Method 

This review was guided by the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) statement (Page et al., 

2021). For a detailed account of the methodology underlying this review, 

the study protocol is registered online in the Prospective Register of 

Systematic Reviews (PROPSERO) as record number CRD42020154023.  

Strategy for searching databases 

Searches were carried out in CINAHL, Cochrane Library, Medline, 

and PsycINFO. The search strategy employed terms related to (a) the 

population, adults with type 2 diabetes; (b) the exposure, hypoglycaemia; 

(c) suitable longitudinal designs; and (d) quality-of-life-related outcomes. 

No restrictions were made regarding language or date of publication. 

Examples of search terms can be found in Box 2. The complete search 

strategy can be found in Appendix 1 in Table 4 and Table 5. 

 

 

Box 2. Examples of Search Terms 

Population “type 2 diabetes”, “T2DM”, “noninsulin dependent” 

Exposure “hypoglycaemia”, “hypo”, “low blood sugar” 

Design  “randomized trial”, “cohort study”, “longitudinal” 

Outcomes   “quality of life”, “QOL”, “depression”, “well-being”  
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Criteria for inclusion 

Records were screened using inclusion criteria which required that 

studies (a) sample adults 18 years or older with type 2 diabetes; (b) 

employ a first-hand, longitudinal design; (c) provide an assessment of the 

occurrence or frequency of hypoglycaemia; (d) include assessments of 

one or more outcomes related to generic or diabetes-specific quality of 

life; and (e) report on, either numerically or textually, the relationship 

between hypoglycaemia and changes in quality of life over time.  

Due to a high volume of records, the scope of this review was 

narrowed to focus exclusively on quantitative evidence from first-hand 

peer-reviewed publications. As such, qualitative studies, second-hand 

research (e.g., literature reviews and editorials), and unpublished or 

unindexed studies (i.e., grey literature; Conn et al., 2003) were excluded. 

Studies sampling a mixed population of type 1 and type 2 diabetes were 

excluded unless results were reported separately for type 2 diabetes.  

The World Health Organisation (1996) characterises quality of life 

as a fundamentally subjective construct, so outcomes were required to be 

person-reported measures, with external assessments like morbidity and 

mortality excluded from the review. In addition, measures were included 

only if they reflected global assessments across one or more domains of 

quality of life or contained items that matched specific facets of the World 

Health Organisation model. These restrictions were applied not only to 

maintain a person-centred appraisal of quality of life, but also to facilitate 

comparison across studies by reducing heterogeneity between measures.  
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Screening of records 

Titles and abstracts of potentially relevant studies were screened 

using inclusion criteria. Eligible records were then full-text screened by 

two reviewers to reduce the number of missed studies (Waffenschmidt 

et al., 2019). Included studies were subjected to forward citation searches 

on the Web of Science, backward citation searches of references, and 

hand searches of references from excluded studies deemed relevant. 

Synthesis of results 

Although meta-analysis is ideal for summarising results across 

studies, this approach was not possible given the heterogeneity of 

measures used to assess quality of life. Therefore, to synthesise results 

while maintaining generalisability, a descriptive synthesis following 

Synthesis Without Meta-analysis (SWiM) guidelines (Campbell et al., 

2020) was used to group outcomes in relation to facets in the physical, 

psychological, social, or environmental domains of quality of life. 

Grading of study quality 

To determine risk of bias, two reviewers rated the quality of 

included studies using appraisal tools from the Joanna Briggs Institute 

(Aromataris & Munn, 2020). To simplify comparisons between studies, a 

novel metric summarising overall quality was developed: the quality 

proportion (αq) indicated the ratio of criteria fulfilled on the appraisal 

tool divided by the total (Glasgow et al., 2020). Given that this metric 

shares conceptual similarities with reliability statistics, proportions were 

loosely interpreted following guidelines for Cronbach’s Alpha (George & 

Mallery, 2003), such that quality was interpreted as excellent (αq ≥ .9), 

good (.8 ≤ αq < .9), acceptable (.7 ≤ αq < .8), or poor (αq < .7). 
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Results 

Study and participant characteristics 

Searches produced more than 12,500 records. After screening, a 

total of 20 longitudinal studies met inclusion criteria (for a summary of 

the search and screening process, see Figure 5). Included studies were 

primarily conducted in Europe (45%), North America (25%), and Asia 

(15%). Most studies (60%) used an observational cohort design, while 

the remainder were randomised controlled trials (40%). Studies tested 

glucose-lowering medications (50%), techniques for improving self-

management of diabetes (30%), or had no stated intervention (20%). 

Together, studies represented more than 50,000 adults with type 2 

diabetes; participants were generally older adults (M = 60 years old) 

evenly divided by gender (45% women). Characteristics for individual 

studies are listed in Appendix 1 in Table 6. 

Quality of included studies 

Quality proportions indicated that, for cohort studies, overall 

quality was good (25%) or excellent (75%). Conversely, randomised 

controlled trials expressed a greater variability; though most were 

acceptable (38%) or good (38%), a small number had proportions 

indicative of poor quality (25%). However, differences in quality between 

cohort studies (Mαq = .92) and clinical trials (Mαq = .75) were largely due 

to omissions in reporting among controlled trials that were not relevant 

for this systematic review. In Appendix 1, quality proportions are listed 

for all studies in Table 7, whereas item-by-item ratings can be found for 

cohort studies in Table 8 and randomised controlled trials in Table 9. 
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Figure 5. PRISMA Flow Diagram for Searches and Screening  
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Occurrence of hypoglycaemia 

Hypoglycaemia was assessed exclusively using self-report, except 

for one trial that consulted hospital records (Briggs et al., 2017). Episode 

frequency was reported in a handful of studies, but the majority (75%) 

categorised hypoglycaemia based on whether or not a participant had 

experienced at least one episode. Severity of hypoglycaemia was reported 

in most studies (80%). Four studies, however, did not specify whether 

episodes were self-treated or severe (Genovese et al., 2013; Jódar et al., 

2020; Nicolucci et al., 2011; Ritter et al., 2016). Prevalence varied widely 

across reporting studies, with self-treated hypoglycaemic episodes 

affecting 6–86% of participants (M = 39%), and severe events affecting 

1–52% (M = 21%). In Appendix 1, hypoglycaemia rates are listed for 

cohort studies in Table 10 and randomised controlled trials in Table 11. 

Assessment of change in quality of life 

Of the 20 included studies, 17 evaluated changes in quality of life 

over time by comparing scale means at baseline to a single follow-up after 

1–36 months. Two follow-ups (at 3 and 6 months) were tested in one 

study (Wieringa et al., 2018), but non-significant interactions indicated 

that impacts on quality of life did not differ over time. The remaining 

studies (Haluzik et al., 2018; Pathan et al., 2018) used targeted questions 

over a 30-day period in lieu of a statistical analysis. Time to follow-up is 

listed for each study in Appendix 1 in Table 10 and Table 11. 

Impact of hypoglycaemia on global quality of life 

No study in this review provided a global assessment spanning all 

four domains of quality of life. The broadest assessment came from a 

study (Menard et al., 2007) that used the DQOL survey, a diabetes-specific 
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measure of facets in the physical, psychological, and social domains. 

Results suggested self-treated hypoglycaemia was not associated with 

summary scores on the DQOL. This study was unique as it was the only 

study from the previous longitudinal review by Zhang and colleagues 

(2010) to fulfil all inclusion criteria for the current review, including 

explicit reporting on changes in quality of life over time. 

Health status. Health status was the only other outcome to span at 

least two domains. Three relevant measures were identified: the SF-36 

and RAND-36—which share identical items and are comprised of two 

components assessing physical and mental health—and the EQ-5D, 

which is comprised of four physical health items and one mood item. 

Three trials used the SF-36. One (Ali et al., 2012) examined severe events, 

while the remaining two (Nicolucci et al., 2011; Jódar et al., 2020) did not 

indicate severity. Results from all three studies revealed no evidence for 

declines on the physical component (ds < 0.1). Two of these studies also 

reported no impacts on the mental component (ds < 0.1), as did a separate 

study (Goddijn et al., 1999) exploring impacts for self-treated episodes 

using the RAND-36. Only one SF-36 study (Nicolucci et al., 2011) found 

that treatment-related increases on the mental component were blunted, 

and only in those experiencing frequent hypoglycaemia at a rate of four 

or more episodes within a 30-day period. 

Five studies used the EQ-5D. One (Malanda et al., 2011) reported 

impacts for raw scores, while the rest used the utility index, a summary 

score algorithmically adjusted against a normed sample, or the VAS. Two 

studies exploring impacts for self-treated episodes found no association 

with changes on the EQ-5D for raw scores (ds ≤ 0.2; Malanda et al., 2011) 

or the utility index and VAS (Torre et al., 2018). Three studies explored 

severe events, two using the utility index (Briggs et al., 2017; Nauck et al., 
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2019) and one using the VAS (Yang et al., 2014). While no standardised 

effect sizes were provided, findings from these studies all indicated that 

participants experiencing severe events also had significant declines in 

perceived health. Results from studies examining global quality of life are 

listed in Appendix 1 in Table 12. 

Impact of hypoglycaemia on the physical domain 

Six studies evaluated impacts on facets in the physical domain of 

quality of life. One study (Genovese et al., 2013) assessed performance of 

usual activities in daily life (e.g., housework, shopping) using a subscale 

from the Work Productivity and Activity Impairment (WPAI) survey 

(Reilly et al., 1993). Results demonstrated that participants who reported 

an increase in hypoglycaemic episodes also experienced greater activity 

impairment. Two studies assessed performance at work using targeted 

questions. Conducted in Eastern Europe (Haluzik et al., 2018) and 

Southeast Asia (Pathan et al., 2018), these studies found that roughly 3% 

of participants reported absences at school or work over a 30-day period, 

and 3–5% reported having to leave early, due to hypoglycaemia. 

Impacts on energy were evaluated in two studies using a subscale 

of the W-BQ. The first study (Malanda et al., 2011) found no association 

between self-treated episodes and energy, whereas the second study 

(Nicolucci et al., 2011) reported reduced energy in those experiencing 

frequent hypoglycaemia. Lastly, a study (Pichayapinyo et al., 2019) used 

a subscale of the Patient-Reported Outcomes Measurement Information 

System (PROMIS; Yu et al., 2012) to assess sleep quality, finding a weak 

non-significant correlation (r = .16) between increased symptoms of 

hypoglycaemia and disturbed sleep. Results from studies examining 

impacts in the physical domain are listed in Appendix 1 in Table 13. 
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Impact of hypoglycaemia on the psychological domain 

Close to half of included studies evaluated hypoglycaemic impacts 

on facets within the psychological domain of quality of life. Six studies 

used generic assessments of quality of life, and results for these studies 

can be found in Appendix 1 in Table 14. Diabetes-specific assessments, 

meanwhile, were used by seven studies, and results for these studies can 

be found in Appendix 1 in Table 15. 

Facets of generic quality of life. Two studies assessed positive 

mood (Malanda et al., 2011; Nicolucci et al., 2011) and one assessed 

negative mood (Nicolucci et al., 2011) using WB-Q subscales. One 

additional study (de Sonnaville et al., 1998) assessed negative mood 

using a subscale from the Profile of Mood States (POMS; McNair et al., 

1971). Results from all studies revealed no associations between positive 

or negative mood and hypoglycaemia, regardless of whether participants 

experienced self-treated episodes or severe events (ds < 0.1).  

Three studies explored symptoms of mood disorders. One study 

(Polonsky et al., 2018) used the General Anxiety Disorder (GAD) scale 

(Spitzer et al., 2006), finding a link between self-treated hypoglycaemia 

and elevated symptoms of anxiety (β = .16). Conversely, a study 

(Nicolucci et al., 2011) using a W-BQ subscale found that symptoms of 

anxiety were significantly lower among those experiencing one, two, or 

three episodes of hypoglycaemia. However, for those experiencing four 

or more episodes changes in anxiety were non-significant. Symptoms of 

depression, meanwhile, were not associated with self-treated episodes in 

two studies (r = .18 in Pichayapinyo et al., 2019; β = .09 in Polonsky et al., 

2018) using the 8-item Patient Health Questionnaire (PHQ-8; Kroenke et 

al., 2009) or one study (Nicolucci et al., 2011) using the W-BQ.  
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Four studies investigated emotional well-being. Two studies 

(Polonsky et al., 2018; Wieringa et al., 2018) using the World Health 

Organisation 5-item (WHO-5) well-being index (World Health 

Organisation, 1998) found that neither self-treated episodes (β = .02) nor 

severe events were associated with changes in well-being. Similarly, a 

study (Malanda et al., 2011) using the 12-item W-BQ found no impacts 

for self-treated episodes (ds < 0.1). The lone exception was a study 

(Nicolucci et al., 2011) using the longer 22-item W-BQ, which found that 

those experiencing frequent hypoglycaemia also experienced declines in 

emotional well-being relative to those experiencing fewer or no episodes. 

Facets of diabetes-specific quality of life. Emotional distress 

attributed to diabetes was investigated in four studies. One study 

(Malanda et al., 2011) used a subscale of the revised Illness Perception 

Questionnaire (IPQ-R; Moss-Morris et al., 2002), finding no association 

between self-treated hypoglycaemia and diabetes distress (ds ≤ 0.2). The 

remaining studies used the Diabetes Distress Scale (DDS; Polonsky et al., 

2005). Results from one study with a low incidence of hypoglycaemia 

(Peyrot et al., 2008), and another with a small sample (r = –.06; 

Pichayapinyo et al., 2019), revealed no associations with distress. 

However, a large-sample study with a higher incidence of hypoglycaemia 

(Polonsky et al., 2018) found small but significant increases in diabetes 

distress following self-treated episodes (β = .12). 

Three studies examined diabetes self-efficacy, the confidence a 

person has in their ability to self-manage important aspects of diabetes 

(Dehghan et al., 2017). In addition to providing a positive counterpoint to 

diabetes distress, self-efficacy was classed as a facet in the psychological 

domain because it shares conceptual similarities with self-esteem 

(Gardner & Pierce, 1998) and statistical associations with positive and 
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negative moods states (Taufiq-Hail et al., 2021). Self-treated episodes 

were not associated with diabetes self-efficacy in two studies, the first of 

which (d < 0.1; Malanda et al., 2011) used an IPQ-R subscale, and the 

second of which (r = –.04; Pichayapinyo et al., 2019) used the Diabetes 

Self-Efficacy Scale (DSES; Sousa et al., 2009). However, a study exploring 

severe hypoglycaemia (Ritter et al., 2016) found that even one severe 

event was followed by a significant drop in self-efficacy on the DSES. 

Fear of hypoglycaemia was explored in three studies, all of which 

used the HFS-II. Results from a study (Mitchell et al., 2013) using HFS-II 

summary scores revealed that participants experiencing hypoglycaemia 

of any severity level also experienced elevations in overall fear of 

hypoglycaemia. A study (Polonsky et al., 2018) evaluating worries about 

hypoglycaemia using a subscale on the HFS-II reported similar elevations 

after self-treated episodes (β = .18). The third study (Wieringa et al., 

2018) found that self-treated episodes and severe events were both 

associated with elevated scores on the worry subscale, though this impact 

was only significant for self-treated episodes. 

Impact of hypoglycaemia on the social domain 

Only a single study in this review (Pichayapinyo et al., 2019) 

explicitly reported on a facet outside of the physical and psychological 

domains of quality of life. Using the Social Support Questionnaire (SSQ; 

Sarason et al., 1983), this small-sample study found a weak correlation 

between an increase in symptoms of hypoglycaemia and reductions in 

social support (r = –.12). However, this relationship was not significant. 

A summary of results by domain can be found for generic measures of 

quality of life in Figure 6, and for diabetes-specific measures in Figure 7. 
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Figure 6. Studies Reporting Hypoglycaemic Impacts on Generic Quality of Life 

 
Note: EQ-5D, EuroQol 5-Dimension survey; GAD, General Anxiety Disorder scale; PHQ-8, Patient Health Questionnaire 8-item; 
POMS, Profile of Mood States; PROMIS, Patient-Reported Outcomes Measurement Information System; SF-36, Short Form 36-item 
survey; TQ, Targeted Question; VAS, Visual Analogue Scale; W-BQ, Well-Being Questionnaire; WHO-5, World Health Organisation 
5-item well-being index; WPAI, Work Productivity and Activity Impairment survey. Quality proportions (αq) have been averaged 
across studies sharing the same measure. 

† Acceptable study quality (αq ≥ .7). †† Good study quality (αq ≥ .8). ††† Excellent study quality (αq ≥ .9). 
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Figure 7. Studies Reporting Hypoglycaemic Impacts on Diabetes-Specific Quality of Life 

 
Note: DDS, Diabetes Distress Scale; DSES, Diabetes Self-Efficacy Scale; DQOL, Diabetes Quality of Life measure; HFS-II, 
Hypoglycaemia Fear Survey version II; IPQ-R, Illness Perception Questionnaire Revised. Quality proportions (αq) have 
been averaged across studies by measure. 

† Acceptable study quality (αq ≥ .7). †† Good study quality (αq ≥ .8). ††† Excellent study quality (αq ≥ .9). 
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Chapter Discussion 

A descriptive synthesis of evidence from 20 longitudinal studies 

indicated that, for adults with type 2 diabetes, hypoglycaemia predicted 

small but significant declines in key outcomes within the physical and 

psychological domains of quality of life. Results varied broadly, however, 

based on severity of hypoglycaemia and how outcomes were measured. 

Health status—a construct capturing facets across both the physical and 

psychological domains—was the most commonly assessed outcome.  

Health status studies unanimously agreed that severe events were 

followed by reductions in overall health status on the EQ-5D. These 

impacts were quite robust as supporting studies were of varied duration 

(time to follow-up ranged from 6 to 26 months), and all had an incidence 

or prevalence of hypoglycaemia far below population study estimates—

in some cases as much as 10 times lower (c.f., Ratzki-Leewing et al., 2018; 

Leese et al., 2003). One dissenting study found no evidence of changes in 

physical or mental health on the SF-36 for severe events. This study 

matched EQ-5D studies with respect to duration, intervention type, and 

prevalence of hypoglycaemia, suggesting that the disparity in results may 

be due to differences in the composition of health status measures. 

For self-treated hypoglycaemia, multiple studies using the EQ-5D 

and SF-36 (or RAND-36) found no evidence of impacts on health status. 

The exception was one SF-36 study reporting declines in mental health, 

but only among those experiencing frequent hypoglycaemia. This could 

indicate that impacts are only detectable if episodes occur with sufficient 

regularity, or it may simply reflect the supporting study’s brief follow-up 

(5 months) relative to other studies (12 to 36 months) and its use of 

demographic control variables that were absent in other analyses.  
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Overall, findings for health status were partially consistent with the 

previous longitudinal review by Zhang and colleagues (2010) wherein 

perceptions of health on the EQ-5D and SF-36 were generally lower 

among those experiencing severe and self-treated hypoglycaemia. 

Characteristics of studies were similar in both reviews, so the marked 

divergence in findings concerning the impact of self-treated episodes may 

come down to differences in inclusion criteria. The current review 

required studies report on changes in quality of life over time, while most 

studies in the previous review lacked explicit reporting in this area. 

Consequently, disparate results may have arisen because health status 

and self-treated hypoglycaemia share a correlational but not a directional 

relationship—at least in cases where episode frequency is low. 

In the physical domain of quality of life, evidence for impacts was 

most consistent for impairments in daily functioning. One study found 

that hypoglycaemia predicted greater impairment during the activities of 

everyday life (e.g., chores, shopping), and two others reported analogous 

impairments in the workplace. Notably, the degree of impact at work was 

similar despite sizeable differences in the prevalence of hypoglycaemia; 

one study matched population study estimates, while the other had 

double the expected prevalence (c.f., Ratzki-Leewing et al., 2018). 

Although severity was not addressed in any of these studies, the pattern 

of effect mirrored findings from cross-sectional research on self-treated 

episodes and severe events (Pawaskar et al., 2018; Brod et al., 2011). 

Evidence was less clear for other outcomes. Two studies with 

similar characteristics and control variables examined impacts on energy 

using a similar measure, but a negative impact was only found in one 

study assessing frequent hypoglycaemia. As before, this disparity may 

reflect a dose-dependent relationship or the supporting study’s brief 
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follow-up (5 vs. 12 months). Lastly, a single study investigated symptoms 

of hypoglycaemia and sleep disturbance, but results were not significant. 

This lack of effect is likely attributable to an undersized sample, however, 

as deleterious impacts on sleep have been observed in large-sample 

surveys and laboratory studies (Dumber & Upendra, 2020; Farabi, 2016). 

In the psychological domain of quality of life, the most consistent 

line of support emerged for impacts on fear of hypoglycaemia. Several 

studies were unanimous in reporting that self-treated episodes were 

followed by increased worry and avoidance behaviour concerning future 

hypoglycaemia—results which paralleled those reported by Zhang and 

colleagues (2010). Results did not agree for severe events, however, as 

one study in the previous review reported greater fear of hypoglycaemia, 

while one study in the current review found no significant impacts. 

It is difficult to draw comparisons for only two studies, especially 

given their similar characteristics (i.e., 6-month duration, low prevalence 

of severe hypoglycaemia, glucose-lowering intervention). Nevertheless, 

their disparate results may be due to differences in analysis, as the study 

in the current review used generalized estimating equations (GEE) to 

approximate population averages rather than person-specific effects 

(Hubbard et al., 2010), and it controlled for diabetes complications, a 

covariate linked to fear of complications in general and fear of 

hypoglycaemia in particular (Taylor et al., 2005). Another possibility is 

that social support represents an important uncontrolled confound. 

Specifically, persons receiving prompt assistance during severe events 

may develop greater confidence in their support network, thereby 

reducing anxieties about future hypoglycaemic episodes—an explanation 

supported by cross-sectional research linking deficits in social support to 

greater fear of hypoglycaemia (Anarte et al., 2014).  
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Evidence for other impacts in the psychological domain was less 

clear—significant results were reported by just one study for each 

affected outcome. Multiple studies examined emotional well-being, but 

significant declines were observed solely by a study assessing impacts for 

frequent hypoglycaemia. This disparity could not be accounted for by 

differences in study duration, hypoglycaemia prevalence, intervention 

type, time to follow-up, or choice of measure, which suggests these results 

are best explained by a dose-dependent relationship. Similar evidence 

from Zhang and colleagues (2010) linking frequency of hypoglycaemic 

symptoms to well-being lends further credibility to this interpretation. 

Regarding mood, studies investigating positive and negative mood 

states were unanimous in reporting no significant effects for self-treated 

episodes or severe events. Furthermore, this result persisted despite 

variations in time to follow-up (1 to 12 months), choice of measure, and 

incidence of hypoglycaemia—including a study where the incidence of 

severe events was double the expected value (c.f., Ratzki-Leewing et al., 

2018). One reason impacts may have escaped detection is that changes in 

mood tend to be short-lived except in instances where hypoglycaemia is 

both severe and recurrent (Strachan et al., 2000; Gold et al., 1995).  

Similar results emerged for depressed mood, insofar as multiple 

studies with diverse characteristics agreed that self-treated episodes 

were not associated with symptoms of depression. These results were in 

partial agreement with previous research where findings have generally 

been mixed (Dumber & Upendra, 2020; Hendrieckx et al., 2019). 

Significant results in earlier cross-sectional studies, however, may be 

attributable to reverse causation, as longitudinal studies have found that 

elevated symptoms of depression predict later increases in self-treated 

and severe hypoglycaemia (Katon et al., 2013). 
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Conversely, in one study self-treated episodes predicted small but 

significant elevations in anxiety and diabetes-related distress, whereas 

other studies with a lower prevalence of hypoglycaemia or a small sample 

size found no evidence of negative impacts on either outcome. In the case 

of anxiety, these disparate results may also reflect the supporting study’s 

use of a narrower measure that focused exclusively on symptoms of 

generalised anxiety. Indeed, cross-sectional research on anxiety has often 

yielded mixed results (Dumber & Upendra, 2020), but studies specifically 

targeting generalised anxiety have reported deleterious impacts for self-

treated episodes (Al Hayek et al., 2015). As for diabetes distress, although 

it has received less attention in impact studies—possibly because risk of 

hypoglycaemia is typically conceptualised as a component of diabetes 

distress rather than an antecedent (Dennick et al., 2017)—significant 

associations between hypoglycaemia and diabetes distress have been 

reported in other studies (Pintaudi et al., 2015; Polonsky et al., 2015).  

Diabetes self-efficacy, meanwhile, was negatively affected in one 

study evaluating severe events, but not in studies examining self-treated 

episodes. These studies shared similar characteristics and measures, 

suggesting that being unable to self-treat hypoglycaemia uniquely 

undermines a person’s confidence in their ability to manage diabetes. 

Lastly, only two studies explored outcomes beyond the physical and 

psychological domains. One study assessed diabetes-specific quality of 

life using a measure spanning the physical, psychological, and social 

domains, and the other examined social support; in both instances, there 

was insufficient evidence to support impacts for self-treated episodes—

although the lack of significance for social support is likely due to the 

study’s undersized sample, as significant impacts on social engagement 

have been reported elsewhere (Nicolucci et al., 2015). 
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Limitations and strengths 

Findings were limited by the scope of the systematic review. 

Searching different databases (e.g., JSTOR) and modifying the search 

strategy to include terms indirectly related to quality of life that are likely 

to be used in connection with relevant outcomes (e.g., either “family” or 

“network” in reference to social support) may lead to the discovery of 

additional hypoglycaemic impacts, as would relaxing inclusion criteria to 

allow qualitative designs, grey literature, and objective measures. 

Findings were also limited by the characteristics of included studies. 

While focusing on longitudinal evidence allowed inferences to be made 

about directionality (i.e., that hypoglycaemia precedes changes in quality 

of life), heterogeneity among quality-of-life measures prevented meta-

analysis and restricted between-study comparisons. Consequently, time 

to follow-up, intervention type, and control of demographic and lifestyle 

variables often could not be ruled out as potential confounds. In addition, 

the vast majority of studies reported a low prevalence or incidence of 

hypoglycaemia, potentially interfering with the detection of significant 

effects—a serious concern given that effect sizes were generally small. 

The current study had several strengths. Most notably, it marks the 

first review to focus exclusively on longitudinal quantitative evidence 

concerning a directional link between hypoglycaemia and change in 

quality of life over time. Samples were generally large and diverse across 

included studies as well, representing adults with type 2 diabetes from 

Europe, North America, and Asia. Finally, compared to earlier reviews, 

this study explored a wider scope for quality of life, synthesising results 

from 16 distinct person-reported measures for outcomes in the physical, 

psychological, and social domains—twice the number described in the 

longitudinal review by Zhang and colleagues (2010).
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 BACKGROUND 

Systematic reviews of longitudinal evidence presented in Chapter 2 

(Matlock, Broadley, Hendrieckx, et al., 2022; Zhang et al., 2010) revealed 

four key limitations for published studies examining how hypoglycaemia 

impacts quality of life in persons with type 2 diabetes. First, while most 

studies provide results for summary scores on quality-of-life measures, 

few discuss granular impacts on subscales or individual items. Second, 

effect sizes are regularly omitted or abridged in such a way as to preclude 

meta-analysis. Third, statistical models often do not clearly control for 

important covariates. Fourth, only a handful of studies have investigated 

how increases or decreases in the number of hypoglycaemic episodes 

affect quality of life—and none have explored interactions between total 

frequency of episodes and change in hypoglycaemia over time.  

Advantages of Mega-Analysis 

Mega-analysis refers to the secondary analysis of individual-level 

data pooled from two or more studies. Because mega-analysis provides 

statistical evidence summarising results across studies, it offers a useful 

alternative when meta-analysis is not possible (i.e., the systematic review 

in Chapter 2)—and as such promises to parallel meta-analysis as the gold 

standard for quantitative research (Eisenhauer, 2021). Furthermore, 

mega-analysis has the potential to address key limitations in published 

research by allowing new analyses to be conducted for any combination 

of predictor, covariate, and outcome variables available in the pooled 

dataset. Despite these advantages, however, prior to this dissertation no 

study examining hypoglycaemia and quality of life in persons with type 2 

diabetes has used a mega-analytic approach. 
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THE CURRENT STUDY 

The remainder of this chapter discusses methods, results, and 

important points of discussion from the paper, “Hypoglycaemia Severity, 

Frequency, and Change as Predictors of Outcomes Related to Quality of 

Life in Adults with Type 2 Diabetes: A Mega-Analysis of 23 Clinical Trials”, 

which is currently in preparation (Matlock et al., 2022a). For further 

information, consult the original manuscript in Appendix 3. 

Aim 

The goal of the current study was to conduct an exploratory, 

covariate-adjusted mega-analysis of clinical trial data investigating how 

hypoglycaemia impacts quality of life in adults with type 2 diabetes, 

differentiating by episode severity, frequency, and change over time. 

