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GENERAL INTRODUCTION



7

The focus of this thesis lies on the development, effectiveness and 
cost-effectiveness of the brief and blended (face-to-face and online) 
psychoeducational group intervention HypoAware for people with type 
1 and insulin-treated type 2 diabetes. Outcomes are episodes of severe 
hypoglycaemia, hypoglycaemia awareness, general and hypoglycaemia-
specific distress and societal costs in comparison with care as usual. 

This introductory chapter provides some brief background information 
about diabetes and its treatment, hypoglycaemia and hypoglycaemia 
awareness, the biopsychobehavioural model for the risk of severe 
hypoglycaemia and interventions aimed at reducing hypoglycaemia. In the 
following chapters we will explain the concepts, mechanisms and model 
in much more detail. Finally, the aim of this thesis and an outline of the 
following chapters will be provided. 

Diabetes 
In 2015, diabetes mellitus affected 415 million people worldwide according to the 
International Diabetes Federation (http://www.idf.org/). Diabetes is a chronic endocrine 
disorder, characterized by a shortage of the hormone insulin. Insulin is secreted by 
beta-cells in the pancreas and is necessary for bodily tissue to absorb glucose from the 
blood. A shortage of insulin results in elevated blood glucose levels: hyperglycaemia. 
Hyperglycaemia can lead to severe acute (ketoacidotic coma) and long-term 
complications (like blindness, kidney failure, heart attacks, stroke and lower limb 
amputations).

Two major types of diabetes can be distinguished: type 1 and type 2 diabetes. 
Approximately 90% of all people with diabetes have type 2 diabetes. In type 2 diabetes, 
hyperglycaemia is the result of bodily cells that become resistant to insulin, and of a 
gradual deterioration of insulin-producing beta-cells. Risk factors for type 2 diabetes 
are obesity, older age and a positive family history. In type 1 diabetes, an acute and 
absolute deficiency in insulin becomes present due to an auto-immune destruction 
of beta-cells, usually before the age of 30. In both types, the goal of diabetes care is to 
aim for normalization of glycaemic control, in order to prevent acute and long-term 
complications. Glycaemic control over a period of 6 to 8 weeks is indicated by the 
proportion of glycosylated haemoglobin (HbA1c). HbA1c levels of ≤ 7% / 52 mmol/mol 
reflect sufficient glycaemic control (1) . In addition to the two major types of diabetes, 
other forms of diabetes exist, like gestational diabetes, Latent Autoimmune Diabetes of 
the Adult (LADA) and Maturity Onset Diabets of the Young (MODY). The focus of this thesis 
lies on people with type 1 diabetes and insulin-treated type 2 diabetes. 
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Treatment of diabetes
All patients with type 1 diabetes require daily insulin therapy (via injections or an insulin 
pump).Treatment of type 2 diabetes in most cases starts with lifestyle adaptation 
(nutrition and physical activity), followed by oral blood glucose lowering medications 
when blood glucose levels keep rising. When beta-cells deterioration further progresses, 
patients with type 2 diabetes require injections with insulin (or other injectables such as 
GLP-1 antagonists) to achieve optimal glycaemic control.

People with type 1 diabetes and insulin-treated type 2 diabetes have to aim for near-
normal blood glucose levels (between 4 and 10 mmol/l). Blood glucose values rise after 
consuming meals consisting of carbohydrates and after release of glucose from the liver. 
Physical activity uses glucose circulating in the blood as energy and thereby causes blood 
glucose levels to drop. Daily multiple blood glucose self-tests (by finger pricks or sensor 
output) show these fluctuating blood glucose levels and help guide self-regulation. A 
close balance needs to be kept between insulin levels, carbohydrate intake and physical 
activity to stay within range. 

Hypoglycaemia 
The major drawback of good glycaemic control is the increased risk of hypoglycaemia, 
when blood glucose levels drop below 4 mmol/l, caused by too much insulin (for 
example, injecting too much to cover meals) or unexpected physical activity which lowers 
the blood glucose level and amplifies the effect of insulin (2). These low blood glucose 
levels normally elicit counter regulatory hormone responses: the suppression of insulin 
secretion (in healthy individuals and people with type 2 diabetes) and the secretion of 
glucagon, adrenalin, cortisol and growth hormone (which is blunted in people with type 
1 diabetes) to raise blood glucose levels, by decreasing glucose uptake and increasing 
endogenous glucose production (2). This causes acute unpleasant autonomic symptoms 
(trembling, sweating, heart palpitations) that serve as warning symptoms. If immediate 
treatment with carbohydrates does not occur, a further drop can lead to neuroglycopenic 
symptoms due to a lack of glucose in the brain, causing confusion, incoordination, and 
speech difficulties. An even further drop can lead to unconsciousness, seizures, coma and 
even death. 

In addition to the physical morbidity, hypoglycaemia also has a big impact on 
experienced quality of life in persons with diabetes, as well as their significant others. 
Events of severe hypoglycaemia, especially when accompanied by seizures or coma, can 
lead to significant psychological trauma (3). Worries about hypoglycaemia are common, 
even if no events of severe hypoglycaemia have occurred (3). To reduce worrying, some 
people implement avoidance behaviours to prevent hypoglycaemia from occurring, 
like maintaining a higher than advised blood glucose level or limiting their psychical 
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exercise, or to prevent being alone if hypoglycaemia should occur. Worries and avoidance 
behaviour together make up the concept fear of hypoglycaemia. In relationships, worries 
about hypoglycaemia in significant others, especially in spouses, parents or children, can 
be cause of relational stress and conflicts (4).

In clinical terms, hypoglycaemia can range in severity. A report of a workgroup of the 
American Diabetes Association and the Endocrine Society defined the different severities 
of hypoglycaemia. Mild hypoglycaemia is defined as a blood glucose level below 3.8 
mmol/l and when a person is still able to treat him or herself with carbohydrates. 
Severe hypoglycaemia is defined as a blood glucose level below 3 mmol/l and another 
person is needed to help the person with diabetes to recover. In this case, ingestion of 
carbohydrates is often not possible anymore, so a glucagon injection or intravenous 
glucose therapy is necessary (5). Some studies also speak of ‘moderate’ hypoglycaemia, 
in which case help from another person is needed, but there is no unconsciousness or 
seizures (6). In clinical research, these definitions are used in self-report questions of 
hypoglycaemia. 

The incidence of mild, symptomatic hypoglycaemia in persons with type 1 diabetes 
is estimated to be around two events per week, for severe hypoglycaemia (requiring 
assistance from another person) this is 1.3 events per patient-year; however, events of 
severe hypoglycaemia only occur in about 30% of persons with type 1 diabetes (7). With 
longer disease duration (>15 years), this prevalence rises to almost 50%, with an incidence 
of severe hypoglycaemia of 3.2 events per patient-year (8).

Hypoglycaemia awareness
The perception of hypoglycaemic symptoms (autonomic and neuroglycopenic) form an 
alarm mechanism for people with diabetes in the prevention of severe hypoglycaemia. 
Recurrent hypoglycaemia impairs this mechanism (2). In people with strict glycaemic 
control or longstanding diabetes, the counter regulatory responses, and accompanying 
hypoglycaemic symptoms, have been shown to occur at lower blood glucose levels or not 
at all. This phenomenon is referred to as impaired hypoglycaemia awareness, which is 
associated with a six-fold increased risk for severe hypoglycaemia (9). 

In clinical studies, hypoglycaemia awareness is usually measured by self-report. 
Two widely used self-report measures are the 1-item scale of Gold et al. (10) and the 
questionnaire of Clarke et al. (6). Both instruments assess the absence or presence of 
hypoglycaemic symptoms and in Clarke’s questionnaire also the change of symptoms 
and history of severe hypoglycaemia, amongst others. An alternative approach is to 
measure symptomatic responses due to the counter regulatory response in a laboratory 
setting, using a stepped hypoglycaemic clamp tests (11). Finally, hand-held computers 
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can be used as a diary tool to keep track of hypoglycaemic symptoms and blood glucose 
levels (12). 

The biopsychobehavioural model for the risk of severe hypoglycaemia
There is no one-to-one correspondence between the counter regulatory response and 
neuroglycopenic symptoms on the one hand and the (self-)treatment of hypoglycaemic 
symptoms on the other. Gonder-Frederick and colleagues have proposed a stepped 
biopsychobehavioural model for the risk of severe hypoglycaemia that incorporated 
the physiological and psychological mechanism that determine if and to what extent a 
lowering blood glucose is managed by the person with diabetes (13). 

The proposed model is comprised of seven sequential steps that helps understand 
the critical factors involved: 1) physiological and behavioural precursors to low blood 
glucose (BG), 2) low BG occurrence, 3) hormonal and neurological responses to low BG, 4) 
awareness of symptoms caused by hormonal and neurological changes, 5) detection of 
low BG, 6) decision-making and judgment, and 7) behavioural response.

The first step involves the physiological and behavioural precursors to hypoglycaemia, 
which lead to an actual low blood glucose value (the second step). Given the low blood 
glucose, hormonal and neurological response to hypoglycaemia occur or may be 
blunted (third step). During the fourth step the person may or may not be aware of these 
hormonal and neurological responses. This awareness may be impaired, as described 
above. The fifth step involves the detection of hypoglycaemia. The level of blood glucose 
that triggers a response and also the number and nature of experiences symptoms may 
vary (both in-person as between-persons), which negatively influences detection. In 
addition, the degree to which a person detects symptoms is influenced by psychological 
factors, like distraction by external events or inner arousal. The sixth step involves 
correct decision-making in the immediate treatment of hypoglycaemia with fast-acting 
carbohydrates, without postponing. The final step is performing the actual corrective 
measures. 

This model shows that even if a person has no impaired hypoglycaemia awareness, 
individual and situational factors can impair a correct treatment of mild hypoglycaemia, 
and thereby increase the risk of severe hypoglycaemia. 

Interventions to reduce hypoglycaemia
The first step in hypoglycaemia prevention is providing the best insulin treatment 
possible, by adjusting the dosing, type and/or the delivery method of insulin, switching 
from multiple daily injections (MDI) to pump therapy (CSII). In this context , basic patient 
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diabetes education is important to prevent and adequately self-manage extreme blood 
glucose excursions, including hypoglycaemia (5).

Real-time continuous glucose monitoring (RT-CGM) is a relatively new technology. 
Instead of multiple daily finger pricks, a sensor is applied to the body, which continuously 
measures the level of blood glucose in the interstitial fluid. Current studies of RT-CGM 
show that they can aid in reducing hypoglycaemia in those with impaired hypoglycaemia 
awareness; however, when RT-CGM is no longer used, this effects seems to disappear (14). 

Hypoglycaemia-specific psychoeducational programs, on top of basic patient 
diabetes education, can aid in helping patients acquire problem solving skills when 
they experience recurrent events of hypoglycaemia and/or reduced hypoglycaemia 
awareness (5). This can be given one-on-one by diabetes caregivers, but it can also be 
given in group format. Blood Glucose Awareness Training (BGAT) is a psychoeducational 
group intervention aimed specifically at improving hypoglycaemia awareness and 
hypoglycaemia risk perception, which was developed in the late 1980’s in America 
by Cox and colleagues. BGAT has shown to be effective in improving the detection of 
hypoglycaemia in a number of international studies (15), and was introduced in the 1990’s 
in the Netherlands as the 6-weeks program “Bewust van je Bloedglucose, Hypoglykemie 
Preventie Training (HPT)” (16, 17). Although effective, uptake of this program in clinical 
practice proved to be relatively low due to its demanding nature.

Aim and outline of this thesis
This thesis is based on a set of studies that describe the development of the 
psychoeducational intervention ‘HypoAware’ and the effectiveness and cost-effectiveness 
of this intervention in terms of severe hypoglycaemia, hypoglycaemia awareness, related 
distress and societal costs. 

In Chapter 2, we report on the evidence for psychoeducational interventions targeting 
hypoglycaemia based on a systematic review and meta-analysis. 

In Chapter 3, we report on the process of development of a brief, blended (face-to-face 
and online) psychoeducational group intervention, called HypoAware. We also show the 
results of a pilot-study with measurements pre and post HypoAware in 8 Dutch clinics. 

In Chapter 4, we describe the design of the cluster randomised controlled trial (RCT) of 
HypoAware and the design of the economic evaluation we performed alongside this trial. 

In Chapter 5, we report the results of the RCT. Measurements were at baseline and 2, 4 
and 6 months follow-up. HypoAware was compared with care as usual in 8 Dutch clinics. 
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Main outcomes were severe hypoglycaemia, hypoglycaemia awareness and fear of 
hypoglycaemia. In Chapter 6, we present the results of the economic evaluation from a 
societal perspective. 

In Chapter 7, we discuss the findings from the previous chapters and methodological 
considerations, and present implications for clinical practice and recommendations for 
future research. 

 



CHAPTER 2 

BLOOD GLUCOSE AWARENESS TRAINING FOR INSULIN-TREATED 
PERSONS WITH DIABETES AND PROBLEMATIC HYPOGLYCAEMIA: 

WHAT’S THE EVIDENCE? – A SYSTEMATIC REVIEW AND  META-ANALYSIS

Under review: 
Rondags SMPA, Van Tulder MW, De Wit M, Ket JCF, Cleijne WHJJ, Snoek 
FJ. Blood glucose awareness training for insulin-treated persons with 

diabetes and problematic hypoglycaemia: what’s the evidence? –  
A systematic review and  meta-analysis. 
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ABSTRACT
Objective
The objective of this study was to conduct a systematic review and meta-analysis of 
studies investigating the effects of psychoeducational interventions in persons with 
diabetes and problematic hypoglycaemia.

Methods
PubMed, Embase.com, Ebsco/CINAHL, Wiley/Cochrane Library and Ebsco/PsycINFO were 
searched up to 19 October 2015. 

Results 
Three RCTs, with 317 adults with type 1 diabetes, were included in the meta-analysis. 
Psychoeducational interventions reduced episodes of severe hypoglycaemia (mean 
difference (MD): −1.03 episodes per 6 months [−1.69, -0.37]; P = 0.002), increased the 
hypoglycaemia symptom blood glucose threshold (MD: 0.17 mmol/L [0.02, 0.32] or 3.06 
mg/dl [0.36, 5.76]; P = 0.03) and improved the percent detection of low blood glucose 
levels (MD: 13.99% [6.06; 21.92]; P = <0.001) compared with the control condition. HbA1c 
did not change (MD: 0.01% [-0.18, 0.21] or 0.1 mmol/mol [-2, 2.3]; P = 0.88). 

Conclusion 
Current evidence suggests that psychoeducational interventions may reduce severe 
hypoglycaemia and improve hypoglycaemia awareness, while maintaining HbA1c in adult 
persons with type 1 diabetes on an intensive insulin schedule. 