Method 

Five healthcare companies provided data representing nearly 100 

published and unpublished clinical trials with responses from more than 

60,000 participants. Prior to analysis, data were pooled and harmonised 

by an independent team of bioinformatics specialists. Responses were 

coded in Clinical Data Interchange Standards Consortium (2022) format. 

Criteria for inclusion 

Participants were eligible for inclusion in this study if they (a) were 

adults (18+ years old) with type 2 diabetes, and (b) provided response 

data at two or more points in time for at least one validated measure 

assessing facet(s) in the physical, psychological, social, or environmental 

domains of quality of life. To avoid overlapping with existing publications, 

measures were excluded unless they were used in at least two trials. 
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Definitions for hypoglycaemia 

Severity and frequency. Severity of hypoglycaemia was defined 

using International Hypoglycaemia Study Group (2017) guidelines. 

Episodes flagged as non-severe were assumed to be self-treated and were 

classified as level 1 or level 2 based on glucose level (≤ 3.9 and < 3.0 

mmol/L, respectively). Any event flagged as severe (assistance required) 

was classified as level 3. Total frequency of hypoglycaemia occurring 

within each trial was standardised as number of episodes per year. 

Change over time. Change scores were calculated by subtracting 

the standardised number of hypoglycaemic episodes in the first half of 

the trial from the number in the second half. Timing information was not 

available for study interventions, so trials were bisected at the midpoint 

to ensure sufficient time for episodes to occur, to allow treatments to 

stabilise (Floyd et al., 2016), to match the 6-month recall period used in 

most assessments, and to minimise single-event bias as episodes tend to 

be rare and sporadic for most individuals (Morales &, Schneider, 2014). 

Definitions for quality of life  

Standardisation. To simplify comparisons between measures, 

items and subscales were reverse-coded as necessary to ensure more 

positive values always reflected better quality of life (e.g., higher mobility, 

lower anxiety). Summary scores were also standardised across measures 

to fit a 0-to-100 scale reflecting the percentage of total points possible. 

Change over time. Measures in the dataset were not labelled as 

occurring at baseline or within-trial, and most trials used two assessment 

periods. Hence, to maximising the number of valid trials, summary scores 

were only calculated for the earliest period in the trial, defined as baseline 

quality of life, and the latest period, defined as end-of-trial quality of life. 



 
 

 

– 70 – 
 

Analysis 

Dichotomisation. Count data for hypoglycaemic frequencies and 

change scores were dichotomised not only to match analyses in earlier 

studies, but also to allow interactions effects to be tested—fulfilling a 

central aim of this study. While dichotomisation can introduce error, it is 

justified when samples are sufficiently large (MacCallum et al., 2002) and 

data are highly skewed (Streiner, 2002). Indeed, the ubiquity of this 

approach elsewhere may be due to the strong skew observed in clinical 

trials for the incidence of hypoglycaemia (Morales & Schneider, 2014). 

Clinical cut-offs for level 1 and level 2 episodes were considered 

based on recommended time in glycaemic range (see Gabbay et al., 2020), 

but less than 1% of the sample exceeded these cut-offs. Thus, a median 

split was used to balance group size; frequencies above the median were 

classified as high, and those at or below were classified as low. In contrast, 

a single severe event was considered meaningful due to the heightened 

mortality risk (Bloomfield et al., 2012), so frequencies for level 3 events 

were classified as high if at least one event occurred, and low if no events 

occurred. Lastly, change scores were dichotomised as decreased if scores 

were negative, and increased or stable if scores were positive or zero.  

Model specification. Hypoglycaemic impacts were tested using 

analysis of covariance (ANCOVA) and fixed effects. In addition to 

simplifying interpretation and significance testing for interaction terms, 

this approach was chosen because it is preferred for (a) exploratory 

studies estimating causal relationships, (b) studies where participant 

selection methods are unclear, and (c) situations in which unobserved 

confounds are expected (Cook, 2014; Gunasekara et al., 2013)—all of 

which were applicable to the current study.  
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In each ANCOVA model, dichotomous variables for frequency and 

change in hypoglycaemia for each level of severity were entered as 

predictors, and end-of-trial quality of life was entered as the outcome. 

Models controlled for a range of covariates, including demographics, 

clinical factors, and adverse events experienced during the trial. Models 

also controlled for baseline quality of life, allowing end-of-trial outcomes 

to be interpreted as changes in quality of life over time (Dalecki & Willits, 

1991). Information about individual covariates can be found in Table 2.  

 
Table 2. Covariates Included in ANCOVA Models 

Covariates Unit or Reference 

Demographic Factors 

     Age 

     Gender 

     Race 

 

Years 

Women vs. Men 

Non-White vs. White 

Clinical Factors 

     HbA1c 

     LDL Cholesterol 

     Diabetes Duration 

     Vascular Complications a 

 

mmol/mol 

mmol/L 

Years 

Yes. vs. No 

Other Factors 

     Adverse Events b 

     Baseline Quality of Life 

 

Yes vs. No 

0 to 100 

Abbreviations:  ANCOVA, Analysis of Covariance; HbA1c, glycated 
haemoglobin; LDL, low-density lipoprotein. 
a  Nephropathy, retinopathy, neuropathy, or coronary artery disease 
b  Any non-hypoglycaemic within-trial adverse event 

 

Estimates of effect size were computed using unbiased Hedges' g 

with unadjusted means and interpreted based on whether values were 

closer to 0.2 (small), 0.5 (medium), or 0.8 (large) as per guidelines by 

Lakens (2013). ANCOVAs were computed in R using Type III Sums of 

Squares and the car package (R Core Team, 2020; Fox & Weisberg, 2019). 
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Interaction effects. Interactions between frequency and change in 

hypoglycaemia were also explored for each ANCOVA model. Significant 

2x2 interactions were decomposed using simple effects tests corrected 

with residuals from the full model (Keppel, 2001). Simulations suggest 

multiple comparisons tend to be overly conservative and may not reliably 

protect against type 1 and type 2 errors (Sauder & DeMars, 2019); 

therefore, given the exploratory nature of the current study, simple 

effects were interpreted using unadjusted p-values. Non-significant 

interactions were dropped from the model to preserve parsimony. 

Results 

Characteristics of included trials 

A total of 23 relevant clinical trials were identified. Included trials 

lasted between 6 and 40 months (Mdn = 15) and exclusively tested the 

effectiveness of glucose-lowering medications, a majority of which were 

insulin-based. Data were not available regarding intervention and control 

group assignment, and thus interventions could not be controlled for. 

Measures of quality of life. Across trials, three measures related 

to quality of life were identified: the EuroQol 5-Dimension (EQ-5D) health 

status instrument (EuroQol Research Foundation, 2018), the Short Form 

36-item (SF-36) health status instrument (Ware et al., 2000), and the 

Diabetes Productivity Measure (DPM; Brod et al, 2006). The EQ-5D is a 

brief health status measure consisting of five items for self-care capacity 

(e.g., washing, dressing), degree of mobility, ability to complete usual 

activities (e.g., studying, housework), level of pain or discomfort, and 

symptoms of anxiety or depression, along with a single-item visual 

analogue scale (VAS) rating for general health. The SF-36, meanwhile, 
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offers a comparatively broader measure of health status and is comprised 

of a 21-item physical component containing subscales for physical 

functioning, role limitations due to physical health, bodily pain, and 

general health, as well as a 14-item mental component containing 

subscales for vitality (i.e., energy), social functioning, role limitations due 

to emotional difficulties, and mental health (i.e., emotional well-being).  

Finally, the DPM captures the degree to which diabetes interferes 

with facets in the physical domain of quality of life using a 5-item work 

productivity subscale, a 9-item life productivity subscale, and individual 

items rating interference with short-term and long-term goals. Scoring 

information for all measures is provided in the manuscript in Appendix 3. 

For a breakdown of included trials by outcome measured, see Figure 8. 

 

Figure 8. Clinical Trial Composition by Outcome Measure 

 
Abbreviations: DPM, Diabetes Productivity Measure; EQ-5D, EuroQol 5-
Dimension health status instrument; SF-36, Short Form 36-item health 
status instrument.  

Note:  Percentages are based on the total number of included trials (n = 23) 
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Characteristics of the sample 

Pooled data represented a combined sample of 7,219 adults with 

type 2 diabetes from North and South America, Eastern and Western 

Europe, and Asia. Participants were generally older (M = 59 years old), 

white (70%), and evenly split by gender (47% women). Most (77%) had 

HbA1c below 63.9 mmol/mol, matching recommendations for glycaemic 

control (Lipska et al., 2013). Incidence for any hypoglycaemia was 19.8 

episodes per person-year, identical to global estimates (c.f., Edridge et al., 

2015). Prevalence for each level of severity is in Appendix 1 in Table 16.  

Descriptive statistics 

Correlations between end-of-trial quality of life and continuous 

measures of frequency and change in hypoglycaemia were small for all 

EQ-5D, SF-36, and DPM outcomes, although effect sizes for the frequency 

of level 3 events were typically twice as large (rs ≤ .13) as other effects 

(rs ≤ .07). Correlations are listed for any hypoglycaemia in Appendix 1 in 

Table 17, and for each level of severity in the manuscript in Appendix 3. 

Summary scores on the EQ-5D, SF-36, and DPM are shown for frequency 

and change in hypoglycaemia in Figure 9 and Figure 10, respectively. 

Assumptions for ANCOVA 

Across models, homogeneity of variance was acceptable for all 

dichotomous predictors. Visual inspection of Q-Q plots revealed minor 

normality violations for residuals, but simulations suggest ANCOVAs 

remain robust even for extreme violations (Blanca et al., 2017), so 

variables were left untransformed. Trial number, time to follow up, and 

hyperglycaemia were explored as potential covariates across models but 

were ultimately dropped because they had no impact on results. 
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Figure 9. Frequency of Hypoglycaemia and Mean Summary Scores for Quality of Life 

 

Note: DPM, Diabetes Productivity Measure; EQ-5D, EuroQol 5-Dimension health status instrument; SF-36, Short Form 36-item health 
status instrument. Y-axis values reflect mean end-of-trial summary scores, with higher values representing better quality of life. 
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Figure 10. Change in Hypoglycaemia and Mean Summary Scores for Quality of Life 

 

Note: DPM, Diabetes Productivity Measure; EQ-5D, EuroQol 5-Dimension health status instrument; SF-36, Short Form 36-item health 
status instrument. Y-axis values reflect mean end-of-trial summary scores, with higher values representing better quality of life. 
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Impacts of hypoglycaemia on quality of life 

 Impacts on EQ-5D health status. Compared to those with a low 

frequency of episodes, results from covariate-adjusted ANCOVA models 

revealed that high frequency level 1 hypoglycaemia predicted small but 

significant declines in capacity for self-care and degree of mobility on the 

EQ-5D (0.13 ≤ g ≤ 0.18). For level 2 hypoglycaemia, frequent episodes 

predicted small increases in interference with usual activities and 

symptoms of anxiety or depression (0.14 ≤ g ≤ 0.23). Level 3 events, 

meanwhile, predicted moderate reductions in overall health status, along 

with moderate declines in quality of life on items assessing mobility, 

usual activities, discomfort, and anxiety or depression (0.39 ≤ g ≤ 0.56) 

Regarding change over time, those who experienced a decrease in 

level 1 episodes relative to baseline were more likely to report a reduced 

capacity for self-care compared to those who increased or remained 

stable. Although this relationship was paradoxical in that it ran counter 

to expectations, the effect size was quite small (g = 0.08). A decrease in 

level 1 or level 2 episodes was not associated with other EQ-5D outcomes. 

Likewise, a decrease in level 3 events was not associated with EQ-5D 

summary scores or items, apart from a small paradoxical increase in 

discomfort (g = 0.27). Results for ANCOVAs predicting EQ-5D outcomes 

based on frequency and change are listed in Appendix 1 in Table 18. 

Impacts on SF-36 physical health. No significant differences were 

found on the SF-36 physical component for those experiencing a low or 

high frequency of level 1 episodes. A similar pattern was observed across 

all constituent subscales. Small but significant declines in summary 

scores on the SF-36 physical component were observed, however, among 

those experiencing a high frequency of level 2 hypoglycaemia, as were 
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small increases in role limitations due to physical health and bodily pain 

(0.11 ≤ g ≤ 0.18). In contrast, changes in level 1 and level 2 hypoglycaemia 

were not associated with SF-36 physical component summary scores or 

subscales. Furthermore, despite several moderate effect sizes for the 

occurrence of level 3 events (g ≤ 0.52), and large effects for change over 

time (g ≤ 0.79), SF-36 summary scores and subscales were not associated 

with frequency or change in level 3 events. 

Impacts on SF-36 mental health. High frequency level 1 

hypoglycaemia was not related to the SF-36 mental component or its 

subscales, apart from very small paradoxical increases in mental health 

(g = 0.04). Results were largely non-significant for high frequency level 2 

hypoglycaemia, except for small, significant declines in social functioning 

(g = 0.07). Likewise, changes in level 1 episodes were not related to 

outcomes on the SF-36 mental component. A decrease in level 2 episodes 

frequency, however, predicted a rise in summary scores on the SF-36 

mental component, increased social functioning, and fewer limitations 

due to mental health (0.06 ≤ g ≤ 0.08). For level 3 events, both frequency 

and change had no significant associations with summary scores and 

subscales on the SF-36 mental component, despite several moderately 

sized effects (gs ≤ 0.47). Results for ANCOVAs predicting outcomes on the 

SF-36 physical and mental components based on frequency and change 

are listed in Appendix 1 in Table 19 and Table 20, respectively. 

Impacts on DPM productivity. Counter to expectations, ANCOVAs 

indicated high frequency level 1 hypoglycaemia was associated with 

small improvements in productivity at work on the DPM (g = 0.07). No 

other significant effects were observed for frequency or change in level 1 

episodes. As anticipated, a high frequency of level 2 episodes predicted 

small reductions in DPM summary scores, declines in productivity at 



 
 

 

– 79 – 
 

work and in daily life, and greater interference with short-term goals 

(0.10 ≤ g ≤ 0.12). However, those experiencing a decrease in level 2 

episodes showed small paradoxical decreases in overall productively on 

the DPM and achievement of long-term goals (0.06 ≤ g ≤ 0.08). Finally, as 

was the case for the SF-36, frequency and change in level 3 events had no 

significant associations with summary scores, subscales, or items on the 

DPM, even though several outcomes demonstrated moderately sized 

effects (gs ≤ 0.64). Results for ANCOVAs predicting DPM outcomes based 

on frequency and change can be found in Appendix 1 in Table 21. Across 

all outcomes, effect sizes are summarised for the EQ-5D and DPM in 

Figure 11 and Figure 13, and for the SF-36 in Figure 12 and Figure 14. 

Frequency-by-change interactions. Within ANCOVA models, 2x2 

interactions between frequency and change in hypoglycaemia were 

explored for self-treated episodes. Interactions for severe events could 

not be tested as none of the low frequency participants experienced a 

decrease in events. For level 1 hypoglycaemia, interactions for all 

outcomes were non-significant. For level 2 hypoglycaemia, however, two 

significant frequency-by-change interactions were observed.  

First, the interaction between frequency and change in level 2 

hypoglycaemia was significant for the EQ-5D item assessing pain or 

discomfort, F(1, 2271) = 5.7, p = .017. Results from simple effects tests 

revealed opposing relationships. For the low frequency group, a decrease 

in episodes relative to baseline predicted a corresponding reduction in 

discomfort compared to those who experienced an increase in episodes 

or remained stable, F(1, 2271) = 4.5, p = .048, g = 0.13. Conversely, a 

decrease in episodes among the high frequency group was associated 

with greater discomfort relative to those who experienced an increase or 

remained stable, F(1, 2271) = 4.5, p = .035, g = 0.04. 
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Figure 11. Effect Sizes for Frequency of Hypoglycaemia: EQ-5D and DPM 

 
Abbreviations: DPM, Diabetes Productivity Measure; EQ-5D, EuroQol 5-Dimension health status instrument; VAS, Visual Analogue Scale.  

Note: Means for quality of life were lower for the high frequency group, except for level 1 episodes where means were higher for all DPM 
outcomes. Main effects for frequency and change in hypoglycaemia were tested in an ANCOVA model controlling for age, gender, race, 
HbA1c, cholesterol, diabetes duration, vascular complications, non-hypoglycaemic adverse events, and baseline quality of life; significant 

and non-significant effects are indicated by solid (■) and outlined ( ) symbols, respectively. 
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Figure 12. Effect Sizes for Frequency of Hypoglycaemia: SF-36 

 
Abbreviations: MCS; Mental Component Scale; PCS, Physical Component Scale; SF-36, Short Form 36-item health status instrument. 

Note: Means for quality of life were lower for the high frequency group, except for level 1 episodes where means were higher for General 
Health and all MCS outcomes, and level 2 episodes where means were higher for Mental Health. Main effects for frequency and change in 
hypoglycaemia were tested in an ANCOVA model controlling for age, gender, race, HbA1c, cholesterol, diabetes duration, vascular 
complications, non-hypoglycaemic adverse events, and baseline quality of life; significant and non-significant effects are indicated by solid 

(■) and outlined ( ) symbols, respectively. 
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Figure 13. Effect Sizes for Change in Hypoglycaemia: EQ-5D and DPM 

 
Abbreviations: MCS; Mental Component Scale; PCS, Physical Component Scale; SF-36, Short Form 36-item health status instrument. 

Note: Means for quality of life were higher for the decrease group, except for level 1 episodes where means were lower for Self-Care and 
Usual Activities, level 2 episodes where means were lower for Pain/Discomfort and all DPM outcomes, and level 3 events where means 
were lower for all EQ-5D and DPM outcomes. Main effects for frequency and change in hypoglycaemia were tested in an ANCOVA model 
controlling for age, gender, race, HbA1c, cholesterol, diabetes duration, vascular complications, non-hypoglycaemic adverse events, and 

baseline quality of life; significant and non-significant effects are indicated by solid (■) and outlined ( ) symbols, respectively. 
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Figure 14. Effect Sizes for Change in Hypoglycaemia: SF-36 

 
Abbreviations: MCS; Mental Component Scale; PCS, Physical Component Scale; SF-36, Short Form 36-item health status instrument. 

Note: Means for quality of life were higher for the decrease group, except for level 1 episodes where means were lower for PCS summaries 
and General Health, level 2 episodes where means were lower for PCS summaries, General Health, and Vitality, and level 3 events where 
means were lower for all outcomes save Mental Health. Main effects for frequency and change in hypoglycaemia were tested in an ANCOVA 
model controlling for age, gender, race, HbA1c, cholesterol, diabetes duration, vascular complications, non-hypoglycaemic adverse 

events, and baseline quality of life; significant and non-significant effects are indicated by solid (■) or outlined ( ) symbols, respectively. 
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Second, a significant frequency-by-change interaction for level 2 

hypoglycaemia was observed on the SF-36 physical functioning subscale, 

F(1, 3498) = 9.1, p = .003. Simple effects tests indicated that change in 

hypoglycaemia was not equally impactful for the high and low frequency 

groups. For those with a high episode frequency, physical functioning was 

similar regardless of whether or not participants experienced a decrease 

in episodes, F(1, 3498) = 2.6, p = .107, g = 0.14. Among those in the low 

frequency group, however, a decrease in hypoglycaemia predicted 

declines in physical functioning, F(1, 3498) = 4.9, p = .027, g = 0.14. Mean 

scores for both interactions are depicted in Figure 15. 

Chapter Discussion 

A mega-analysis of data pooled from 23 clinical trials demonstrated 

that, for adults with type 2 diabetes, hypoglycaemia was associated with 

changes in facets within the physical, psychological, and social domains 

of quality of life. Individual impacts varied widely, however, depending 

upon severity of hypoglycaemia, total episode frequency, and whether or 

not hypoglycaemia decreased over time. For those experiencing a high 

frequency of self-treated episodes, models controlling for demographic 

and clinical covariates indicated impacts for level 1 hypoglycaemia were 

largely non-significant, apart from small declines in mobility and self-care 

and minor paradoxical gains in mental health and productivity at work. 

While counterintuitive, positive relationships between mental health and 

self-treated hypoglycaemia have been reported elsewhere (e.g., Nicolucci 

et al., 2011). A potential explanation for these paradoxical effects may be 

that a higher frequency of self-treated episodes reflects more time spent 

in the optimal glycaemic range (Hermayer et al., 2009), which has been 

shown to improve overall mood (Polonsky & Fortmann, 2020).



 
 

 

 
 

Figure 15. Frequency-by-Change Interactions for Level 2 Hypoglycaemia 

 

Note: EQ-5D, EuroQol 5-Dimension health status instrument; SF-36, Short Form 36-item health status instrument. Y-axis values 
reflect mean end-of-trial scores for items or subscales, with higher values representing better quality of life. 

* p < .05 for unadjusted simple effects tests 
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High frequency level 2 hypoglycaemia, in contrast, was associated 

with consistently negative albeit small impacts in the physical domain, 

including declines in overall physical health, increased pain and physical 

limitations, greater interference with the usual activities of daily living, 

and reduced productivity at work and in everyday life. Negative impacts 

like elevated anxiety or depression and reduced social functioning were 

also observed in the psychological and social domains, respectively.  

Together, deleterious impacts for level 1 and level 2 hypoglycaemia 

were consistent with measures and effect sizes reported previously for 

self-treated episodes (Rossi et al., 2019; Orozco-Beltrán et al., 2018). 

However, results in the current study revealed important distinctions 

concerning which facets of quality of life were affected—and given the 

high prevalence of hypoglycaemia, robust statistical power, and similar 

effect sizes for level 1 and level 2 episodes, it is probable results reflected 

genuine differences (c.f., AICBT, 2022). Indeed, because symptoms are 

more likely to manifest at lower glucose levels, subjective experiences for 

level 1 and level 2 hypoglycaemia can differ considerably (Cryer, 1999).  

Level 3 events requiring assistance were associated with a host of 

small-to-moderate negative impacts which included a drop in overall 

health status, along with declines in quality of life both for facets in the 

physical domain, such as reduced mobility, increased discomfort, and 

greater interference with usual activities, as well as the psychological 

domain, namely elevated anxiety or depression. Moreover, effect sizes 

were roughly twice as large as those reported for self-treated episodes, 

matching earlier studies (Hendrieckx, et al., 2019; Rossi et al., 2019). It is 

important to note, though, that impacts in this study for level 3 events 

were only significant for assessments made using the EQ-5D. 



 
 

 

– 87 – 
 

In light of previous research reporting significant impacts on both 

the EQ-5D and SF-36 for severe events (Hendrieckx, et al., 2019; Rossi et 

al., 2019)—and given that effect sizes in the current study were 

comparable across measures—the lack of significance for the DPM and 

SF-36 is likely due to lower statistical power as the prevalence of level 3 

hypoglycaemia was five times lower in these trials than in trials using the 

EQ-5D. Alternatively, disparate findings in this study may reflect true 

differences attributable to the longitudinal analysis or the composition of 

quality-of-life measures inasmuch as the systematic review in Chapter 2 

uncovered similar disagreements between longitudinal studies using the 

EQ-5D and SF-36 (Matlock, Broadley, Hendrieckx, et al., 2022). 

To provide a frame of reference for existing research, impacts in 

this study were evaluated for high versus low frequency hypoglycaemia. 

However, covariate-adjusted models were also used as part of a novel 

exploratory analysis assessing impacts for change in hypoglycaemia over 

time and frequency-by-change interactions. Statistical power was robust 

for changes in self-treated episodes. For level 1 hypoglycaemia, results 

revealed that, compared to those who experienced an increase in the 

number of episodes or remained stable, persons who experience a 

decrease showed a small paradoxical decline in self-care; all other 

impacts were non-significant. Likewise, a decrease in level 2 episodes 

was linked to small paradoxical declines in overall productivity and 

achievement of long-term goals. As before, paradoxical effects were likely 

confounded by reduced glycaemic control, which is associated not only 

with declines in self-care (Sousa et al., 2005), but also negative affect 

(Polonsky & Fortmann, 2020) which can lower productivity (Ferreira et 

al., 2019). A drop in level 2 hypoglycaemia was associated with gains in 

the psychological domain as well, specifically improvements in emotional 
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well-being and fewer limitations due to emotional difficulties—impacts 

which may be due to fewer hypoglycaemic symptoms and, consequently, 

improved mood (Cryer, 1999; Gold et al., 1995). A decrease in level 2 

episodes also predicted improved social functioning, a dose-response 

relationship which offers further evidence for causality (Hill, 1965). 

Surprisingly, those who experienced a decrease in level 3 events 

showed moderate-to-large paradoxical declines in quality of life for most 

facets in the physical, psychological, and social domains—though impacts 

were universally non-significant, apart from an increase in discomfort on 

the EQ-5D. The lack of significance for the DPM and SF-36 may be due to 

the prevalence of severe hypoglycaemia, as few participants experienced 

level 3 events, and even fewer experienced a decrease in these events 

over time. The same cannot be said for the EQ-5D, however, as groups 

sizes for change in severe hypoglycaemia were similar to those observed 

for episode frequency, where all impacts were significant. Moreover, 

effect sizes were generally large enough to provide adequate statistical 

power for outcomes on all three measures. Therefore, the absence of 

significant impacts for change in level 3 hypoglycaemia is likely 

attributable to the set of control variables used in statistical models.  

The paradoxical direction of these relationships, meanwhile, may 

be due to either initiation of a glucose treatment regimen or a greater 

emphasis on strict glycaemic control, both of which are associated with a 

rise in level 3 events and improved quality of life (McCall, 2012; Braun et 

al., 2008). More broadly, paradoxical results for self-treated and severe 

hypoglycaemia may also potentially be explained by reverse causation 

wherein self-management of diabetes is prioritised over quality of life, 

leading to fewer episodes and lower quality of life. However, while 

qualitative interviews suggest diabetes self-management is perceived by 
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many as being at odds with enjoyment of everyday life (Hortensius et al., 

2012), quantitative data from cross-sectional studies demonstrate that 

glycaemic control and quality of life share a positive, rather than a 

negative, relationship (Babenko et al., 2019; Perwitasari & Urbayatun, 

2016). Another possibility is that improved glycaemic control acts to 

lessen the severity of hypoglycaemia but does not eliminate it altogether, 

thereby causing both a drop in severe events and a complementary rise 

in self-treated episodes—in essence, substituting one impact for another. 

Indeed, this explanation was supported in the current study as the mean 

number of level 2 episodes at the end of the trial was higher for those 

experiencing a decrease in level 3 events, t(7224) = 2.5, p = .013, g = 0.17. 

Lastly, frequency-by-change interactions for level 1 episodes were 

non-significant for all outcomes. For level 2 episodes, interactions were 

significant only for the EQ-5D discomfort item and the SF-36 physical 

functioning subscale. Simple effects tests revealed that a drop in level 2 

episodes was followed by reduced discomfort but no change in physical 

functioning for those experiencing high frequency hypoglycaemia, and 

paradoxical worsening of discomfort and physical functioning for those 

with a low episode frequency—though it should be noted that these tests 

would not have reached significance using more conservative multiple 

comparison tests (e.g., Bonferroni). Furthermore, while the overall 

absence of significant interactions may denote that frequency and change 

in hypoglycaemia tend to operate as independent effects in most cases, 

high sample size requirements for interaction testing (see Leon & Heo, 

2009) meant statistical power was only sufficient to detect impacts of 

moderate size, whereas effect sizes for interaction terms in the current 

study were generally small. Consequently, results for interactions should 

be viewed as preliminary and exploratory, rather than confirmatory. 
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Limitations and strengths 

Findings were limited by information present in the pooled dataset, 

characteristics of clinical trials, and choice of analysis. Models controlled 

for demographic and clinical covariates, but data were missing for many 

potential confounds, including lifestyle, social, and educational factors, 

glucose monitoring method, timing of events, control group assignment, 

and time in glycaemic range. Prevalence for self-treated hypoglycaemia 

mirrored global estimates, and statistical power was sufficient to detect 

small effects for level 1 and level 2 episodes. Power was inadequate to 

detect small effects for level 3 events and interactions, however, due to 

low prevalence and stringent sample size requirements, respectively. In 

addition, impacts may have been underestimated due to the composition 

of the sample, as most participants had HbA1c in the recommend range, 

the prevalence of vascular complications (8%) was half of that estimated 

by global studies (c.f., Kosiborod et al., 2018), and persons with severe 

and recurrent hypoglycaemia are typically excluded from clinical trials 

(Elliott et al., 2016). Finally, while data were suited to dichotomised fixed 

effects (see Cook, 2014; Gunasekara et al., 2013), this approach may have 

increased the error rate (e.g., via residual confounding; Groenwold et al., 

2013). Non-linear continuous data and multilevel models assessing more 

than two assessment periods may produce more accurate predictions.  