Practice implications
Due to the relatively low quality of only a few small randomised controlled trials, 
more research in this field seems necessary to make recommendations regarding 
implementation of these programs. 
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INTRODUCTION
Despite current advances in diabetes treatment and technologies, severe hypoglycaemia 
remains one of the major adverse events associated with insulin therapy (18, 19). Severe 
hypoglycaemia is defined as “an event [of low plasma glucose concentration] requiring 
assistance of another person to actively administer carbohydrates, glucagon, or take 
other corrective actions”(5). Episodes of severe hypoglycaemia are accompanied by 
confusion, slurred speech, and reduced motor skills, and can cause loss of consciousness, 
seizures, coma and even death. There is growing evidence linking severe hypoglycaemia 
with neurological impairments in the very young and cardiac dysfunction in people with 
type 2 diabetes and known cardiovascular disease. It can be a very traumatic experience 
for both the person with diabetes as well as people witnessing such an event (5). Not 
surprisingly, a large proportion of persons with diabetes and their significant others fear 
these hypoglycaemic events in a similar degree as they fear long-term complications 
(20). Fear of hypoglycaemia, which occurs more often in people with (recent) episodes 
of severe hypoglycaemia, has been linked to a decreased quality of life and associated 
with avoidance behaviours where the blood glucose level is deliberately kept at a ‘safe’, 
higher level than advised in order to avoid hypoglycaemia (3). Severe hypoglycaemia 
also leads to high societal costs, in terms of additional physician visits, ambulance costs, 
emergency room visits and hospital admissions, as well as reduced work productivity 
and absenteeism (21). Recent registry data from the U.S. show that around 20% of adult 
persons with diabetes on intensive insulin therapy (≥3 injections/day or pump therapy) 
yearly experience one or more episodes of severe hypoglycaemia (22). The risk of these 
episodes is 25-fold greater when impaired hypoglycaemia awareness with a lowered 
glucose threshold for counter-regulation is present (5). This status can be induced by 
recurrent antecedent hypoglycaemia (with blood glucose levels below 4 mmol/L), so 
the prevention of even mild hypoglycaemia seems important in reducing the risk of 
severe hypoglycaemia. Currently available technology, like real-time continuous glucose 
monitors (‘CGMs’ or ‘sensors’) with low glucose alarms and sensor-augmented pump 
therapy with automated insulin suspension at low glucose levels or even dual hormonal 
therapy (the ‘artificial pancreas’), can aid in reducing hypoglycaemia (23, 24). However, 
due to financial and motivational barriers along with their relatively poor accuracy in the 
hypoglycaemic range as demonstrated by error grid analysis (5), these new technologies 
so far seem to have had limited impact on the problem of hypoglycaemia for the patient 
population at large (25). In addition, technology alone does not take into account 
the human factor in the failure to prevent severe hypoglycaemia. This failure can be 
contributed to a large extent to psychobehavioural factors, such as inattention for and 
unawareness or misrecognition of personal bodily and neuroglycopenic symptoms 
of hypoglycaemia, ineffective or postponed hypoglycaemia treatment (e.g. due to 
embarrassment in social situations or the reluctance to disrupt an activity) or the inability 
to correctly predict and thereby prevent low blood glucose levels. Recently, Choudhary 
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and colleagues proposed a 4-stage evidence-informed algorithm to resolve problematic 
hypoglycaemia, where in stage 1 “all patients with problematic hypoglycaemia should 
undergo structured or hypoglycaemia-specific education programs” in order to reserve 
the more financially demanding and scarce options like diabetes technology and 
transplants for the subsection that does not benefit from education (26). In the past years, 
interventions have been developed that focus specifically on the psychobehavioural 
aspects of symptom recognition and management known as Blood Glucose Awareness 
Training (BGAT) (15). Initially BGAT was focused both on hyperglycaemia and 
hypoglycaemia, while more recent version focus on hypoglycaemia. A recent random-
effects meta-analysis (27) on change in rates of severe hypoglycaemia in before-and-after 
studies and RCTs on educational interventions with ‘some educational component, a 
structured curriculum and information around causes and prevention of hypoglycaemia’, 
found a reduction in rates of severe hypoglycaemia of 0.44 per person per year (CI 95% 
0.25-0.63) with significant heterogeneity I2 (69%) between studies. Here we present 
a systematic review and meta-analysis only on RCT’s testing interventions based on 
blood glucose awareness training and which include rate of severe hypoglycaemia, 
hypoglycaemia awareness, fear of hypoglycaemia and glycaemic control as outcomes of 
interest.
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METHODS
A review protocol was developed based on the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) statement (www.prisma-statement.org). 

Data Sources and Searches 
PubMed, Embase.com, Ebsco/Cinahl, Ebsco/PsycInfo and Wiley/Cochrane Library were 
searched from inception (by SR and JCFK) up to 19 October 2015. The following terms 
were used (including synonyms and closely related words) as index terms or free-text 
words: ‘diabetes mellitus, type 1’ and ‘hypoglycaemia’ and ‘patient education’. The 
full search strategies for all of the databases can be found in Supplementary Table 1. 
Duplicate articles were excluded. All languages were accepted. 

Study Selection 
We included only randomised controlled trials evaluating the effect of psychoeducational 
interventions based on BGAT, focusing specifically on hypoglycaemia prevention 
and reduction in adult persons with insulin-treated diabetes (type 1 and type 2) and 
problematic hypoglycaemia. We defined problematic hypoglycaemia as: having 
(recurrent) episodes of severe hypoglycaemia and/or impaired hypoglycaemia awareness. 

Data Extraction and Quality Assessment 
Two reviewers (SR and WC) independently screened the titles and abstracts to exclude 
clearly irrelevant studies, read the full texts of the remaining studies to determine whether 
the studies met the inclusion criteria and extracted data from the selected studies with a 
standardized data extraction form. Any disagreement was resolved in discussion with a 
third reviewer (MdW). 

Hypoglycaemia-related outcomes were included and defined as: frequency of severe 
hypoglycaemia, hypoglycaemia awareness and fear of hypoglycaemia. In addition, we 
looked at change in glycosylated hemoglobin (HbA1c).
The Cochrane Collaboration Risk of Bias tool (www.cochranehandbook.org) was used for 
the risk of bias assessment of the included studies. Three reviewers (SR, MdW and MvT) 
independently conducted the quality assessment, and resolved any disagreements via 
discussion.

For both the data extraction and quality assessment authors were contacted to retrieve 
missing or incomplete data in the published study.
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Data Synthesis and Analysis 
We included a description of the study characteristics (first author, year, country, sample 
size, gender, age, diabetes duration, HbA1c, frequency of severe hypoglycaemia and its 
definition). We reported continuous outcomes as means with standard deviations and 
categorical outcomes as percentages, separate for control and intervention groups. 

A meta-analysis was planned in order to estimate the effect of the interventions on 
frequency of severe hypoglycaemia, hypoglycaemia awareness, fear of hypoglycaemia 
and HbA1c. Pooled intervention effect estimates are reported as weighted mean change 
scores (differences between baseline and follow-up) with 95% confidence intervals. The 
meta-analysis was conducted using a random-effects model. Statistical heterogeneity was 
quantified by the I2 statistic, with I2 values of 50% or more indicating a substantial level of 
heterogeneity (28). Possible publication bias was assessed using funnel plots. Funnel plot 
asymmetry was evaluated by Begg and Egger tests, and a significant publication bias was 
considered if the P value was <0.10.

Statistical analyses were conducted following the recommendations of the Cochrane 
Handbook for Systematic Reviews of Interventions (www.cochranehandbook.org). Meta-
analyses were conducted with Review Manager, version 5.3. For all the analyses, statistical 
significance was accepted at P < 0.05.
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RESULTS
Literature Search
We identified 3424 records via database searches (Fig. 1). 1088 records were duplicates 
and 2314 records were excluded based on title and abstract, leaving 22 records for full 
text assessment. 18 records were excluded, leaving 4 articles reporting on 3 studies to be 
included in the review.

Figure 1. Flow chart of study selection.
 

4 articles reporting on 3 studies included in meta-analysis

	 3424	records	identified	through	database	searching:

• 1577 EMBASE
•	 1033	PubMed
• 446 CINAHL
•	 295	Cochrane	Library
• 73 PsycINFO

2314 records excluded

(unrelated topic, no psychoeducational program, program not focused 
on hypo-management skills, no adults, pregnant women, no RCT)

18 full-text articles excluded, with reasons:

• program not focused on hypo-management skills: 9
• no relevant hypoglycaemia-related outcomes: 4
• no RCT: 2
• no participants with problematic hypoglycaemia: 2
• program combined with start intensive insulin therapy: 1

1088 duplicates removed

2336 records screened

22	full-text	articles	assessed	for	eligibility
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Study Characteristics
The characteristics of the three included studies are summarized in Table 1. A total 
of 317 adults (range 60 to 146) with type 1 diabetes on intensive insulin therapy (≥3 
insulin injections per day) were included. The mean age in the intervention group of 
these studies ranged from 38 to 46 years, mean diabetes duration from 14 to 23 years 
and mean HbA1c from 6.9 to 8.1% (52 to 65 mmol/mol). Severe hypoglycaemia was 
defined as episodes of low blood glucose requiring third-party assistance (29, 30), or as 
episodes containing stupor or unconsciousness (31) or requiring treatment with glucose 
or glucagon injection (30). Frequency of severe hypoglycaemia in the intervention group 
ranged from 1.6 to 2.0 episodes per 6 months and 0.9 to 3.6 episodes per 12 months.
 
 
Intervention characteristics
The three psychoeducational group programs, Hypoglycaemia Anticipation, Awareness 
and Treatment Training (HAATT) (31), Blood Glucose Awareness Training (BGAT-3) (29), 
and HyPOS (30), discussed in this review, are similar in content. They are all based on 
the original program of Blood Glucose Awareness Training, developed in America since 
the late ´80s, guided by symptom perception theory, principles of biofeedback and 
behaviour therapy (32, 33). The goal is to improve the ability of participants with type 
1 diabetes to anticipate, detect and manage low blood glucose levels. Participants 
learn to improve recognition of their individual sensitive and specific symptoms of low 
blood glucose (bodily symptoms of hormonal counter-regulation, neuroglycopenia and 
mood changes), by gaining insight into psychobehavioural factors influencing accurate 
detection and interpretation (like attention, distraction, competing explanations and 
denial). Information on carbohydrate counting, the metabolic demands of physical 
activity and insulin kinetics is provided to modify treatment decisions that may contribute 
to glucose dysregulation.

In all three programs participants are instructed by a team of diabetes health 
professionals to read a chapter from the participants’ manual before each group session. 
The personal relevance of the chapter is discussed during the session and personal goals 
are established. Between classes, participants perform homework exercises evaluating 
the personal relevance of the chapter’s content and complete blood glucose awareness 
diaries. These diaries involve users observing and recording any blood glucose–
relevant cues (internal cues, like bodily and neuroglycopenic symptoms and mood, and 
external cues, like insulin, food, exercise, time of day and last blood glucose reading) of 
hypoglycaemia), estimating their blood glucose level based on these cues, comparing 
their estimate to the current self-monitoring of blood glucose (SMBG) reading, and then 
evaluating the accuracy of their estimate using an error grid. This process is repeated 
throughout the program, with emphases on different cues as participants progress 
through different units, progressively refining their blood glucose estimation accuracy. 
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Table 1. Study characteristics (baseline)
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C: 47.9 (13.1)

I: 23.1 (12.0)
C: 22.7 (12.2)

I: 6.9 (0.8)
C:6.9 (0.9)

I: 1.6 (3.5) a
C: 1.8 (3.7) a 

requiring help of others

146

H
erm

anns 
2007

Germ
any 

I: 74
C: 72

I: 50
C: 50

I: 46.0 (11.7)
C: 45.9 (13.3)

I: 20.2 (10.8)
C: 22.1 (10.9)

I: 7.2 (0.9)
C: 7.4 (1.1)

I: 3.6 (3.6) b
C: 3.5 (3.6) b
I: 0.9 (2.1) b
C: 1.1 (2.2) b

requiring any third-party 
assistance for treatm

ent
requiring treatm

ent w
ith glucose 

or glucagon injection

60

Cox 
2004

Bulgaria
I: 30
C: 30

I: 53
C: 54

I: 37.6 (9.0)
C: 38.6 (9.8)

I: 13.9 (9.3)
C: 14.0 (7.6)

I: 8.1 (0.7)
C: 8.0 (0.7)

I: 2.0 (?)a
C: 1.8 (?)a

stupor or unconsciousness that 
precluded self-treatm

ent

I: Intervention Group
C: Control group
a Per 6 m

onths
 b Per 12 m

onths
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HAATT is a structured, 7-week psychoeducational treatment program based on 
the second version of Blood Glucose Awareness Training, but removing the focus 
on hyperglycaemia (12). Groups consist of 10 participants with recurrent severe 
hypoglycaemia. The developers incorporated eight elements of a validated 
biopsychobehavioural model of risk for severe hypoglycaemia (13). “1) predisposing 
factors that increase the risk for low blood glucose, 2) an actual low blood glucose 
event, 3) failure to counterregulate, 4) absence of hypoglycaemic symptoms, 5) failure to 
detect hypoglycaemia, 6) failure to judge when self-treatment is needed, 7) inadequate 
self-treatment to reverse low blood glucose, and then 8) severe hypoglycaemia 
(neuroglycopenia that precludes self-treatment).” (15). In addition to the generic 
elements of the programs discussed above, the general risk and consequences of severe 
hypoglycaemia are discussed. 

BGAT-3 is an 8-week consolidated version of BGAT-2 and HAATT (15, 29, 34), so including 
the focus on hyperglycaemia as well as on hypoglycaemia. A 6-week Dutch version of 
BGAT was developed in the late 90’s (16, 17), but is not formally tested in a RCT.

HyPOS is a 5-week program according to the biopsychosocial perspective, which focuses 
specifically on treating impaired hypoglycaemia awareness, by also instructing their 
participants about the causes of hypoglycaemia unawareness and modifying their health 
beliefs that contribute to frequent low blood glucose readings (30). Hyperglycaemia, 
like in HAATT, is not a focus of the program. The program is shorter in duration than 
both other programs, because the basic information about diabetes treatment (which in 
Germany is part of standard education) was omitted. 

None of the control conditions focused specifically on hypoglycaemia management. 

Meta-analyses Quality Evaluation
The risk of bias assessment of the three included randomised controlled trials can be 
found in Supplementary Table 2. Authors were contacted, but none provided additional 
information. Random sequence generation and allocation concealment were not 
adequately described in two of three studies; the other study had a high risk, since a 
‘random decision’ was made in pairs of participants as to who received the intervention 
and who the control condition. Due to the nature of psychoeducational interventions, 
participants and personnel could not be blinded. None of the studies had blinded 
outcome measurements, since all outcomes are based on self-report, except for HbA1c. 
Two studies had a high risk of incomplete outcome data as the data was analyzed per 
protocol; the other study did not describe this clearly enough to make a judgment. Since 
no protocols of the published studies are available we cannot be sure of unselective 
outcome reporting.



23

Study Outcomes
We performed meta-analyses on frequency of severe hypoglycaemia per 6 months  
(29, 31), hypoglycaemia symptom blood glucose threshold (29, 30) and percent detection 
of low blood glucose levels (29, 31) as measures of hypoglycaemia awareness, and HbA1c 
(29-31). Fear of hypoglycaemia was reported in one study, so we could not perform a 
meta-analysis. The study that did assess fear of hypoglycaemia with the Hypoglycaemia 
Fear Survey (HFS) (29) found no significant change in the worry scale score (mean 
difference: 0.6 [-4.15; 5.35]; P = 0.80), nor in the behaviour scale score (mean difference:  
2.1 [-0.79; 4.99]; P = 0.15). All outcomes are reported at 6 months post-intervention.

Frequency of severe hypoglycaemia

There was a significant difference in frequency of severe hypoglycaemia at 6 months in 
the intervention group compared to the control group (mean difference: −1.03 episodes 
per 6 months [−1.69, -0.37]; P = 0.002) (Figure 2A). There was no statistical heterogeneity 
between studies (I2 = 0%; P = 0.64). Egger tests could not be calculated due to the small 
number of included studies. 

Hypoglycaemia awareness

There was a significant difference in the subjective blood glucose level at which 
participants usually detect low values (hypoglycaemia symptom blood glucose threshold) 
in the intervention group compared to the control group (mean difference: 0.17 mmol/L 
[0.02, 0.32] or 3.06 mg/dl [0.36, 5.76]; P = 0.03) (Figure 2B). There was no statistical 
heterogeneity (I2 = 0%; P = 0.52).

There was also a significant difference in percent detection of low blood glucose (<4 
mmol/L or <72 mg/dl) levels in the intervention group compared to the control group 
(mean difference: 13.99% [6.06; 21.92]; P = <0.001) (Figure 2C). There was no statistical 
heterogeneity (I2 = 0%; P = 0.75).

HbA1c

There was no significant difference in HbA1c in the intervention group compared to the 
control group (mean difference: 0.01% [-0.18, 0.21] or 0.1 mmol/mol [-2, 2.3]; P = 0.88); nor 
was there statistical heterogeneity (I2 = 0%; P = 0.68) (Figure 2D).
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DISCUSSION AND CONCLUSION
Discussion
This systematic review and the meta-analyses of BGAT-based interventions aimed at 
reducing the burden of hypoglycaemia included three trials with a total of 317 adults 
with type 1 diabetes and problematic hypoglycaemia. The interventions showed to 
be effective with regard to reduction of severe hypoglycaemic events and significantly 
improved hypoglycaemia awareness in comparison with the control group. There was no 
impact on HbA1c. These positive findings should be interpreted with caution, given the 
limited number of studies, the relatively small sample sizes and other methodological 
shortcomings.

The reported reduction in severe hypoglycaemic episodes of 1.03 episodes per 6 months 
would appear clinically meaningful and likely contributes to a significant reduction 
of personal costs, in terms of morbidity and fear of hypoglycaemia, and societal 
costs (35, 36). Severity of hypoglycaemia was defined in two ways: either as episodes 
that required help from others or as episodes with stupor or unconsciousness that 
precluded self-treatment. These definitions imply a gradual difference in severity, with 
the latter including only the most severe cases, where persons with diabetes have lost 
consciousness and the former including also persons with extreme confusion but still 
being conscious. The recent report of a workgroup of the American Diabetes Association 
and the Endocrine Society on hypoglycaemia does not make a distinction in severity 
of severe hypoglycaemia, for example as ‘severe’ or ‘very severe’ hypoglycaemia (5). 
The study by Hermanns and colleagues (30) reported on these two definitions of severe 
hypoglycaemia; however, the period of 12 months post-intervention differed substantially 
from 6 months post-intervention, so we could not add this outcome to the meta-analysis. 
The outcomes in the intervention group differed non-significantly from the control 
group neither for very severe hypoglycaemic episodes, defined as episodes that required 
treatment with glucose or glucagon injection (MD: -0.30 episodes per year [-0.67, 0.07]; 
P=0.12) nor for severe hypoglycaemia, defined as episodes that required third-party 
assistance for treatment (MD: -0.30 episodes per year [-0.93, 0.33]; P=0.35). 

An important question in the current economic climate is whether psychoeducational 
programs are cost-effective ways of reducing problematic hypoglycaemia. To date, there 
are no economic evaluations available in which costs of programs like those discussed in 
this review (BGAT, HyPOS en HAATT) are also taken into account. 
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Conclusion
We can conclude that BGAT-based programs seem to be of clinical benefit in terms of 
improving hypoglycaemia awareness and reducing episodes of severe hypoglycaemia, 
while maintaining HbA1c.

Practice implications
Due to the relatively low quality of only a few small randomised controlled trials, more 
research in this field, including fear of hypoglycaemia and costs as outcomes, seems 
necessary to make recommendations regarding implementation of these programs. 
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Supplementary Table 1. Search strategy

Search strategy for PubMed (19 October 2015)

[Mesh] = Medical subject headings

[Mesh:noexp] = MeSH without explosion

[tiab] = words in title OR abstract

SEARCH QUERY ITEMS FOUND

#5 #2 AND #3 AND #4 1,033

#4 “Hypoglycaemia”[Mesh] OR hypoglycaemi*[tiab] OR hypoglycaemi*[tiab]  
OR low blood glucose[tiab]

50,569

#3 “Patient Education as Topic”[Mesh] OR educat*[tiab] 484,267

#2 “Diabetes Mellitus”[Mesh:noexp] OR “Diabetes Mellitus, Type 1”[Mesh] OR 
((diabetes[tiab] OR diabetic*[tiab]) AND (insulin depend*[tiab] OR insulin 
treat*[tiab] OR intensive insulin*[tiab])) OR dm1[tiab] OR iddm[tiab] OR dm 
1[tiab] OR t1d*[tiab] OR dm type 1[tiab] OR type 1 diabet*[tiab] OR type one 
diabet*[tiab]

179,675
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Search strategy for Embase.com (19 October 2015)

/exp = EMtree keyword with explosion

:ab,ti = words in title OR abstract

NEAR/x = words near to each other, x places apart

SEARCH QUERY ITEMS FOUND

#4 #1 AND #2 AND #3 1,577

#3 'hypoglycaemia'/exp OR hypoglycaemi*:ab,ti OR hypoglycaemi*:ab,ti OR 'low 
blood glucose':ab,ti OR 'blood glucose awareness':ab,ti

83,606

#2 'patient education'/exp OR educat*:ab,ti 583,907

#1 'insulin dependent diabetes mellitus'/exp OR (diabetes:ab,ti OR diabetic*:ab,ti 
AND ((insulin NEAR/3 depend*):ab,ti OR (insulin NEAR/3 treat*):ab,ti OR 
(intensive NEAR/3 insulin*):ab,ti)) OR dm1:ab,ti OR iddm:ab,ti OR 'dm 1':ab,ti OR 
t1d*:ab,ti OR 'dm type 1':ab,ti OR (type:ab,ti AND (1 NEAR/3 diabet*):ab,ti) OR 
(type:ab,ti AND (one NEAR/3 diabet*):ab,ti)

137,652

Search strategy for Ebsco/PsycInfo (19 October 2015)

DE = descriptors, thesaurus terms

TI = words in title

AB = words in abstract

SEARCH QUERY ITEMS FOUND

S6 S3 AND S4 AND S5 73

S5 DE "Hypoglycaemia" OR TI ( hypoglycaemi* OR hypoglycaemi* OR "low 
blood glucose" OR "blood glucose awareness" ) OR AB ( hypoglycaemi* OR 
hypoglycaemi* OR "low blood glucose" OR "blood glucose awareness" )

1,668

S4 ( DE "Client Education" OR DE "Disease Management" OR DE "Health Education" 
OR DE "Health Knowledge" OR DE "Health Literacy" OR DE "Health Promotion" 
OR DE "Psychoeducation" ) OR TI educat* OR AB educat*

396,800

S3 S1 OR S2 3,965

S2 TI ( dm1 OR iddm OR "dm 1" OR t1d* OR "dm type 1" OR ("type 1" AND diabet*) 
OR ("type one" AND diabet*) ) OR AB ( dm1 OR iddm OR "dm 1" OR t1d* OR "dm 
type 1" OR ("type 1" AND diabet*) OR ("type one" AND diabet*) )

2,233

S1 ( DE "Diabetes Mellitus" OR TI ( diabetes OR diabetic* ) OR AB ( diabetes OR 
diabetic* ) ) AND ( TI ( (insulin* AND (depend* OR treat* OR intensive)) ) OR AB ( 
(insulin* AND (depend* OR treat* OR intensive)) ) )

2,182
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Search strategy for Wiley/Cochrane Library (19 October 2015)

ti,ab,kw = words in title, abstract or keyword

SEARCH QUERY ITEMS FOUND

#1 ((diabetes or diabetic*) and (insulin and (depend* or treat* or intensive))) or dm1 
or iddm or "dm 1" or t1d* or "dm type 1" or ("type 1" and diabet*) or ("type one" 
and diabet*):ti,ab,kw (Word variations have been searched)

15,758

#2 educat*:ti,ab,kw (Word variations have been searched) 35,186

#3 hypoglycaemi* or hypoglycaemi* or "low blood glucose" or "blood glucose 
awareness":ti,ab,kw (Word variations have been searched)

9,448

#4 #1 and #2 and #3 295

Number of references per database: CDSR: 6; CENTRAL: 284; Methods: 1; HTA: 1; EED: 3.

Search strategy for Esbco/CINAHL (19 October 2015)

MH = mapped headings, thesaurus terms

TI = words in title

AB = words in abstract

SEARCH QUERY ITEMS FOUND

S7 (MH "Hypoglycaemia Management (Iowa NIC)") OR S6 446

S6 S3 AND S4 AND S5 445

S5 (MH "Hypoglycaemia+") OR ( TI ( hypoglycaemi* OR hypoglycaemi* OR "low 
blood glucose" OR "blood glucose awareness" ) OR AB ( hypoglycaemi* OR 
hypoglycaemi* OR "low blood glucose" OR "blood glucose awareness" ) )

7,190

S4 ( (MH "Patient Education (Iowa NIC) (Non-Cinahl)") OR (MH "Patient Education") 
) OR (MH "Disease Management") OR (MH "Health Education+") OR ( (MH 
"Health Knowledge and Behaviour (Iowa NOC) (Non-Cinahl)+") OR (MH "Health 
Knowledge (Iowa NOC) (Non-Cinahl)+") OR (MH "Health Knowledge") ) OR ( 
(MH "Health Promotion (Saba CCC)") OR (MH "Health Promotion") ) OR (MH 
"Psychoeducation") OR ( TI educat* OR AB educat* )

260,403

S3 ( TI ( dm1 OR iddm OR "dm 1" OR t1d* OR "dm type 1" OR ("type 1" AND diabet*) 
OR ("type one" AND diabet*) ) OR AB ( dm1 OR iddm OR "dm 1" OR t1d* OR "dm 
type 1" OR ("type 1" AND diabet*) OR ("type one" AND diabet*) ) ) OR S2

17,216

S2 (MH "Diabetes Mellitus, Type 1") OR S1 15,657

S1 ( TI ( diabetes OR diabetic* ) OR AB ( diabetes OR diabetic* ) ) AND ( TI ( (insulin* 
AND (depend* OR treat* OR intensive)) ) OR AB ( (insulin* AND (depend* OR treat* 
OR intensive)) ) )

6,395
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Supplementary Table 2. Risk of bias assessment

+: Low risk (not present)

–: High risk

?: Unclear risk
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ABSTRACT
Aims
Our aim was to study feasibility and acceptability of our partly online psychoeducational 
group intervention HypoAware targeted at adults with insulin-treated diabetes and 
hypoglycaemia problems in an uncontrolled multi-centre pilot-study.

Methods
We developed a 4-week, party online, group intervention, based on key elements of 
the evidence-based Blood Glucose Awareness Training and with input from diabetes 
healthcare professionals and persons with diabetes. We recruited adults with type 1 
and insulin-treated type 2 diabetes with impaired hypoglycaemia awareness, frequent 
hypoglycaemic episodes and/or fear of hypoglycaemia. Feasibility was assessed by means 
of self-report questionnaires. Pre-post outcomes included self-reported frequency of mild 
hypoglycaemia, fear of hypoglycaemia, confidence in diabetes self-care, subjective health 
status, diabetes-specific and general psychological distress and emotional well-being. 

Results
Organisation, recruitment, delivery of HypoAware, retention and compliance yielded 
no major problems, and both trainers and participants were very satisfied with the 
program. The intervention materials required only minor changes. We obtained pre-post 
intervention measurements in 37 participants from 8 hospitals with 3 drop-outs. Worries 
about hypoglycaemia, diabetes distress and confidence in self-care improved significantly 
(p<0,05), while frequency of hypoglycaemia and hypoglycaemia awareness did not. 

Conclusions
HypoAware is a new, feasible and acceptable intervention including online modules 
aimed to help adults with type 1 and insulin-treated type 2 diabetes reduce 
hypoglycaemia and related problems. A cluster-randomised controlled trial is planned to 
test effectiveness, combined with an economic evaluation.
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INTRODUCTION
In around 30% of people with type 1 and type 2 diabetes, intensive insulin therapy is 
associated with event rates of severe hypoglycaemia of 1.2 to 3.2 per patient-year, where 
there is a need of external assistance due to extreme confusion, loss of consciousness 
or coma (35, 37, 38). Hypoglycaemia-associated autonomic failure is associated with a 
25-fold increased risk of severe hypoglycaemia (38). This comprises a defect in hormonal 
counter regulation and impaired awareness of symptoms of hypoglycaemia (2). In 
addition, psychobehavioural mechanisms, such as lack of attention for hypoglycaemia 
symptoms and postponement of corrective measures, increase the risk of severe 
hypoglycaemia (13). 

Hypoglycaemia leads to high psychological and societal ‘costs’. Fear of hypoglycaemia 
reduces the quality of life of people with diabetes and their significant others (39).  
It can lead to avoidance behaviours like maintaining relatively high blood glucose levels, 
increasing the risk for vascular complications later in life (40). Societal costs comprise 
health care consumption, work productivity loss and absenteeism (35, 36).

Structured psychoeducational interventions are known to have positive outcomes 
on hypoglycaemia reduction and prevention (41-43). Blood Glucose Awareness 
Training is the most researched intervention for persons with Type 1 diabetes aimed 
at improving hypoglycaemia awareness and reducing frequency of hypoglycaemia 
(15, 44). This intervention consists of 8 group sessions and includes demanding home-
work assignments, which limits uptake in clinical practice. A recent review about fear 
of hypoglycaemia states that “some of the barriers to dissemination [of previously 
developed interventions with documented efficacy] are obvious, such as the growing 
trend to reduce health care costs (..)” (45). Adapting the intervention for online use 
could potentially reduce these costs (46). In a pilot-study on BGAThome, a web-based 
version of Blood Glucose Awareness Training, hypoglycaemia-related outcomes changed 
satisfactory; however, the authors suggested employing a group context led by a diabetes 
educator to enhance engagement and counteract drop-out (47). 

We aimed to develop a brief partly online psychoeducational intervention for people 
with problematic hypoglycaemia, called HypoAware (in Dutch: HypoBewust), in close 
collaboration with relevant stakeholders and based on key ‘active ingredients’ of 
the evidence-based Dutch version of Blood Glucose Awareness Training (15, 17). In 
accordance with the guidance on development and evaluation of complex interventions 
by the Medical Research Council (48) we carried out a stepped process of development 
and a feasibility study. The main aims of this uncontrolled pre-post multi-centre pilot-
study were to examine the feasibility and acceptability of our intervention and to explore 
the changes in outcomes of interest before undertaking a randomised controlled trial with 
an economic evaluation.
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METHODS
Patients and methods
Development of HypoAware is best described as an iterative process involving diabetes 
health care professionals trained in Dutch Blood Glucose Awareness Training, an external 
multi-disciplinary Blood Glucose Awareness Training advisory group, HypoAware project 
members (researchers in diabetes psychology and diabetes health care professionals) 
and persons with diabetes (Table 1).

Table 1. Development process of HypoAware

1)  An evaluation of the Dutch Blood Glucose Awareness Training in diabetes health professionals of all 
9 hospitals trained in delivering the training since 1996 indicated a need for less group meetings and 
scientifically updated content which is understandable for people with low health-literacy and which is 
an integrated part of diabetes treatment.

2)  An expert group with experience in Blood Glucose Awareness Training (endocrinologist, diabetes nurse, 
diabetes dietician and medical psychologist) guided the development of our intervention HypoAware. 
The experts decided to: broaden the reach to people with Type 2 diabetes on an intensive insulin 
schedule; reduce the meetings to 3 sessions; add a section on psychobehavioural mechanisms and 
fear of hypoglycaemia; change the method of delivery to patient-centred instead of tutor-guided; and 
transfer the participant manual content, exercises and analyses online.

3)  Original texts of the trainer and participant manual of Blood Glucose Awareness Training served as 
input for the development of our intervention and were adapted by our project members aided by 
diabetes health care professionals with relevant expertise: a diabetes dietician, a diabetes nurse, an 
endocrinologist and a medical psychologist. We preserved key elements from Blood Glucose Awareness 
Training like the hypoglycaemia symptom-diary, the blood glucose estimation-grid, the diary analyses, 
bringing a significant other, the ‘feel’-exercise in symptom recognition (‘internal cues’) and factors 
effecting blood glucose (‘external cues’) in adapted form. The online part was developed in close 
collaboration with a multi-media company with expertise in online health education and end-users with 
low health literacy. 

4)  The intervention was tested by two diabetes health professionals and a group of four people with Type 
1 diabetes and problematic hypoglycaemia. They gave suggestions for alterations after every meeting. 
No major adjustments were needed in terms of content, format and procedure, but some elements of 
the online environment did not work properly. The professionals indicated a need for more detailed 
instructions in the trainer manual. We incorporated the feedback into the materials before undertaking 
the pilot-study.
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HypoAware 
HypoAware aims to improve 1) hypoglycaemia symptom recognition, 2) strategies for 
the prevention and treatment of hypoglycaemia and 3) coping with hypoglycaemia. 
The key elements of HypoAware, like in Blood Glucose Awareness Training, are the 
correct usage of ‘internal cues’ of hypoglycaemia by raising awareness of adrenergic and 
neuroglycopenic symptoms, and the impact of ‘external cues’ on blood glucose level, like 
insulin, food intake, physical activity, illness and stress. Attention is also given to fear of 
hypoglycaemia, the impact of hypoglycaemia on significant others and psychological and 
behavioural processes that influence adequate hypoglycaemia management. 