This study had several strengths. First, the mega-analysis pooled 

data across 23 clinical trials, creating an internationally representative 

sample that provided evidence comparable to meta-analysis (Eisenhauer, 

2021). Second, covariate-adjusted models assessed impacts on measures 

of quality of life not only for summary scores, but subscales and items as 

well. Finally, the current study was unique in that it is the first to explore 

interactions between frequency of hypoglycaemia and change over time.



 
 

 

– 91 – 
 

 

 

 

 

Chapter 4 

QUALITATIVE SURVEY 
 

 

 



 

 

– 92 – 
 

BACKGROUND 

Quantitative evidence from longitudinal studies examined in the 

systematic review in Chapter 2 (Matlock, Broadley, Hendrieckx, et al., 

2022) and the mega-analysis in Chapter 3 (Matlock et al., 2022a) revealed 

that, in adults with type 2 diabetes, hypoglycaemia was followed by 

declines in key facets in the physical and psychological domains of quality 

of life. However, findings from these studies raise questions concerning 

(a) inconsistent results for certain facets, (b) the validity of paradoxical 

relationships, and (c) potential impacts in the social and environmental 

domains. In addition, existing evidence is largely derived from statistical 

data that does not address the lived experience of persons with type 2 

diabetes. Following an explanatory sequential mixed-method framework, 

these questions were explored in a multi-national qualitative survey. 

THE CURRENT STUDY 

The remainder of this chapter elaborates on methods, results, and 

important discussion points from the paper, “How Does Hypoglycaemia 

Impact Quality of Life in Adults with Type 2 Diabetes? Results from a 

Multi-National Online Qualitative Survey”, which is currently in 

preparation (Matlock et al., 2022b). For further information, consult the 

original manuscript in Appendix 3. 

Aim 

The goal of the current study was to explore how hypoglycaemia 

impacts quality of life in adults with type 2 diabetes using a qualitative, 

person-centred, cross-cultural survey design. 
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Method 

A qualitative survey was designed with input from clinicians and 

patient and public involvement (PPI). Items were developed in English 

and translated into Danish, Dutch, and German following the ten-step 

process outlined by Wild and colleagues (2005). After pilot-testing, 

language-specific surveys were distributed to participants in Denmark, 

Germany, the Netherlands, and the United Kingdom using the Research 

Electronic Data Capture (REDCap) online survey tool (Harris et al, 2009). 

Criteria for inclusion 

Participants were eligible for inclusion if they were adults aged 18 

years or older with type 2 diabetes currently residing in one of the four 

target countries. Recent history of hypoglycaemia was considered as a 

criterion for exclusion but was ultimately rejected on the grounds that 

participants may reasonably be expected to be impacted by the threat of 

hypoglycaemia without having recently experienced an active episode. 

Survey content 

After eligibility screening, participants were asked to state their 

gender, age, education level, and income. Items from the Hypoglycaemia 

Awareness Questionnaire (HypoA-Q; Speight et al., 2016) were used to 

assess frequency of self-treated and severe hypoglycaemia in the last 12 

months. Participants were then instructed to think about quality of life, 

label “an area of life that is important to you”, and describe “the ways in 

which hypoglycaemia affects this aspect of my life”. To capture a wide 

range of responses without coercing a reply, participants were given the 

option of completing this pair of questions up to seven times.  
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Open-ended questions were used to assess life areas and impacts 

to allow for richer, more detailed responses. However, open-ended items 

place greater demands on participants and tend to increase non-response 

rates for subsequent items (Holland & Christian, 2009). To mitigate this 

eventuality, items viewed as less essential for the aims of the study—

namely diabetes duration and preferred methods for glucose monitoring 

and self-management of diabetes—were placed at the end of the survey.  

Visual prompts 

Questions about important life areas and hypoglycaemic impacts 

were initially presented without imagery or examples to avoid priming 

bias, but feedback from pilot testing revealed that some survey takers 

skipped the life area questions because they had difficulty thinking of a 

response. To improve non-response rates for this item, two “wheel of life” 

visual prompts were designed to help participants conceptualise quality 

of life, and life areas commonly affected by type 2 diabetes were added as 

examples to illustrate how participants could respond (see Figure 16). 

A visual design was chosen for the wheel-of-life prompts on the 

basis that visualisations have been shown to boost engagement, reduce 

cognitive load, and facilitate communication with people of diverse ages 

and cultural backgrounds (Arum, 2017; Grootens-Wiegers et al., 2015; 

Rodil et al., 2012). Prompts depicted two individuals, each with a 

different number of life areas and several unique examples, to illustrate 

that participants were free to discuss quality of life in any way they saw 

fit. However, a strict limit of five examples across both prompts was 

maintained to ensure participants had sufficient guidance for how to 

reply, but were not given so many examples as to discourage spontaneous 

responses for other areas that might be important in everyday life.  
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Figure 16. “Wheel of Life” Visual Prompts with Examples 

 

 

 
Note: Participants were instructed to view the prompts above and think about their 
quality of life before being asked to name “an area of life that is important to you”. 
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Translation of responses 

Open-ended responses given in Danish, Dutch, and German were 

first translated into English using Google Translate to reduce burden on 

human translators. A native speaker then compared participants’ original 

responses to machine translations and made corrections as necessary. 

Coding of responses 

Corrected English-language responses were coded following the 

procedure outlined by Braun and Clarke (2006). Two distinct codebooks 

were developed: one for extracts for important life areas, and a second 

for extracts for the impacts of hypoglycaemia. These codebooks were 

maintained separately to avoid cross-contamination between codes and 

to allow life area and impact themes to be interpreted independently. 

Process. Codes were generated separately for each codebook, 

starting with the largest country subsample and working toward the 

smallest. For both codebooks, coding was done using an open-coding 

approach wherein codes were created and revised as needed until all 

extracts had been thoroughly reviewed and coded (Williams & Moser, 

2019). Codes were assigned only once to each participant regardless of 

how often that person mentioned a particular topic. No restrictions were 

imposed on the number of unique codes assigned to a single participant.  

Usage. Frequency of use was quantified for each unique code by 

tallying the number of participants to whom a code had been assigned. 

This value was then compared to the highest and lowest frequencies in 

the codebook to determine whether a code was relatively common or 

rare within the sample; a usage rank of “High”, “Mid”, or “Low” was 

assigned based on whether the frequency for a given code fell in the 

upper, middle, or bottom third percentile, respectively. 
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Thematic analysis 

Once codebooks were complete, a search for themes was conducted 

in accordance with guidelines outlined by Braun and Clarke (2006). For 

an overview of the coding and thematic analysis process, see Table 3. In 

the final phase of thematic analysis, key themes emerging from both 

codebooks were formalised and reviewed by an independent consultant 

specialising in qualitative methodology. 

Important life areas. Codes related to important life areas were 

thematically analysed using a deductive approach whereby themes were 

developed with guidance from an existing theoretical framework 

(Hansen, 2014). To allow results to be compared with findings from the 

quantitative studies presented earlier in Chapter 2 and Chapter 3, themes 

in this qualitative study were interpreted by referencing the four-domain 

model of quality of life developed by the World Health Organisation 

(WHOQOL Group, 1998). For a summary of this model, see Chapter 1. 

Hypoglycaemic impacts. Codes related to hypoglycaemic impacts, 

in contrast, were thematically analysed using an inductive method 

whereby themes were permitted to develop freely without guidance from 

a pre-determined theoretical framework (Hansen, 2014). The survey 

provided no instructions or examples concerning how impacts should be 

reported, and additional care was taken to ensure wording for the impact 

question remained neutral. Given the minimal risk of priming bias—and 

the exploratory nature of this aspect of the current study—a less 

restrictive method of thematic analysis was chosen in order to capture 

the widest possible range of hypoglycaemic impacts while maintaining a 

person-centred perspective. For impact comparisons by country, gender, 

and history of hypoglycaemia, consult the manuscript in Appendix 3. 
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Table 3. Process for Coding and Thematic Analysis 

Phase Process Description 

1 Familiarisation Extracts are read thoroughly, and 
underlying patterns are sought 

2 Initial Coding A detailed codebook is developed to 
answer the research question 

3 Initial Themes Codes are collected into categories, 
and potential themes are developed 

4 Theoretical 
Confirmation  

Themes are compared against the data 
and to existing theoretical perspectives 

5 Formal 
Definitions 

Themes are described in terms of data 
represented and points of interest 

6 Meaningful 
Contributions 

The overarching significance and 
meaning for each theme are discussed 

Note: Phases for coding and thematic analysis are based on descriptions 
provided by Braun and Clarke (2006).  

 

Results 

Characteristics of the sample 

The survey was completed by 71 adults with type 2 diabetes from 

Denmark, Germany, the Netherlands, and the United Kingdom. For a 

proportional breakdown by country, see Figure 17. Participants in the 

combined sample were predominantly older adults (M = 58 years old) 

from middle-to-lower-income backgrounds (82%), educated at or above 

the secondary level (94%), and evenly divided by gender (55% women). 

In the last 12 months, a majority reported at least one hypoglycaemic 

episode (66%), but few experienced a severe event (6%). Additional 

sample characteristics can be found in Appendix 1 in Table 22. 
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Figure 17. Sample Composition by Country of Residence 

 
Note:  Percentages are based on the size of the total sample (n = 71) 

 

Saturation of data 

Most unique codes for life areas (95%) and impacts (87%) were 

identified using the Danish subsample alone, and nearly all codes (97%) 

were identified after adding the German subsample. Addition of the 

Dutch and British subsamples led to few new discoveries. Consistent with 

thresholds observed in cross-cultural interviews by Guest and colleagues 

(2006), the pattern of diminishing returns in the current study suggested 

that data saturation was adequate. 

Consistency of coding 

Following coding, five participants randomly selected from each 

country (28% of the sample) had their responses and codes screened by 

an independent reviewer. Inter-rater consistency between the coder and 

reviewer was excellent. Reliability statistics were not interpretable due 

to perfect agreement in one of the rating categories (Xie, 2013), but raw 

percentages demonstrated high coding agreement for both life areas 

(100%) and impacts (97%). Inconsistencies were resolved by consensus, 

resulting in the generation of a new impact code: interrupted activities. 
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Theme for important life areas 

Participants were instructed to think about their quality of life 

before naming life areas they considered personally important. Although 

typically brief (one or two words), responses were highly consistent with 

the theme of quality of life in four domains. Indeed, 18 of the 22 unique life 

area codes (94% by frequency of use) matched facets in the physical, 

psychological, social, or environmental domains depicted in the World 

Health Organisation model. See Figure 18 for a conceptual diagram of this 

theme, and Box 3 for a selection of participant quotes for each domain. 

 

 

 
Quality of life in four domains. Participants named life areas 

matching all facets in the physical domain, apart from discomfort and 

energy level. By frequency, one third of codes in this domain referenced 

physiological needs, particularly sleep and medical treatment. Remaining 

codes centred around daily functioning, including the ability to take 

walks, engage in sports and exercise, complete tasks at work, and carry 

out the usual actives of daily living (e.g., shopping, household chores). 

Box 3. Extracts Describing Important Life Areas 

Physical 
Domain 

“sleep”, “diet”, “cook”, “take glucose”, 
"cycling", " long walks", "shopping" 

Psychological 
Domain 

“mood”, “anxiety”, “well-being”, 
“positive thinking” 

Social 
Domain 

“family”, “sex”, “partner”, “children”, 
“friend”, “board/council”, “neighbour” 

Environmental 
Domain 

“hobbies”, “read” “gardening”, 
“recreation”, “vacation”, “driving” 
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Figure 18. Conceptual Diagram of Important Life Areas 

 
Note: One theme was identified: quality of life in four domains. Each code is 
accompanied by a frequency indicating the number of participants to whom the 
code applied, with an upper bound equal to the sample size (n = 71). Minimum and 
maximum frequencies (range: 1–34) were used to assign each code a usage rank of 
“High”, “Mid”, or “Low” for frequencies in the upper, middle, and bottom third 
percentiles, respectively. Percentages indicate the frequency of all codes in a given 
domain as a proportion of the total frequency for all codes relevant to the theme (N ). 
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Codes for diet and alcohol were also identified and, while these did 

not directly align with facets in the World Health Organisation model, 

they were categorised under the physical domain because dietary factors 

and alcohol use have important implications for treating and managing 

hypoglycaemia (Cryer et al., 2003; Turner et al., 2001)—linking both 

codes with medical needs, a fact in the physical domain.  

Relatively few life areas were named in the psychological domain. 

Most responses emphasised emotional well-being and positive or 

negative moods, though one participant discussed positive thinking and 

avoiding negative thoughts, and another mentioned creativity. This latter 

code did not align with the World Health Organisation model but was 

placed in the psychological domain because creativity has been shown to 

be important for mental health (Levy et al., 2018; Cropley, 1990).  

In the social domain, participants touched upon all facets in the 

World Health Organisation model. Most responses highlighted social 

relationships with family members, romantic partners, children, friends, 

and acquaintances. Several participants also discussed sexual activity, 

and one listed social support, specifically caretaking. Volunteering (e.g., 

acting as a cultural event “organiser” or “Elderly Council” board member), 

did not directly match a facet in the World Health Organisation model but 

was categorised in the social domain because responses emphasised 

community service rather than vocational or recreational activities. 

In the environmental domain, responses overwhelmingly fit just 

two facets: opportunities for leisure and accessibility of transportation, 

specifically driving a vehicle. The remaining code, self-improvement, was 

categorised in the environmental domain because responses described 

opportunities for learning and personal growth (e.g., gaining a new skill, 

pursuing an education)—a facet in the World Health Organisation model.  
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Themes for hypoglycaemic impacts 

Participants reported how hypoglycaemia affected each important 

life area they had named, and two key themes emerged during thematic 

analysis. The most prominent theme described the many types of impacts 

associated with hypoglycaemia, and the second theme described the 

degree of impact. See Figure 19 for conceptual diagrams of both themes.  

Many types of impacts, consistently negative experiences. Most 

responses described how hypoglycaemia impacted daily life. Although 

universally portrayed as undesirable, six subthemes emerged concerning 

distinct types of impacts. First, burdens imposed by self-management 

strategies were common. Many discussed needing access to food and 

drink, with one person expressing frustration that during outings they 

often had to “go to restaurants and ask for sugar” to treat hypoglycaemia. 

Finding opportune moments for treatment was also reported as difficult. 

For one person, these delays created concerns about “not being fast 

enough to take glucose”. Having to maintain a constant state of alertness 

was also a common point of difficulty. As one participant summarised: “I 

can never do anything spontaneously, [I must] always be prepared".  

A second subtheme emerged regarding performance restrictions 

caused by hypoglycaemia. Trouble functioning during daily activities was 

often mentioned, including one person who reported limited mobility, 

asserting “I can't move … as much as I would like and very much need to”. 

While energy was not named as an important life area, many participants 

noted in the context of this subtheme that having “little energy” and 

feeling “tired during the day” made it difficult to complete important 

tasks. Hypoglycaemia also interrupted activities, with one participant 

declaring: “When I have had a hypo[glycaemic episode], you can write me 

off for a number of hours, and I have no choice but to go to sleep.” 
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Figure 19. Conceptual Diagram of the Impacts of Hypoglycaemia 

 
Note: Two themes were identified: type of hypoglycaemic impact and severity of 
impact. In both cases, individual codes are accompanied by a frequency indicating 
the number of participants to whom the code applied, with an upper bound equal to 
the sample size (n = 71). Minimum and maximum frequencies (range: 1–30) spanning 
both themes were used to assign each code a usage rank of “High”, “Mid”, or “Low” 
for frequencies in the upper, middle, and bottom third percentiles, respectively. 
Percentages indicate the frequency of all codes in a given subtheme as a proportion 
of the total frequency for all codes relevant to the theme (N ). 
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In the third subtheme, hypoglycaemia was described as a source of 

emotional difficulties. In the short-term, episodes were reported as the 

direct cause of “impatience”, “irritation”, “bad mood[s]”, and “strong 

outbursts of anger”, along with “embarrass[ment]” when these episodes 

were seen by others. Concerns about the threat of future hypoglycaemia, 

meanwhile, led to long-term “stress” and “worry”, with one participant 

flatly stating that they were “mentally burdened by low blood sugar”.  

Emotional difficulties were also linked to the fourth subtheme, 

adverse social consequences, in that the emotional turmoil caused by 

hypoglycaemia took a toll on relationships. One participant reported 

being “obnoxious when arguing" because they were “very often in a bad 

mood” due to hypoglycaemia. Having to rely on others for assistance with 

treatment was reported as another source of relationship strain, as were 

frustrations over having to provide explanations. One person described 

the latter dilemma thusly: “People don't know what happens to you with 

hypo[glycaemia]. You must always either explain or not respond to the 

other [person]”. Some were also concerned about making others worry, 

leading one person to hide symptoms by being "extra careful so any low 

blood sugar is captured well in advance, so no one notices anything". 

In the fifth subtheme, responses described the adverse physical 

consequences of hypoglycaemia. For many, negative impacts on daily life 

were attributed to unpleasant physical symptoms, such as “poor sleep”, 

"heavy sweating", and feeling “dizzy”. For others, hypoglycaemia simply 

left them feeling physically “sick and unwell”. Although participants did 

not explicitly name discomfort as an important area of life, this facet in 

the physical domain of the World Health Organisation model shares a 

close relationship with feeling unwell, the most commonly reported 

impact within this subtheme. 
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Adverse cognitive consequences, meanwhile, were described in the 

sixth subtheme. These included “memory loss”, feeling “confused and 

incoherent”, and not thinking “as sharply” because of hypoglycaemia. The 

physical and cognitive consequences of hypoglycaemia were not only 

described as unpleasant, but also as interfering with the usual activities 

of daily living. As one participant explained, cultural outings were less 

enjoyable because hypoglycaemia caused the physical “feeling of having 

to faint” and led to cognitive “difficulty remembering [to] eating”.  

Different people, different levels of severity. The second theme 

to emerge centred around the degree to which hypoglycaemia impacted 

everyday life. Participants described a full range of impacts, including 

some who were “very affected” by hypoglycaemia, and others who 

proclaimed it “does not have much influence" or “rarely” has an effect. 

While most participants (78%) reported at least one life area that was 

impacted by hypoglycaemia, half the sample (48%) also reported at least 

one life area that was “never” affected. This heterogeneity suggested that, 

although a vast majority were impacted in some way by hypoglycaemia, 

participants did not feel obligated to report impacts where none existed.  

How does hypoglycaemia impact quality of life? 

A final thematic analysis explored the overlap between codes in the 

life area and impact codebooks. Two key themes emerged concerning 

how hypoglycaemia impacted the four domains of quality of life. 

Psychological factors as pathways not destinations. At first 

glance, participants appeared to view psychological areas of life as less 

important relative to other areas. Very few codes in the life area codebook 

fell in the psychological domain (5% by frequency), and most responses 

were captured by just two codes: mood and well-being. Consequently, 
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reported impacts were largely restricted to these two areas. Impacts on 

mood were often attributed to emotional difficulties, with one person 

describing hypoglycaemia as “a little scary" and the source of “a diffuse 

anxiety”. Impacts on well-being, meanwhile, were typically ascribed to 

feeling unwell, including one person who spent “days in [the] hospital" 

because of hypoglycaemia and another who had "cardiac arrhythmias”, a 

common complication of hypoglycaemia (Chow et al., 2014).  

Examination of the impact codebook, however, revealed a more 

nuanced pattern. While few direct references were made to psychological 

life areas, participants reported a diverse range of impacts that were 

psychological in nature. By frequency, codes for emotional difficulties and 

cognitive consequences represented 26% of all codes relevant to impact 

type. Thus, psychological impacts were simply described more often as 

indirect effects on other quality-of-life domains. For instance, in the social 

domain, one participant reported that emotional difficulties caused by 

hypoglycaemia had resulted in them “speaking aggressively, being rude, 

and disagreeing” with their partner, and another stated that they had 

begun “distancing [themselves] from friends and acquaintances due to 

fear of angry outbursts”. This theme indicated, then, that psychological 

factors were generally perceived in terms of how they impacted daily life 

rather than as life areas important for quality of life in and of themselves. 

Impacts on all domains from all directions. In the second and 

final theme, each domain of quality of life was negatively affected by all 

six hypoglycaemic impact types. Thus, in every way that hypoglycaemia 

could produce a negative effect, it was observed to do so far at least one 

life area in each of the four domains (see Figure 20). Indeed, the most 

striking pattern for this theme was the absence of a clear separation of 

effects, with no one impact type restricted to any subset of domains.
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Figure 20. Heat Map of Code Frequencies as a Percentage of Total Sample (n = 71) 
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Granular differences were apparent in certain life areas, however, 

as some impact types were endorsed more often than others. Strategies 

for self-management were more likely to be discussed as burdensome in 

the context of exercise, sleep, diet, daily activities, and relationships. As 

one participant declared, “I used to like to go cycling or walking alone. But 

I don't dare to do that anymore because I don't trust my body”. Restricted 

performance was commonly cited in relation to exercise, daily activities, 

relationships, and leisure, but was most prevalent at work. Restrictions 

could be quite severe as well, with one participant asserting that when 

hypoglycaemia "happens at night, I am so tired I cannot go to work". 

Emotional difficulties, especially bouts of anger, were most often 

reported as interfering with capacity to work and straining relationships 

with family members and romantic partners. As one person explained, 

because of hypoglycaemia “I get angry and cross and short tempered 

[and] lose patience quickly”. In addition, fear of hypoglycaemia 

frequently impacted mood, especially concerns that others would be 

harmed; negative moods were quite common among those “nervous 

about hurting others in traffic” should an episode occur while driving. 

The cognitive consequences of hypoglycaemia were wide-ranging, 

with deleterious impacts reported for exercise, daily activities, capacity 

to work, and opportunities for leisure. Physical mirrored these effects but 

extended even further, impacting sleep and emotional well-being as well. 

Finally, participants acknowledged that social support was essential for 

managing hypoglycaemic episodes, but many felt burdened by negative 

social consequences. Feeling compelled to provide explanations about 

hypoglycaemia and needing to ask for assistance to manage episodes 

were especially likely to strain relationships with family, friends, and co-

workers, and to diminish enjoyment of leisure activities in social settings. 
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Chapter Discussion 

Thematic analysis of qualitative data for adults with type 2 diabetes 

from four European countries revealed several key themes concerning 

how quality of life is perceived and how it is impacted by hypoglycaemia. 

When asked to name important life areas, participants offered responses 

reflecting the theme of quality of life in four domains, with nearly 95% of 

life area codes paralleling facets in the physical, psychological, social, and 

environmental domains of the World Health Organisation quality-of-life 

model (WHOQOL Group, 1998). This strong congruence suggested that 

the World Health Organisation framework is well-positioned to capture 

quality of life in adults with type 2 diabetes, and that the wheel-of-life 

visual prompts were successful in catalysing relevant responses from this 

population. Diet was a notable exception, however, as this facet is not 

present in the World Health Organisation model but was listed as an 

important life area by several participants in this study—the importance 

of which is consistent with diet-related items found on diabetes-specific 

measures of quality of life (e.g., Holmes-Truscott et al., 2018). 

When asked to describe how hypoglycaemia affected daily life, 

participants reported many types of impacts but consistently negative 

experiences. Six types of mechanisms underlying the negative effects of 

hypoglycaemia were identified in this theme: performance restrictions, 

burdens imposed by strategies required to self-manage hypoglycaemia, 

emotional difficulties, and unpleasant physical, cognitive, or social 

consequences. Similar types of hypoglycaemia-related impacts have been 

reported elsewhere, including impaired performance in and out of the 

workplace (Pathan et al., 2018; Willis et al., 2013; Fidler et al., 2011), 

frustrations with responsibilities imposed by diabetes self-management 

(Tanenbaum et al., 2016), negative emotions like fear and anxiety (Rossi 
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et al.., 2019; Polonsky et al., 2015; Nicolucci et al., 2015; Fidler et al., 

2011), debilitating physical and cognitive symptoms (Heller et al. 2020; 

Martens & Tits, 2014), and strained relationships (Fisher et al., 2019; 

Nicolucci et al., 2015). That impacts were exclusively negative, however, 

did not support the validity of paradoxical relationships in quantitative 

studies (e.g., Matlock, Broadley, Hendrieckx, et al., 2022). It is also worth 

noting that participants left at least one open-ended question blank for 

each theme, indicating survey takers were given adequate space to report 

a full range of responses for both life areas and hypoglycaemic impacts. 

Taken as a whole, thematic analysis of all responses resulted in the 

emergence of two broad themes describing how hypoglycaemia impacted 

quality of life. In the first theme, psychological factors were viewed as 

pathways not destinations. Participants rarely named important life areas 

in the psychological domain; codes in this domain represented only 5% 

of all life area codes, and responses were limited almost exclusively to 

two life areas: well-being and mood. When describing the impacts of 

hypoglycaemia, however, participants referenced a multitude of negative 

psychological effects; together, codes for emotional difficulties and 

cognitive consequences represented more than 25% of all codes related 

to impact type. Thus, persons with type 2 diabetes were five times more 

likely to discuss psychological factors as mechanisms by which other 

domains were impacted (e.g., negative mood as a source of strain on 

relationships) than as facets that were important for quality of life in and 

of themselves (e.g., the importance of maintaining a positive mood). 

This theme and its emphasis on psychology-as-process was a novel 

discovery insofar as participants’ lived experiences marked a departure 

from both the World Health Organisation framework and established 

person-reported outcome measures (e.g., SF-36; Ware et al., 2000) where 
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psychological factors are conceptualised as important end-points for, and 

direct components of, quality of life. Nevertheless, despite differences in 

perspective, psychological impacts as a whole closely mirrored those 

reported in clinical research. Regarding life areas, more than 70% of 

participants who reported negative impacts on well-being also reported 

experiencing hypoglycaemia on a weekly basis—a pattern consistent 

with longitudinal evidence from systematic reviews supporting impacts 

on well-being but only in those experiencing frequent hypoglycaemia 

(Matlock, Broadley, Hendrieckx, et al., 2022; Zhang et al., 2010).  

Some participants reported negative impacts on mood as well, 

contradicting quantitative findings from longitudinal studies (Matlock, 

Broadley, Hendrieckx, et al., 2022). One explanation for this discrepancy 

may be a low prevalence of severe hypoglycaemia, as impacts on mood 

valence are typically short-lived unless episodes are severe and recurrent 

(Strachan et al., 2000; Gold et al., 1995). Indeed, the prevalence of severe 

events in the current study was six times lower than in population studies 

(c.f.., Ratzki-Leewing et al., 2018), and only a handful of participants cited 

mood as an impacted life area. Similarly, people with a history of severe 

hypoglycaemia are usually excluded from clinical trials (Elliott et al., 

2016), thereby reducing the number of affected persons and making 

statistical analyses less likely to yield significant results.  

Alternatively, persons with type 2 diabetes may be more likely to 

disclose being affected when psychological outcomes are presented in a 

specific rather than a general context. For instance, many participants in 

the current study reported that hypoglycaemia affected mood, but only 

when describing the impact of specific emotional difficulties like worry, 

stress, agitation, impatience, and anger—all of which have a broad basis 

of support in the literature (Matlock, Broadley, Hendrieckx, et al., 2022; 
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Rossi et al., 2019; Hendrieckx et al., 2019; Orozco-Beltrán et al., 2018; 

Aucoin & Bhardwaj, 2016; Gonder-Frederick et al., 1997). A similar trend 

was also observed for the cognitive consequences of hypoglycaemia, as 

only one person named an important life area linked to cognition, but 

several disclosed specific impacts paralleling cognitive effects found in 

earlier studies like confusion and lapses in memory and concentration 

(Freeman, 2019; Sommerfield et al., 2003; Hepburn et al., 1991). 

The second and final theme to emerge revealed that participants 

experienced impacts on all domains from all directions. Results confirmed 

negative effects commonly reported in hypoglycaemia impact studies, 

including detriments in the psychological domain discussed previously, 

as well as declines in the physical domain like interference with sleep, 

diet, energy, treatment activities, and functioning at work and in daily life 

(Matlock et al., 2022; Dumber & Upendra, 2020; Hendrieckx et al., 2019; 

Zhang et al., 2010; Fritschi & Quinn, 2010). Difficulties related to physical 

exercise were especially pronounced in this study, underscoring the 

utility of exercise in managing type 2 diabetes (Kirwan et al., 2017) and 

its importance for physical and mental health (Penedo & Dahn, 2005).  

This theme supported hypoglycaemic impacts which have received 

less attention in the research literature as well, namely those in the social 

and environmental domains. Results not only confirmed the few impacts 

identified in earlier studies—for instance, greater sexual dysfunction 

(Rombopoulos et al., 2013) and social withdrawal (Nicolucci et al., 2015) 

in the social domain, and elevated risks and anxieties related to driving 

(Cox et al., 2009) in the environmental domain—but also demonstrated 

that impacts in these domains are more prevalent and wide-ranging than 

typically indicated by clinical research emphasising health status. In the 

current study, hypoglycaemia had a negative effect on all relationships in 
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the social domain, from romantic partners and family members to friends 

and acquaintances. In the environmental domain, meanwhile, impacts 

extended beyond driving, as hypoglycaemia was also reported by many 

to be disruptive to leisure activities. Furthermore, as a set, codes for social 

and environmental life areas represented more than half of all life area 

codes, and contained the two most widely endorsed hypoglycaemic 

impacts, with more than 40% of the sample reporting that strategies for 

self-management interfered with friendships and leisure opportunities. 

Another feature of this theme was that an overwhelming majority 

of adults with type 2 diabetes were adversely affected in some way by 

hypoglycaemia; across all four domains of quality of life, nearly 80% of 

the sample described one or more life areas as being impacted. A novel 

discovery, however, was that while each of the six hypoglycaemic impact 

types affected at least one life area in every domain, on an individual level 

the impacts experienced by a given participant were highly variable. Just 

under half the sample cited at least one life area that was not affected by 

hypoglycaemia, and for most life areas less than one third of the sample 

reported negative effects for each separate hypoglycaemic impact type. 

Therefore, despite the high percentage of persons impacted, the strong 

heterogeneity for these effects may explain why quantitative studies on 

hypoglycaemia often report mixed results and small-to-moderate effect 

sizes (e.g., Hendrieckx et al., 2019; Rossi et al., 2019). 

Limitations and strengths 

Thematic analyses were chiefly limited by sample demographics 

and the methodology of the online survey. Regarding the former, relying 

on a self-selected sample of European internet users may have restricted 

generalisability. For one, internet users are typically younger and tend to 
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have a higher quality of life (Quittschalle et al., 2020). Culture-bound 

impacts may have been overlooked as well. For example, costs associated 

with diabetes care are often described as burdensome by persons in the 

United States (Liu et al., 2018), but no financial impacts were reported by 

the European participants in this study. Findings may also have been 

confounded by misattributions for impacts due to diabetes complications 

rather than hypoglycaemia itself, and by the low prevalence of severe 

hypoglycaemia. Methodologically speaking, data may be less complete 

relative to interviews because the online survey did not allow follow-up 

questions. The survey design may also have influenced results. Although 

examples improved response rates, four out of five life area examples 

were high-usage codes, suggesting these areas may be overrepresented 

due to priming bias. Similarly, while no examples were given regarding 

hypoglycaemic impacts, life area examples (e.g., sleep) may have primed 

participants to think about certain impacts (e.g., insomnia). 

This study had several strengths. First, the open-ended survey 

questions gave participants the chance to present their own perspective 

about quality of life and how it was impacted by hypoglycaemia, resulting 

in a variety of rich and detailed responses rarely found in quantitative 

research. Second, the online sample was large and diverse enough to 

achieve adequate data saturation (c.f., Guest et al., 2006). Third, improved 

response rates and strong thematic convergence indicated that the visual 

prompts were effective at encouraging participants to think about quality 

of life without requiring comprehensive instruction. Fourth, the survey 

was conducted anonymously in an online environment, promoting the 

disclosure of sensitive information (Ma et al., 2016). This was illustrated 

by the 15% of participants who listed sexual activity as an important life 

area, most of whom openly discussed sexual dysfunction.
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OVERVIEW 

Type 2 diabetes has reached global pandemic status, and today 

affects close to half a billion people worldwide (International Diabetes 

Federation, 2021; Ginter & Simko, 2013). As a side-effect of treatment, 

most adults with type 2 diabetes will experience at least one episode of 

hypoglycaemia each year (Ratzki-Leewing et al., 2018), making it the 

most common adverse event in this population (Klein-Schwartz et al., 

2016). Despite increasing awareness about the risks and consequences of 

hypoglycaemia, however, this condition remains an underrecognized 

concern due to persistent misconceptions about its rarity and severity 

among those with type 2 diabetes (Heller et al., 2020). Therefore, to 

better understand hypoglycaemia and the full scope of its effects, this 

dissertation aimed to explore the psychosocial impacts of hypoglycaemia 

on quality of life in adults with type 2 diabetes. Guided by the World 

Health Organisation quality-of-life framework (WHOQOL Group, 1998; 

see Chapter 1), this aim was pursued over the course of three studies. 

Summary of Key Findings 

In Chapter 2, a systematic review summarised statistical evidence 

from 20 published longitudinal studies (Matlock, Broadley, Hendrieckx, 

et al., 2022). Numerous sources supported reductions in overall health 

status in those experiencing severe hypoglycaemia requiring assistance 

to treat, as well as declines in daily functioning in the physical domain and 

elevated fear of hypoglycaemia in the psychological domain for those 

experiencing self-treated episodes. Evidence was less consistent for other 

facets of quality of life, as remaining impacts were each supported by just 

one study. In the psychological domain, severe events were associated 
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with reduced confidence in the ability to self-manage diabetes, while 

elevated symptoms of generalised anxiety and diabetes distress were 

linked to self-treated episodes. Hypoglycaemia was also associated with 

a drop in energy in the physical domain and diminished emotional well-

being in the psychological domain, but only in those who experienced 

episodes frequently (four or more per month). Published evidence was 

insufficient to support associations between hypoglycaemia and sleep 

quality, general mood, symptoms of depression, or social support. 

In Chapter 3, a mega-analysis of data pooled across 23 published 

and unpublished clinical trials used covariate-adjusted statistical models 

to evaluate the impacts of hypoglycaemia (Matlock et al., 2022a). Results 

showed that the occurrence of severe events predicted declines in overall 

health status, along with reductions in mobility and daily functioning in 

the physical domain, and elevations in discomfort and symptoms of 

anxiety or depression in the psychological domain. A high frequency of 

self-treated episodes predicted declines in multiple facets in the physical 

domain, including reduced mobility and self-care, increased bodily pain 

and physical limitations, and greater interference with daily functioning 

and productivity. A high frequency of self-treated episodes also preceded 

a rise in symptoms of anxiety or depression in the psychological domain 

and reduced social functioning in the social domain. Nevertheless, 

differential impacts for level 1 and level 2 hypoglycaemia, and potential 

frequency-by-change interactions, demonstrated that hypoglycaemic 

severity, frequency, and pattern of change over time were all necessary 

for understanding precisely how quality of life was impacted. 

Finally, in Chapter 4, a qualitative cross-sectional survey exploring 

the lived experiences of adults with type 2 diabetes was administered to 

participants in four European countries (Matlock et al., 2022b). Thematic 
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analysis of open-ended responses revealed participants’ descriptions of 

important life areas were highly consistent with facets in the physical, 

psychological, social, and environmental domains outlined by the World 

Health Organisation, suggesting this model of quality of life is well suited 

to the adult type 2 diabetes population. Regarding negative impacts 

attributable to hypoglycaemia, six distinct mechanisms were identified 

that explained how important life areas were affected: the burdens of 

self-management, performance restrictions, emotional difficulties, and 

unpleasant physical, cognitive, or social consequences. Furthermore, 

hypoglycaemia had heterogenous but far-ranging impacts on quality of 

life, as participants collectively reported that each of the six impact types 

had a deleterious effect on at least one life area in every domain. Lastly, 

participants tended to discuss psychological factors in terms of how they 

impacted other domains rather than as outcomes that were directly 

important for quality of life, suggesting that the lived experience of adults 

with type 2 diabetes differs somewhat from the clinical perspective.  

MIXED-METHOD INTEGRATION 

To provide a deeper explanatory model for hypoglycaemia and its 

impacts on quality of life, results from all three studies were integrated in 

accordance with an explanatory sequential mixed-method framework 

(Fetters et al., 2013; Ivankova et al., 2006). To begin, findings from the 

systematic review guided development of the mega-analysis, and results 

from both quantitative studies were synthesised. Afterward, explanatory 

mechanisms for relationships in the quantitative synthesis were explored 

in a qualitative survey, and results from all three studies were integrated. 

For an overview of the process, see Figure 4  in Chapter 1. 
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Quantitative Synthesis 

Results from the systematic review were used to inform the design 

of the mega-analysis. Connecting these studies allowed the mega-analysis 

to address key limitations in published longitudinal studies, for instance 

by employing statistical models assessing concurrent effects for severity, 

frequency, and pattern of change in hypoglycaemia while controlling for 

demographic and clinical covariates. Upon completion, the mega-analysis 

provided evidence comparable to meta-analysis, and when synthesized 

with results from the systematic review, produced a body of quantitative 

evidence spanning more than 40 cohort studies and clinical trials. 

Negative impacts on health status 

Health status was the most common outcome assessed by studies 

in both the systematic review and mega-analysis. Regarding deleterious 

hypoglycaemic impacts, the strongest and most consistent line of support 

came from studies using the EuroQol 5-Dimension (EQ-5D) health status 

instrument (EuroQol Research Foundation, 2018). Additional evidence 

for impacts came from studies using the Short Form 36-item (SF-36) 

health status instrument (Ware et al., 2000) or its equivalent. 

Results for the EQ-5D. Three sources in the systematic review of 

longitudinal studies unanimously agreed that severe events were 

followed by declines in health status for summary scores on the EQ-5D. 

Covariate-adjusted analyses of data pooled from eight clinical trials in the 

mega-analysis showed similar results for EQ-5D summary scores, along 

with significant changes for all individual items. Standardised effect sizes 

were not reported by studies in the review, but estimates provided by the 

mega-analysis indicated that impacts for all outcomes were of moderate 

size, matching earlier studies (Hendrieckx, et al., 2019; Rossi et al., 2019). 
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Conversely, two sources in the review and data from eight trials in the 

mega-analysis found no support linking self-treated hypoglycaemia to 

changes in any EQ-5D outcome. Results were partially consistent with an 

earlier review of longitudinal studies, where significant impacts on 

overall health status were reported for severe events in one EQ-5D study 

and for self-treated episodes in eight EQ-5D studies (Zhang et al., 2010). 

Discrepancies for self-treated hypoglycaemia may be explained by 

differences either in study design or analysis. While significant effects are 

often reported in cross-sectional research (e.g., Orozco-Beltrán et al., 

2018), the systematic review and mega-analysis in this dissertation were 

focused exclusively on change in quality of life over time, and both found 

no evidence to support changes in overall health status. As for significant 

findings described in the earlier longitudinal review, reporting for 

covariates and how time was analysed was largely absent for these 

studies (Zhang et al., 2010), whereas demographic and clinical control 

variables were explicitly used by the mega-analysis and one study in the 

current review (reporting was ambiguous for the second study).  

An alternate explanation offered by the mega-analysis relates to 

differential impacts on individual EQ-5D items observed for self-treated 

episodes of level 1 and level 2 hypoglycaemia (glucose ≤ 3.9 and < 3.0 

mmol/L, respectively). Specifically, level 1 episodes were associated with 

reduced self-care and mobility, whereas level 2 episodes were associated 

with difficulty performing the usual activities of daily life (e.g., shopping) 

and elevated symptoms of anxiety or depression. Together, these results 

suggest that unaccounted for differences in the prevalence of level 1 and 

level 2 hypoglycaemia may be the deciding factor for whether or not 

impacts for self-treated episodes were detected in previous studies 

relying solely on EQ-5D summary scores.  
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Nevertheless, outside this dissertation, no studies have assessed 

EQ-5D items separately by severity level, so distinct impacts for level 1 

and level 2 episodes remain unverified. This paucity of research also 

makes explanatory mechanisms challenging to identify. One possibility, 

though, is that certain impacts are suppressed in those affected by level 2 

episodes, as persons who experience a drop in physical activity or general 

health are less likely to maintain glycaemic control (Mamo et al., 2019), 

and at the same time may be less sensitive to future changes in mobility 

and self-care. Meanwhile, usual activities and mood may be uniquely 

affected by level 2 episodes as unpleasant hypoglycaemic symptoms are 

more likely to occur at lower glucose levels (Cryer, 1999). An additional 

factor to consider is that the EQ-5D treats anxiety and depression as a 

single item, and although interventions suggest that symptoms of anxiety 

are a genuine consequence of hypoglycaemia (Aucoin & Bhardwaj, 2016), 

impacts on this item may be confounded by symptoms of depression 

which can increase hypoglycaemia by lessening motivation needed to 

perform self-management activities (Katon et al., 2013; Egede, 2005). 

Results for the SF-36. For severe hypoglycaemia, one source in the 

systematic review and data pooled from 15 trials in the mega-analysis 

showed no support for changes in summary scores on the SF-36 physical 

or mental components. These results contradicted cross-sectional studies 

where negative associations have usually been reported for both SF-35 

components (Hendrieckx et al., 2019). Aside from differences in study 

design, a potential explanation for this disparity may be the prevalence of 

severe hypoglycaemia. Indeed, despite similar effect sizes for both health 

status instruments, impacts in the mega-analysis were only statistically 

significant for clinical trials using the EQ-5D, where severe events were 

five times more prevalent relative to trials using the SF-36. 
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Evidence for self-treated episodes, meanwhile, was mixed. Results 

from 15 trials in the mega-analysis indicated level 2 hypoglycaemia was 

followed by small declines on the SF-36 physical component, but not the 

mental component. Conversely, three sources in the systematic review 

found no evidence for declines on the physical component, though one 

did report negative impacts on the mental component. Findings were in 

partial agreement with an earlier review of longitudinal studies insofar 

as impacts on the SF-36 were not always consistent (Zhang et al., 2010). 

However, all studies in the current review save one reported no negative 

impacts on either the physical or mental components, while in the earlier 

review two out of three studies provided evidence supporting impacts on 

both components—though, again, most studies in this review lacked 

reporting for how time was analysed (Zhang et al., 2010). 

Regarding inconsistent results for self-treated hypoglycaemia, it 

may be the SF-36 only detects impacts when the number of episodes 

exceeds a certain threshold. For instance, in the mega-analysis, neither 

level 1 nor level 2 episodes were associated with changes on the mental 

component, whereas in the systematic review a study found self-treated 

episodes were followed by decreases on this component. A key difference 

between these cases, however, was that impacts in the latter study were 

significant only for those experiencing four or more episodes a month—

an incidence 20 times higher than the median in the mega-analysis. Thus, 

the SF-36 may simply be more responsive at higher episode frequencies. 

Contrasting the EQ-5D and SF-36. The lack of agreement between 

studies using the EQ-5D and SF-36, both in this dissertation and in the 

literature at large, may also be due to differences in the composition of 

these measures. For one, floor effects are likely to play a role because the 

EQ-5D is geared more toward hospital settings where respondents are 
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more likely to experience near-total impairment. Indeed, mapping values 

between the EQ-5D and SF-36 is unreliable for those on the severe end of 

the spectrum (Rowen et al., 2009). The EQ-5D-3L mobility item illustrates 

this point well, providing just two negative response options: “I have 

some problems in walking about” and “I am confined to bed”. In 

comparison, the SF-36 offers a breadth of options in the higher echelons 

of physical functioning, with 10 items ranging from difficulties climbing a 

flight of stairs to trouble lifting heavy objects or engaging in strenuous 

sports. Thus, given differences in range and sensitivity, researchers may 

choose the EQ-5D over the SF-36 when strong hypoglycaemic impacts are 

anticipated, resulting in smaller effects and fewer significant results for 

SF-36 studies—a hypothesis supported by the higher prevalence of 

severe events in the mega-analysis for trials using the EQ-5D. 

Differences in the scope and relevance of items on the EQ-5D and 

SF-36 may also affect content validity for the type 2 diabetes population. 

First, the EQ-5D provides one composite score for physical and mental 

health, while the SF-36 is comprised of two components that provide 

separate assessments of physical and mental health. Second, subscales on 

the SF-36 typically capture a broader range of outcomes. For instance, the 

mental health subscale on the SF-36 assesses impacts in the psychological 

domain using separate items for anxiety, depression, and happiness. By 

way of comparison, the EQ-5D assesses impacts in the psychological 

domain using a single “double-barrelled” item for anxiety or depression. 

Accordingly, EQ-5D items may be more tightly attuned to outcomes 

affected by hypoglycaemia, whereas SF-36 component scores may be 

influenced by noise from less relevant items, making it more difficult to 

detect impacts, especially for smaller effect sizes (Terwee et al., 2018). 
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Differences in content validity are upheld by two lines of evidence. 

First, the systematic review revealed a link between self-treated episodes 

and anxiety, but found no evidence to support impacts on depression, 

positive mood, or negative mood. Consequently, treating these outcomes 

as separate items on the same subscale, as the SF-36 does, may muddy 

results more so than using a combined item for anxiety and depression, 

as the EQ-5D does. Second, the mega-analysis suggested certain SF-36 

subscales contributed more than others. For instance, subscales did not 

always respond the same way to level 1 and level 2 episodes. Specifically, 

level 2 episodes were associated with increases only for physical role 

limitations and bodily pain subscales on the physical component, while 

declines on the mental component were observed only for the social 

functioning subscale. In contrast, level 1 episodes shared no significant 

associations with scores on any SF-36 subscales. Accordingly, inclusion 

of less relevant subscales and unobserved variations in the prevalence of 

level 1 and level 2 hypoglycaemia may act as further sources of noise in 

SF-36 impact studies focusing on self-treated episodes. 

Negative impacts on other facets of quality of life 

In addition to health status, cross-study synthesis of quantitative 

results was possible for other measures of quality of life that shared 

conceptual similarities. These measures were primarily representative of 

facets in the physical and psychological domains of quality of life. 

Impacts in the physical domain. A study in the systematic review 

found no evidence of a link between self-treated hypoglycaemia and 

energy level. Likewise, covariate-adjusted analysis of data from 15 trials 

in the mega-analysis revealed small, non-significant changes on the SF-36 

vitality subscale for severe events and self-treated episodes. However, 



 

 

– 126 – 
 

clinical evidence supports the notion that hypoglycaemia represents a 

causal pathway for fatigue (Fritschi & Quinn, 2010). A reconciliation for 

this incongruity was suggested by the current review, wherein a second 

study reported a decline in energy exclusively in those who experienced 

hypoglycaemia on a frequent basis, suggesting impacts on energy may 

only be detectable above a certain episode threshold.  

Performance of the usual activities of daily life was explored by one 

study in the systematic review. While hypoglycaemia-related impairment 

of usual activities was supported by this study, neither episode severity 

nor effect size were reported. Supplementing this finding, data from 11 

trials in the mega-analysis showed that only level 2 hypoglycaemia was 

followed by small, but significant declines in life productivity. Similarly, 

two sources in the review offered descriptive evidence indicating that 

hypoglycaemia interfered with work productivity, but did not provide 

statistical evidence. Data from 11 trials in the mega-analysis, however, 

revealed small, but significant reductions in work productivity for level 2 

episodes. In both cases, the mega-analysis found similar impacts and 

effect sizes for severe hypoglycaemia, but results were not significant 

likely due to a low prevalence of severe events. Findings were in partial 

agreement with cross-sectional research, where reduced capacity to 

function in daily life and at work has been reported for self-treated 

episodes and severe events (Rossi et al., 2019; Hendrieckx et al., 2019; 

Pawaskar et al., 2018; Brod et al., 2011). 

Impacts in other domains. In the psychological domain, three 

sources from the systematic review found no relationship between 

emotional well-being and self-treated or severe hypoglycaemia. Effect 

sizes were small as well, matching findings from the mega-analysis where 

data from 15 trials revealed no negative changes on the SF-36 mental 
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health subscale for any level of severity. Nonetheless, a second source in 

the systematic review suggested a dose-dependent relationship, showing 

that reductions in well-being only occurred in those experiencing a high 

frequency of episodes—a finding which was supported by two sources in 

an earlier longitudinal review (Zhang et al., 2010).  

Regarding symptoms of mood disorders, data from 15 trials in the 

mega-analysis revealed significant elevations on the combined EQ-5D 

item for anxiety or depression that were small for level 2 episodes and 

moderate for severe events. Results from the longitudinal systematic 

review suggested this relationship was likely attributable to anxiety, as 

one source found that self-treated episodes were followed by small but 

significant increases in generalised anxiety, while three sources found no 

evidence of a relationship between self-treated hypoglycaemia and 

symptoms of depression. These findings were partially consistent with 

cross-sectional studies where negative associations have been reported 

for symptoms of both anxiety and depression (Dumber & Upendra, 2020; 

Orozco-Beltrán et al., 2018; Al Hayek et al., 2015; Pan et al., 2010). 

Regarding depression, the most likely explanation for these disparate 

results is that significant findings in cross-sectional studies arise due to 

reverse causation (Katon et al., 2013). 

Lastly, in the social domain, one study in the systematic review 

found a small, non-significant correlation between increased symptoms 

of hypoglycaemia and reduced social support. However, results from the 

mega-analysis suggested this lack of significance was likely due to an 

undersized sample, as data pooled from 11 clinical trials showed small 

but significant declines on the SF-36 social functioning subscale following 

level 2 episodes—a finding that was consistent with negative effects on 

social engagement reported elsewhere (Nicolucci et al., 2015). 
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Impacts on facets not situated for synthesis. The systematic 

review summarised evidence for several facets of quality of life not 

evaluated in the mega-analysis. In the physical domain, a small-sample 

study reported a weak correlation between symptoms of hypoglycaemia 

and disturbed sleep. While not statistically significant, the trend for this 

effect matched significant associations in cross-sectional studies with 

large samples (Dumber & Upendra, 2020). In the psychological domain, 

four sources agreed that general mood was unaffected by self-treated or 

severe hypoglycaemia. Although negative effects on general mood have 

been observed in the laboratory, they may have gone undetected in the 

review because changes in mood tend to be short-lived unless episodes 

are both severe and recurrent (Strachan et al., 2000; Gold et al., 1995).  

In contrast, three sources in the review unanimously supported a 

directional link between self-treated episodes and fear of hypoglycaemia, 

paralleling conclusions from five sources in an earlier longitudinal review 

(Zhang et al., 2010). The current review summarised evidence for two 

diabetes-specific outcomes not addressed by earlier reviews as well; one 

study found that severe events were associated with reduced confidence 

in ability to self-management diabetes, and another round a link between 

self-treated episodes and diabetes distress. Few studies have explored 

diabetes self-efficacy, but results for diabetes distress were consistent 

with earlier studies (Pintaudi et al., 2015; Polonsky et al., 2015). 

The mega-analysis, meanwhile, examined facets in the physical 

domain of quality of life for a measure of productivity not previously 

evaluated in any longitudinal systematic review. In addition to negative 

impacts on life and work productivity discussed previously, analyses of 

data pooled across 11 clinical trials indicated that level 2 episodes 

predicted small, but significant reductions in achievement of short-term 
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goals. Effects were slightly larger for severe hypoglycaemia, but were not 

statistically significant likely due to a low prevalence of severe events. In 

contrast, effects sizes for impacts on achievement of long-term goals were 

very small and non-significant and for all severity levels. 

Change in hypoglycaemia 

Up to this point, impacts have been discussed in relation to the 

frequency or occurrence of hypoglycaemia. The mega-analysis was 

unique, however, in that total episode frequency and pattern of change in 

hypoglycaemia over time were both entered as predictors in the same 

statistical model. Results from these models provided evidence for three 

change-related impacts that, at present, have received little attention in 

the research literature: following a decrease in level 2 episodes relative 

to baseline, a small rise in scores on the SF-36 mental component was 

observed, along with small improvements on two SF-36 subscales for 

emotional role limitations and social functioning.  

The latter finding is of particular importance for two reasons. First, 

although the systematic review included a study targeting social support, 

hypoglycaemic impacts on this outcome was not statistically significant. 

Consequently, the mega-analysis provided the first quantitative evidence 

supporting a directional relationship between hypoglycaemic frequency 

and declines in a facet related to the social domain of quality of life. 

Second, a significant association between changes in hypoglycaemia and 

social functioning offers novel evidence for a dose-response relationship 

which, in combination with evidence for directionality, draws one step 

closer to establishing causality (Hill, 1965). 
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A final unique feature of the mega-analysis was that interactions 

between frequency and change in hypoglycaemia were tested for level 1 

and level 2 episodes. Results revealed significant frequency-by-change 

interactions for level 2 hypoglycaemia with respect to outcomes on both 

the EQ-5D and SF-36. Although largely exploratory, the presence of these 

interaction effects suggests that frequency and change in hypoglycaemia 

may not always operate independently from other another. 

Paradoxical impacts 

The majority of impacts described in the systematic review and 

mega-analysis were characterised by lower quality of life. However, 

several paradoxical results were observed in which hypoglycaemia and 

quality of life shared a counterintuitively positive relationship. Three 

separate sources in the review reported paradoxical impacts. In two 

studies, hypoglycaemia was followed by increases in physical health and 

decreases in anxiety—though neither study provided information about 

hypoglycaemic severity, and impacts for anxiety were only observed in 

persons with a low episode frequency. In the third study, meanwhile, 

participants who only experienced asymptomatic episodes reported 

significant gains in perceived control over diabetes compared to those 

without any hypoglycaemia. Paradoxical impacts were also found in the 

mega-analysis. For level 1 hypoglycaemia, a high episode frequency was 

followed by very small increases in productivity at work, and a decrease 

in episodes predicted a very small drop in self-care. A high frequency of 

level 2 hypoglycaemia predicted a very small increase in well-being, and 

a decrease in episodes predicted very small drops in overall productivity 

and achievement of long-term goals. Finally, for level 3 hypoglycaemia, a 

decrease in severe events predicted a small increase in discomfort.  
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A common feature of paradoxical impacts described by both the 

systematic review and the mega-analysis was that effect sizes were quite 

small. Hence, one explanation may be that small negative hypoglycaemic 

impacts are masked by study interventions that lead to improvements in 

quality of life. Indeed, effects sizes tend to be modest for negative impacts 

on most outcomes related to quality of life, especially for self-treated 

episodes (e.g., Rossi et al., 2019), making these effects particularly 

vulnerable to uncontrolled confounds. Two sources in the systematic 

review supported this explanation, as a paradoxical drop in anxiety was 

reported by an intervention study aiming to improve self-management, 

whereas hypoglycaemia-related elevations in anxiety were reported in 

one of the few non-intervention studies included in the review. Regarding 

mechanisms underlying this masking effect, an increase in self-treated 

episodes can reflect improved glycaemic control (Hermayer et al., 2009), 

which is associated with better self-care (Sousa et al., 2005) and more 

positive mood (Polonsky et al., 2020). Likewise, severe events can occur 

when glycaemic control is strictly tightened (Hemmingsen et al., 2013), 

which can have a smaller, but still net positive impact on quality of life for 

persons with type 2 diabetes (Gabbay et al., 2020; Gerich, 2005). 

Alternatively, paradoxical impacts for level 1 and level 2 episodes 

may arise in those who experience mostly asymptomatic hypoglycaemia. 

A lack of strong symptoms may lead to habituation for negative impacts; 

it may also lead to increased confidence in illness management, which has 

been shown to improve mental health in studies focusing on other 

chronic conditions (Blanchard et al., 2002). Nevertheless, the repeated 

detection of paradoxical impacts by multiple independent sources, and 

the current lack of understanding in this area, suggests that these 

relationships warrant further study. 
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Qualitative Integration 

Quantitative synthesis provided varying degrees of support for 

small-to-moderate impacts in the physical and psychological domains of 

quality of life attributable to hypoglycaemia. However, the systematic 

review and mega-analysis also raised questions about the validity of 

paradoxical relationships in these domains, and about potential impacts 

in other domains, as the measures used in published and unpublished 

studies captured only two outcomes in the social domain and none in the 

environmental domain. Furthermore, despite offering statistical support 

for a directional relationship between hypoglycaemia and quality of life, 

these studies were not able to explain how adults with type 2 diabetes 

experienced these impacts from a person-centred perspective.  

Following an explanatory sequential mixed-method framework, 

results from the quantitative synthesis were used to guide development 

of a qualitative study aimed at exploring the questions above with an 

open-ended survey administered in Denmark, Germany, the Netherlands, 

and the United Kingdom. Upon completion, qualitative integration of 

findings from all three studies allowed statistical evidence to be 

compared and contrasted with participants’ subjective experiences. 

Perceptions of quality of life 

When asked to generate labels for areas of life that were personally 

important, participants in the qualitative study supplied responses that 

were in close alignment with facets in the physical, psychological, social, 

and environmental domains of quality of life. The strong convergence of 

this theme with the World Health Organisation model suggested that the 

latter framework provided a suitable and accurate depiction of how 

adults with type 2 diabetes described quality of life in their own words.  
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One notable departure from the World Health Organisation model, 

however, was that several survey takers named diet as an important area 

of life. Although diet has not been formally recognised as a facet within 

the World Health Organisation model, studies using this framework are 

advised to include supplementary assessments of dietary freedom when 

samples include adults with type 2 diabetes, as some diabetes-specific 

measures of quality of life have done (e.g., Holmes-Truscott et al., 2018). 