HypoAware is highly protocollized. A group of eight participants participate in three group 
sessions of two and a half hours each, over a period of four weeks. The discussions in the 
group sessions are structured and guided by two trained diabetes professionals. A trainer 
manual is made available to guide the group process and secure fidelity. Participants 
received access to a secure online environment. Online modules comprise educational 
texts and videos, exercises, self-tests, an action plan and, most importantly, the two 
diary analyses, summarizing the frequency of substantiated hypo- and hyperglycaemia, 
reliable hypo- and hyperglycaemia symptoms, causes of hypo- and hyperglycaemia, 
and estimation accuracy displayed in an estimation-grid (see Figure 1). Participants have 
access to the online modules for at least half a year after the last group meeting. 
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Figure 1. Estimation accuracy of a participant displayed in estimation-grid as 
part of online HypoAware diary-analysis

Y-axis:  blood glucose estimation before measuring

X-axis:  measured blood glucose after estimating

Green:  accurate estimation (based on reliable internal and external cues)

Yellow:  false hypo/hyperglycaemia (based on misleading cues)

Orange:  missed hypo/hyperglycaemia (impaired awareness: no cues)

Red:  hypo/hyperglycaemia reversed (reliable cues, but vice-versa)

Results can be viewed and printed by the participants. Trainers have access to a special 
‘administrator page’ allowing them to view the patients’ results and progress which are 
discussed in the group meetings. After finishing HypoAware, results, remarks and, if 
necessary, suggestions for a referral can be entered in the participants’ medical file. The 
final format of HypoAware and the incorporated ‘active ingredients’ and used behaviour 
change techniques derived from the taxonomy for behaviour change interventions of 
Michie and colleagues (49) are outlined in Table 2.



38

Ta
bl

e 
2.

 F
in

al
 fo

rm
at

 o
f H

yp
oA

w
ar

e:
 (o

rd
er

 o
f) 

to
pi

cs
 o

f g
ro

up
 se

ss
io

ns
 a

nd
 o

nl
in

e 
en

vi
ro

nm
en

t a
nd

 a
ss

oc
ia

te
d 

Be
ha

vi
ou

r C
ha

ng
e 

Te
ch

ni
qu

es
 

GR
O

U
P 

M
EE

TI
N

GS
O

N
LI

N
E 

EN
VI

RO
N

M
EN

T
BE

H
AV

IO
U

R 
CH

AN
GE

 T
EC

H
N

IQ
U

ES

1b
)  

Fi
rs

t g
ro

up
 m

ee
tin

g:
 in

tro
du

ct
io

n,
 d

is
cu

ss
io

n 
of

 
go

al
s, 

‘in
te

rn
al

 c
ue

s’ 
of

 h
yp

og
ly

ca
em

ia
 a

nd
 im

pa
ire

d 
hy

po
gl

yc
ae

m
ia

 a
w

ar
en

es
s, 

‘fe
el

-e
xe

rc
is

e’
 to

 sc
an

 fo
r 

in
te

rn
al

 c
ue

s, 
ps

yc
ho

be
ha

vi
ou

ra
l m

ec
ha

ni
sm

s i
n 

th
e 

tre
at

m
en

t o
f h

yp
og

ly
ca

em
ia

, e
xp

la
na

tio
n 

of
 h

om
ew

or
k 

– 
th

e 
di

ar
y,

 e
st

im
at

io
n-

gr
id

 a
n 

in
te

rn
al

 c
ue

s. 
(2

.5
 h

ou
rs

)

1a
)  

Se
lf-

te
st

 fo
r g

oa
l-s

et
tin

g

1c
)  

H
om

ew
or

k:
 tw

o 
w

ee
ks

 o
f k

ee
pi

ng
 a

 b
lo

od
 g

lu
co

se
 e

st
im

at
io

n 
an

d 
sy

m
pt

om
 d

ia
ry

, o
nl

in
e 

ed
uc

at
io

n 
sy

nc
hr

on
ou

s t
o 

to
pi

cs
 o

f fi
rs

t g
ro

up
 

m
ee

tin
g 

pl
us

 ti
ps

 to
 p

re
ve

nt
 h

yp
o-

 a
nd

 h
yp

er
gl

yc
ae

m
ia

 a
nd

 p
la

yf
ul

 te
st

s t
o 

sc
an

 fo
r n

eu
ro

gl
yc

op
en

ic
 sy

m
pt

om
s. 

(1
 h

ou
r)

1.
1 

go
al

 se
tti

ng
 (b

eh
av

io
ur

)

2a
)  

Se
co

nd
 g

ro
up

 m
ee

tin
g:

 d
is

cu
ss

io
n 

of
 fi

rs
t o

nl
in

e 
di

ar
y 

an
al

ys
is

, i
nfl

ue
nc

e 
of

 ‘e
xt

er
na

l c
ue

s’ 
on

 b
lo

od
 g

lu
co

se
 

le
ve

l, 
fe

ar
 o

f h
yp

og
ly

ca
em

ia
 –

 d
eg

re
e 

of
 w

or
ry

in
g 

ab
ou

t 
hy

po
gl

yc
ae

m
ia

 a
nd

 ta
ki

ng
 p

re
ca

ut
io

na
ry

 m
ea

su
re

s v
er

su
s 

ris
k 

of
 h

yp
og

ly
ca

em
ia

, e
xp

la
na

tio
n 

of
 h

om
ew

or
k 

– 
ex

te
rn

al
 

cu
es

. (
2.

5 
ho

ur
s)

2b
) H

om
ew

or
k:

 tw
o 

w
ee

ks
 o

f k
ee

pi
ng

 a
 b

lo
od

 g
lu

co
se

 e
st

im
at

io
n 

an
d 

sy
m

pt
om

 
di

ar
y,

 o
nl

in
e 

ed
uc

at
io

n 
sy

nc
hr

on
ou

s t
o 

to
pi

cs
 o

f s
ec

on
d 

an
d 

th
ird

 g
ro

up
 

m
ee

tin
g 

pl
us

 ti
ps

 to
 tr

ea
t h

yp
og

ly
ca

em
ia

, e
du

ca
tio

n 
ab

ou
t c

ou
nt

in
g 

ca
rb

oh
yd

ra
te

s, 
th

e 
w

or
ki

ng
 o

f i
ns

ul
in

 a
nd

 th
e 

ef
fe

ct
 o

f e
xe

rc
is

e,
 st

re
ss

 a
nd

 
ill

ne
ss

 o
n 

bl
oo

d 
gl

uc
os

e,
 p

la
yf

ul
 ‘e

xp
er

im
en

ts
’ w

ith
 fo

od
, e

xe
rc

is
e 

an
d 

in
su

lin
, a

 st
re

ss
 re

du
ct

io
n 

ex
er

ci
se

 a
nd

 a
 ‘h

yp
o-

si
m

ul
at

or
’ e

xe
rc

is
e 

w
hi

ch
 

sh
ow

 e
ffe

ct
 o

f d
iff

er
en

t f
oo

ds
 o

n 
bl

oo
d 

gl
uc

os
e.

 (1
,5

 h
ou

r)

1.
1 

go
al

 se
tti

ng
 (b

eh
av

io
ur

)
1.

5 
re

vi
ew

 b
eh

av
io

ur
 g

oa
l(s

)
2.

4 
se

lf-
m

on
ito

rin
g 

of
 o

ut
co

m
e(

s)
 o

f b
eh

av
io

ur
2.

7 
fe

ed
ba

ck
 o

n 
ou

tc
om

e(
s)

 o
f b

eh
av

io
ur

4.
1 

in
st

ru
ct

io
n 

on
 h

ow
 to

 p
er

fo
rm

 th
e 

be
ha

vi
ou

r
4.

2 
in

fo
rm

at
io

n 
ab

ou
t a

nt
ec

ed
en

ts
4.

3 
re

-a
ttr

ib
ut

io
n

4.
4 

be
ha

vi
ou

ra
l e

xp
er

im
en

ts
5.

1 
in

fo
rm

at
io

n 
ab

ou
t h

ea
lth

 co
ns

eq
ue

nc
es

5.
6 

in
fo

rm
at

io
n 

ab
ou

t e
m

ot
io

na
l c

on
se

qu
en

ce
s

6.
1 

de
m

on
st

ra
tio

n 
of

 th
e 

be
ha

vi
ou

r
6.

2 
so

ci
al

 co
m

pa
ris

on
8.

3 
ha

bi
t f

or
m

at
io

n
11

.2
 re

du
ce

 n
eg

at
iv

e 
em

ot
io

ns

3a
)  

Th
ird

 g
ro

up
 m

ee
tin

g 
(s

ig
ni

fic
an

t o
th

er
s a

re
 in

vi
te

d)
: 

in
tro

du
ct

io
n 

of
 p

ar
tn

er
s, 

ro
le

 o
f p

ar
tn

er
 v

er
su

s n
ee

ds
 

of
 p

ar
tic

ip
an

t c
on

ce
rn

in
g 

th
e 

ris
k 

of
 h

yp
og

ly
ca

em
ia

, 
di

sc
us

si
on

 o
f s

ec
on

d 
on

lin
e 

di
ar

y 
an

al
ys

is
, d

is
cu

ss
io

n 
of

 
ac

co
m

pl
is

he
d 

go
al

s, 
se

tti
ng

 o
f s

pe
ci

fic
 g

oa
ls

 fo
r t

he
 a

ct
io

n 
pl

an
, w

hi
ch

 w
ill

 b
e 

fo
llo

w
ed

-u
p 

on
 in

 th
e 

ne
xt

 d
ia

be
te

s 
co

ns
ul

ta
tio

n.
 (2

.5
 h

ou
rs

)

3b
)  

Se
lf-

te
st

 fo
r g

oa
l-a

cc
om

pl
is

hm
en

t a
nd

 fu
tu

re
 g

oa
l-s

et
tin

g 
an

d 
ac

tio
n 

pl
an

 *

* E
nd

-d
oc

um
en

t w
ith

 in
te

rv
en

tio
n 

re
su

lts
 (s

el
f-t

es
ts

, t
w

o 
di

ar
y 

an
al

ys
es

, 
ex

pe
rim

en
t r

es
ul

ts
 a

nd
 a

ct
io

n 
pl

an
) c

an
 b

e 
pr

in
te

d 
or

 d
ig

ita
lly

 sa
ve

d 
by

 th
e 

tra
in

er
s a

nd
 p

ar
tic

ip
an

ts
. R

es
ul

ts
, r

em
ar

ks
 a

nd
 re

fe
rra

ls
 w

ill
 b

e 
en

te
re

d 
in

 
th

e 
pa

rt
ic

ip
an

ts
’ m

ed
ic

al
 fi

le
.

1.
2 

pr
ob

le
m

 so
lv

in
g

1.
3 

go
al

 se
tti

ng
 (o

ut
co

m
e)

1.
4 

ac
tio

n 
pl

an
ni

ng
1.

5 
re

vi
ew

 b
eh

av
io

ur
 g

oa
l(s

)
1.

7 
re

vi
ew

 o
ut

co
m

e 
go

al
(s

)
2.

7 
fe

ed
ba

ck
 o

n 
ou

tc
om

e(
s)

 o
f b

eh
av

io
ur

3 
So

ci
al

 su
pp

or
t (

un
sp

ec
ifi

ed
, p

ra
ct

ic
al

 &
 e

m
ot

io
na

l)
4.

3 
re

-a
ttr

ib
ut

io
n

6.
2 

so
ci

al
 co

m
pa

ris
on



39

Participants
Participant inclusion criteria, based on the clinical opinion of the concerning diabetes 
health care professional, were: impaired awareness of hypoglycaemia, frequent 
hypoglycaemia and/or fear of hypoglycaemia. Exclusion criteria were: not being able  
to function in a group, severe psychiatric or physical dysfunction, cognitive limitations,  
no access to the Internet and/or insufficient mastery of the Dutch language. 

All participants provided written consent. The Medical Ethics Committee of the VU 
University Medical Center approved the study protocol. 

Measures 
Feasibility

We defined feasibility in terms of organisation, recruitment, delivery of the intervention, 
retention, compliance, and acceptability. We used questionnaires for trainers and 
participants to assess: time and reimbursement issues related to implementing the 
intervention and reasons to decline participation (trainers only), perceived capability 
of trainers after one day of training (participants and trainers), retention of participants, 
motivation during meetings and completed group meetings and homework assignments 
(trainers only), and acceptability: satisfaction with the intervention format, materials 
and content (participants and trainers), usefulness of the intervention and if they would 
recommend the intervention to people with problematic hypoglycaemia (participants 
only). Likert-scales ranging from 1 to 5 were used, with higher scores indicating better 
usefulness or higher satisfaction. We asked participants to grade HypoAware as a whole 
on a Likert-scale from 1 to 10, as is usual in the Dutch school system. Finally, we asked 
trainers and participants suggestions for improvement. 

Pre-post outcome measures

At baseline, socio-demographics (age, gender, country of birth, marital status, education 
and employment) and clinical information on diabetes profile (type of diabetes, treatment 
regimen, diabetes duration, diabetes complications, comorbidity, lifetime severe 
hypoglycaemia, and number of hospitalisations due to severe hypoglycaemia in the last 3 
years) were self-reported. Glycated haemoglobin (HbA1c) was derived from medical files.

At baseline and directly post intervention we assessed frequency of mild hypoglycaemia 
per week (self-reported and defined as a blood glucose level of <4 mmol/L with “no help 
of others needed”), hypoglycaemia awareness (Gold), fear of hypoglycaemia (HFS-II), 
diabetes-related distress (PAID-5) and self-efficacy (CIDS), subjective health status (EQ5-D 
VAS), well-being (WHO-5) and psychological distress (K-10) (full details of these measures 
can be found in the electronic supplement). 
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Statistical analyses 

We calculated frequency and percentages of the feasibility scores and summarized the 
themes of our qualitative data. Baseline measures were summarized using mean and 
standard deviation and, in case of categorical data, frequencies and percentages. The 
differences between baseline and post-intervention were analysed using Wilcoxon signed 
rank tests. P<0.05 was considered statistically significant. We used SPSS version 20 for all 
analyses. 
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RESULTS
Feasibility
Organisation 

Diabetes teams from ten Dutch hospitals who indicated an interest in our study after an 
open invitation by email participated in the pilot-study. Two or three diabetes health care 
professionals per hospital (18 diabetes nurses, 7 medical psychologists and 2 diabetes 
dieticians) participated in a one-day accredited training, which focussed on how to 
organise, coordinate and implement HypoAware and how to guide the group meetings, 
based on the manual and using open-ended questions and a nondirective approach. 
Eight out of ten trained diabetes teams - on October 5th 2012 - were able to participate in 
our pilot-study. The other two teams could not start in time, before January 2013, due to 
logistic reasons; however, all teams have continued offering HypoAware as part of their 
usual care since 2013. 

Preparing, delivering and evaluating the intervention took on average 20 to 25 hours 
per trainer, excluding the one-day training. This time was not reimbursed by health care 
insurance for most hospitals. Trainers expected to need substantially less preparation 
time in subsequent deliveries. 

Recruitment 

Recruitment was primarily targeted at persons known to have problematic 
hypoglycaemia identified by the diabetes team members, and then supplemented with 
new cases identified during outpatient consultations. Participants were screened on in- 
and exclusion criteria by their diabetes health care professional and, if eligible, invited 
to participate. The eight diabetes teams recruited 40 participants. We do not know how 
many people were initially reached. Reasons for eligible participants not to participate in 
the study were most often that they lacked time.

Delivery of the intervention 

All the trainers who filled in the feasibility form (n=13) reported that they felt competent 
to deliver the intervention after the one-day training. All participants (n=37) were satisfied 
(43%) or very satisfied (57%) with the skilfulness of the trainers of their group.

Retention 

Three participants (8%) dropped out of the intervention after the first meeting: two due to 
illness and one for unknown reasons. 
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Compliance 

Trainers reported that participants were overall very engaged in the group discussions. 
During the first two weeks of homework, there were technical problems with some online 
accounts, which resulted in six participants (15%) giving up on all the online homework 
assignments (pre-test, two online modules, two weeks of keeping a symptom diary 
and filling in their data online, an action plan and post-test). Twenty participants (50%) 
completed all assignments, and an additional eight participants (20%) completed all 
assignments except for the action plan and post-test that had to be completed after the 
last meeting. Six participants completed the pre-test and first online module, including 
the three drop-outs. 