Perceptions of hypoglycaemic impacts 

When asked to describe how they were affected by hypoglycaemia, 

participants in the qualitative study discussed six distinct ways in which 

hypoglycaemia impacted daily life. These included negative impacts due 

to physical consequences like nausea, cognitive consequences like 

confusion, emotional difficulties like anger, performance restrictions like 

being interrupted, social consequences like having to continually provide 

explanations to others, and burdens imposed by self-management 

responsibilities like the need to maintain a constant state of vigilance.  

Although typically characterised as consequences rather than 

mechanisms of action, similar types of impacts have been reported 

elsewhere. For instance, hypoglycaemia has been described as having 

unpleasant physical and cognitive symptoms (Heller et al. 2020; Martens 

& Tits, 2014), as causing negative emotions (Rossi et al.., 2019; Polonsky 

et al., 2015), as interfering with performance at work and in everyday life 

(Pathan et al., 2018; Willis et al., 2013; Fidler et al., 2011), and as placing 

strain on relationships (Fisher et al., 2019; Nicolucci et al., 2015). The 

lone exception was self-management, which has been described as 

burdensome for diabetes in general (Tanenbaum et al., 2016), but has 

received very little attention in the specific context of hypoglycaemia. 
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Perceived impacts on quality of life 

Most participants in the qualitative study were impacted in some 

way by hypoglycaemia, with more than three-quarters of adults reporting 

at least one affected life area. These impacts both paralleled and extended 

beyond those supported in the quantitative synthesis, as respondents 

collectively cited negative impacts in all four domains of quality of life. 

Qualitative integration of individual, subjective experiences, however, 

had important implications for interpreting quantitative findings. 

Quantitative and qualitative parallels. Codes for important life 

areas and hypoglycaemic impacts in the qualitative study paralleled 

nearly all quality-of-life-related outcomes evaluated in the quantitative 

synthesis. In the physical domain, statistical evidence supported negative 

impacts on EQ-5D items for usual activities, discomfort, and mobility, as 

well as ratings of general health on the Visual Analogue Scale (VAS). 

Analogous impacts were supported by SF-36 subscales for physical 

limitations and bodily pain, but not for physical functioning or general 

health. Qualitative data, however, confirmed impacts related to all four 

outcomes, with trouble functioning during exercise and daily activities, 

unpleasant physical symptoms, and feeling generally unwell reported as 

common complaints. Significant results for the EQ-5D were associated 

predominantly with severe hypoglycaemia. Thus, given similar moderate 

effect sizes for subscales on the SF-36 physical component, qualitative 

confirmation of impacts for all outcomes lends further credibility to the 

notion that non-significant results on the SF-36 may be due to a low 

prevalence of severe events. Indeed, the prevalence of severe events was 

lower in the qualitative study than in EQ-5D trials in the mega-analysis, 

and qualitative response codes demonstrated that impacts on most 

individual life areas were experienced by a minority of individuals. 



 

 

– 135 – 
 

Descriptive and statistical evidence in the quantitative synthesis 

also supported hypoglycaemia-related interference with productivity at 

work, as did qualitative data which showed that work capacity was one 

of the most frequently affected life areas. In contrast, statistical evidence 

did not support changes on the SF-36 vitality (i.e., energy) subscale. A 

source in the systematic review, however, reported a significant drop in 

energy that was exclusive to those experiencing frequent hypoglycaemia. 

Consistent with findings from the review, low energy was a commonly 

cited impact in the qualitative study, and half of those who reported it 

experienced episodes on a weekly basis. Qualitative data further revealed 

that almost all of those who experienced weekly episodes reported being 

affected by low energy during daily activities or while with family, 

whereas those experiencing episodes less frequently generally reported 

being affected at work. This suggests sensitivity to the deleterious effects 

of hypoglycaemia may be influenced by context, at least with respect to 

fatigue. Finally, quantitative data were insufficient to establish significant 

impacts on sleep, but interference with sleep was reported by many in 

the qualitative study, reinforcing the notion that non-significance was 

due to an undersized sample rather than a genuine lack of effect.  

Three outcomes evaluated in the quantitative synthesis shared 

conceptual similarities with facets in the physical domain, but were not 

direct components of the World Health Organisation model. In terms of 

productivity, statistical evidence indicated that hypoglycaemia interfered 

with goal achievement in the short-term, but not the long-term. Neither 

was listed as an important life area in the qualitative study, but responses 

indirectly supported this pattern of interference insofar as performance 

restrictions like feeling less engaged, and self-management needs like 

having to take breaks at inopportune times to treat symptoms, were 
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discussed almost exclusively in the context of immediate plans (e.g., 

taking a walk, doing housework) rather than long-term plans (e.g., self-

improvement through education). Meanwhile, declines in self-care were 

backed by statistical evidence from EQ-5D trials, but were not discussed 

by respondents in the qualitative study. Because self-care is a part of the 

usual activities of daily life, one possibility is that this outcome was 

perceived as too basic or niche to emerge as an important life area in its 

own right, and instead was subsumed under the area for daily activities. 

Alternatively, given the EQ-5D’s focus on washing and dressing, it may be 

that participants who chose to take the qualitative survey were either not 

impacted severely enough to affect basic self-care, or were uncomfortable 

reporting impacts of this type. The number of respondents willing to 

discuss other sensitive topics like sexual dysfunction, however, makes the 

latter explanation seem less probable. 

In the psychological domain, quantitative evidence did not support 

impacts on emotional well-being as indicated by the SF-36 mental health 

subscale. A source in the systematic review, however, found significant 

reductions in emotional well-being, but only among those experiencing 

frequent hypoglycaemia. Qualitative data supported this threshold effect; 

while only a handful of participants cited negate impacts on well-being, 

more than 70% of those affected reported experiencing episodes on a 

weekly basis. Likewise, impacts on overall mood positivity and negativity 

were not supported by the quantitative synthesis, but laboratory studies 

suggest negative effects on general mood can occur when hypoglycaemia 

is both severe and recurrent (Strachan et al., 2000; Gold et al., 1995). 

Again, the qualitative study supported this line of reasoning, as the 

prevalence of severe events was low and impacts on general mood were 

only endorsed by a small number of participants.  
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Evidence for symptoms of mood disorders was more pronounced, 

with significant elevations observed on the EQ-5D item assessing the 

presence of anxiety or depression. In the systematic review, significant 

effects were reported by studies measuring generalised anxiety, diabetes 

distress, and fear of hypoglycaemia, but not depression, suggesting that 

impacts on the EQ-5D were largely attributable to anxiety-related factors. 

Qualitative data confirmed this, as responses describing hypoglycaemic 

worry, stress, and agitation were between two and five times more 

prevalent than responses for sadness, the only depression-related code. 

The closest SF-36 analogue, meanwhile, was the emotional limitations 

subscale, which assesses whether anxiety or depression affects capacity 

to work and perform usual activities. In contrast to the EQ-5D, statistical 

data did not support changes on this SF-36 subscale, indicating impacts 

on mood may be more or less detectable depending upon context.  

Indeed, qualitative data showed that, while emotional difficulties 

were commonplace, only around 15% of adults were affected by worry, 

stress, or agitation in the context of work or usual activities. It is also 

worth noting that a similar proportion attributed impacts in these areas 

to anger or impatience, rather than anxiety, whereas no one reported 

impacts due to sadness. Therefore, in addition to a low prevalence of 

severe events, impacts on the SF-36 may be more easily confounded by 

increased glycaemic control, which is associated with a rise in self-treated 

hypoglycaemia and improvements in affect and productivity (Polonsky et 

al., 2020; Ferreira et al., 2019). Moreover, qualitive data suggested that 

anger and anxiety were equally important in understanding how mood 

affects performance at work and in daily life—though, unfortunately, 

assessments for anger are absent from most quality-of-life measures. 
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In the quantitative synthesis, diabetes-self efficacy was approached 

as a facet in the psychological domain due to its conceptual and empirical 

connection to self-esteem. Despite statistical data linking hypoglycaemia 

to reduced confidence in ability to self-manage diabetes, no one in the 

qualitative study mentioned self-efficacy or self-esteem. However, many 

respondents discussed impacts likely to impinge upon these outcomes, 

including personal difficulties in effectively preventing and treating 

hypoglycaemia and embarrassment at having others witness an active 

episode. Moreover, while needing help from others was recognised as 

crucial, it was also frequently cited as having a negative impact on daily 

life. This paralleled quantitative data, which revealed that diabetes self-

efficacy was uniquely impacted by severe events requiring assistance.  

Finally, in the social domain, hypoglycaemia-related declines were 

statistically significant for social functioning, but not for social support. 

However, other studies have found support for impacts on both outcomes 

(Cannon et al., 2018; Gonder-Frederick et al., 1997), and the same was 

true in the qualitative study, where hypoglycaemia was described not 

only as impeding social functioning by placing strain on relationships, but 

also as eroding social support by raising concerns about support needs 

and dependency and by increasing social withdrawal—suggesting results 

were non-significant for social support likely due to a small sample.  

Looking beyond quantitative findings. Considered alongside the 

World Health Organisation model, the qualitative study revealed impacts 

on facets in all four domains of quality of life that were not evaluated in 

the quantitative synthesis. In the physical domain, the only facet that was 

referenced in the qualitative survey but absent from the synthesis was 

medical needs, with a few survey respondents naming treatment as an 

important life area, and many more discussing challenges and concerns 
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surrounding self-management. Diet was commonly listed as an important 

life area as well, largely due to its connection with the treatment and 

prevention of hypoglycaemia. A likely explanation as to why these 

outcomes were not represented in the quantitative synthesis is that, 

rather than conceptualise medical needs as a single facet of quality of life, 

clinical research on chronic health conditions approaches this topic as a 

distinct subfield deserving of its own specialised methods and measures 

(e.g., Leonard et al., 2020; Holmes-Truscott et al., 2018). 

In the psychological domain, the only facet unique to the qualitative 

study was thinking. While just one participant named thought itself as an 

important area of life, several described the cognitive consequences of 

hypoglycaemia as having a deleterious effect on facets in other domains 

(e.g., capacity to work), especially lapses in memory and concentration, 

which the World Health Organisation framework identifies as important 

aspects of thinking (WHOQOL Group, 1998). Moreover, thematic analysis 

demonstrated that this perspective held true for other facets in the 

psychological domain as well, inasmuch as life areas related to mood 

were rarely named as important for quality of life, whereas emotional 

difficulties were frequently discussed in terms of how they acted upon 

other domains (e.g., irritability as a source of strain on relationships). 

Therefore, in contrast to quantitative studies where psychological factors 

were conceived of as direct components of quality of life, respondents in 

the qualitative study emphasised psychology-as-process. 

In understanding why this subtle difference in perspective might 

arise, one thing to consider is that people who seek psychotherapy often 

do so for reasons beyond the purely psychological—for instance, to help 

with physical troubles like insomnia or fatigue, social difficulties related 

to marriage or bereavement, or environmental changes caused by major 
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life events like moving to a new home or starting a new career (Chelsea 

Psychology Clinic, 2020). Thus, participants may have adopted a similar 

utilitarian viewpoint in the qualitative study. Another possibility is that 

the lived experience of adults with type 2 diabetes is shaped by exposure 

to medical practitioners, institutions, and education programs, leading to 

internalisation of an illness ideology that emphasises physical and mental 

pathology and relegates positive psychology to a region beyond the 

bounds of medicine (Maddux, 2008; Pickren, 2007; Williams & Deci, 

1996). Additionally, long-term management of diabetes may reinforce 

patient and doctor roles, wherein the former is tasked with describing 

symptoms and how health is affected, and the latter is tasked with 

identifying and diagnosing health problems (Hunter, 2010; Jaye et al., 

2006). Together, these influences may explain why persons with diabetes 

in the qualitative study described psychological factors as mechanisms 

leading to lower quality of life, whereas clinical trials in the synthesis 

gravitated toward assessments of outcomes related to health status. The 

same line of reasoning may also account for why outcomes related to 

mood disorders were highly prevalent in all three studies, but outcomes 

for cognition and positive dimensions of mood were less common in the 

qualitative study, and essentially absent from the synthesis. 

Illness ideology among clinical researchers may, likewise, explain 

why the social and environmental domains were underrepresented in the 

quantitative synthesis. Indeed, this knowledge gap guided development 

of the qualitative survey, insofar as the wheel-of-life visual prompts were 

designed to include examples relevant to all four domains of quality of life 

(see Figure 16 in Chapter 4). The end result was that, when asked to name 

important areas of life, more than half of responses fell in the social and 

environmental domains, demonstrating that life areas in these domains 



 

 

– 141 – 
 

were, at least from a person-centred perspective, just as important for 

quality of life as those in the physical and psychological domains.  

Across the social and environmental domains, the only outcomes 

evaluated in the quantitative synthesis were social functioning and social 

support. Qualitative data, however, revealed impacts in both domains. In 

the social domain, the qualitative study showed that hypoglycaemia had 

a deleterious effect not only functioning and support, but sexual activity 

and relationships as well. In the case of the latter, impacts extended to all 

types of relationships, from romantic partners and family members, to 

friends and even acquaintances. Furthermore, participants described a 

wide range of adverse social consequences, including general strain on 

relationships, frustrations at having to provide explanations to others, 

and concerns and resentments related to management support needs.  

In the environmental domain, a few survey respondents referenced 

the facet of learning, noting that hypoglycaemia obstructed the pursuit of 

self-improvement through education. Most responses, however, centred 

on leisure and transportation. Leisure activities like reading, gardening, 

vacationing, and taking walks were cited by many as being disrupted by 

hypoglycaemia. In fact, more than half the sample in the qualitative study 

reported that leisure was negatively affected by self-management needs, 

making it the single most impacted area of life. Meanwhile, impacts on 

transportation were narrower, as responses were largely restricted to 

concerns about personal safety and fears about harming others while 

driving should a hypoglycaemic episode occur unexpectedly. 

Despite their absence from the synthesis, impacts unique to the 

qualitative study broadly matched earlier quantitative studies reporting 

hypoglycaemia-related treatment difficulties in the physical domain 

(Dumber & Upendra, 2020; Polonsky et al., 2015), troubles with memory 
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and concertation in the psychological domain (Freeman, 2019; Hepburn 

et al., 1991), sexual dysfunction and relationship distress among parents 

and romantic partners in the social domain (Thorsteinsson et al., 2017; 

Polonsky et al., 2016; Weitzman et al., 2013), and dissatisfaction with 

vacations and fear of driving in the environmental domain (Dømgaard et 

al., 2015; Rombopoulos et al., 2013). Nevertheless, qualitative integration 

demonstrated that these impacts were typically overlooked by clinically 

oriented longitudinal studies. The omission of the environmental domain 

from clinical quality-of-life assessments is of particular concern because 

inadequate leisure time and cessation of driving are each associated with 

lower life satisfaction and poorer health, especially in older populations 

(Chihuri et al., 2016; Heo et al., 2013; Liddle et al., 2012).  

Unexplored facets of quality of life. A handful of facets in the 

psychological and environmental domains present in the World Health 

Organisation model were not represented in the qualitative integration. 

Nonetheless, research suggests these facets might also be affected by 

hypoglycaemia. In the psychological domain, outcomes related to body 

image and spirituality did not appear in any study in this dissertation, but 

cross-sectional research has found statistical associations between 

hypoglycaemia and dissatisfaction with personal appearance (Jódar-

Gimeno et al., 2015; Rombopoulos et al., 2013), as well as interruptions 

during spiritual fasting (Ahmed et al., 2019; Tourkmani et al., 2018).  

In the environmental domain, the qualitative integration did not 

touch upon outcomes related to the accessibility of services, financial 

well-being, or quality of home and neighbourhood. Although evidence for 

these facets is sparse, given the stringent restrictions hypoglycaemia can 

place on travel (Centers for Disease Control and Prevention, 2021), it is 

reasonable to assume that accessing essential services may be more 
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challenging for those who experience episodes frequently. Treatment-

related financial costs are also undeniably high, particularly for severe 

hypoglycaemia (Alzaid et al., 2020), which can create financial burdens 

for persons with diabetes, especially in countries like the United States 

where the cost of care is high (Blanchette et al., 2021; Liu et al., 2018). 

This problem is further compounded by the fact that those who are most 

affected by hypoglycaemia also tend to have the lowest monthly incomes 

(Waitman et al., 2017), and these individuals not only express greater 

dissatisfaction with housing (Jódar-Gimeno et al., 2015; Rombopoulos et 

al., 2013), but are also more likely to encounter environmental hazards 

(e.g., poor air quality), which are associated with an increased risk of poor 

health, disease, and even death (Failey, 2016; Prüss-Ustün et al., 2016).  

The role of individual-level differences 

Qualitative integration across all three studies in this dissertation 

demonstrated that hypoglycaemia had impacts on a wide range of facets 

spanning the physical, psychological, social, and environmental domains 

of quality of life, with most adults with type 2 diabetes reporting impacts 

on at least one important area of life. Furthermore, participants in the 

qualitative study described hypoglycaemia in a universally negative light, 

contradicting paradoxical results in the quantitative synthesis. As the 

qualitative study was explicitly designed to test the validity of such 

paradoxical effects—survey questions about impacts were open-ended, 

neutrally worded, and offered no examples to avoid biasing responses in 

either a negative or positive direction—the absence of paradoxical effects 

further supports the idea that positive relationships are statistical 

artefacts, most likely resulting from confounds caused by improvements 

in glycaemic control (Polonsky et al., 2020; Hermayer et al., 2009).  
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Yet, despite this wide range of potential impacts, individual-level 

differences played a key role in interpreting the scope and process of 

hypoglycaemia’s effects. First, while respondents in the qualitative study 

collectively described impacts in all four domains, for each specific life 

area, negative effects were usually reported by a minority of participants. 

In addition, thematic analysis revealed that self-management burdens, 

performance restrictions, emotional difficulties, and unpleasant physical, 

cognitive, and social consequences all represented distinct pathways by 

which hypoglycaemia might impact each domain of quality of life. 

Together, these findings revealed a large degree of heterogeneity on the 

individual level, both with respect to which life areas were affected, and 

how hypoglycaemia produced these effects. Consequently, adults with 

type 2 diabetes are likely to present with a unique and variable profile of 

hypoglycaemic impacts—a pattern of effect which may help reconcile the 

subjective importance of impacts on quality of life with the small effect 

sizes and mixed results often reported in quantitative research. 

LIMITATIONS AND STRENGTHS 

As a body of work, this dissertation had several limitations. First, 

findings were limited by the assessments available for quality of life. In 

the quantitative synthesis, measures were almost entirely restricted to 

the physical and psychological domains. Additionally, statistical evidence 

was limited by heterogeneity among measures in the systematic review, 

which precluded meta-analysis, and by a narrow selection of measures in 

the mega-analysis. This was mitigated to some extend by the qualitative 

study, which not only helped to confirm findings in the synthesis, but also 

extended the scope of assessment to include multiple facets in the social 
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and environmental domains. Nonetheless, despite qualitative integration, 

several facets in the World Health Organisational framework remained 

unassessed in this dissertation. Second, while samples were comparable 

across all three studies with respect to age and gender, other differences 

in composition may have limited generalisability. For instance, samples 

in both the review and mega-analysis included adults from countries in 

Asia, Europe, and North America, but half of those in the mega-analysis 

were missing country data, making representation by country unclear in 

the quantitative synthesis. The qualitative survey, meanwhile, relied on a 

self-selected sample of internet users in four European countries, further 

restricting generalisability. Indeed, this may explain why hypoglycaemic 

impacts on spiritual and financial quality of life did not appear in the 

qualitative study, but have been cited in studies conducted elsewhere—

for instance, disruptions during spiritual fasting in Egypt (Ahmed et al., 

2019) and high financial costs for healthcare in the United States 

(Blanchette et al., 2021). Third, control of confounds was incomplete, as 

most studies in the review did not report control variables, and trials in 

the mega-analysis lacked data on treatment regimens, methods of glucose 

monitoring, and timing of baselines and interventions. This issue also 

extended to the qualitative study, as participants did not explicitly 

discuss confounding factors, and the use of a structured survey did not 

allow for follow-up questions or clarifications. Lastly, statistical analyses 

in the quantitative synthesis typically relied on dichotomous assessments 

of hypoglycaemia, and response data in the mega-analysis sometimes 

lacked clarity, both of which may have biased the results of statistical 

models. In a similar fashion, the qualitative study focused on impacts due 

to the occurrence of hypoglycaemia, but did not differentiate based on the 

severity or number of episodes experienced. 
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This dissertation had several strengths as well. First, the use of a 

mixed-method explanatory sequential framework provided contextual 

information to help bridge gaps in knowledge between studies. Second, 

the systematic review and mega-analysis were each the first of their kind 

to focus exclusively on longitudinal evidence linking hypoglycaemia to 

changes in quality of life over time, drawing a step closer to establishing 

causality than earlier cross-sectional studies and reviews. Third, the wide 

scope of this dissertation encompassed the vast majority of facets in the 

World Health Organisation model of quality of life. The systematic review 

evaluated findings for 16 distinct, validated measures—twice as many as 

the previous longitudinal review—and the qualitative study broadened 

these findings both by including facets in all four domains of quality of 

life, and by describing mechanisms underlying quantitative relationships. 

Finally, the mega-analysis complemented the breadth of the other studies 

by controlling for demographic and clinical covariates, and by being the 

first study to analyse differential impacts for severity, frequency, and 

change in hypoglycaemia within the same statistical model. 

PERSPECTIVES 

Synthesis and integration of findings from the three original studies 

in this dissertation led to the identification of gaps in understanding that 

suggested several directions future researchers might pursue. Compiled 

evidence in this dissertation also indicated that hypoglycaemia can have 

a broad range of negative impacts on many aspects of daily life, which has 

important implications for adults with type 2 diabetes, their families and 

friends, and the general public. 
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Future Researchers 

In the quantitative synthesis, differential impacts on quality of life 

were observed both for symptomatic and asymptomatic hypoglycaemia, 

and for level 1 and level 2 episodes. However, at present few studies have 

explored these differences. Likewise, most studies rely on self-reported 

measures, and many are marked by a low prevalence or incidence of 

hypoglycaemia, which has made detection of small and short-term effects 

more challenging. Additionally, multiple independent sources have found 

paradoxical effects at all levels of hypoglycaemic severity. Circumstantial 

evidence suggests these counterintuitive results may be confounded by 

glycaemic control, but currently no explanations have been tested. In the 

qualitative integration, meanwhile, health status instruments commonly 

used in clinical research fell short of detecting the full range of impacts on 

quality of life. Moreover, impacts in the psychological domain were likely 

to be underestimated if not considered within the context of how they 

impacted upon other domains.  

These gaps in knowledge suggest several avenues of exploration 

for future research, including purposive sampling of participants who 

experience a high incidence of hypoglycaemia at each severity level to 

improve impact detection; use of momentary ecological assessment and 

continuous glucose monitoring to boost moment-to-moment precision, 

particularly for outcomes sensitive to timing like energy level and mood 

(Ehrmann et al., 2020); data analysis using multilevel models, non-linear 

effects, and diverse control variables to enhance accuracy of prediction 

and rule out confounds; and population-based assessments for a broad 

range of outcomes related to quality of life, especially facets in the social 

and environmental domains, to confirm and catalogue a greater diversity 

of potential impacts attributable to hypoglycaemia. 
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Persons with Type 2 Diabetes 

While most adults with type 2 diabetes can expect to be negatively 

affected in some way by hypoglycaemia, no two individuals are the same, 

and which aspects of daily life are impacted varies greatly from person to 

person. In addition, it is important to note that hypoglycaemia may have 

a deleterious impact on personal relationships, sexual activity, driving, 

and opportunities for leisure, as these outcomes are underrepresented in 

medical research and, consequently, may go unrecognised during clinical 

assessments. Likewise, keeping a hypoglycaemia journal and referencing 

a checklist of potential impacts in the physical, psychological, social, and 

environmental domains may help those with type 2 diabetes develop a 

unique impact profile, potentially improving self-management strategies.  

Family, Friends, and Public Discourse 

Contrary to popular opinion, most people with type 2 diabetes 

experience hypoglycaemia. In addition to unpleasant physical symptoms, 

these episodes can cause mood swings that place strain on relationships 

and interfere with functioning at work and in daily life. Moreover, these 

effects are often compounded by difficulties finding appropriate times to 

self-treat and frustrations about having to provide repeated explanations 

to others about hypoglycaemia. For spouses, family members, and others 

who wish to help with diabetes management, it is important to recognise 

that abrupt shifts in mood (e.g., sudden irritability) may reflect the onset 

of a hypoglycaemic episode, rather than genuine interpersonal conflict. 

Likewise, when offering assistance, it is important to emphasise trust and 

independence, as many adults with type 2 diabetes report feeling unfairly 

judged for interrupting activities or making less healthy dietary choices 

(e.g., eating a sugary snack) to manage the immediate and pressing 
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concerns of hypoglycaemia. Finally, in addition to the above, employers 

should be aware that providing accommodations that allow for 

unexpected breaks and regular access to food and drink is essential for 

helping persons with type 2 diabetes manage hypoglycaemia and avoid 

prolonged disruptions in mood and performance. 

CONCLUSION 

Quantitative synthesis of longitudinal evidence from a systematic 

review and mega-analysis indicated that, in adults with type 2 diabetes, 

hypoglycaemia had a negative impact on key facets of quality of life. This 

included declines in overall health, energy level, functioning in daily life, 

and productivity at work in the physical domain; diminished emotional 

well-being, and elevations in anxiety, diabetes distress, and fear of future 

hypoglycaemia in the psychological domain; and lower social functioning 

in the social domain. Integration of data from a qualitative multi-national 

survey supported these results, and revealed additional hypoglycaemic 

impacts as well, including adverse effects on relationships and sexual 

activity in the social domain, and interference with driving and leisure in 

the environmental domain. Despite this wide range of potential impacts, 

however, quantitative data suggested that results varied markedly based 

on episode severity and frequency. Once more, qualitative data revealed 

that while most adults were affected in some way by hypoglycaemia, a 

small minority experienced impacts on most individual facets. Given the 

strong heterogeneity observed in this dissertation—both with respect to 

which facets were affected and how hypoglycaemia produced these 

effects—adults with type 2 diabetes may be expected to experience a 

unique and varied profile of hypoglycaemic impacts on quality of life.
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Table 4. Database Search Strategy (Part 1 of 2) 

1 exp Diabetes Mellitus, Type 2/ 

2 ("non-insulin* depend*" OR "noninsulin depend*").tw. 

3 (("typ* 2" OR "typ* II") adj2 diabet*).tw. 

4 (NIDDM OR T2DM OR T2D).tw.  

5 OR/1-4 

6 exp Hypoglycemia/ OR Blood Glucose Self-Monitoring/ 

7 (hypoglycemi* OR hypoglycaemi* OR hypo-glycemi* OR hypo-
glycaemi* OR low blood sugar OR low blood glucose OR blood 
glucose monitor*).mp. 

8 OR/6-7 

9 randomized controlled trial.pt. OR randomized.mp. OR placebo.mp. 

10 Epidemiologic studies/ OR exp case control studies/  

11 exp cohort studies/ 

12 (Case control OR cohort analy*).tw. 

14 (longitudinal OR retrospective).tw. 

15 (cohort adj (study OR studies)).tw.  

16 (Follow up adj (study OR studies)).tw.  

17 (observational adj (study OR studies)).tw.  

18 OR/10-17 

19 5 AND 8 AND 18 

Note: Part 1 contains search terms for the population, exposure, and study design. 
Part 2 contains search terms for quality-of-life-related outcomes. 
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Table 5. Database Search Strategy (Part 2 of 2) 

20 ((psychological OR psychosocial OR psycho-social) adj3 
outcome*).mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, floating sub-heading 
word, keyword heading word, organism supplementary concept 
word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier, synonyms] 

21 ("level of independence" OR self-efficacy OR self-esteem OR 
resilien* OR ((social OR friend* OR marital OR partner* OR 
husband* OR wife* OR spous* OR family OR familial OR families) 
adj3 relationship*) OR social* isolat* OR finances OR sleep OR 
"daytime functioning" OR "cognitive function*" OR productivity 
OR (work adj2 absen*) OR absenteeism OR presenteeism OR 
memory OR mood OR depress* OR anxi* OR ((fear OR afraid OR 
worr* OR distress* OR stigma* OR impact*) adj3 (hypoglycaemi* 
OR hypoglycemi*)) OR "diabetes distress" OR "diabetes stigma" 
OR "diabetes burnout" OR "psychological conflict").mp. 

22 ("care needs" adj3 (express* OR perception* OR perspective* OR 
judge* OR (patient* adj2 view*) OR "own assessment*")).mp 

23 Quality of Life OR quality of life.mp. 

24 (hql OR hqol OR h qol OR hrqol OR hr qol).ti,ab,kf. 

25 (life satisfaction OR wellbeing OR well-being).mp. 

26 OR/10-16 

27 19 AND 26 

Note: Part 1 contains search terms for the population, exposure, and study design. 
Part 2 contains search terms for quality-of-life-related outcomes. 
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Table 6. Characteristics of Included Studies 

Authors 
(Year) 

Design Country N Study Intervention 

Ali et al. 
(2012) 

RCT US 2,053 Intensive vs. Standard 
Glucose Control 

Briggs et al. 
(2017) 

RCT Worldwide 16,492 Saxagliptin vs. Placebo 

de Sonnaville et al. 
(1998) 

Cohort Netherlands 237 Insulin vs. 
Oral Medication 

Genovese et al. 
(2013) 

Cohort Italy 1,046 Vildagliptin + 
Metformin 

Goddijn et al. 
(1999) 

Cohort Netherlands 99 Insulin vs. 
Oral Medication 

Haluzik et al. 
(2018) 

Cohort Eastern Europe 6,369 None 

Jódar et al. 
(2020) 

RCT Worldwide 3,297 Semaglutide vs. 
Placebo 

Malanda et al. 
(2011) 

Cohort UK 453 G-Meter vs. Standard 
Monitoring 

Menard et al. 
(2007) 

RCT Canada 72 Intensive vs. Standard 
Care 

Mitchell et al. 
(2013) 

Cohort UK 1,329 None 

Nauck et al. 
(2019) 

RCT Worldwide 3,014 Liraglutide vs. Placebo 

Nicolucci et al. 
(2011) 

RCT Italy 238 Telephone vs. Standard 
Care 

Pathan et al. 
(2018) 

Cohort Southeast Asia 2,594 None 

Peyrot et al. 
(2008) 

RCT US 211 Pramlintide vs. Placebo 

Pichayapinyo et al. 
(2018) 

Cohort Thailand 35 Telephone 
Assistance 

Polonsky et al. 
(2018) 

Cohort US 424 None 

Ritter et al. 
(2016) 

RCT US 1,674 Efficacy Care vs. 
Placebo 

Torre et al. 
(2018) 

Cohort Portugal 1,303 DPP-4 vs. GLP-1 
vs.SGLT2 

Wieringa et al. 
(2018) 

Cohort Netherlands 911 Insulin Glargine 

Yang et al. 
(2014) 

Cohort China 8,578 Biphasic Insulin Aspart 
30/70 

Note: N, type 2 diabetes sample at baseline; RCT, randomised controlled trial 
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Table 7. Quality Proportions for Included Studies   

Cohort Studies  Randomised Controlled Trials 

Authors 
(Year) 

Study 

Quality (αq) 
 

Authors 
(Year) 

Study 

Quality (αq) 

de Sonnaville et al. 
(1998) 

1.00  
Ali et al. 
(2012) 

.58 

Genovese et al. 
(2013) .90  

Briggs et al. 
(2017) .77 

Goddijn et al. 
(1999) 1.00  

Jódar et al. 
(2020) .77 

Haluzik et al. 
(2018) .93  

Menard et al. 
(2007) .88 

Malanda et al. 
(2011) 1.00  

Nauck et al. 
(2019) .85 

Mitchell et al. 
(2013) .85  

Nicolucci et al. 
(2011) .58 

Pathan et al. 
(2018) .93  

Peyrot et al. 
(2008) .85 

Pichayapinyo et al. 
(2018) .85  

Ritter et al. 
(2016) .77 

Polonsky et al. 
(2018) .90    

Torre et al. 
(2018) .90    

Wieringa et al. 
(2018) 1.00    

Yang et al. 
(2014) .80    

Note: Quality proportions (αq) reflect the count score for Joanna Briggs Institute 
appraisal items marked “yes” divided by the total number of items; quality was 
interpreted as excellent (αq ≥ .9), good (αq ≥ .8), acceptable (αq ≥ .7), or poor (αq < .7). 
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Table 8. Joanna Briggs Institute Critical Appraisal for Included Cohort Studies 

Authors 
(Year) 

Appraisal Criteria 

Similar 
Groups 

Consistent 
Exposure 

Valid 
Exposure 

Confounds 
Identified 

Confounds 
Controlled 

Valid 
Outcome 

Sufficient 
Follow-up  

Follow-up 
Reported 

Follow-up 
Controlled 

Suitable 
Statistics 

de Sonnaville et al. 
(1998) Y Y Y Y Y Y Y Y Y Y 

Genovese et al. 
(2013) Y Y Y Y N Y Y Y Y Y 

Goddijn et al. 
(1999) Y Y Y Y Y Y Y Y Y Y 

Haluzik et al. 
(2018) Y Y U NA NA Y Y Y Y NA 

Malanda et al. 
(2011) Y Y Y Y Y Y Y Y Y Y 

Mitchell et al. 
(2013) Y Y Y Y U Y U Y Y U 

Pathan et al. 
(2018) Y Y U NA NA Y Y Y Y NA 

Pichayapinyo et al. 
(2019) Y Y Y Y N Y Y Y Y U 

Polonsky et al. 
(2018) Y Y Y Y Y Y Y Y N Y 

Torre et al. 
(2019) Y Y Y Y Y Y Y Y N Y 

Wieringa et al. 
(2018) Y Y Y Y Y Y Y Y Y Y 

Yang et al. 
(2014) 

Y Y Y Y Y Y Y N N Y 

Note: Criterion fulfilled: Y, yes; N, no; U, unclear; NA, not applicable. Studies using targeted questions but no analysis were assigned NA for statistics. 
One criterion, absence of outcome at baseline (item 6), was omitted from the table because all studies were assigned NA. 
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Table 9.  Joanna Briggs Institute Critical Appraisal for Included Randomised Controlled Trials 

Authors 
(Year) 

Appraisal Criteria 

Randomly 
Assigned 

Similar 
Baseline 

Blinded 
Patients 

Blinded 
Treatment  

Blinded 
Assessor 

Similar 
Procedure 

Follow-up 
Controlled 

ITT 
Analysis 

Similar 
Measures 

Reliability 
Reported 

Suitable 
Statistics 

Proper 
Design 

Ali et al. 
(2012) Y U U N U Y N U Y N Y Y 

Briggs et al. 
(2017) Y Y Y U U Y Y U Y N Y Y 

Jódar et al. 
(2020) Y Y Y Y Y Y N U Y N Y Y 

Menard et al. 
(2007) Y Y U Y U Y Y Y Y Y Y Y 

Nauck et al. 
(2019) Y Y Y Y U Y Y Y Y N Y Y 

Nicolucci et al. 
(2011) Y U U N U Y N U Y N Y Y 

Peyrot et al. 
(2008) Y Y Y U U Y Y U Y N Y Y 

Ritter et al. 
(2016) Y Y Y Y Y Y N U Y N Y Y 

Note: ITT, intention-to-treat. Criterion fulfilled: Y, yes; N, no; U, unclear. Clinical features were assigned U when detailed methodology was reported as 
published elsewhere.  One criterion, concealed assignment (item 2), was omitted from the table because all studies were assigned U. 
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Table 10. Occurrence of Hypoglycaemia in Cohort Studies 

Authors 
(Year) 

Measurement  Hypoglycaemia 

Type Recall (Months)  Severity Occurrence at Baseline (Follow-up) 

de Sonnaville et al. (1998) Frequency 1  Severe 4.4 events per person-year 

Genovese et al. (2013) Frequency 12  Not reported Not reported 

Goddijn et al. (1999) Yes / No 1  Self-treated 6.4 % reported 1+ episodes (19.1 % at 1 year) 

Haluzik et al. (2018) Yes / No 1  Self-treated 
Severe 

57.0 % reported 1+ episodes (53.7 % at 1 month) 
6.7 % reported 1+ events (7.6 % at 1 month) 

Malanda et al. (2011) Yes / No 12  Self-treated 25.2 % reported 1+ asymptomatic episodes 
17.7 % reported 1+ symptomatic episodes 

Mitchell et al. (2013) Yes / No 1  Any 27.5 % reported 1+ episodes 

Pathan et al. (2018) Yes / No 
 

Frequency 

1 
  

 Any 
Severe  

Any 
Severe 

40.6 % reported 1+ episodes (97.3.1 % at 1 month) 
52.2 % reported 1+ events (76.9 % at 1 month) 

12.2 episodes per person-year (22.6 at 1 month) 
2.2 events per person-year (12.2 at 1 month) 

Pichayapinyo et al. (2019) Symptoms 3  Self-treated Not reported 

Polonsky et al. (2018) Yes / No 24  Self-treated 
Severe 

86 % reported 1+ episodes  
41 % reported 1+ events  

Torre et al. (2019) Yes / No 26  Any 
Severe 

22.8 % reported 1+ episodes  
<1.0 % reported 1+ events 

Wieringa et al. (2018) Yes / No 3  Any 
Severe 

37.2% reported 1+ episodes (43.5% at 6 months) 
3.1% reported 1+ events (5.6% at 6 months) 

Yang et al. (2014) Frequency 6  Self-treated 
Severe 

2.17 episodes per person-year (1.54 at 6 months) 
0.15 events per person-year (0.0 at 6 months) 
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Table 11. Occurrence of Hypoglycaemia in Randomised Controlled Trials 

Authors 
(Year) 

Measurement  Hypoglycaemia 

Type Recall (Months)  Severity Occurrence at Baseline (Follow-up) 

Ali et al. (2012) Yes / No 12  Severe 2.8 % reported 1+ events 

Briggs et al. (2017) Yes / No 12  Severe 0.5% hospitalised for 1+ events 

Jódar et al. (2020) Yes / No 26  Not reported 22.1 % reported 1+ episodes  

Menard et al. (2007) Yes / No 
Frequency 

12  Self-treated  20.8 % reported 1+ episodes 
21.6 episodes per person-year 

Nauck et al. (2019) Yes / No 36  Severe 42.3 % reported 1+ events 

Nicolucci et al. (2011) Frequency 1  Not reported 7.2 episodes per person-year (21.6 at 6 months) 

Peyrot et al. (2008) Frequency 16  Self-treated 2.3 episodes per person-year 

Ritter et al. (2016) Symptoms 6  Not reported Not reported 
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Table 12. Impact of Hypoglycaemia on Global Quality of Life 

Authors 
(Year) 

Quality of Life  Impact 

Measure Outcome   Dir.           p 

Menard et al. 
(2007) 

DQOL Diabetes Quality of Life  ▬      NS 

Ali et al. 
(2012) 

SF-36 
 
 

General Health 
     Physical Health 
     Mental Health 

  
 a 
 a 

 
     NS 
     NS 

Jódar et al. 
(2020) 

SF-36 General Health 
     Physical Health 
     Mental Health 

  
▲ 

 

 
 < .01  
    .08  

Nicolucci et al. 
(2011) 

SF-36 
 

General Health 
     Physical Health 
     Mental Health 

  
▬ 
▼ 

    
     NS 

   .004 
Goddijn et al. 

(1999) 
RAND-36 General Health 

     Mental Health 
  

 
 

     NR 

Briggs et al. 
(2017) 

EQ-5D General Health  ▼ a   < .05 

Malanda et al. 
(2011) 

EQ-5D 
 

General Health 
 

  

 
    .23 

 

Nauck et al. 
(2019) 

EQ-5D 
EQ-VAS 

General Health 
General Health 

 ▼ a 

 a 

< .001 
   .98 

Torre et al. 
(2018) 

EQ-5D 
EQ-VAS 

General Health 
General Health 

  
 

     NS 
     NS 

Yang et al. 
(2014) 

EQ-VAS General Health  ▼ a < .001 

Abbreviations: Dir., Direction; NR, not reported; NS, non-significant (no p-value 
reported). DQOL, Diabetes Quality of Life measure; EQ-5D, EuroQol 5-Dimension 
survey; EQ-VAS, EuroQol Visual Analogue Scale; SF-36, Short Form 36-item survey.  

Note: Impacts reflect self-treated episodes unless otherwise stated. Increases and 
decreases in outcomes are indicated by upward (▲) and downward arrows (▼); 
unknown directions are indicated by a dash (▬); solid and outlined symbols indicate 
significant and non-significant effects. 
a Reflects impact of severe hypoglycaemic events only 
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Table 13. Impact of Hypoglycaemia on the Physical Domain 

Authors (Year) 
Quality of Life  Impact 

Measure Outcome   Dir.           p 

Genovese et al. 
(2013) 

WPAI Work Impairment 
     Activity Impairment 

  
▲ 

     
 .001 

Haluzik et al. 
(2018) 

Targeted 
Question 

Work Impairment 
      

  NA     

Pathan et al. 
(2018) 

Targeted 
Question 

Work Impairment 
      

  NA     

Nicolucci et al. 
(2011) 

W-BQ22 
 

Emotional Well-Being 
     Energy Level 

  
▼ 

    
     .002 

Malanda et al. 
(2011) 

W-BQ12 Emotional Well-Being 
     Energy Level 

  
 

 
     .46 

Pichayapinyo et al. 
(2019) 

PROMIS General Health 
     Sleep Disturbance 

 
 

   
NS 

Abbreviations: Dir., Direction; NA, not applicable; NS, non-significant (no p-value 
reported). PROMIS, Patient-Reported Outcomes Measurement Information System; 
W-BQ12 and W-BQ22, Well-Being Questionnaire 12-item and 22-item; WPAI, Work 
Productivity and Activity Impairment.  

Note: Impacts reflect self-treated episodes. Increases and decreases in outcomes are 
indicated by upward (▲) and downward arrows (▼); solid and outlined symbols 
indicate significant and non-significant effects. 
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Table 14. Impact of Hypoglycaemia on the Psychological Domain 

Authors (Year) 
Quality of Life  Impact 

Measure Outcome   Dir.           p 

de Sonnaville et al. 
(1998) 

POMS  Negative Mood 
      

 ▬ a NS     

Malanda et al. 
(2011) 

W-BQ12 Emotional Well-Being 
     Positive Mood 
     Negative Mood 

 

 

.82     
 .47 
.92 

Nicolucci et al. 
(2011) 

W-BQ22 Emotional Well-Being  
     Positive Mood 
     Depressive Symptoms      
     Anxiety Symptoms 

 ▼ 
▬ 
▬ 
▼ 

.002 
NS 
NS 

.007 
     

Wieringa et al. 
(2018) 

WHO-5 
 

Emotional Well-Being 
 

  a .30 

Polonsky et al. 
(2018) 

WHO-5 
GAD 
PHQ-8 
 

Emotional Well-Being 
Anxiety Symptoms 
Depressive Symptoms 

 
▲ 

 

 

NS    
     < .01 

NS 

Pichayapinyo et al. 
(2019) 

PHQ-8 Depressive Symptoms   NS 

Abbreviations: Dir., Direction; NS, non-significant (no p-value reported). GAD, 
General Anxiety Disorder scale; PHQ-8, Patient Health Questionnaire 8-item; POMS, 
Profile of Mood States; W-BQ12 and W-BQ22, Well-Being Questionnaire 12-item and 
22-item; WHO-5, World Health Organisation 5-item well-being index.  

Note: Impacts reflect self-treated episodes unless otherwise stated. Increases and 
decreases in outcomes are indicated by upward (▲) and downward arrows (▼); 
unknown directions are indicated by a dash (▬); solid and outlined symbols indicate 
significant and non-significant effects. 
a Direction and significance of impact was similar for severe hypoglycaemic events 
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Table 15. Diabetes-Specific Impacts in the Psychological Domain 

Authors (Year) 
Quality of Life  Impact 

Measure Outcome   Dir.           p 

Malanda et al. 
(2011) 

IPQ-R Illness Perceptions 
     Illness Control 
     Emotional Distress 

 

 

 
NS 
.24 

Ritter et al. 
(2016) 

DSES Diabetes Self‐Efficacy  
 

 ▼ .026     

Pichayapinyo et al. 
(2019) 

DSES 
DDS 

Diabetes Self-Efficacy 
Diabetes Distress 

 
 

NS 
NS 

Peyrot et al. 
(2008) 

DDS  Diabetes Distress 
      

 ▬ NS     

Polonsky et al. 
(2018) 

DDS 
HFS-II 
 

Diabetes Distress 
Fear of Hypoglycaemia 
     Hypoglycaemia Worry 

 ▲ 
 
▲ 

< .05    
     

 < .01 

Mitchell et al.  
(2013) 

HFS-II Fear of Hypoglycaemia  ▲ a < .001 

Wieringa et al. 
(2018) 

HFS-II  Fear of Hypoglycaemia 
     Hypoglycaemia Worry  

  

▲ b 
 

< .001 

Abbreviations: Dir., Direction; NS, non-significant (no p-value reported). DDS, 
Diabetes Distress Scale; DSES, Diabetes Self-Efficacy Scale; HFS-II, Hypoglycaemia 
Fear Survey version II; IPQ-R, Illness Perception Questionnaire Revised. 

Note: Impacts reflect self-treated episodes unless otherwise stated. Increases and 
decreases in outcomes are indicated by upward (▲) and downward arrows (▼); 
unknown directions are indicated by a dash (▬); solid and outlined symbols indicate 
significant and non-significant effects. 
a Reflects impact of any hypoglycaemic event 
b Direction was similar for severe hypoglycaemic events but not significant, p = .23 
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Table 16. Hypoglycaemia in the Sample (n = 7,219) 

Level of 
Severity 

Number of Episodes Per Year 

Mdn M (SD) % Y or ▼ 

 
Frequency 

Level 1 9.9 14.26 (13.9) 99 % 
Level 2 1.6 4.25 (7.5) 70 % 
Level 3 0.0 0.09 (0.8) 4 % 

 
Change 

Level 1 0.0 –0.17 (9.8) 45 % 
Level 2 0.0 0.13 (4.5) 32 % 
Level 3 0.0 –0.01 (0.6) 3 % 

Note: Y refers to percentage of sample experiencing one or more 
within-trial episodes; downward arrow (▼) refers to percentage of 
sample experiencing a decrease in the number of episodes. 
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Table 17. Correlations Between Hypoglycaemia and Quality of Life 

Person-Reported Outcome  Hypoglycaemia (Any) 

Measure Subscale Frequency Change 

EQ-5D Total –.06 ** <.01  
(n = 2,287)      Self-Care –.02  .02  
      Mobility –.05 ** –.01  
      Usual Activities –.03  –.01  
      Pain/Discomfort –.04 * <.01  
      Anxiety/Depression –.05 * <.01  
 General Health (VAS) –.01  –.05 ** 

SF-36  Physical Component –.03  –.05 ** 
(n = 3,502)      Physical Functioning –.04 * –.05 ** 
      Physical Role Limitations  –.03  –.04 ** 
      Bodily Pain –.03  –.04 * 
      General Health .01  <.01  
 

Mental Component .04 * –.05 ** 
      Vitality .03  <.01  
      Social Functioning .01  –.05 ** 
      Emotional Role Limitations .03  –.04 * 
      Mental Health .06 *** –.04 * 

DPM Total <.01  –.02  
(n = 1,919)      Life Productivity –.03  –.03  
      Work Productivity .03  –.02  
      Short-Term Goals <.01  –.01  
      Long-Term Goals <.01  –.02  

Abbreviations: DPM, Diabetes Productivity Measure; EQ-5D, EuroQol 5-Dimension 
health status instrument; SF-36, Short Form 36-item health status instrument; VAS, 
Visual Analogue Scale. 

Note:  Positive correlations reflect better end-of-trial quality of life and either more 
frequent hypoglycaemia or an increase in the number of episodes; sample sizes 
reflect the correlation with the smallest sample by measure. 

* p < .05. ** p < .01. *** p < .001. 
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Table 18. Covariate-Adjusted Impacts on the EQ-5D (n = 2,287) 

EQ-5D Items and VAS 
 Level 1 Hypoglycemia  Level 2 Hypoglycemia  Level 3 Hypoglycemia 

          F p      g Dir.       F      p      g Dir.     F    p    g Dir. 

  
Frequency (Reference: Low) 

EQ-5D Total  2.3 .128 0.16   <1.0 .323 0.21   11.8 <.001 0.56 ▼ 

     Self-Care  5.6 .019 0.13 ▼  <1.0 .802 0.10   3.5 .060 0.36  

     Mobility  6.9 .008 0.18 ▼  <1.0 .773 0.17   5.0 .026 0.41 ▼ 

     Usual Activities  <1.0 .821 0.11   9.6 .002 0.23 ▼  7.5 .006 0.41 ▼ 

     Pain/Discomfort  1.3 .250 0.11   <1.0 .840 0.11   12.1 <.001 0.39 ▼ 

     Anxiety/Depression  1.3 .259 0.04   5.7 .017 0.14 ▼  10.1 .001 0.41 ▼ 

General Health (VAS)  <1.0 .842 ≤0.01 ▬  2.1 .144 0.10   13.8 <.001 0.45 ▼ 

  
Change (Reference: Decreased) 

EQ-5D Total  <1.0 .409 ≤0.01 ▬  1.8 .182 ≤0.01 ▬  2.3 .132 0.44  

     Self-Care  6.0 .015 0.08 ▲  3.3 .070 ≤0.01 ▬  <1.0 .793 0.33  

     Mobility  <1.0 .620 0.04  <1.0 .431 ≤0.01 ▬  <1.0 .754 0.34  

     Usual Activities  <1.0 .356 0.02  2.9 .091 ≤0.01 ▬  <1.0 .438 0.34  

     Pain/Discomfort  <1.0 .641 0.02  <1.0 .684 0.02   5.0 .025 0.27 ▲ 

     Anxiety/Depression  <1.0 .368 ≤0.01 ▬  <1.0 .327 ≤0.01 ▬  2.7 .101 0.31  

General Health (VAS)  <1.0 .891 0.05   1.5 .288 ≤0.01 ▬  2.3 .130 0.29  

Abbreviations: Dir. Direction; EQ-5D, EuroQol 5-Dimension health status instrument; VAS, Visual Analogue Scale.  

Note: Frequency and change in hypoglycaemia predicted end-of-trial outcomes in an ANCOVA model controlling for age, gender, race, HbA1c, 
cholesterol, diabetes duration, vascular complications, non-hypoglycaemic adverse events, and baseline quality of life. Better quality of life 
among the low frequency group or the increased/stable change group is depicted with an upward (▲), while lower quality of life is depicted 
with a downward arrow (▼); near-zero effects are depicted with a dash (▬); solid and outlined symbols indicate significant and non-significant 
effects, respectively. 
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Table 19. Covariate-Adjusted Impacts on the SF-36 PCS (n = 3,488) 

SF-36 PCS and Subscales 
 Level 1 Hypoglycemia   Level 2 Hypoglycemia  Level 3 Hypoglycemia 

          F      p      g Dir.       F      p      g Dir.     F    p    g Dir. 

  
Frequency (Reference: Low) 

SF-36 Physical Component  2.8 .096 0.04  11.3 <.001 0.15 ▼  2.5 .116 0.52 

     Physical Functioning  1.1 .286 0.08  2.9 .088 0.13   <1.0 .347 0.43 

     Physical Role Limitations   1.2 .271 0.03  4.8 .028 0.11 ▼  <1.0 .355 0.52 

     Bodily Pain  <1.0 .839 0.06  17.5 <.001 0.18 ▼  1.5 .221 0.36 

     General Health  <1.0 .853 0.06  3.5 .061 0.04   1.6 .210 0.29 

  
Change (Reference: Decreased) 

SF-36 Physical Component  <1.0 .926 0.02   <1.0 .691 0.02   <1.0 .320 0.79 

     Physical Functioning  <1.0 .595 ≤0.01 ▬  <1.0 .969 ≤0.01 ▬  3.3 .071 0.68 

     Physical Role Limitations   <1.0 .570 ≤0.01 ▬  <1.0 .533 ≤0.01 ▬  3.8 .052 0.78 

     Bodily Pain  <1.0 .386 ≤0.01 ▬  2.9 .090 ≤0.01 ▬  <1.0 .947 0.49 

     General Health  <1.0 .861 0.05  1.5 .218 0.05   <1.0 .745 0.47 

Abbreviations: Dir. Direction; PCS; Physical Component Scale; SF-36, Short Form 36-item health status instrument. 

Note: Frequency and change in hypoglycaemia predicted end-of-trial outcomes in an ANCOVA model controlling for age, gender, race, HbA1c, 
cholesterol, diabetes duration, vascular complications, non-hypoglycaemic adverse events, and baseline quality of life. Better quality of life 
among the low frequency group or the increased/stable change group is depicted with an upward (▲), while lower quality of life is depicted 
with a downward arrow (▼); near-zero effects are depicted with a dash (▬); solid and outlined symbols indicate significant and non-significant 
effects, respectively. 
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Table 20. Covariate-Adjusted Impacts on the SF-36 MCS (n = 3,488) 

SF-36 MCS and Subscales 
 Level 1 Hypoglycemia   Level 2 Hypoglycemia  Level 3 Hypoglycemia 

          F      p      g Dir.       F      p      g Dir.     F    p    g Dir. 

  
Frequency (Reference: Low) 

SF-36 Mental Component  1.0 .310 0.08  3.3 .068 0.05   1.9 .171 0.31 

     Vitality  <1.0 .816 0.02  1.1 .288 ≤0.01 ▬  2.4 .123 0.17 

     Social Functioning  <1.0 .391 0.05  8.3 .004 0.07 ▼  2.7 .101 0.32 

     Emotional Role Limitations  <1.0 .481 0.05  3.5 .061 0.03  <1.0 .781 0.25 

     Mental Health  4.5 .034 0.04 ▲  <1.0 .724 0.08  <1.0 .710 ≤0.01 ▬

  
Change (Reference: Decreased) 

SF-36 Mental Component  <1.0 .783 0.03  4.0 .045 0.08 ▼  <1.0 .562 0.44 

     Vitality  <1.0 .793 0.02  3.2 .074 0.06   <1.0 .540 0.14 

     Social Functioning  1.3 .254 0.03  4.9 .027 0.07 ▼  <1.0 .500 0.36 

     Emotional Role Limitations  <1.0 .363 ≤0.01 ▬  6.2 .013 0.06 ▼  1.2 .266 0.47 

     Mental Health  <1.0 .770 0.05  2.3 .126 0.10   <1.0 .912 0.02 

Abbreviations: Dir. Direction; MCS; Mental Component Scale; SF-36, Short Form 36-item health status instrument.  

Note: Frequency and change in hypoglycaemia predicted end-of-trial outcomes in an ANCOVA model controlling for age, gender, race, HbA1c, 
cholesterol, diabetes duration, vascular complications, non-hypoglycaemic adverse events, and baseline quality of life. Better quality of life 
among the low frequency group or the increased/stable change group is depicted with an upward (▲), while lower quality of life is depicted 
with a downward arrow (▼); near-zero effects are depicted with a dash (▬); solid and outlined symbols indicate significant and non-significant 
effects, respectively. 
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Table 21. Covariate-Adjusted Impacts on the DPM (n = 1,919) 

DPM Subscales and Items 
 Level 1 Hypoglycemia   Level 2 Hypoglycemia  Level 3 Hypoglycemia 

          F      p      g Dir.       F      p      g Dir.     F    p    g Dir. 

  
Frequency (Reference: Low) 

DPM Total  3.1 .076 0.07  8.3 .004 0.12 ▼  1.0 .309 0.31 

     Life Productivity  3.0 .086 0.03  14.2 <.001 0.18 ▼  <1.0 .998 0.35 

     Work Productivity  5.5 .019 0.07 ▲  8.3 .004 0.10 ▼  <1.0 .560 0.40 

     Short-Term Goals  2.7 .103 0.08  6.9 .009 0.10 ▼  2.8 .097 0.28 

     Long-Term Goals  2.3 .131 0.07  2.9 .088 0.08  <1.0 .349 0.11 

  
Change (Reference: Decreased) 

DPM Total  <1.0 .668 0.02  4.4 .037 0.06 ▲  <1.0 .750 0.37 

     Life Productivity  <1.0 .494 ≤0.01 ▬  2.0 .153 0.05  1.1 .305 0.64 

     Work Productivity  1.1 .299 ≤0.01 ▬  <1.0 .378 0.04  1.9 .168 0.58 

     Short-Term Goals  <1.0 .963 0.02  2.4 .120 0.06  <1.0 .480 0.14 

     Long-Term Goals  <1.0 .915 0.03  4.3 .037 0.08 ▲  <1.0 .696 0.04 

Abbreviations: Dir. Direction; DPM; Diabetes Productivity Measure.  