Acceptability (satisfaction, usefulness and suggestions)
Data on the acceptability of HypoAware are summarized in Table 3. Participants were 
very satisfied (50%, 59% and 38%), satisfied (42%, 38% and 59%) and neutral (3%, 
3% and 3%) about the number of meetings, number of participants and materials, 
respectively. Two participants (5%) were not satisfied with the number of meetings; in the 
remarks section they indicated that they would have preferred an extra (fourth) meeting. 
Participants found the intervention very useful (43%), useful (52%) or neutral (5%). When 
asked whether they would recommend the intervention to others with problematic 
hypoglycaemia, 57% fully agreed, 40% agreed and 3% were neutral. Satisfaction with the 
intervention as a whole was rated 8.2 (range 7-10) on a Likert-scale from 1 to 10.
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Table 3. Acceptability of HypoAware by participants (n=37) and trainers (n=13)

PARTICIPANTS TRAINERS

Number	of	meetings	(3)

(Very) satisfied 34 (92%) 9 (69%)

Neutral 1 (3%) 2 (15.5%)

(Very) unsatisfied 2 (5%) 2 (15.5%)

Duration	of	meetings	(3	hours)

(Very) satisfied - 9 (69%)

Neutral - 3 (23%)

(Very) unsatisfied - 1 (8%)

Number	of	participants	(8)

(Very) satisfied 36 (97%) 13 (100%)

Neutral 1 (3%) 0

(Very) unsatisfied 0 0

Course materials (diary + online)

(Very) satisfied 36 (97%) 11 (85%)

Neutral 1 (3%) 2 (15%)

(Very) unsatisfied 0 0

Usefulness course

(Very) useful 35 (95%) -

Neutral 2 (5%) -

(Very) useless 0 -

Would	recommend	course	to	others	like	me

(Fully) agree 36 (97%) -

Neutral 1 (3%) -

Fully disagree 0 -

Satisfaction with course (min 1- max 10) 8.2 (7-10) 8.4 (8-9)
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In the remark section, participants indicated that 1) HypoAware was very informative, 2) 
they learned a lot through the experiences of others, 3) it felt good to share and recognize 
diabetes-related problems with other participants, 4) HypoAware gave more insight in 
their own hypoglycaemic symptoms, 5) they had learned skills to better recognize and 
prevent future hypoglycaemia, 6) they wanted more meetings, and 7) there was a wish for 
a larger group size in the group with only 5 participants.

Trainers were very satisfied (23%, 15%, 15% and 69%), satisfied (46%, 54%, 85% and 15%) 
or neutral (15%, 23%, 0% and 15%) with respect to the number of meetings, duration of 
meetings, number of participants and materials, respectively. Two trainers (15%) were not 
satisfied with the number of meetings (they preferred one more meeting) and one trainer 
(8%) was not satisfied with the duration of meetings (he/she preferred a shorter meeting). 
Satisfaction with the intervention as a whole was rated 8.4 (range 8-9) on a Likert-scale 
from 1 to 10. 

In the remarks section, trainers indicated that 1) they thought the intervention was of 
real benefit to the participants, 2) they liked the thoroughness of the trainer manual, 3) 
the method of delivery inspired participants to share their stories, 4) they thought the 
meeting duration should be shortened from 3 hours to max 2.5 hours, 5) a 4th meeting 
would be appreciated by participants, 6) the criteria for reliable hypoglycaemia symptoms 
in the diary analysis should be re-examined as few reliable symptoms were picked up, 
7) the sections about the psychobehavioural mechanisms and fear of hypoglycaemia 
needed elaboration in the trainer manual, 8) they recommended to bring partners in the 
last meeting in stead of the second, and 9) they suggested to include a step-by-step guide 
for the online environment in the symptom diary. 

Pre-post outcomes
We gathered baseline data of 40 participants (Table 4). We reached predominantly people 
with longstanding (25±13 years) Type 1 diabetes (85%). Mean HbA1c was 59±10 mmol/mol 
(7.5±0.9%). 80% reported impaired awareness of hypoglycaemia (according to the cut-off 
of ≥4 on the Gold-scale), 70% reported three or more episodes of mild hypoglycaemia 
per week, and 63% indicated that worries about hypoglycaemia (according to the 
PAID-20 item on hypoglycaemia worry) to be rather to very problematic. 73% had ever 
experienced an episode of severe hypoglycaemia of which 65% more than one episode.
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Table 4. Baseline characteristics of participants in our pilot-study 

 BASELINE

Displayed as mean ± SD / n (%) n=40

Socio-demographic	characteristics	
Age (years)
Gender

 Man
 Woman

Country of birth
 The Netherlands
 Other

Marital status
 Single
 Married / in relationship

Education
 High school or less
 Some college
 Bachelor’s degree or more

Employment
 Unemployed (retired, unfit for work, stay at home)
 Parttime (< 36 hours per week)
 Fulltime (≥ 36 hours per week)

54.4 ± 12.6
 
24 (60%)
16 (40%)
 
39 (98%)
1 (2%)
 
5 (13%)
35 (87%)
 
13 (33%)
18 (45%)
9 (22%)
 
22 (55%)
10 (25%)
8 (20%)

Diabetes	Profile
Type of diabetes

 Type 1 diabetes (including LADA)
 Type 2 diabetes

Treatment regimen
 Multiple daily injections (with or without tablets)
 Pump therapy

Current Real-Time Continuous Glucose Monitoring use
Diabetes duration (years)
Glycated haemoglobin - HbA1c: mmol/mol (%)
Number of diabetes complications

 None
 One
 Two or more

Lifetime number of severe hypoglycaemia events
 None
 One
 Two or more

Number of hospitalisations due to severe hypoglycaemia in past 3 years
 None
 One or more

 

34 (85%)
6 (15%)
 
22 (55%)
18 (45%)
8 (20%)
24.6 ± 13.4
59 ± 10 (7.5 ± 0.9)
 
18 (45%)
9 (22%)
13 (33%)

11 (27%)
3 (8%)
26 (65%)
 
34 (85%)
6 (15%)
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The changes in outcome measures directly after HypoAware (n=37) are shown in Table 5. 
Worries about hypoglycaemia, as measured with the PAID-20 item and the HFS-II worry 
scale (p=0.003 and p=0.031), diabetes-related distress (p=0.023), and diabetes-related 
self-efficacy (p=0.007) improved significantly, while all other outcomes improved without 
reaching statistical significance. 

Table 5. Pre-post HypoAware pilot-study outcomes and p-values    
     

PRE-HYPOAWARE POST-HYPOAWARE

 Displayed as mean ± SD / n (%) n=37 n=37 p-value

Pre-post outcomes 

Frequency of mild hypoglycaemia per week*

Rarely or never (0 times/week)

Sometimes (1-2 times/week)

Regularly (3-4 times/week)

Often or daily (5+ times/week)

2 (5%)

8 (22%)

17 (46%)

10 (27%)

4 (11%)

10 (27%)

15 (40%)

8 (22%)

0.110

Hypoglycaemia awareness*

Impaired hypoglycaemia awareness (≥ 4 Gold-scale)**

4.6 ± 1.4

30 (81%)

4.2 ± 1.3

25 (68%)

0.209

0.227

Worries about hypoglycaemia (PAID-20 item)*

Rather worried to very worried (≥2)**

1.9 ± 0.9

24 (65%)

1.4 ± 1.0

14 (38%)

0.003

0.013

Fear of hypoglycaemia – Total (HFS-II)*

Worry scale*

Behaviour scale*

37.2 ± 17.9

21.4 ± 13.0

15.8 ± 7.7

32.2 ± 20.2

18.1 ± 14.9

14.2 ± 7.4

0.037

0.031

0.127

Diabetes-related distress (PAID-5)*

Highly distressed (≥8)**

7.2 ± 4.7

16 (43%)

6.1 ± 4.7

11 (30%)

0.023

0.125

Subjective health status (EQ-5D VAS)* 64.8 ± 23.5 68.9 ± 22.3 0.116

Psychological distress (K10)*

Likely mild to severe disorder (≥20)**

20.9 ± 7.8

17 (46%)

19.4 ± 7.2

14 (38%)

0.093

0.453

Emotional wellbeing (WHO-5)*

Reduced well-being (<50)**

55.4 ± 21.1

15 (41%)

59.4 ± 19.9

12 (32%)

0.175

0.250

Diabetes-related self-efficacy (11 CIDS items)*

Feeling competent in communication with significant others**

41.4 ± 5.9

25 (68%)

43.8 ±6.1

30 (81%)

0.007

0.180

*Wilcoxon signed-rank test 

**Chi-Square test (McNemar test)  
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DISCUSSION
While Blood Glucose Awareness Training has internationally proven its effectiveness in 
reducing hypoglycaemia-related problems in persons with Type 1 diabetes, uptake in 
diabetes care is low, most likely due to its demanding nature. The results of this pilot-
study suggest improved opportunities of reach and intervention uptake in diabetes care. 
The new programme is the result of combining existing, evidence-based awareness 
training modules with new elements that can help patients reduce the burden of 
hypoglycaemia. For the development of HypoAware input was received from both 
diabetes professionals and diabetes patients, and both groups express high satisfaction 
with the intervention and its modules. 

Future research should establish the effectiveness, but pre-post changes observed 
in this study suggest the integrity of the programme has not been compromised. The 
shorter duration of the programme combined with patient-friendly online modules 
appear to have increased the attractiveness and ‘doability’ of the intervention. By adding 
an online environment to the group sessions, HypoAware has the benefits of modern 
low-cost technology, while maintaining the highly appreciated sharing of experiences 
and motivational aspects of a group intervention. Interestingly some patients and some 
professionals would prefer an extra group session, which may be an option in some 
settings. 

One could argue that adding an online learning environment could imply the exclusion 
of people who do not have access to or are not capable of using the Internet. While this is 
true, digitalization rises fast and over 85% of the Dutch population is currently connected 
via the Internet (50). Also, HypoAware is developed with special attention for people 
with low health-literacy and therefore its use is very intuitive. For those unable to use the 
Internet ‘classic’ Blood Glucose Awareness Training is still available, either one-to-one or 
in small groups.

Because of the nature of our uncontrolled feasibility study we could not establish 
the efficacy of HypoAware, however, worries about hypoglycaemia, diabetes-related 
distress and diabetes-related self-efficacy improved significantly, while frequency of 
mild hypoglycaemia and hypoglycaemia awareness did not. Trends towards a reduction 
of impaired hypoglycaemia awareness (from 81% to 68%) and a lowering of mild 
hypoglycaemic episodes per week (from 73% to 62%) were observed. We should keep 
in mind that these changes were observed directly after the 4 weeks programme and 
therefore can not comment on the effects on severe hypoglycaemia, other than that 
during our study no additional events were registered. A longer follow-up period could 
have shown larger improvements, since the underlying behavioural change takes time. 
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In view of the primary aim of the pilot and our upcoming randomised controlled trial we 
chose not to extend the study duration. 
 
To determine the effectiveness and cost-effectiveness of HypoAware, we plan to conduct 
an economic evaluation alongside a cluster-randomised controlled trial with a follow-up 
of at least 6 months. 
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ABSTRACT
Background
Problematic hypoglycaemia is a significant problem among people with insulin-treated 
type 1 and 2 diabetes mellitus, which adversely affects quality of life and leads to high 
societal costs. Blood glucose awareness training (BGAT) is a psychoeducational group 
intervention that has shown to be effective but difficult to implement in clinical practice, 
due to its demanding nature. The aim of this study is to evaluate the cost-effectiveness 
of the HypoAware intervention that has its roots in BGAT and helps patients to effectively 
recognize, treat and prevent hypoglycaemia, while also focussing on the psychosocial 
consequences of living with the constant risk of hypoglycaemia, both for patients and 
their significant others.

Methods/Design
An economic evaluation will be conducted alongside a cluster-randomised controlled 
trial in eight hospitals in the Netherlands. We aim to include 154 participants who will 
either receive HypoAware or care as usual. HypoAware consists of three group sessions 
and is combined with two online modules. The primary clinical outcome is severe 
hypoglycaemia. Secondary outcomes include mild hypoglycaemia, hypoglycaemia 
awareness, fear of hypoglycaemia, diabetes distress, anxiety and depression, health-
related quality of life, diabetes-specific self-efficacy and HbA1c. Utilities will be measured 
using the EQ-5D-5 L questionnaire. Costs will be measured from a societal perspective 
and include health care utilization, medication and lost productivity costs. Measurements 
will be performed at baseline, 2, 4, and 6 months to compare both groups, and an 
additional 12 months for the intervention group only. Process outcomes will be gathered 
after every group meeting via telephone/email contact with health care professionals and 
via the online environment.

Discussion
HypoAware is expected to significantly reduce episodes of severe hypoglycaemia, with 
subsequent beneficial effects on psychosocial outcomes and health care costs. When 
proven cost-effective, HypoAware will be incorporated in the clinical guidelines of Dutch 
diabetes care. 

Trial	Registration:	Dutch Trial Register NTR4538
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BACKGROUND
Hypoglycaemia is the most common adverse event associated with insulin treatment 
in type 1 and type 2 diabetes and causes morbidity, a significant reduction in quality of 
life, and even death (5, 35, 37). Hypoglycaemia can lead to high costs due to increased 
health care consumption and work productivity loss (35, 36). Psychoeducational 
interventions, like Blood Glucose Awareness Training (BGAT), aimed at reducing and 
preventing hypoglycaemia are effective (15), but are demanding on clinics’ resources, 
health care professionals and people with diabetes. Current economic climate demands 
a cost-effective approach. Therefore, we developed a brief group intervention based 
on key ingredients of BGAT, called HypoAware. We combined three group sessions of 
2.5 hours each with an online learning environment, to maintain quality and improve 
attractiveness, while keeping costs at a minimum.

We have previously conducted a multi-centre pilot study of HypoAware in people with 
type 1 and type 2 diabetes and problematic hypoglycaemia (51). This study demonstrated 
the intervention’s feasibility and acceptability. Continuing on this pilot study, we designed 
a two-arm cluster-randomised controlled trial comparing HypoAware with care as usual. 
In addition to health-related effectiveness, cost-effectiveness will also be assessed, since 
this will inform policy and decision makers in diabetes care about the cost/benefit ratio of 
HypoAware.

This study aims to evaluate the effectiveness and cost-effectiveness of a brief blended 
psychoeducational intervention called HypoAware, aimed at reducing hypoglycaemia-
related problems in people with type 1 and insulin-treated type 2 diabetes in comparison 
with usual care.
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METHODS / DESIGN
Design
An economic evaluation from a societal perspective will be performed alongside a two-
arm multi-centre, cluster-randomised controlled trial with follow up measurements at  
2, 4 and 6 months for both groups. Additionally a 12 months follow-up measurement will 
take place in the intervention group only to analyse long-term effects over time.

Ethical approval
The study protocol was approved by the Ethics Committee of the VU University Medical 
Center certified by the Central Committee on Research involving Human Subjects in 
the Netherlands (NL47354.029.13, registration number 2014.007). We will obtain written 
informed consent from all participants. 

Setting
The study will be carried out in eight self-selected outpatient diabetes clinics in the 
Netherlands. The diabetes care teams in these clinics will conduct the recruitment and 
intervention phase. All teams have appointed a local coordinator. The study coordinator 
(SR) will be in close contact with the local coordinators throughout the study. 

Randomisation
Cluster randomisation will be done prior to recruitment of participants at the level of 
the participating clinics to avoid contamination within the clinics. The participants in 
the control group receive the intervention after the 6 months follow-up as an incentive 
to participate. Random allocation will be performed by two members of the study team, 
who randomly select notes from two opaque envelopes, one with the eight names of 
the clinics and one with four notes with ‘intervention’ and four notes with ‘control’. 
Participants will be allocated based on the clinic where they are registered.

Participants
Persons are eligible for this study if they are 18 years or older, are treated for type 1 or type 
2 diabetes in an outpatient setting, perform at least three multiple daily insulin injections 
a day or are on continuous subcutaneous insulin infusion (pump therapy) and have 
experienced one or more episodes of SH in the past two years and/or have subjective 
impaired awareness of hypoglycaemia (the patient has no or significantly reduced 
autonomic symptoms when blood glucose drops below 4 mmol/l). Furthermore, patients 
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should have access to the Internet and be willing and able to actively attend the three 
group meetings.

Patients are excluded from participation when they meet one or more of the following 
exclusion criteria: serious medical co-morbidity (e.g. cancer or dialysis); a major 
psychiatric disorder (e.g. bipolar depression or schizophrenia); established cognitive 
impairment; substance abuse; pregnancy; insufficient Dutch language skills or visual 
impairments. 

Recruitment and planning
In order to take part in our study, clinics need to indicate to be able to include 20 
participants. Via posters and information brochures, the study will be announced and 
explained. The diabetes teams in each clinic will check patients on in- and exclusion 
criteria. The local coordinator will collect all informed consent forms and send those to 
the study coordinator. Patients will receive a personal link to the online questionnaires 
via email. Then, participants are either enrolled in HypoAware or will first receive usual 
care for 6 months, depending on the clinic at which they are registered. Blinding of 
participants is not possible due to the nature of the intervention. Participants receive the 
online questionnaire again at 2, 4 and 6 months follow-up. After 6 months, our study team 
will train the diabetes care teams from the control group. Participants from the control 
group can receive the intervention if so wished. Only the intervention group receives an 
additional questionnaire after 12 months. An overview of the study design and participant 
flow is provided in Figure 1.

 



54

Fig. 1 Flow chart of study design and participant flow
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Interventions
HypoAware

As mentioned earlier, HypoAware is an adapted version of BGAT. HypoAware was 
developed in close collaboration with diabetes experts and persons with diabetes. 
HypoAware consists of three group sessions of 2.5 hours during four weeks, combined 
with two online modules in the weeks between meetings. Topics covered in the group 
meetings and online are presented in Table 1. Groups are led by two trained diabetes 
professionals and consist of eight participants; due to the nature of the intervention these 
professionals cannot be blinded. HypoAware aims to improve symptom recognition, 
risk awareness, preventive and problem-solving strategies and coping with (the risk 
of) hypoglycaemia. The intervention is guided by the biopsychobehavioural model of 
risk of severe hypoglycaemia by Linda Gonder-Frederick and colleagues (13), which 
describes the effect of behavioural mechanisms, like attention for and attribution of 
hypoglycaemia symptoms, on the risk of severe hypoglycaemia. It also focuses on the 
usage of ‘internal cues’ for low blood glucose (physical and mental symptoms) and 
the prediction and prevention of hypoglycaemia through ‘external cues’ (e.g. the effect 
of insulin, food intake and physical activity). Group sessions are highly interactive and 
aimed at patient-empowerment, in which patient responsibility and informed decision 
making is encouraged (when appropriate). Group meetings promote modelling, social 
reinforcement and sharing of experiences. Partners or other significant others are 
invited to the third meeting to discuss their attitudes towards their own and partners’ 
responsibilities regarding the prevention and treatment of hypoglycaemia. The user-
friendly online modules consist of educational texts and videos, automated exercises,    
self-tests and personal diary analyses. Results and progress can be viewed online and 
printed by participants and trainers and are discussed in the group meetings. Also,  
results can be entered in the participants’ medical file for subsequent routine visits.  
More information about the development and feasibility of HypoAware is published 
elsewhere (51).
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Table 1 HypoAware: (order of) topics of group meetings and online environment 

GROUP MEETINGS ONLINE ENVIRONMENT

1b)  First group meeting: introduction, discussion 
of goals, ‘internal cues’ of hypoglycaemia 
and impaired hypoglycaemia awareness, 
‘feel-exercise’ to scan for internal cues, 
psychobehavioural mechanisms in the treatment 
of hypoglycaemia, explanation of homework – 
the diary, estimation-grid an internal cues. (2.5 
hours)

1a)  Self-test for goal-setting

1c)  Homework: two weeks of keeping a blood 
glucose estimation and symptom diary, online 
education synchronous to topics of first 
group meeting plus tips to prevent hypo- and 
hyperglycaemia and playful tests to scan for 
neuroglycopenic symptoms. (1 hour)

2a)  Second group meeting: discussion of first online 
diary analysis, influence of ‘external cues’ on 
blood glucose level, fear of hypoglycaemia – 
degree of worrying about hypoglycaemia and 
taking precautionary measures versus risk of 
hypoglycaemia, explanation of homework – 
external cues. (2.5 hours)

2b)  Homework: two weeks of keeping a blood 
glucose estimation and symptom diary, online 
education synchronous to topics of second 
and third group meeting plus tips to treat 
hypoglycaemia, education about counting 
carbohydrates, the working of insulin and the 
effect of exercise, stress and illness on blood 
glucose, playful ‘experiments’ with food, exercise 
and insulin, a stress reduction exercise and a 
‘hypo-simulator’ exercise which show effect of 
different foods on blood glucose.  
(1,5 hour)

3a)  Third group meeting (significant others are 
invited): introduction of partners, role of partner 
versus needs of participant concerning the risk 
of hypoglycaemia, discussion of second online 
diary analysis, discussion of accomplished goals, 
setting of specific goals for the action plan, 
which will be followed-up on in the next diabetes 
consultation. (2.5 hours)

3b)  Self-test for goal-accomplishment and future 
goal-setting and action plan *

* End-document with intervention results   
(self-tests, two diary analyses, experiment 
results and action plan) can be printed or 
digitally saved by the trainers and participants. 
Results, remarks and referrals will be entered in 
the participants’ medical file.

Table from (51) in adapted form. 

Training 
Prior to delivering HypoAware, members of the diabetes teams from the intervention 
group (two to four members per clinic) receive a one-day protocolized training by our 
study team and are provided with a detailed trainer manual. Eligible for the training are 
diabetes nurses, endocrinologists, diabetes dieticians or medical psychologists with 
expertise in diabetes. The training focuses on how to coordinate and implement the 
program and how to lead the group meetings. The HypoAware approach encourages 
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future trainers to stimulate participants in a non-judgmental and non-directive way to 
share their experiences and learn from each other rather than from a tutor. The focus is  
on informed decision-making and patient-empowerment. 

During the study, trainers are contacted after each session, to check for any protocol 
violations and experienced difficulties. Trainers can contact the study coordinator to 
discuss any questions or problems should they arise. 

Control - Care as usual

In the first six months, participants of the control group only have access to care as 
normally provided by their diabetes team. There is no specific protocol or guideline 
available to guide care for people with diabetes and problematic hypoglycaemia other 
than the national guidelines (http://www.diabetesfederatie.nl). According to survey  
data by our research group (unpublished), patients can expect to receive one to three 
extra consultations with the diabetes nurse and/or dietician and additional telephone/
email contact. The appointments with the diabetes nurse focus on adjusting  
glucose-lowering medication and examining blood glucose patterns. Often (temporary) 
higher blood glucose targets are advised. The dietician helps with adjusting the 
carbohydrate-insulin ratio. 

After the six months follow-up, participants in the control group can receive HypoAware.

Outcomes
All measures mentioned below will be administered at the start of the study, and 2, 4 and 
6 months after inclusion through web-based questionnaires. The clinical data will be 
collected from the medical files by the local coordinator from each clinic. The intervention 
group receives an additional measurement at 12 months to analyse long-term effects  
over time. 

Primary outcome

The primary outcome is self-reported frequency of severe hypoglycaemia after 6 months, 
defined as “a hypoglycaemic event serious enough to require the help of another person”. 

Secondary health-related outcomes

Self-reported frequency of mild hypoglycaemia per week is formulated as “a 
hypoglycaemic event not serious enough to require the help of another person”. We will 
ask participants to count the number of blood glucose measurements in the past week, 
how many of those measurements were below 4 mmol/l and how many times they felt 
low without confirming it with a test. 
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Hypoglycaemia awareness will be evaluated using the validated Gold score (10) and 
Clarke questionnaire (6). 

Fear of hypoglycaemia(both worrying and avoidance behaviour) will be measured using 
the revised Hypoglycaemia Fear Survey (HFS-II) (52). 

Diabetes-related distress will be assessed with the short-form Problem Areas In Diabetes 
scale (PAID-5) (53). 

Anxiety and depression, will be assessed with the Hospital Anxiety and Depression Scale 
(HADS) (54). 

Diabetes-specific self-efficacy will be evaluated with the Confidence In Diabetes Self-care 
(CIDS) (55). 

Health-related quality of life will be measured using the EuroQol 5-dimensional 5-level 
version (EQ-5D-5L) and the visual analogue scale (EQ-5D VAS) (56). 

Demographics will be measured at baseline, along with the following clinical data from 
the medical file: glycosylated haemoglobin (HbA1c), type of diabetes, treatment regimen, 
diabetes duration, diabetes-related complications, and co-morbidities.

Cost-effectiveness outcomes

The obtained EQ-5D-5L scores (56) will be used to calculate utilities according to the 
Dutch tariff. For the economic evaluation, costs will be measured using the TiC-P 
questionnaire (57) with a recall period of 2 months. Costs that will be included are direct 
costs of healthcare utilization (e.g., hospital admissions, outpatient visits and calls, 
emergency room visits, ambulance transfers, medication and medical supply usage), 
costs of informal care, and indirect costs (productivity loss due to work absenteeism  
from paid and unpaid work). If available, Dutch guideline prices will be used to value 
resource use. Medication use will be valued using prices of the Royal Dutch Society 
for Pharmacy. Lost productivity costs will be calculated according to the friction cost 
approach (friction period 154 days) using the mean age and sex-specific income of 
the Dutch population. According to the friction cost approach a sick employee is 
replaced after a certain amount of time (the friction period) after which there are no lost 
productivity costs anymore. All costs will be adjusted to the year in which most data is 
collected using consumer price indices. 
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Process outcomes

We will assess participants’ and trainers’ compliance with the intervention via contact 
with the trainers after every group meeting. We will determine the number of meetings 
followed by every participant and protocol violations. We will also use information 
from the online environment to determine whether participants completed the online 
assignments.

Sample size
A power analysis was performed to determine the sample size using STATA 11.2 
(Statacorp, Texas, USA). We based our effect size on a randomised controlled trial of the 
intervention BGAT that showed the most conservative effect (29). Mean frequency of 
severe hypoglycaemia at baseline was 1.61 (SD 3.49) and 0.13 (SD 0.33) 6 months post 
BGAT. The control condition (group education about diabetes guided by a physician) 
scored 1.76 (SD 3.71) at baseline and 1.07 (SD 2.85) after 6 months. This implicated that, 
with 3 follow-up measurements and ρ = 0.6, the alpha set at 0.05, a power of 80%, and 
adjusting for clustering within 8 diabetes teams with an ICC of 0.01 as described by Twisk 
(58), we need 62 patients per group (total n = 124) to perform our primary analyses. 
Anticipating a 20% loss to follow-up, we aim to randomise 77 patients per group (total 
n=154).

Statistical analyses
Data will be analyzed based on the intention-to-treat principle. We will use a multilevel 
generalized linear model for count data to assess the effectiveness of HypoAware on the 
frequency of severe hypoglycaemia, while allowing for clustering of events in patients and 
clinics. Secondary outcomes will also be assessed using multilevel (generalized) linear 
models in case of continuous, count or ordinal outcome variables. Generalized Estimation 
Equations (GEE) will be used to analyse dichotomous outcome variables.

Economic evaluation
Both a cost-effectiveness and cost-utility analysis will be performed with a time horizon of 
6 months. Therefore, discounting is not necessary. 

Societal costs will be related to the following effect measures in the economic evaluation: 
1) Frequency of severe hypoglycaemia; 2) Quality-adjusted life-years (QALYs), calculated 
using the area-under-the-curve method with linear interpolation between time points. 
QALYs will be based on the Dutch tariff for the EQ-5D-5L. 
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The analysis will be done according to the intention-to-treat principle. Missing cost 
and effect data will be imputed using multiple imputation techniques. Adjustment for 
confounders and effect modifiers will be done, if necessary. Sensitivity analyses will  
be performed to assess the robustness of the results using different assumptions 
regarding costs. 

Incremental cost-effectiveness ratios (ICERs) will be calculated by dividing the difference 
in mean total costs between the HypoAware and usual care groups by the difference 
in mean effects. Bootstrapping with 5000 replications will be used to estimate 95% 
confidence intervals around cost differences and the uncertainty surrounding the ICERs. 
Uncertainty will be graphically presented on cost-effectiveness planes. Cost-effectiveness 
acceptability curves showing the probability that the intervention is cost-effective in 
comparison with usual care for a range of different ceiling ratios will also be estimated. 
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DISCUSSION
Existing psychoeducational interventions aimed at reducing hypoglycaemia are effective, 
but demanding on the recourses of the clinics, health professionals and people with 
diabetes. We propose to study the costs and effects of our brief psychoeducational 
intervention, HypoAware, in comparison to care as usual in a cluster-randomised RCT.

A potential limitation of this study could be our relatively short follow-up period of 6 
months to compare group effects. It is possible that the potential benefits of HypoAware 
will not yet be fully visible after 6 months, because severe hypoglycaemia occurs 
on average 1.0 to 1.7 times a year (59). However, in this specific group with impaired 
awareness of hypoglycaemia and/or recent severe hypoglycaemia, occurrence of severe 
hypoglycaemia is higher than in a non-selected group of diabetes patients. To study 
the longer term effects, we do measure the intervention group at an additional 12 
months. It would not be ethical to withhold the participants in the control group our new 
intervention for a year, since no other structured care is available for these patients. 

Another possible limitation is that we rely on self-report of hypoglycaemia since validation 
of hypoglycaemic episodes, for example by means of continuous glucose monitoring 
technology, was not feasible. Self-reported frequency of severe hypoglycaemia for 
the past year (and the past week for mild hypoglycaemia) seems reliable, although an 
underestimation of severe hypoglycaemia seems likely in case of sub-groups with a high 
frequency of severe hypoglycaemia (60). In our study, we will inquire about the previous 
six months in case of severe hypoglycaemia. 

It is not possible to blind patients and caregivers to the randomisation due to the nature 
of the study; however, since both groups receive HypoAware, we can assume similar 
expectancies in both groups. 

Overall, this study will provide valuable information about the effectiveness and cost-
effectiveness of a combined group and online psychoeducational intervention to reduce 
and prevent episodes of severe hypoglycaemia and other hypoglycaemia-related 
problems in type 1 and type 2 insulin-treated diabetes patients, both from a clinical and 
societal perspective. Since, in the current economic climate, care has to be as effective 
as possible, for as little money as possible, interventions have a greater chance of being 
implemented if cost/benefit trade-off is favourable. Studying our intervention will also 
contribute to the evidence of the effect of downsizing relatively ‘intensive’ and costly 
interventions and complementing a group format with the Internet. This format could be 
applied to other interventions to improve implementation, while maintaining quality and 
high standards of care. 
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If HypoAware is proven cost-effective, it will be adopted and promoted by the Dutch 
Diabetes Federation as a supportive tool for managing recurrent hypoglycaemia. 
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ABSTRACT
Objective
To establish the effectiveness of a brief, partly web-based group intervention 
HypoAware in patients with problematic hypoglycaemia, in terms of reduction of severe 
hypoglycaemic episodes, impaired hypoglycaemia awareness and worries.

Research design and methods 
A two-arms cluster-randomised controlled trial was conducted in insulin-treated patients 
with problematic hypoglycaemia in eight Dutch clinics comparing HypoAware with care 
as usual. Primary outcomes included self-reported severe hypoglycaemia, impaired 
hypoglycaemia awareness (Gold) and worries and distress about hypoglycaemia (HFS-II / 
PAID hypo-item), assessed at baseline, 2, 4, and 6 months follow-up. We used t-tests, non-
parametric tests and intention-to-treat Generalized Estimation Equation (GEE) analyses 
with linear, logistic and Poisson or negative binomial models. 

Results
We enrolled 137 participants. Adjusted GEE analyses over 4 time points showed a non-
significant 33% fewer episodes of severe hypoglycaemia in the HypoAware group as 
compared to the control group (RR=0.67; 95%CI: 0.39 - 1.16; p=0.150); a significant reduced 
odds of impaired awareness (OR=0.38; 95%CI: 0.15 - 0.95; p=0.038), a trend towards 20% 
less worries about hypoglycaemia (RR=0.80; 95%CI: 0.64 - 1.01; p=0.059) and a significant 
30% less hypo-distress (RR=0.70; 95%CI: 0.56 - 0.88; p=0.002). Over the 6 months study 
duration participants experienced a median of 2.5 events of severe hypoglycaemia (IQR 
1-10) in the control condition versus 1 event (IQR 0-6.5) in the HypoAware group (p=0.030). 
There was no significant change in HbA1c within and between both groups.

Conclusions
HypoAware resulted in fewer severe hypoglycaemic episodes, significantly improved 
hypoglycaemia awareness and less hypo-distress in comparison with usual care and 
deserves further dissemination.