Note: Frequency and change in hypoglycaemia predicted end-of-trial outcomes in an ANCOVA model controlling for age, gender, race, HbA1c, 
cholesterol, diabetes duration, vascular complications, non-hypoglycaemic adverse events, and baseline quality of life. Better quality of life 
among the low frequency group or the increased/stable change group is depicted with an upward (▲), while lower quality of life is depicted 
with a downward arrow (▼); near-zero effects are depicted with a dash (▬); solid and outlined symbols indicate significant and non-significant 
effects, respectively. 
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Table 22. Sample Characteristics for the Qualitative Survey 

Demographics 
% or  

M (SD) 
Medical History 

% or  
M (SD) 

Gender  Diabetes Duration (Years) 14 (9) 

     Women 55 % Glucose Monitoring  

     Men 45 %      Finger Prick 79 % 

Age (Years) a 58 (12)      CGM 25 % 

     Women 54 (13)      Flash 9 % 

     Men 63 (11)      Urine 1 % 

Education  Self-Management  

     Primary 6 %      Diet + Exercise 61 % 

     Secondary 60 %      Oral + Insulin 43 % 

     Undergraduate 21 %      Oral only 35 % 

     Graduate 13 %      Insulin only 16 % 

Income Bracket       Other 6 % 

     Lower 38 % Hypoglycaemia  

     Middle 44 %      Self-treated 66 % 

     Upper 7 %      Severe 6 % 

     Decline to State 6 %      Hospitalised 3 % 

Note: CGM; Continuous Glucose Monitoring. Percentages are based on the total 
sample (n = 71). Incomes were compared to country-specific inflation-adjusted 
income brackets (Kochhar, 2017). Participants could select more than one option for 
glucose monitoring and self-management. Hypoglycaemia reflects the percentage 
of the sample who experienced at least one episode in the last 12 months. 
a Men were significantly older than women, t (67) = 2.8, p = .006, d = 0.69  
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ABSTRACT 

Aim: To examine the impacts of hypoglycaemia on quality-of-life related 

outcomes in adults with type 2 diabetes, differentiating by episode 

severity, frequency, and change over time. Method: Data for 7219 

participants from 23 clinical trials were examined using mega-analysis. 

Analysis of covariance controlled for demographics, clinical factors, and 

baseline quality of life. Hypoglycaemic severity was categorised as level 1 

(glucose 3.9–3.0 mmol/L), level 2 (glucose<3.0 mmol/L), or level 3 

(assistance required). Hypoglycaemic frequency and change for each 

level were entered as predictors. End-of-trial scores for the EuroQol 5-

Dimension (EQ-5D) and Short Form 36-item (SF-36) instruments, and the 

Diabetes Productivity Measure (DPM), were entered as outcomes. 

Results: Covariate-adjusted results for scale totals showed level 2 

hypoglycaemia was associated with reduced perceptions of physical 

health on the SF-36 (p<.001, g=0.15) and declines in productivity on the 

DPM (p=.004, g=0.12). Those experiencing level 3 events (10%) had 

reduced perceptions of general health on the EQ-5D (p<.001, g=0.56). A 

decrease in level 2 episodes was associated with increased perceptions 

of mental health on the SF-36 (p=.045, g=0.08), but reduced productivity 

on the DPM (p=.037, g=0.06). For level 1 hypoglycaemia, neither 

frequency nor change were associated with changes in EQ-5D, SF-36, or 

DPM totals. Conclusions: Mega-analysis revealed negative impacts on 

physical and psychological quality of life in adults with type 2 diabetes 

experiencing level 2 and level 3 hypoglycaemia. A decrease in level 2 

episodes resulted in positive and negative effects. Differences between 

subscales, however, paint a complicated picture of hypoglycaemia and its 

impacts. 
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INTRODUCTION 

Hypoglycaemia is the most frequent adverse event experienced by 

people using sulfonylureas or insulin to self-manage diabetes (Klein-

Schwartz et al., 2016). Among adults with type 2 diabetes, 30% of 

sulfonylurea users and 50% of insulin users report one or more episodes 

of hypoglycaemia per year (Edridge et al., 2015). Negative consequences 

associated with these episodes can be far reaching, including emotional 

distress (Kalra et al., 2018), poorer physical health (Lake et al., 2019) and 

lower quality of life (Rossi et al., 2019; Green et al., 2012). 

Knowledge about how hypoglycaemia impacts quality of life (QoL) 

comes predominately from studies using the EuroQol 5-Dimension (EQ-

5D; EuroQol Research Foundation, 2019) and Short Form 36-item (SF-36; 

Ware et al., 2000) health status instruments. Systematic reviews of 

longitudinal evidence support a directional link between hypoglycaemia 

in adults with type 2 diabetes and later declines in health status on both 

the EQ-5D and SF-36 (Matlock et al., 2022; Zhang et al., 2010). However, 

studies in these reviews have several limitations. First, most studies lack 

reporting for effect sizes and other information necessary for meta-

analysis. Second, studies focus almost exclusively on scale totals, rarely 

reporting results for subscales. Third, in many studies analyses are not 

adjusted for covariates, and no studies have examined the impact of 

hypoglycaemia severity, frequency, or pattern of change within the same 

model.  

Mega-analysis is a new analytic approach involving secondary 

analysis of individual-level data pooled across multiple studies. It has the 

potential to address the limitations above, and for this reason promises 

to equal meta-analysis as the gold standard for quantitative research 
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(Eisenhauer, 2021). To date, no mega-analysis has investigated the 

impact of hypoglycaemia on QoL-related outcomes in adults with type 2 

diabetes. Therefore, the aim of this study was to conduct a mega-analysis 

of clinical trials examining the longitudinal impacts of hypoglycaemia on 

QoL, differentiating by episode frequency, severity and change over time. 

METHOD 

Sources and Selection of Data 

Three pharmaceutical and two medical device companies provided 

data from 98 published and unpublished clinical trials representing more 

than 60,000 participants with diabetes. Prior to analysis, data were 

pooled, anonymised, and harmonised by independent bioinformatics 

specialists. Participants were included in the present study if they were 

adults (18+ years old) with type 2 diabetes who had response data at two 

or more timepoints for validated person-reported outcome (PRO) 

measure(s) related to QoL. PROs were required to assess either perceived 

health or facet(s) in the physical, psychological, social, or environmental 

domains of QoL defined by the World Health Organisation (1996) across 

a minimum of two trials.  

Definitions for Hypoglycaemia 

Severity of hypoglycaemia was defined following International 

Hypoglycaemia Study Group (2017) guidelines. Self-treated episodes 

with glucose readings of 3.0–3.9 mmol/L were defined as level 1, and 

those with readings <3.0 mmol/L were defined as level 2. Regardless of 

glucose reading, severe events requiring assistance were defined as level 

3. To allow for comparisons between trials of different lengths, 
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hypoglycaemic frequencies were standardised to reflect number of 

episodes per year. Timing information for inventions was unavailable in 

the pooled dataset, so change scores were calculated by subtracting the 

number of standardised episodes occurring in the first half of the trial 

(midpoint inclusive) from the number in the second half.  

Frequency and change scores were also dichotomised to manage 

positive skew, simplify interpretation, and allow for testing of interaction 

effects. A clinically meaningful cut-off based on estimated time in range 

(Gabbay et al., 2020) and time to recovery (Chandran et al., 2018) was 

explored for frequency of level 1 and 2 hypoglycaemia, but fewer than 1% 

of cases exceeded recommendations. Consequently, a median split was 

used to maximise statistical power, with above-median frequencies for 

level 1 and 2 episodes categorised as high, and those falling at or below 

categorised as low. Given the clinically meaningful mortality risk for 

severe events (Bloomfield et al., 2012), level 3 hypoglycaemia was 

categorised as yes if one or more events occurred and no if zero events 

occurred. Finally, for all severity levels, negative change scores were 

categorised as decreased, and scores at or above zero were categorised as 

increased/stable. 

Measures Related to Quality of Life 

Three PROs related to QoL were identified. Two PROs assessed 

health status: the EQ-5D and SF-36. The EQ-5D is a brief assessment 

comprised of four items in the physical domain (self-care, mobility, usual 

activities, and pain/discomfort) and one in the psychological domain 

(anxiety/depression). The EQ-5D-3L and EQ-5D-5L offer response 

options with three and five levels, respectively. As both contain 

equivalent items, responses were converted to a three-level format using 
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cut-offs reported by van Hout et al. (2012) to maintain consistency. Due 

to missing valueset data, an unweighted summary score was calculated 

following recommendations from Prieto and Sacristán (2004). The EQ-

5D also offers a VAS (Visual Analogue Scale) item for perceived health 

rated from 0 (worst imaginable) to 100 (best imaginable).  

The SF-36 is a comparatively broader assessment of physical, 

psychological, and social domains of QoL, consisting of a 21-item Physical 

Component Scale (PCS) comprised of four subscales (Physical 

Functioning, Physical Role Limitations, Bodily Pain, and General Health) 

and a 14-item Mental Component Scale (MCS) also comprised of four 

subscales (Vitality, Social Functioning, Emotional Role Limitations, 

Mental Health). Like the EQ-5D, unweighted summary scores were 

computed for the PCS and MCS (see Woodcock et al., 2001).  

The third PRO, the Diabetes Productivity Measure (DPM), is an 

assessment of diabetes-specific barriers to performance (Brod et al, 

2006). DPM items are largely consistent with SF-36 items in the physical 

domain (e.g., physical limitations) and the psychological domain (e.g., 

fatigue). However, the DPM provides situational assessments using a 9-

item life productivity subscale and a 5-item work productivity subscale. 

Summary scores for both subscales were computed following developer 

guidelines (Brod et al, 2006). The DPM also offers individual items rating 

interference with short-term goals and long-term goals. Finally, an 

unweighted summary score was calculated for all DPM items to allow 

comparisons between PROs. 

To simply interpretation and facilitate comparisons within and 

between measures, responses were standardised across PROs to fit a 

common scale ranging from 0 to 100, with higher values indicating better 

QoL. Intervals between measurements varied broadly in the pooled 



 

 

– 250 – 
 

dataset, and timing information for baselines was unavailable. Therefore, 

to allow for longitudinal analysis while maximising the number of valid 

trials, calculation of PRO scores was restricted to two time points: the 

earliest point in the trial, defined as baseline QoL, and the latest point, 

defined as end-of-trial QoL. 

Analysis 

Associations between end-of-trial QoL and continuous measures of 

hypoglycaemia (frequency and change in episode number) were 

evaluated using Pearson’s correlations. Impacts for dichotomous 

measures of hypoglycaemia were examined using analysis of covariance 

(ANCOVA) with end-of-trial QoL entered as the dependent variable. 

ANCOVA models controlled for (a) demographics, including age (years), 

gender (women vs. men), and race (non-white vs. white); (b) clinical 

factors, including trial-length means for HbA1c (mmol/mol) and low-

density lipoprotein (LDL) cholesterol (mmol/L), diabetes duration 

(years), and vascular complications due to nephropathy, retinopathy, 

neuropathy, or coronary artery disease (yes vs. no); (c) within-trial non-

hypoglycaemic adverse events (yes vs. no); and (d) baseline QoL, which 

allowed end-of-trial outcomes to be interpreted as change scores (Dalecki 

& Willits, 1991).  

Dichotomised variables for frequency and change in level 1–3 

hypoglycaemia were entered as predictors in the ANCOVA model. 

Frequency-by-change interactions were also examined for level 1 and 2 

hypoglycaemia. Significant interactions were subjected to simple effects 

tests using errors terms from the full model (Keppel, 2001), while non-

significant interaction terms were dropped. Following calculations 

described by Lakens (2013), effect sizes for unbiased Hedges' g were 
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computed using unadjusted means and interpreted based on whether 

values were nearer to 0.2 (small), 0.5 (medium), or 0.8 (large). All 

analyses were carried out in R using base packages (R Core Team, 2020), 

except ANCOVAs which used the car package (Fox & Weisberg, 2019) 

with Type III Sums of Squares. 

RESULTS 

Sample Characteristics 

In total, 23 clinical trials fulfilled inclusion criteria. Trials lasted 6 

to 40 months (Mdn = 15) and exclusively tested glucose-lowering 

interventions, a majority of which were insulin-based (58%). The EQ-5D 

was used alone in 8 trials, the DPM and SF-36 were used together in 11 

trials, and the SF-36 was used alone in 4 trials.  

Pooled data represented 7219 adults with type 2 diabetes from 33 

countries in North and South America, Eastern and Western Europe, and 

Asia. Participants were predominantly older white adults evenly divided 

by gender. Most participants (89%) had low-density lipoprotein (LDL) 

cholesterol below 3.4 mmol/L, falling in the range recommended for 

healthy adults (Institute for Quality and Efficiency in Health Care, 2017). 

Likewise, a majority (77%) had HbA1c below 63.9 mmol/mol (8.0%), 

meeting recommendations for glycaemic control (Lipska et al., 2013). 

Mean incidence for any hypoglycaemia was 19.8 episodes per year, 

matching global estimates (Edridge et al., 2015). Sample characteristics 

are summarised in Table 1, and the incidence of hypoglycaemia is listed 

by severity in Table 2.  
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Correlations Between Hypoglycaemia and Quality of Life 

Frequency of hypoglycaemia 

Correlations between number of hypoglycaemic episodes and QoL-

related outcomes were small (rs≤.13; see Supplemental Table S1). Level 

1 hypoglycaemia was not significantly correlated with outcomes on the 

EQ-5D or the SF-36 PCS apart from lower ratings on the general health 

subscale. More episodes were correlated with higher QoL on the SF-36 

MCS and all subscales (except vitality), and higher QoL for DPM totals and 

the work productivity subscale. For level 2 hypoglycaemia, more 

episodes correlated with lower QoL for EQ-5D totals and the mobility and 

anxiety/depression items, lower QoL on the SF-36 PCS and all subscales 

(except general health), lower QoL on the SF-36 MCS social functioning 

subscale only, and lower QoL for DPM totals and all subscales (except 

work productivity). Finally, level 3 events correlated with lower QoL on 

all EQ-5D and SF-36 PCS outcomes, lower QoL on the SF-36 MCS and the 

social functioning and emotional limitations subscales, and lower QoL on 

the DPM life and work productivity subscales. 

Change in hypoglycaemia 

Correlations between change in hypoglycaemia and QoL-related 

outcomes were very small (rs≤.06; see Supplemental Table S2). 

Decreases in level 1 hypoglycaemia were correlated with significantly 

higher EQ-5D VAS ratings of perceived health, higher QoL on the SF-36 

PCS and all subscales (except bodily pain and general health), and higher 

QoL on the SF-36 MCS and the social functioning subscale. Deceases in 

level 2 hypoglycaemia were correlated with higher EQ-5D VAS ratings, 

higher QoL on the SF-36 PCS and all subscales (except general health), 
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and higher QoL on the SF-36 MCS and the social functioning and 

emotional limitation subscales. A decrease in level 3 events was 

significantly correlated with lower QoL on the EQ-5D mobility item only. 

Change in level 1–3 hypoglycaemia was not significantly correlated with 

DPM outcomes. 

Frequency of Hypoglycaemia and Its Impacts 

Regarding impacts for frequency of hypoglycaemia, results from 

covariate-adjusted ANCOVA models (Table 3) revealed QoL was 

consistently lower for most EQ-5D items among those experiencing a 

high frequency of episodes. More frequent level 1 hypoglycaemia 

predicted small but significant declines on the self-care and mobility 

items. Frequent level 2 hypoglycaemia, meanwhile, predicted significant, 

small reductions in QoL for the usual activities and anxiety/depression 

items. The occurrence of level 3 events predicted moderate declines in 

EQ-5D totals and reduced QoL on all items apart from self-care.  

For the SF-36, ANCOVAs revealed no significant associations 

between level 1 episodes and scores on the PCS or its subscales. Frequent 

level 2 hypoglycaemia, however, predicted significant, small declines in 

QoL on the PCS and the physical limitations and bodily pain subscales. For 

the MCS, frequent level 1 hypoglycaemia predicted very small but 

significant increases on the mental health subscale, while frequent level 

2 hypoglycaemia predicted significant reductions on the social 

functioning subscale. Level 3 events were not associated with outcomes 

on the PCS or MCS. 

Lastly, ANCOVA results for the DPM indicated frequent level 1 

hypoglycaemia predicted significant increases on the work productivity 

subscale, though this effect was very small. Frequent level 2 
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hypoglycaemia predicted significant, small declines in DPM totals and 

reduced QoL on all subscales and items apart from long-term goals. 

Despite moderately sized effects, level 3 events were not significantly 

associated with DPM totals, subscales, or items. Figure 1 displays 

differences in summary scores for all PROs by episode severity and 

frequency. 

Change in Hypoglycaemia and Its Impacts 

Regarding impacts for change in hypoglycaemia over time, results 

for ANCOVAs (Table 4) revealed that compared to the increased/stable 

group, those who experienced a decrease in level 1 hypoglycaemia had 

significantly reduced QoL on the EQ-5D self-care item only, though the 

size of the effect was very small. Changes in level 2 hypoglycaemia were 

not significantly associated with any EQ-5D outcomes, but a decrease in 

level 3 events predicted significant, small reductions in QoL for the 

pain/discomfort item.  

For the SF-36, ANCOVAs showed no significant associations 

between the PCS or its subscales and changes in level 1 or 2 

hypoglycaemia. Likewise, changes in level 1 episodes were not associated 

with the MCS or its subscales. The only significant effects observed were 

for a decrease in level 2 hypoglycaemia which predicted very small but 

significant increases on the MCS and improvements in QoL for the social 

functioning and emotional limitations subscales. Despite several 

moderate and large effect sizes, changes in level 3 events were not 

significantly associated with outcomes on the PCS or MCS. 

Lastly, covariate-adjusted ANCOVAs demonstrated that, regardless 

of severity level, changes in hypoglycaemia were not significantly 

associated with any DPM outcomes. However, a decrease in level 2 
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episodes did predict significant, but very small, declines in DPM totals and 

greater interference with long-term goals. Figure 2 displays differences 

in summary scores for all PROs by episode severity and change. 

Frequency-by-Change Interactions and Quality of Life 

For level 1 and 2 episodes, 2x2 interactions between frequency 

(high vs. low) and change (increased/stable vs. decreased) in 

hypoglycaemia were explored. ANCOVA models revealed no significant 

interactions for level 1 hypoglycaemia on any PRO. For level 2 

hypoglycaemia, interactions were significant for two outcomes. 

First, there was a significant frequency-by-change interaction for 

level 2 hypoglycaemia on the EQ-5D pain/discomfort item (Supplemental 

Figure S1a), F(1,2271)=5.7, p=.017. A residual-corrected simple effects 

test for high frequency hypoglycaemia revealed very small but significant 

increases in discomfort among those with decreasing episodes compared 

to the increased/stable group, F(1,2271)=4.5, p=.035, g=0.04. Simple 

effects for low frequency hypoglycaemia revealed the opposite, showing 

small improvements in pain/discomfort for the decreased group, 

F(1,2271)=4.5, p=.048, g=0.13.  

Second, there was a significant frequency-by-change interaction for 

level 2 hypoglycaemia on the SF-36 physical functioning subscale 

(Supplemental Figure S1b), F(1,3498)=9.1, p=.003. Simple effects for high 

frequency hypoglycaemia revealed no significant differences in physical 

functioning between the decreased and increased/stable groups, 

F(1,3498)=2.6, p=.107, g=0.14. In contrast, simple effects for low 

frequency hypoglycaemia showed small but significant declines in 

physical functioning for the decreased group, F(1,3498)=4.9, p=.027, 

g=0.14). 
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DISCUSSION 

Individual-level data from 23 clinical trials were pooled and 

subjected to mega-analysis. Findings demonstrated that, for adults with 

type 2 diabetes, hypoglycaemia negatively impacted physical and mental 

health and interfered with productivity at work and in daily life. Impacts 

varied broadly, however, depending upon frequency, severity, and 

pattern of change for hypoglycaemia. Covariate-adjusted analyses 

revealed that the frequency of level 1 hypoglycaemia had little impact on 

QoL-related outcomes, producing effects which were small and generally 

non-significant. Across 22 outcomes, the only significant impacts 

observed were declines in self-care and mobility, and very small 

improvements in perceived mental health and work productivity. 

Although seemingly counter-intuitive, previous studies have reported 

minor improvements in mental health following self-treated episodes 

(Nicolucci et al., 2011). One explanation for this finding is that more 

frequent self-treated hypoglycaemia may reflect greater time in range 

(Hermayer et al., 2009), which is associated with improved daily mood 

(Polonsky et al., 2020). Thus, increases in mental health and productivity 

at work may be partially explained by positive mood states arising from 

more optimal glycaemic control. 

More frequent level 2 hypoglycaemia, meanwhile, demonstrated 

consistently negative albeit small impacts on QoL. Frequent episodes 

predicted significant declines in both the physical and psychological 

domains, including reduced perceptions of physical health, greater pain 

physical limitations, more interference with usual activities, and 

increased symptoms of anxiety or depression. Reductions in productivity 

were also observed in daily life, at work, and when pursuing short-term 
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goals. Considered together, negative impacts for level 1 and 2 

hypoglycaemia paralleled those reported elsewhere for self-treated 

episodes (Matlock et al., 2022; Rossi et al., 2019; Orozco-Beltrán et al., 

2018). However, disparate results suggest that conceptualising self-

treated hypoglycaemia as a single homogenous category may overlook 

differences in how level 1 and 2 episodes impact daily life. Furthermore, 

while EQ-5D and SF-36 MCS summary scores were not affected by self-

treated episodes—consistent with findings reported in other longitudinal 

studies (Matlock et al., 2022)—significant impacts were observed for 

items and subscales on both instruments. Thus, studies relying 

exclusively on summary scores may inadvertently disregard impacts on 

specific facets of QoL (e.g., declines in social functioning on the SF-36). 

The occurrence of level 3 hypoglycaemia had several negative 

impacts on QoL, including moderate declines in overall health status, 

reduced mobility, increased discomfort, greater interference with usual 

activities, and increased symptoms of anxiety or depression. However, 

these impacts were only found in clinical trials using the EQ-5D; similar 

trends were observed for the SF-36, but none of these impacts reached 

statistical significance. Given similarities in effect sizes, this lack of 

significance may be attributable to differences in the prevalence of level 

3 events, which affected five times as many participants in EQ-5D trials 

compared to other PROs. Another possibility is that these results reflect 

genuine differences in effects, as evidence from longitudinal studies has 

been largely consistent for the EQ-5D but mixed for the SF-36 (Matlock et 

al., 2022; Zhang et al., 2010). 

Regarding change in hypoglycaemia over time, the only significant 

impact observed for level 1 hypoglycaemia was a very small decline in 

self-care for those experiencing a decrease in episodes compared to those 
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who remained stable or increased. Similarly, a decrease in level 2 

episodes was linked to very small declines in overall productivity and 

greater interference with long-term goals. One explanation for these 

counter-intuitive findings may be that fewer self-treated episodes reflect 

less optimal glycaemic control (Hermayer et al., 2009), which is 

associated with reduced self-care (Sousa et al., 2005) and more negative 

moods (Polonsky et al., 2020). Decreases in level 2 episodes had several 

impacts in the expected direction as well, including very small increases 

in perceived mental health, reductions in emotional limitations, and 

improvements in social functioning. The latter is of particular 

importance, as complimentary impacts for hypoglycaemic frequency and 

change suggest a dose-dependent response for social functioning, 

offering greater evidence of causality (Hill, 1965).  

A decrease in level 3 events, meanwhile, trended toward moderate-

to-large reductions in QoL on most outcomes—though effects were 

almost universally non-significant. A small rise in discomfort following a 

decrease in level 3 hypoglycaemia was the only significant effect 

observed. This lack of significance may be due to the low prevalence of 

severe events in the sample (4%), while the unexpected direction of these 

effects may be attributable to study interventions, as increases in severe 

events can occur as a side-effect of strictly tightened glycaemic control 

(Hemmingsen et al., 2013), which is associated with higher QoL (Gerich, 

2005). 

Finally, frequency-by-change interactions were explored for level 1 

and 2 hypoglycaemia. Generally speaking, interactions were non-

significant, suggesting frequency and change operated independently in 

most cases. There were two exceptions, however, for level 2 

hypoglycaemia. Simple effects tests revealed opposing relationships for 



 

 

– 259 – 
 

the discomfort item on the EQ-5D, with decreased hypoglycaemia leading 

to small increases in discomfort for those experiencing frequent 

hypoglycaemia, but small reductions in discomfort for those in the low 

frequency group. An interaction was also observed for the physical 

functioning subscale on the SF-36, with simple effects indicating that a 

decrease in hypoglycaemia led to small declines in physical functioning, 

but only among the low frequency group. Nevertheless, few studies have 

examined change in hypoglycaemia over time, and none have explored 

frequency-by-change interactions, so further research is needed to 

confirm these effects. 

Limitations and Strengths 

This study had several limitations. First, completeness and clarity 

of data varied across clinical trials, and information about treatment 

regimen, glucose monitoring, and timing of baselines and interventions 

was not available. Thus, omissions and assumptions required to manage 

unclear or missing information may have biased results. Second, 

harmonised variables often could not be used because prevalence was 

low. For example, hyperglycaemia (glucose>13.9 mmol/L; Inzucchi, 

2006) was excluded as a covariate because it affected too few participants 

(n<5). Third, statistical models could not control for interventions 

because trials were exclusively single-arm and interventions were 

homogenous by outcome (e.g., DPM trials tested only insulin-based 

treatments). This study had several strengths as well. First and foremost 

was the use of mega-analysis, which provided evidence comparable in 

quality to meta-analysis (Eisenhauer, 2021). Pooling of data also created 

a large, internationally representative sample. Finally, this first-of-its-

kind analysis not only examined severity, frequency, and change in 
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hypoglycaemia within the same model, but also explored frequency-by-

change interactions. 

Recommendations for Future Research 

Characteristics of data provided by private healthcare companies 

suggested four directions for future research. First, the prevalence of any 

hypoglycaemia was double that expected for insulin users (c.f., Edridge et 

al., 2015), and LDL cholesterol and HbA1c levels indicated participants 

were generally healthy with adequate glycaemic control. Accordingly, 

future research may benefit from selecting participants more reflective 

of the diverse experiences of adults with type 2 diabetes. Second, 

frequencies and changes for level 1–3 hypoglycaemia were variously 

associated with minor gains in comfort level, self-care, mental health, and 

productivity. These unexpected results may be attributable to confounds 

arising from glycaemic control, but confirmatory research is needed to 

verify this hypothesis. Third, information concerning the timing of 

hypoglycaemic events, study interventions, and QoL assessments was 

lacking. Statistical power was also reduced by the low prevalence of 

severe events. Future studies involving momentary ecological 

assessment using continuous glucose monitoring may boost accuracy and 

improve modelling of impacts over time (Ehrmann et al., 2020), 

particularly those purposively sampling participants with a history of 

severe hypoglycaemia.  

Finally, covariate-adjusted models demonstrated that 

hypoglycaemic impacts varied by severity level, and that EQ-5D and SF-

36 summary scores were not always consistent with impacts on 

individual subscales. Furthermore, pooling of published and unpublished 

data provided an opportunity to investigate publication bias; no evidence 
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of bias was found, however, as only three QoL-related PROs were 

identified and these matched those reported in published research on 

type 1 (Rossi et al., 2019; Davis et al., 2005) and type 2 diabetes (Matlock 

et al., 2022; Zhang et al., 2010). Together, findings indicate that studies 

investigating a wider range of QoL-related outcomes in the physical and 

psychological domains—and especially the social and environmental 

domains—are sorely needed, especially those differentiating between 

level 1 and 2 hypoglycaemia. 

Conclusions 

Mega-analysis demonstrated that, in adults with type 2 diabetes, 

hypoglycaemia negatively impacted physical health, mental health, and 

productivity—results which broadly paralleled previous research. 

Regarding episode frequency, covariate-adjusted analyses revealed that 

self-treated (level 1 and 2) hypoglycaemia negatively impacted (a) 

several facets of QoL in the physical domain, including self-care, mobility, 

usual activities, physical limitations, and bodily pain; (b) symptoms of 

anxiety or depression; (c) productivity in daily life, at work, and when 

pursuing short-term goals; and (d) social functioning. Severe (level 3) 

events, meanwhile, negatively impacted overall health status. Regarding 

change in hypoglycaemia, a decrease in self-treated episodes led to 

increased mental health, fewer emotional limitations, and improved 

social functioning. Finally, significant frequency-by-change interactions 

for the EQ-5D discomfort item and the SF-36 physical functioning 

subscale indicate that frequency and change in hypoglycaemia do not 

always operate as independent effects. 
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ABSTRACT 

Aim: To explore how hypoglycaemia impacts quality of life in adults with 

type 2 diabetes. Method: Seventy-one adults with type 2 diabetes from 

Denmark, Germany, the Netherlands, and the UK completed an online, 

open-ended, qualitative survey. Responses were subjected to thematic 

analysis. Results: Participants described life areas important for quality of 

life across four domains: physical (e.g., everyday functioning), 

psychological (e.g., mood and well-being), social (e.g., family 

relationships), and environmental (e.g., opportunities for driving and 

leisure). Regarding the impacts of hypoglycaemia, three key themes 

emerged. First, participants experienced six types of impacts: self-

management responsibilities; restricted performance; emotional 

difficulties; and physical, cognitive, and social consequences. Second, 

each impact type was experienced in all four domains.   Third, 

psychological factors were typically discussed in relation to impacts on 

other domains (e.g., low mood as a source of relationship strain) rather 

than as important life areas in and of themselves. Conclusions: These 

findings suggest a diverse range of hypoglycaemic impacts are 

experienced across the physical, psychological, social, and environmental 

domains of quality of life. Furthermore, impacts on the psychological 

domain may be underestimated if psychological factors are not 

considered within the context of how they impact other quality-of-life 

domains. 

 

 

 

 



 

 

– 282 – 
 

INTRODUCTION 

Diabetes now represents a global health crisis (International 

Diabetes Federation, 2019; Ginter & Simko, 2013). In 2019, the 

prevalence of diabetes was estimated at 9.3% of the world’s population 

or 460 million people (International Diabetes Federation, 2019). By 

2030, this prevalence is project to rise to 10.2% or 580 million people—

more than 90% of whom are expected to have type 2 diabetes 

(International Diabetes Federation, 2019). And while glucose self-

management is helpful for preventing or delaying diabetes-related 

complications (Holt et al., 2017), glucose-lowering medications, 

particularly insulin, carry an increased risk for hypoglycaemic episodes 

as an unwanted and unpleasant side-effect (Heller et al. 2020; Gangji et 

al., 2017). Indeed, hypoglycaemia is common among people with type 2 

diabetes, with an estimated 62% of adults reporting at least one episode 

in the past 12 months (Ratzki-Leewing et al., 2018). The growing number 

of people with type 2 diabetes, coupled with the high prevalence of 

hypoglycaemia in this population, makes understanding hypoglycaemia 

and the full scope of its impacts on daily life increasingly important. 

The World Health Organisation (WHO; 1996) describes quality of 

life as a multi-faceted, subjective evaluation of a person’s physical health, 

psychological state, social relationships, and interactions with the 

environment. Systematic reviews examining hypoglycaemic impacts, 

however, reveal that quality of life is frequently measured using health 

status questionnaires that offer relatively narrow assessments of 

physical and mental health and impose strict definitions on what 

constitutes quality of life (Matlock et al., 2022; Hendrieckx et al., 2019; 

Zhang et al., 2010). Moreover, impact studies typically focus on direct 
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impacts, rather than the subjective experience of living with and 

managing hypoglycaemia, and rarely report on cultural differences. 

Therefore, the aim of this study was to investigate the impacts of 

hypoglycaemia by developing a broad, person-centred account of quality 

of life using an open-ended, cross-cultural, qualitative design. Specific 

goals were to (a) determine which life areas are important for quality of 

life in adults with type 2 diabetes, and (b) explore if and how these areas 

are impacted by hypoglycaemia. 

METHOD 

Recruitment 

Ethics approval was obtained locally in each of the target countries: 

Denmark, Germany, the Netherlands, and the UK. Diabetes organisations, 

clinics, and social media accounts were asked to circulate language-

specific advertisements among potentially eligible participants in each 

country. Participants were eligible for inclusion if they (a) had type 2 

diabetes, (b) were adults aged 18 or older, and (c) resided in one of the 

four target countries. Surveys were implemented and distributed using 

REDCap, an internet-based survey tool (Harris et al., 2009). 

Survey Design 

An open-ended, cross-sectional, qualitative survey was developed 

for online distribution to allow easy access in multiple countries. 

Following informed consent and eligibility screening, participants 

completed demographic items assessing gender, age, education, and 

income. Frequency of hypoglycaemia in the last 12 months was measured 

using the Hypoglycaemia Awareness Questionnaire (HypoA-Q; Speight et 
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al., 2016). Self-treated and severe hypoglycaemia were assessed by 

asking how often a participant had symptoms and was either able or 

unable to self-treat, respectively. Responses options for these items were: 

“Never”, "Once or twice", "Three or four times", "About once or twice a 

month", "About once a week", and "More than once a week". Impaired 

awareness of hypoglycaemia was assessed using the Gold method (Gold 

et al., 1994), wherein participants responded to the question “do you 

know when your hypos are commencing?” on a scale from 1 (always 

aware) to 7 (never aware). 

Next, participants were asked to think about their quality of life 

before typing a “label for an area of life that is important to you” and 

describing “the ways in which hypoglycaemia affects this aspect of my 

life”. Participants were given the option of completing this pair of open-

ended questions up to seven times. Initially, no imagery or examples were 

provided to avoid priming effects. However, pilot testing indicated 

respondents had difficulty naming life areas, so two visual “wheel of life” 

prompts were added along with examples relevant for adults with type 2 

diabetes (Figure 1). At the close of the survey, participants were asked 

about their diabetes duration, methods of glucose monitoring, and 

preferred self-management strategies.  

Translation 

Surveys were developed in English and translated into Danish, 

Dutch, and German. Translations followed the ten-step process outlined 

by Wild et al. (2005), wherein surveys were forward translated by two 

native speakers, and then back-translated into English by a third 

translator to check accuracy. Disagreements between translators were 

resolved by consensus. The survey was also pilot tested with clinicians 



 

 

– 285 – 
 

and using patient and public involvement (PPI) to ensure question 

accuracy, relevance, and accessibility. Open-ended responses given in 

Danish, Dutch, and German were forward translated into English using 

Google Translate to reduce translator burden. Prior to coding, outputs 

from Google Translate were verified against original responses and 

corrected by a native speaker.  

Coding 

After familiarisation with English-translated response data, two 

codebooks were created: one for important life areas and another for 

hypoglycaemic impacts. Initial coding was done using an open-coding 

approach in which codes were added and revised as needed until all 

extracts were analysed (Williams & Moser, 2019). To ensure 

appropriateness and consistency of coding, responses from five 

randomly selected participants per country were independently checked 

by a second reviewer. Afterward, codes were reviewed, formalised, and 

categorised based on conceptual similarity. 

Individual codes were assigned only once to each participant 

regardless of how often a concept was mentioned. No restrictions were 

placed on the number of unique codes assigned to a single participant. 

Frequencies were calculated for individual codes based on the number of 

participants to whom the code applied. Relative usage was determined 

by comparing code frequencies to the minimum and maximum values 

within a given codebook; a usage rank of “High”, “Mid”, or “Low” was 

assigned to frequencies in the upper, middle, and bottom third 

percentiles, respectively.  
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Analysis 

Qualitative data from open-ended responses were analysed using 

the thematic analysis approach outlined by Braun and Clarke (2006). 

Thematic analysis of important life areas was conducted following a 

deductive approach (Hansen, 2014) guided by an existing quality of life 

framework developed by the WHO (1996). In contrast, responses for 

hypoglycaemic impacts were analysed using an inductive approach 

whereby meaning was allowed to develop without interference from pre-

existing assumptions (Hansen, 2014). Lastly, finalised themes were 

compared against the body of data and then reviewed by an independent 

qualitative consultant. 

RESULTS 

Participants 

A sample of 71 adults with type 2 diabetes from Denmark (42%), 

Germany (30%), the Netherlands (21%), and the UK (7%) completed the 

survey. Sample composition across countries was roughly equal with 

respect to gender (55% women). The average age for men (M = 63, SD = 

11) was significantly higher than for women (M = 54; SD = 13), t(67)= 2.8, 

p = .006, d = 0.69. Almost all participants were educated at or above the 

upper secondary level (94%), and many possessed a bachelor’s degree or 

higher (34%). Annual incomes compared against country-specific 

inflation-adjusted income brackets (Kochhar, 2017) revealed that 

participants were of predominately middle (44%) and lower (38%) 

socioeconomic status. 

Nearly all participants had been diagnosed with type 2 diabetes for 

at least one year (96%). Most had been diagnosed for longer, with an 
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average diabetes duration of 14 years (SD = 9). Although a majority 

monitored glucose levels using finger prick (79%), several used other 

methods including continuous glucose monitoring (25%) and flash 

glucose monitoring (9%). Glucose self-management was often done using 

either a combination of insulin injection and oral medication (43%) or 

oral medication alone (35%), though a small percentage relied solely on 

insulin (16%) or non-insulin (6%) injections. A majority reported also 

using diet and exercise to manage glucose levels (61%). With respect to 

hypoglycaemia, most adults had experienced at least one self-treated, 

symptomatic episode in the past 12 months (66%). Half of those with a 

history of self-treated hypoglycaemia experienced an average of one or 

more episodes each month. Severe hypoglycaemia was less common, 

with few participants experiencing a severe event requiring assistance 

(6%) in the past 12 months. Lastly, a sizeable minority were affected by 

impaired awareness of hypoglycaemia (26%) as indicated by Gold scores 

at or above 4 (Geddes et al., 2007). 

Data Saturation and Consistency 

Data saturation was examined following recommendations from 

Guest et al. (2006). Results showed adequate saturation was reached 

before all responses was coded. For life areas, 95% of unique codes were 

identified using only the Danish subsample (42% of participants). 

Hypoglycaemic impact codes required more data, with 87% of unique 

codes identified in the Danish subsample and 100% identified upon 

addition of the German subsample (72% of participants). The addition of 

subsamples from the Netherlands and the UK resulted in few new 

discoveries, and these diminishing returns suggested data saturation was 

adequate. Additionally, responses screened by the independent reviewer 
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demonstrated that the coding scheme had excellent inter-rater 

consistency. Reliability statistics were not interpretable due to perfect 

agreement regarding excludes (Xie, 2013), but agreement was high for 

life area (100%) and impact codes (97%). Inconsistencies were resolved 

by consensus, resulting in the generation of a new impact code: 

“interrupts activity”. Code frequencies and relative usage are listed for life 

areas in Figure 2 and for impacts in Figure 3. 

Thematic Analysis 

Important life areas 

Quality of Life in Four Domains. Participants generated 

descriptions of important life areas consistent with the theme of quality 

of life, as nearly all life area codes (94% by frequency) aligned with a facet 

in one of the four domains of the WHO model of quality of life. Extracts 

for life areas are listed by domain in Table 1. In the physical domain, 

participants discussed physiological needs like sleeping and taking 

medication, along with the ability to function while exercising, working, 

and completing daily activities as important for quality of life. In the 

psychological domain, mood and well-being were deemed especially 

important. Relationships with family and friends were described as 

important areas in the social domain, as was sexual activity. Finally, 

opportunities for leisure and the ability to drive a vehicle were reported 

as particularly important for the environmental domain of quality of life.  

Although codes for “diet”, “alcohol”, “creativity”, and “volunteering” 

did not parallel facets in the WHO model, they did fit within the general 

domain structure. Diet and alcohol use were categorised in the physical 

domain as they represented treatment-related concerns, creativity was 
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categorised in the psychological domain based on evidence linking 

creativity and mental health (Levy et al., 2018; Cropley, 1990), and 

volunteerism was included in the social domain because responses were 

generally geared toward community involvement (e.g., volunteering as a 

member on an "Elderly Council"). 

Impacts of hypoglycaemia 

Many Types of Impacts, Many Negative Experiences. 

Overwhelmingly, responses centred around a theme wherein 

participants described the ways in which hypoglycaemia negatively 

affected their lives. This theme was characterised by six subthemes 

depicting different impact types (Figure 3). The responsibilities imposed 

by self-management strategies aimed at preventing and mitigating 

hypoglycaemia was a common topic, described by one participant as “a 

never ending battle". Participants also reported frustration at having to 

maintain constant alertness, engage in frequent glucose measurement, 

plan excessively, and avoid activities which might trigger hypoglycaemia. 

One participant asserted, “I can never do anything spontaneously, [I 

must] always be prepared", while another summarised self-management 

with the motto, “always measure, always be alert, plan emphatically". 

Difficulties with treatment like “not being fast enough to take glucose”, 

and the need to eat or drink to manage hypoglycaemia by making sure to 

“always have something sweet” on hand or having to “go to restaurants 

and ask for sugar”, were also reported as bothersome. 

Direct physical consequences for hypoglycaemia consisted of feeling 

“sick and unwell” or experiencing “poor sleep”. Specific symptoms like 

"heavy sweating" and feeling “dizzy” were also mentioned. Similarly, 

cognitive consequences included feeling “confused and incoherent”, not 
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thinking “as sharply”, and experiencing “memory loss”. Physical and 

cognitive consequences were not only described as unpleasant but were 

cited as interfering with daily life. As one participant noted, cultural 

outings were less enjoyable because hypoglycaemia caused the “feeling 

of having to faint” and led to “difficulty remembering [to] eating”. 

The occurrence of hypoglycaemia created performance restrictions 

as well. One participant declared “I can't move … as much as I would like 

and very much need to” and another expressed concern over “not always 

[being] physically able to ‘perform’ [sexually]”. Repeated interruptions 

while trying to accomplish goals, feeling “tired during the day”, and 

having “little energy” to complete important tasks were likewise cited as 

troublesome restrictions. Hypoglycaemia was quite debilitating for some, 

with one participant remarking, “When I have had a hypo, you can write 

me off for a number of hours, and I have no choice but to go to sleep.” 

Emotional difficulties surrounding hypoglycaemia, including 

reactions like “irritation”, “impatience”, being “embarrass[ed]” by 

symptoms, and having “strong outbursts of anger”, as well as chronic 

“stress” and “worry”, were listed as negatively impacting daily life. In 

describing these impacts, one participant said simply, “[I am] mentally 

burdened by low blood sugar”. Emotional turmoil was presented as 

leading to negative social consequences as well, with one participant 

explaining, “I am very often in a bad mood … [and] become obnoxious 

when arguing”. Social ties were cited a source of support, with one 

participant affirming, “my family are quick to give me glucose, juice, and 

food, and [to] make me sit or lie down". However, relying on others for 

assistance and feeling obligated to provide explanations about 

hypoglycaemia frequently acted as sources of relationship strain. One 

participant noted, “People don't know what happens to you …. You must 
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always either explain or not respond”. Hypoglycaemia was described as 

a source of worry for others too, with one participant commenting, 

“several times I have scared my colleagues”, and another reporting hiding 

symptoms by being "extra careful so any low blood sugar is captured well 

in advance, so no one notices anything".  

Different People, Different Levels of Severity. A second theme 

concerned the degree to which hypoglycaemia impacted participants’ 

lives. Codes relevant to this theme were less common but still reflected 

responses across the full spectrum of severity. Some participants 

reported feeling “very affected” or that the “influence is high”, while 

others commented that hypoglycaemia “does not have much influence" 

or causes problems “rarely”. The most frequent reply, however, was that 

a participant was “never” affected by hypoglycaemia or that the impact 

was “none”. Nearly half the sample reported at least one life area in which 

the impact of hypoglycaemia was described as none or not applicable. 

Country, gender, and history of hypoglycaemia 

For qualitative comparisons, Guest et al. (2006) recommend 12 

participants per group. This criterion was met by subsamples for country 

(apart from the UK), gender, and history of hypoglycaemia. Groups were 

compared using differences in code frequencies weighted as a proportion 

of the size of the subsample. Differences above the 90th percentile are 

discussed below. Comparisons are presented for all life areas in 

Supplemental Figure S1, and for all impacts in Supplemental Figures S2a 

and S2b. 

Country. Cross-country comparisons between Denmark, Germany, 

and the Netherlands revealed Dutch participants were more likely to 

mention sleep and exercise as important for quality of life, while Danish 



 

 

– 292 – 
 

participants emphasised driving. The UK subsample did not meet 

requirements for qualitative comparison, but weighted differences 

explored for descriptive purposes suggested UK participants placed 

greater emphasis on diet and less emphasis on sleep compared to other 

countries. Regarding hypoglycaemic impacts, Dutch participants were 

more likely to mention being negatively affected by self-management 

strategies including prevention, preparation, and the need for food and 

drink, and by having less time for other activities. German participants, 

meanwhile, were less likely to describe worries about hypoglycaemia. 

Participants from the UK mentioned treatment difficulties more often, 

and a lack of engagement less often, compared to other countries. 

Gender. Weighted differences for life areas revealed women were 

more likely to mention driving and sleep as important for quality of life, 

while men were more likely to mention romantic partners. As for 

hypoglycaemic impacts, women emphasised being impacted by the need 

for food and drink, trouble functioning, and feeling generally unwell, 

while men were more likely to report being impacted by a agitation and 

negative mood. 

History of Hypoglycaemia. Those who had experienced at least 

one hypoglycaemic episode in the last 12 months were more likely to 

mention exercise and romantic partners, and less likely to mention sex, 

as important for quality of life. Those with a recent history of 

hypoglycaemia emphasised being impacted by the need for food and 

drink, treatment difficulties, trouble functioning, worry, and having to 

provide explanations to others. Conversely, those without a history of 

hypoglycaemia were more likely to report that hypoglycaemic had no 

impact on daily life. 
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How does hypoglycaemia impact quality of life? 

Psychological Factors: Pathways Not Destinations. One theme 

emerged wherein participants placed little emphasis on psychological 

factors as important areas in and of themselves, focusing instead on how 

these factors impacted daily life. This pattern was illustrated by code 

frequencies, as fewer than 5% of codes (by frequency) assigned to a 

quality-of-life domain fell within the psychological domain, and these 

were predominately captured by just two areas: well-being and mood. 

Furthermore, impact types were relatively limited. Negative impacts on 

well-being were attributed mostly to feeling unwell, with hypoglycaemia-

related events like "cardiac arrhythmias” and spending “days in [the] 

hospital" named as specific causes. Impacts on mood, meanwhile, were 

attributed primarily to negative emotions; one participant described the 

impact on mood thusly: “I experience a diffuse anxiety .... It's a little 

scary". 

Participants instead viewed psychological factors through the lens 

of how they impacted quality of life. This pattern was reflected in code 

frequencies for emotional difficulties and the cognitive consequences of 

hypoglycaemia, which comprised 26% of codes by frequency assigned to 

one of the six impact types. One participant remarked that, due to 

negative emotions caused by hypoglycaemia, they had begun “distancing 

[themselves] from friends and acquaintances due to fear of angry 

outbursts”. Another reported that negative emotions resulted in 

“speaking aggressively, being rude, and disagreeing” with their partner. 

Together, these patterns reflected a theme wherein (a) psychological 

factors were well represented, just not within the life area codebook; and 

(b) psychological factors were generally discussed in relation to their 

impacts on non-psychological domains. 
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Impacts from All Directions: Many Paths Lead to Quality of Life. 

A second theme revealed that all six types of hypoglycaemic impacts 

negatively affected at least one area within each of the physical, 

psychological, social, and environmental domains. Hence, the most 

noticeable pattern was that there simply was no clear separation of 

impacts; participants reported that each of the four domains were 

impacted, to some degree, by every one of the six hypoglycaemic impact 

types captured in the dataset. 

Wide-ranging effects notwithstanding, code frequencies point to 

granular differences in the relative influence of each impact, with some 

types endorsed more than others (Figure 4). Self-management strategies 

were frequently reported as interfering with diet, sleep, fitness, daily 

activities, relationships, and leisure activities. As one participant put it, "I 

sometimes find it difficult when I am sitting on a terrace or going for a 

drink somewhere …. it's not always possible to make a healthy choice and 

make sure I do not get a hypo”. Maintaining constant vigilance, especially, 

placed strain on friendships and interfered with exercise. One participant 

declared, “I used to like to go cycling or walking alone. But I don't dare to 

do that anymore because I don't trust my body”. Hypoglycaemia-related 

performance restrictions mirrored many of these impacts but reduced 

capacity to perform in the workplace as well. One participant was so 

strongly impacted they asserted when hypoglycaemia "happens at night, 

I am so tired I cannot go to work". 

Cognitive consequences of hypoglycaemia tended to interfere with 

daily activities, exercise, work capacity, friendships, and leisure. Physical 

consequences were similar but also impacted sleep and well-being. 

Emotional difficulties caused by hypoglycaemia—particularly bouts of 

anger and mood disruptions—frequently had negative impacts on work 
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capacity and relationships. Relationship strain was noted by one 

participant who indicated that because of hypoglycaemia “I get angry and 

cross and short tempered …. I lose patience quickly”. Hypoglycaemia also 

impacted mood by stirring fears that others would be harmed, with 

several participants reporting being “nervous about hurting others in 

traffic”. Finally, while social relationships provided needed support for 

managing hypoglycaemic episodes, having to provide explanations and 

needing to ask for accommodations strained relationships with family, 

friends, co-workers, and acquaintances. 

DISCUSSION 

Adults with type 2 diabetes described a range of important life 

areas reflecting the theme of quality of life in four domains, with nearly all 

response codes aligning with facets in the physical, psychological, social, 

and environmental domains defined by the World Health Organisation 

(WHO; 1996). The strength of this theme and its convergence with the 

WHO model demonstrated that the wheel-of-life visual prompts were 

successful in providing participants with a clear, accessible, and 

comprehensive way of thinking about quality of life. Additionally, 

frequent references to dietary concerns indicated this area was an 

important facet in the physical domain of quality of life for adults with 

type 2 diabetes, consistent with the composition of diabetes-specific 

measures (e.g., Holmes-Truscott et al., 2018) and results from 

hypoglycaemia impact studies (Jódar-Gimeno et al., 2015) 

Thematic analysis for hypoglycaemic impacts revealed that 

participants reported many types of impacts and many negative 

experiences. Six mechanisms for impacts were identified: responsibilities 
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imposed by self-management of hypoglycaemia, deleterious physical and 

cognitive consequences related to hypoglycaemia, performance 

restrictions and emotional difficulties caused by hypoglycaemic episodes, 

and negative social consequences surrounding hypoglycaemia. That 

participants unanimously chose not to answer the maximum allowable 

number of open-ended questions supports the notion that this theme 

represented the full scope of impacts experienced by participants in this 

study. Moreover, reported impacts matched extant diabetes research 

which describes hypoglycaemia as having unpleasant and debilitating 

physical and cognitive symptoms (Heller et al. 2020; Martens & Tits, 

2014); as restricting performance at work and in daily life (Pathan et al., 

2018; Willis et al., 2013; Fidler et al., 2011); as a source of negative 

emotions, particularly fear and anxiety (Rossi et al.., 2019; Polonsky et al., 

2015; Nicolucci et al., 2015; Fidler et al., 2011); and as interfering with 

relationships (Fisher et al., 2019; Nicolucci et al., 2015). While self-

management strategies are not typically discussed exclusively in the 

context of hypoglycemia, self-management of diabetes in general is 

frequently described as bothersome (Tanenbaum et al., 2016). 

A second theme emerged in this study regarding the degree of 

hypoglycaemic impact, with different people experiencing different levels 

of severity. Coded responses ranged from strong and frequent impacts to 

rare and slight impacts. However, the most common response was that 

hypoglycaemia had no impact on a given area of life. This pattern may 

reflect differential effects for self-treated episodes and severe events 

requiring assistance (Rossi et al., 2019). For instance, participants 

reporting strong impacts were three times more likely to have a history 

of severe hypoglycaemia than those reporting no impact. The diversity of 

experiences conveyed by this theme also suggests that, while 
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hypoglycaemia is a serious concern for some adults with type 2 diabetes, 

participants in this study did not experience undue pressure to report 

negative impacts where none existed. Although not qualitatively 

different, subtle differences in frequencies across cultures and gender for 

both important life areas and hypoglycaemic impacts also suggest lived 

experiences of adults with type 2 diabetes are not homogenous.  

Lastly, thematic analysis of how important life areas were impacted 

by hypoglycaemia revealed two key themes. First, psychological factors 

were pathways not destinations in that adults with type 2 diabetes tended 

to view psychological factors in terms of how they impacted other 

domains (e.g., outbursts of anger leading to strained relationships) rather 

than as direct components of quality of life (e.g., the importance of 

maintaining a positive mood). Psychological factors like mood, memory, 

and concentration are major components of the WHO (1996) model of 

quality of life, and clinical studies demonstrate that many of these factors 

share associations with hypoglycaemia (Dumber & Upendra, 2020). 

Nevertheless, participants in the current study placed little emphasis on 

these factors as important areas of life in and of themselves. Code 

frequencies supported this observation, such that impact codes related to 

cognitive symptoms and emotional difficulties were five times more 

prevalent by frequency than codes for life areas in the psychological 

domain. This theme was a novel discovery that ran counter to clinical 

research which typically assesses mental health exclusively as a quality-

of-life outcome (Matlock et al., 2022; Hendrieckx et al., 2019; Zhang et al., 

2010). 

A second theme revealed impacts from all directions along the many 

paths leading to quality of life. That is, all six types of hypoglycaemic 

impacts influenced each of the four domains of quality of life, with 
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hypoglycaemia-related self-management strategies; performance 

restrictions; emotional difficulties; and physical, cognitive, and social 

consequences each having a negative impact on participants’ physical 

needs and functioning, mood state and well-being, relationships with 

family and friends, and opportunities for driving and leisure. These 

findings provided a uniquely expansive view of the many ways in which 

hypoglycaemia can impact quality of life. And while the associations 

between hypoglycaemia and negative impacts in the physical and 

psychological domains are well established (Matlock et al., 2022; Dumber 

& Upendra, 2020; Hendrieckx et al., 2019; Zhang et al., 2010), results in 

this study provided support for impacts in the social and environmental 

domains as well, which remain largely unexplored in the literature 

outside of impacts on driving (e.g., Cox et al., 2009) and social withdrawal 

(Nicolucci et al., 2015). 

Limitations and Strength 

Limitations were primarily demographic and methodological. First, 

participants were a self-selecting sample of internet users, potentially 

restricting generalisability. Second, recruitment of participants from the 

UK was insufficient to allow for cross-cultural comparisons. Third, 12-

month prevalence of severe hypoglycaemia in this study (6%) was lower 

than the general population (9%; Khunti et al., 2016), casting doubt on 

comparisons between those with and without a history of severe 

hypoglycaemia. Fourth, inductive analysis of hypoglycaemic impacts may 

have been biased by previous research experience in this area. Fifth, the 

online survey did not allow for follow-up questions or clarifications. 

Lastly, of the five examples given for the life area question, four were 
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high-usage codes, indicating endorsement of these areas may have been 

overrepresented. 

This study had several strengths. First, the multi-national sample 

was large enough to achieve data saturation and allow for cross-cultural 

comparisons between Denmark, Germany, and the Netherlands (c.f., 

Guest et al., 2006). Second, visual prompts provided participants with an 

approachable, free-form method for thinking about quality of life that 

required limited instruction—an approach validated by the rich pattern 

of responses which converged with an established quality-of-life model 

(WHO, 1996). Third, open-ended questions allowed participants to 

present their own views of quality of life and hypoglycaemic impacts, as 

was evident in the wide range of responses given. And fourth, the survey 

used an anonymous online environment which has been shown to 

promote disclosure of sensitive information (Ma et al., 2016). Indeed, this 

benefit is reflected by the 15% of the sample who named sexual activity 

as an important life area, half of whom openly discussed sexual 

dysfunction. 

Conclusions 

Thematic analysis of open-ended survey responses revealed that 

adults with type 2 diabetes described important life areas in a manner 

that was highly consistent with facets in the physical, psychological, 

social, and environmental domains of quality of life (WHO, 1996). In 

addition, six types of hypoglycaemic impacts were identified—self-

management strategies; physical, cognitive, and social consequences; 

performance restrictions; and emotional difficulties—all of which had a 

negative effect on each of the four domains of quality of life. Finally, 

participants’ lived experiences suggested psychological factors were 
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viewed in terms of their impacts on other domains, rather than as 

important life areas in and of themselves.  

Taken together, findings from this study indicate health status 

instruments may be inadequate for capturing the full scope of 

hypoglycaemic impacts, and impacts may be underestimated if 

psychological factors are not evaluated within the context of how they 

impact other quality-of-life domains. Findings also suggest online open-

ended surveys are suitable for multi-national qualitative diabetes 

research and wheel-of-life prompts can be effective for eliciting quality-

of-life responses with limited instruction. Finally, heterogeneity of 

responses by culture, gender, hypoglycaemic experience, and degree of 

impact demonstrate that future population studies differentiating 

between these groups, particularly those evaluating hypoglycaemic 

impacts across all four quality-of-life domains, are needed. 
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