Trial	Registration: Dutch Trial Register NTR4538
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INTRODUCTION
Severe hypoglycaemia, defined as a low blood glucose where there is a need of external 
assistance due to confusion, muscle weakness or loss of consciousness, is one of the most 
impactful adverse events associated with insulin treatment in type 1 and type 2 diabetes 
(5). Severe hypoglycaemia can lead to significant morbidity, fear of hypoglycaemia, 
reduced quality of life, and even death (5, 35, 37, 39) as well as to high societal costs in 
terms of increased health care consumption and reduced work productivity (35, 36). The 
estimated incidence of severe hypoglycaemia ranges from 1.0 to 1.7 episodes per patient 
per year and occurs in 30-37% of people with type 1 diabetes (7, 61, 62). Longer disease 
duration increases the risk of severe hypoglycaemia to 3.2 episodes per patient per year 
(8). With progressive insulin deficiency, frequency of severe hypoglycaemia in people with 
type 2 diabetes approaches that of type 1 diabetes (63). In people with diabetes who show 
hypoglycaemia-associated autonomic failure, a defect associated with impaired symptom 
awareness, the risk of severe hypoglycaemia is found to be 25-fold greater (2, 5). Recurrent 
hypoglycaemic episodes reduce hormonal counter regulation, thereby increasing the 
risk for subsequent hypoglycaemia, leading to a vicious cycle of events (2). There is 
evidence that psychobehavioural factors, like inattention for symptoms of hypoglycaemia, 
misinterpretation and the postponement of corrective measures, are at least partly 
responsible for an increased risk of severe hypoglycaemia (13). Hypoglycaemia-specific 
structured psychoeducational interventions have been developed, such as Blood Glucose 
Awareness Training (BGAT), aimed to help patients enhance their understanding of risk 
factors for hypoglycaemia, improve symptom awareness as well as adequate and timely 
corrective behaviours (15). A recent review and meta-analysis showed effectiveness of 
psychoeducational programs in terms of improving symptom awareness (27). However, 
due to methodological limitations more rigorous trials are needed (64). Moreover the use 
of the Internet can help lower the burden of such programs on clinics’ resources, health 
care professionals’ time and people with diabetes and thereby enhance opportunities for 
dissemination (51). 

We developed a brief, partly web-based psychoeducational group intervention for people 
with problematic hypoglycaemia, called HypoAware (in Dutch: HypoBewust) based on 
key active ingredients of the evidence-based BGAT, and demonstrated its feasibility and 
acceptability in a pilot-study (51). 

This study aims to evaluate the effectiveness of HypoAware in reducing episodes of 
severe hypoglycaemia, improving hypoglycaemia awareness, and hypoglycaemia-related 
distress in people with type 1 and insulin-treated type 2 diabetes compared to usual care. 
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METHODS
Design
We performed a two-arm multi-centre, cluster-randomised controlled trial with follow 
up measurements at 2 months (4 weeks post intervention), 4 months and 6 months. 
A detailed description of the study protocol is provided elsewhere (65). The study 
was approved by the Ethics Committee of the VU University Medical Center certified 
by the Central Committee on Research involving Human Subjects in the Netherlands 
(NL47354.029.13, registration number 2014.007). We obtained written informed consent 
from all participants. 

Randomisation
Cluster randomisation was done prior to recruitment of participants at the level of the 
participating clinics to avoid contamination within the clinics. Random allocation was 
performed by two members of the study team who randomly selected notes from two 
opaque envelopes, one with the eight names of the clinics and one with four notes with 
‘intervention’ and four notes with ‘control’. Participants were allocated based on the clinic 
where they were registered.

Setting and subjects
The study was carried out in eight outpatient diabetes clinics in the Netherlands. After 
baseline measurement, participants were enrolled in HypoAware or received usual 
care for 6 months, depending on the clinic at which they were registered. Blinding of 
participants and health care professionals was not possible due to the nature of the 
intervention. 

Persons were eligible for this study if they were 18 years or older, were treated for type 1 
or type 2 diabetes in an outpatient setting, performed at least three multiple daily insulin 
injections a day or used continuous subcutaneous insulin infusion (pump therapy) and 
had experienced one or more episodes of severe hypoglycaemia in the past two years 
and/or had a heightened risk of severe hypoglycaemia operationalized by subjective 
impaired awareness of hypoglycaemia (no or significantly reduced autonomic symptoms 
when blood glucose drops below 4 mmol/l / 72 mg/dl, as defined by Gold et al. (10)). 
Furthermore, patients had to have access to the Internet and be willing and able to attend 
the three group meetings.

Patients were excluded from participation when they met one or more of the following 
exclusion criteria: serious medical co-morbidity (e.g. cancer or dialysis); a major 
psychiatric disorder (e.g. bipolar depression or schizophrenia); established cognitive 
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impairment; substance abuse; pregnancy; insufficient Dutch language skills or  
visual impairments. 

Interventions
HypoAware

HypoAware is an adapted version of Dutch BGAT (16), and was developed in close 
collaboration with diabetes experts with experience in BGAT and persons with diabetes. 
It consists of three group sessions of 2.5 hours during four weeks, combined with two 
user-friendly online modules in the weeks between meetings. Groups consist of eight 
participants and are led by two trained diabetes professionals. HypoAware is guided by 
the biopsychobehavioural model of risk of severe hypoglycaemia by Gonder-Frederick 
and colleagues (13) and aims to improve symptom recognition, risk awareness, preventive 
and problem-solving strategies and coping with (the risk of) hypoglycaemia. Topics 
covered in the group meetings and online are presented in Supplementary table 1.  
Group sessions are highly interactive and aimed at patient-empowerment, in which 
patient responsibility and informed decision making is encouraged (when appropriate). 
Partners or other significant others are invited to the third session. More information 
about the development and feasibility of HypoAware is published elsewhere (51). 

Control - Care as usual

Participants in the Care as Usual (CAU) group had access to comprehensive diabetes care 
as normally provided by their diabetes team (also available to the participants of the 
intervention group). After the six months follow-up, our study team trained the diabetes 
care teams from the control group and participants from the control group received the 
intervention, if so wished. 

Outcomes
All measures mentioned below, unless otherwise mentioned, were administered web-
based at baseline, and 2, 4 and 6 months follow-up. Clinical data were collected from the 
medical files. 

Primary outcomes 

Episodes of severe hypoglycaemia defined as “a hypoglycaemic event serious enough to 
require the help of another person” (self-report). We asked about number of events over 
the past six months at baseline and the past two months at all follow-up measurements.

Hypoglycaemia awareness was evaluated using the validated Gold score (10). The Gold 
score consists of one item on a Likert scale, ranging from 1 (“always aware”) to 7 (“always 
unaware”). A score of 4 or higher indicates impaired hypoglycaemia awareness.
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Fear of hypoglycaemia was measured using the revised Hypoglycaemia Fear Survey (HFS-
II) with 33 items on a 0-4 Likert scale (52). Higher values indicate more worries (18 items) 
or hypoglycaemia-related avoidance behaviours (15 items).

Secondary outcomes

Episodes of non-severe hypoglycaemia in the past week, defined as “a hypoglycaemic 
event not serious enough to require the help of another person”. We asked participants to 
count the number of blood glucose measurements in the past week below 4 mmol/l (<72 
mg/dl) and asked them how many times they had felt low and treated their blood glucose 
level with carbohydrates without confirming with a test. 
Diabetes-related distress was assessed with the short-form Problem Areas In Diabetes 
scale (PAID-5) (53). This scale consists of 5 items on a Likert scale (0-4). A higher score 
means more diabetes-related distress. A score of ≥8 indicates elevated diabetes-related 
distress. We added one item from the PAID-20 ‘Worrying about low blood sugar reactions’ 
with the scores 3 and 4 (‘somewhat serious problem’, ‘serious problem’ respectively) 
indicating high hypoglycaemia-related distress. 

Anxiety and depression were assessed with the Hospital Anxiety and Depression Scale 
(HADS) (54). Higher scores indicate more symptom burden of anxiety and depression. 
Scores for the sub scales for anxiety and depression < 8 are considered normal, between 
8-10 borderline anxiety or depression and scores between 11-21 indicate elevated anxiety 
or depression. 

Diabetes-specific self-efficacy was evaluated with the Confidence In Diabetes Self-care 
(CIDS) with 21 items (Likert scale 1-5) (55). Sum scores are transformed to 0-100. Higher 
scores indicate more overall diabetes-specific self-efficacy. 

Health-related quality of life was measured using the EuroQol 5-dimensional 5-level 
version (EQ-5D-5L) and the visual analogue scale (EQ-5D VAS) (56). Scores of the EQ-5D-5L 
lie between 0 and 1, with higher scores indicating a better health-related quality of life. 
The scores of the EQ5D-VAS lie between 0 and 100, with a higher score indicating a higher 
subjective health status. 

Most recently determined glycosylated hemoglobin (HbA1c) was collected from the 
medical file before enrollment in the study and around the 6 month follow-up.

Other clinical data and demographics were only collected at baseline: type of diabetes, 
treatment regimen, diabetes duration, diabetes-related complications, lifetime severe 
hypoglycaemic events, and co-morbidities.
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We assessed number of group meetings attended via contact with the trainers after every 
group meeting and number of online modules completed via the back end of the online 
environment. A minimum of two out of three meetings and two out of two modules are 
considered essential to obtain benefit from the intervention. 

Statistical analyses
Power calculation was based on the European BGAT intervention study (29). We aimed to 
detect a difference of 0.94 episodes of severe hypoglycaemia per 6 months (1.07 ± 2.85 for 
the control group versus 0.13 ± 0.33 for the BGAT group at 6 months follow-up) between 
the two groups, with 3 follow-up measurements with an assumed correlation of 0.6, the 
alpha set at 0.05, a power of 80%, and adjusting for clustering within 8 diabetes teams 
with an ICC of 0.01 as described by Twisk (58). Based on the power calculation, we needed 
to include 124 participants. 

Differences between study participants and dropouts, median events of severe 
hypoglycaemia during the study, percentage of persons affected with 1 or more events 
of hypoglycaemia during the study and HbA1c between baseline and 6 months follow-
up were compared with student’s t-tests, a Man-Whitney U test and χ2 test with SPSS 
Statistics for Windows Version 22.0 (IBM Corp; Armonk, New York USA). 

Primary and secondary outcome data were analyzed based on the intention-to-treat 
principle. As we did not find between clinic differences, it was not necessary to use 
multi-level modelling. Because of the repeated measurements, statistical analysis was 
performed using generalized estimation equations (GEE) with Stata Statistical Software 
for Windows release 11.2 (Stata corporation, College Station, Texas, USA). GEE is a 
longitudinal technique which takes into account that observations can be correlated. 
We used a linear model for continuous outcomes, a logistic model for dichotomous 
outcomes and a Poisson or negative binomial model for count outcomes. In case of 
skewed continuous data, linear GEE analysis was performed after log transformation. 
Besides the crude analysis (only adjusted for the baseline value of the particular outcome) 
two adjusted analyses were performed; one adjusted for demographics (gender, age and 
education level) and one adjusted for diabetes-related characteristics (episodes of severe 
hypoglycaemia in the previous two years, diabetes duration, diabetes treatment method, 
HbA1c and current use of real-time continuous glucose monitoring). A p-value ≤ 0.05 was 
considered statistically significant.
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RESULTS
The baseline measurement was completed by 137 participants (Table 1). We have 
no registration of total number of patients reached by the local diabetes care teams. 
Participants were on average 52 ±13 years old and almost evenly distributed across 
gender (46% female). 88% of all participants had type 1 diabetes (n=121), mean HbA1c 
was 60.7 ±11.6 mmol/mol (7.7 ±1.1%), mean duration of diabetes was 26 ± 13.6 years 
and 42% had one or more diabetes complications (n=57). Following the Gold criterion, 
76% had impaired hypoglycaemia awareness (n=104); patients reported a median of 2 
episodes of severe hypoglycaemia in the past 6 months (IQR 0-5). Besides number of non-
severe hypoglycaemic episodes (p=0.011), there were no further statistically significant 
differences following clinic randomisation at baseline.
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Table 1 - Baseline demographic and clinical characteristics of the participants

 CONTROL  
GROUP (n=66)

HYPOAWARE  
GROUP (n=71)

Age (years) 51.3 (14.0) 52.7 (12.4)

Female, n (%) 29 (44) 34 (48)

BMI 25.2 (3.9) 26.0 (5.3)

Dutch	origin,	n	(%) 65 (99) 67 (95)

Employed, n (%) 37 (56) 37 (52)

Education

Primary education, n (%)

Secondary education, n (%)

Higher education, n (%)

16 (24)

30 (46)

20 (30)

23 (32)

20 (28)

28 (39)

With	partner,	n	(%) 46 (70) 53 (75)

Type	diabetes

Type 1 diabetes, n (%)

Type 2 diabetes, n (%)

Other (MODY), n (%)

59 (89)
6 (9)
1 (2)

62 (87)
8 (11)
1 (1)

Treatment 

CSII, n (%)

MDI, n (%)

36 (55)
30 (46)

29 (41)
42 (59)

Comorbidity,	n	(%) 33 (50) 40 (56)

HbA1c	(mmol/mol) 60.4 (12.2) 60.8 (11.2)

HbA1c	(%) 7.7 (1.1) 7.7 (1.0)

Diabetes	duration	(years) 27.5 (13.1) 24.6 (14.0)

Age of diagnosis (years) 23.9 (12.2) 28.2 (13.9)

Complications, n (%) 28 (42) 29 (41)

Attended	a	diabetes	education	program,	n	(%) 10 (15) 8 (11)

Previous	experience	with	real-time	sensor,	n	(%) 19 (29) 23 (32)

Number	of	blood	glucose	measurements	per	day 4.5 (2.2) 4.6 (2.3)

Non-severe	hypoglycaemic	events	per	week	 
(<4 mmol/l / <72 mg/dl)*

7.4 (3.9) 5.3 (3.8)

Impaired	hypoglycaemia	awareness	(Gold),	n	(%) 48 (73) 56 (79)

Severe	hypoglycaemic	events	in	the	previous	6	months 1 (0-5) 2 (0-6)

Data are the mean (SD) or median (IQR), unless otherwise indicated.
BMI: body mass index, CSII: continuous subcutaneous insulin infusion, MDI: multiple daily injections,  
HbA1c: glycated hemoglobin, SH: severe hypoglycaemia
* In participants without RT-CGM at T1 (total n=98; control n=45; intervention n=53)
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Participant flow is depicted in the CONSORT diagram, see Figure 1. Nineteen participants 
dropped out of the study at 6 months follow-up (14%; n=13 intervention group and n=6 
control group). Drop outs were younger (46 versus 53 years old; p=0.018), lower educated 
(47 versus 25%; 0.024) and had a shorter diabetes duration (19 versus 27 years; p=0.015), a 
higher HbA1c (66 versus 60 mmol/L; p=0.032) and were more often female (68 versus 42%; 
p=0.034) than participants that remained in the study. 

 
Figure 1. Flow chart of study design and participant flow (CONSORT diagram)

 CLINICS RANDOMISED
(n=8)

Intervention clinics
(n=4)

Control clinics
(n=4)

Intervention training HypoAware  
members	of	diabetes	team

Follow-up measurements  
2,	4	and	6	months	after	inclusion

(n=60,	n=61	&	n=58)

Follow-up measurements  
2,	4	and	6	months	after	inclusion

(n=61,	n=62	&	n=60)

Intervention training HypoAware 
members	of	diabetes	team	&	delivery	of	
intervention to participants (incentive)

Patient	recruitment	&	consent
(target n=71)

Intervention HypoAware
(4	weeks)

Care as usual

Patient	recruitment	&	consent
(target n=66)

Baseline measurement (target n=66)Baseline measurement (target n=71)
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Table 2 shows the crude and adjusted results of the GEE analyses, using 499 data points 
(9% missing data points; n=250 intervention group / n=249 control group) from four 
measurements in 6 months (Figure 1). 

 Table 2 - Crude and corrected results from
 GEE analyses 

CRU
DE 

P
DEM

O
GRAPH

IC
P

DIABETES
P

Severe hypoglycaem
ic events

RR 0.70
0.212

RR 0.67
0.189

RR 0.67
0.150

Im
paired hypo aw

areness Gold (binary)
O

R 0.33
0.011

O
R 0.24

0.004
O

R 0.38
0.038

Sum
 score Gold im

paired aw
areness 

RR 0.91
0.044

RR 0.89
0.008

RR 0.92
0.113

N
on-severe hypoglycaem

ic events 
RR 1.12

0.323
RR 1.11

0.336
RR 1.18

0.231

H
FS-II w

orries 
RR 0.82

0.095
RR 0.80

0.064
RR 0.80

0.059

H
FS-II behaviour

RR 0.89 
0.096

RR 0.87
0.058

RR 0.88
0.075

PAID-5
RR 0.90

0.307
RR 0.87

0.204
RR 0.91

0.365

H
igh distress, PAID-5 (binary)

O
R 0.63

0.255
O

R 0.68
0.362

O
R 0.58

0.221

H
ypo-w

orries PAID-20 item
RR 0.74

0.010
RR 0.76

0.007
RR 0.70

0.002

CIDS 
b 2.51 

0.117
b 2.06

0.171
b 2.50

0.126

H
ADS 

RR 0.83
0.070

RR 0.79
0.024

RR 0.83
0.077

H
ADS anxiety

RR 0.88 
0.185

RR 0.86
0.130

RR 0.87
0.148

H
ADS depression

RR 0.82
0.149

RR 0.75
0.027

RR 0.82
0.166

H
igh fear H

ADS (binary)
O

R 1.04 
0.935

O
R 1.09

0.839
O

R 0.93
0.873

H
igh depression H

ADS (binary)
O

R 0.92
0.867

O
R 0.95

0.905
O

R 0.90
0.838

EQ
5D-5L

b 0.03 
0.078

b 0.03
0.115

b 0.03
0.078

EQ
5D VAS

b 3.47 
0.068

b 2.97
0.120

b 2.85
0.167

SH: severe hypoglycaemia; HFS: Hypoglycaemia Fear Survey; PAID: Problem Areas In Diabetes; CIDS: Confidence In 
Diabetes Self-care; HADS: Hospital Anxiety and Depression Scale; EQ5D-5L: Euroqol 5 Dimensions 5 Levels; VAS: visual 
analogue scale.

Covariates in analyses: 1) Crude - baseline value of the particular outcome, 2) Demographic - gender, age and education 
level, 3) Diabetes - episodes of severe hypoglycaemia in the previous two years, diabetes duration, diabetes treatment 
method, HbA1c and current use of real-time continuous glucose monitoring.
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Primary outcomes
Taking into account the 4 time points and adjusting for baseline numbers and 
demographic and diabetes related variables, the GEE analyses showed a non-significant 
33% reduction of episodes of severe hypoglycaemia in the HypoAware group as 
compared to the CAU group (RR=0.67; 95%CI: 0.39 - 1.16; p=0.150). Looking at the 
proportion of participants with impaired awareness versus no impaired awareness as 
defined by Gold, HypoAware resulted in a significant reduced odds of impaired awareness 
(OR=0.38; 95%CI: 0.15 - 0.95; p=0.038). Participants in the HypoAware group experienced 
a significant drop of 30% less distress concerning hypoglycaemia as measured with 
the PAID item (RR=0.70; 95%CI: 0.56 - 0.88; p=0.002) and a borderline significant 20% 
reduction in worries as measured with the Worry scale of the HFS-II (RR=0.80; 95%CI:  
0.64 - 1.01; p=0.059). 

Comparing the median number of severe hypoglycaemic events during the course of the 
study (T1-T3, covering six months) with an independent-samples Mann-Whitney U test, 
we found a significant difference between the groups: a median of 2.5 events of severe 
hypoglycaemia per 6 months (IQR 1-10) in the CAU condition versus 1 event per 6 months 
(IQR 0-6.5) in the HypoAware group (p=0.030). The groups also differed in proportion of 
participants affected by one or more events of severe hypoglycaemia during the study, 
with 79% for the CAU group and 53% in the intervention group (Pearson Chi-Square: 
p=0.003). 

Secondary outcomes
There were 18% more episodes of non-severe hypoglycaemia reported in the HypoAware 
group relative to CAU, but this was not significant (RR=1.18; 95%CI: 0.90 - 1.53; p=0.231). 

Change in HbA1c between baseline and 6 months follow-up did not differ significantly 
between the groups (mean difference: -2,3 mmol/mol; 95%CI: -5.1 - 0.5; p=0.101). HbA1c 
dropped 2.4 mmol/mol in the control group versus 0.1 mmol/mol in the intervention 
group. We found no significant differences in diabetes-distress (PAID), confidence in 
diabetes-related self-care (CIDS), symptoms of anxiety and depression (HADS) and   
health-related quality of life (EQ5-D) between HypoAware and CAU (Table 2).

In terms of participant involvement, 61 out of 71 participants in the intervention group 
completed all three meetings (86%) and 7 participants completed two out of three 
meetings (10%). 64 out of 71 participants completed both Internet modules (90%). 
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CONCLUSIONS
This study demonstrated that participants who received HypoAware showed better 
hypoglycaemia-related and psychological outcomes than participants in the care as usual 
group, although findings were not all statistically significant. The results corroborate 
earlier BGAT findings (15), though we reduced the number of sessions by more than 
half, and substituted a fair amount of content by Internet modules. Moreover, we 
observed good program adherence, with 96% participating in ≥2 sessions (of 3) and 90% 
completing the two online sessions. 

The improvement in hypo awareness could be considered the most direct effect of the 
intervention. We saw an odds of 38% reduced impaired hypoglycaemia awareness in 
the HypoAware group as opposed to the control group. Improved symptom awareness 
is key to preventing severe hypoglycaemia in the absence of RT-CGM and probably 
responsible for the finding that participants of HypoAware reported 18% more events of 
non-severe hypoglycaemia than participants in CAU. Importantly, an increase of non-
severe hypoglycaemia events in the intervention group, did not translate into more 
worries. In contrast, we found a trend towards lower hypoglycaemia-related distress in 
the intervention group, and HbA1c did not deteriorate. These findings suggest improved 
self-management following HypoAware. 

The absolute number of severe hypoglycaemia events over the course of our study 
period of 6 months was significantly different between the two groups. When adjusting 
for diabetes-related and demographic variables, the 33% risk reduction in severe 
hypoglycaemia in the HypoAware group was not statistically significant. If we translate our 
findings in terms of numbers needed to treat (NNT), 0.7 patient needs to be exposed to 
HypoAware in order to prevent one episode of severe hypoglycaemia, or otherwise stated, 
11 events of severe hypoglycaemia can be prevented by one delivery of HypoAware. It is 
important to note that the observed reductions in severe hypoglycaemia were achieved 
in a sample of patients that were not all seriously affected by severe hypoglycaemia 
(although most were impaired aware) with access to ongoing comprehensive outpatient 
diabetes care. 

Interestingly, almost a quarter (24%) of patients in the control group used RT-CGM, against 
8% in the HypoAware group. We have no explanation for this difference, but CGM was 
not an exclusion criterion and indeed is available in the Netherlands for patients with a 
persistent problematic diabetes regulation. We added RT-CGM use as a confounder in  
the main analyses and can speculate that the effects of HypoAware are more pronounced 
in a patient population without RT-CGM use as RT-CGM has been found to be effective in 
preventing severe hypoglycaemia (14). More research is needed to examine the role of  
RT-CGM and the interaction with HypoAware in a larger sample of patients with 
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problematic hypoglycaemia. Yeoh and colleagues (27) recently proposed an algorithm 
for offering psychoeducation combined with pump therapy and/or CGM to patients with 
recurrent hypoglycaemic events, but evidence for such tailored strategies is still lacking. 

Some limitations and strengths of our study deserve to be mentioned.

For the assessment of hypoglycaemia we relied on self-report rather than objective 
glycaemic data. There is however evidence to support the reliability of self-reported 
severe hypoglycaemia (60). The use of CGM to quantify time spent in hypoglycaemia in 
future studies is recommended.

It was not possible to blind patients and caregivers to the randomisation due to the 
nature of the study; however, since both groups receive HypoAware (the control group as 
an incentive after the study period of 6 months), we can assume similar expectancies in 
both groups. 

A follow-up period of 6 months is relatively short to demonstrate a reduction in severe 
hypoglycaemia and longer-term studies are therefore warranted. Based on previous  
BGAT research we can expect the effects to be at least maintained at one year post 
intervention (66). 

The strengths of this study include the multi-centre cluster-randomised design, lowering 
the risk of contamination; testing of the intervention in a real-life setting as add-on to 
usual care in a mixed sample of type 1 and type 2 diabetes patients at risk of severe 
hypoglycaemia, strengthening external validity. The highly structured nature of the 
intervention (with similar effects observed across clinics) allows for replication studies. 
Alongside this randomised controlled trial, we plan to perform an economic evaluation. 
The results of this evaluation will be presented separately. 

In conclusion, HypoAware is a brief, ‘blended’ group and web-based psychoeducational 
intervention, which helps patients with problematic hypoglycaemia lower their risk of 
severe hypoglycaemia, improve their hypo-awareness and reduce their worries about 
hypoglycaemia. Further dissemination and testing of the intervention in different care 
settings is recommended.
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1 and insulin-treated type 2 diabetes patients with problematic 

hypoglycaemia.



79

ABSTRACT
Background
Events of severe hypoglycaemia (requiring third party assistance) adversely affect quality 
of life, and lead to significant morbidity and high societal costs in people with insulin-
treated type 1 and 2 diabetes mellitus. 

Objectives
The aim of this study is to evaluate the cost-effectiveness of HypoAware, a blended (group 
and online) psychoeducational intervention based on the evidence-based Blood Glucose 
Awareness Training (BGAT), in comparison with usual-care in diabetes patients with a high 
risk of severe hypoglycaemia.

Design
We performed an economic evaluation from a societal and healthcare perspective, that 
used data from a 6 month, multi-centre, cluster-randomised controlled trial.

Setting
Eight out-patient clinics in the Netherlands.

Patients 
137 patients with type 1 and insulin-treated type 2 diabetes with a high risk of severe 
hypoglycaemia, operationalized by one or more events of severe hypoglycaemia in the 
previous two years and/or a Gold score of at least 4. 

Intervention
HypoAware consists of three group sessions of 2.5 hour each, combined with two online 
modules and is delivered by two trained diabetes healthcare professionals to a group of 8 
participants.

Main outcome measures
Events of severe hypoglycaemia; proportion of persons with at least one event of 
severe hypoglycaemia; proportion of persons with impaired hypoglycaemia awareness; 
quality adjusted life years (QALYs); and societal costs consisting of costs of healthcare 
consumption, informal care and lost productivity.
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Results 
The HypoAware group had one event of severe hypoglycaemia per person per 6 months 
fewer than the control group (95%CI: -5.0 to 3.0). The proportion of persons with at least 
one event of severe hypoglycaemia per 6 months was 22% lower (95%CI: -38% to -6%) 
and the proportion of persons with impaired hypoglycaemia awareness was 14% lower 
(95%CI: -31% to 4%) in the HypoAware group. The difference in QALYs was 0.0 (95%CI: 
-0.05 to 0.05). 

Mean total societal costs in the intervention group were €591 higher than in the usual 
care group (95%CI: -€974 to €2057). The mean incremental cost per event of severe 
hypoglycaemia prevented was €605. At a willingness-to-pay threshold of €20.000 per 
event prevented the probability that HypoAware was cost-effective in comparison with 
usual-care in the prevention of events of severe hypoglycaemia was 68% from a societal 
perspective and 69% from a healthcare perspective. For QALYs the ICER was 119360 € per 
QALY gained with considerable uncertainty.

Conclusion
Based on the current study, we can conclude that HypoAware is not cost-effective from a 
societal perspective in comparison with usual care, but more promising from a healthcare 
perspective. 

Trial	Registration:	Dutch Trial Register NTR4538

Keywords:	Hypoglycaemia, Hypoglycaemia awareness, Type 1 Diabetes, Type 2 Diabetes, 
Psychoeducation, Web-based, Cost-effectiveness, Randomised Controlled Trial, Economic 
evaluation.  
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INTRODUCTION
In people with type 1 diabetes mellitus and people with insulin-treated type 2 diabetes 
mellitus, severe hypoglycaemia is the major adverse event related to insulin treatment. 
Severe hypoglycaemia is characterised by a low blood glucose level requiring external 
assistance to recover. In case of loss of consciousness, or even insults or coma, medical 
interference can be necessary. The estimated average incidence of severe hypoglycaemia 
ranges from 1.0 to 1.7 events per patient per year. Most incidents occur in people with type 
1 diabetes, who represent about 30-37% of the diabetes population (7, 61, 62). Longer 
disease duration (>15 years) is associated with an increase in the incidence of severe 
hypoglycaemia to 3.2 events per patient per year in type 1 diabetes patients (8). With 
progressive insulin deficiency, the frequency of severe hypoglycaemic events in people 
with type 2 diabetes is similar to that of type 1 diabetes (63). Hypoglycaemia causes 
significant morbidity, a reduction in quality of life, can be lethal (5, 35, 37) and leads to 
high societal costs. These costs consist of increased health care utilization (ER visits, 
ambulance costs, hospital admissions and outpatient visits) and work absenteeism. It is 
estimated that per severe hypoglycaemic event the healthcare costs are €2100 and lost 
productivity costs are €1000 (35, 36). 

Psychoeducational interventions, like Blood Glucose Awareness Training (BGAT), aimed 
at reducing and preventing hypoglycaemia are evidence-based (15), but are demanding 
both on clinics’ resources as well as participants’ time due to the relatively high number of 
group sessions and extensive homework assignments. To date, no economic evaluations 
of BGAT-like programs have been conducted. Considering the scarce resources available 
for healthcare, evidence on cost-effective interventions lowering hypoglycaemia 
risk in diabetes is urgently needed. Therefore, we developed a brief blended group 
intervention called HypoAware based on key ingredients of BGAT. We reduced the 
number of group sessions to three of 2.5 hours each, combined with an online learning 
environment to maintain quality and improve attractiveness and comprehensibility, 
while keeping resources (and thus costs) at a minimum. In a multi-centre pilot study of 
HypoAware in people with type 1 and type 2 diabetes and problematic hypoglycaemia, 
we demonstrated its feasibility and acceptability (51). In addition, we conducted a 
randomised controlled trial (RCT) and reported on the clinical effectiveness, showing 
fewer severe hypoglycaemic events, significantly improved hypoglycaemia awareness 
and less hypo-distress in comparison with usual-care (64).

Here we report on the cost-effectiveness of the psychoeducational intervention 
HypoAware in people with type 1 and type 2 diabetes at high risk of hypoglycaemic events 
in comparison with usual care from a societal and health care perspective. 
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METHODS
Study Design and Interventions
An economic evaluation was performed from a societal and health care perspective 
alongside a two-arm multi-centre, cluster-randomised controlled trial with follow 
up measurements at 2, 4 and 6 months conducted at eight self-selected outpatient 
diabetes clinics in the Netherlands. The full design of the trial is described elsewhere 
(65). Cluster randomisation was done prior to recruitment of participants at the level of 
the participating clinics to avoid contamination between treatment groups within the 
clinics. Randomisation was performed by two members of the study team, who randomly 
selected notes from two opaque envelopes, one with the eight names of the clinics and 
one with four notes with ‘intervention’ and four notes with ‘control’. Participants were 
allocated based on the clinic where they were registered.

Participants
Persons were eligible for this study if they were 18 years or older; were being treated 
for type 1 or type 2 diabetes in an outpatient setting; performed at least three insulin 
injections a day or were on continuous subcutaneous insulin infusion (CSII / pump 
therapy) and had a high risk of severe hypoglycaemia, operationalized as one or more 
events of severe hypoglycaemia in the past two years and/or impaired awareness of 
hypoglycaemia according to Gold (a score of ≥4) (10). Furthermore, patients should have 
access to the Internet, and be willing and able to participate in the three group sessions.
Patients were excluded from participation if they met one or more of the following 
exclusion criteria: serious medical co-morbidity (e.g. cancer or dialysis); a major 
psychiatric disorder (e.g. bipolar depression or schizophrenia); known cognitive 
impairment; substance abuse; pregnancy; insufficient Dutch language skills or visual 
impairment. 

Intervention group: HypoAware
HypoAware was developed in close collaboration with diabetes experts and persons with 
diabetes. HypoAware consists of three group sessions of 2.5 hours over a period of four 
weeks, combined with two online modules in the weeks between meetings. Groups are 
led by two trained diabetes professionals and consist of eight participants. HypoAware 
aims to improve symptom recognition, risk awareness, preventive and problem-solving 
strategies, and coping with (the risk of) hypoglycaemia. The intervention is guided by 
the biopsychobehavioural model of risk of severe hypoglycaemia (13), which describes 
the effect of behavioural mechanisms like attention for and attribution of hypoglycaemia 
symptoms on the risk of severe hypoglycaemia. 



83

Prior to delivering HypoAware, members of the diabetes teams from the intervention 
group (two to four members per clinic) received a one-day protocolized training on the 
delivery of HypoAware by our study team and were provided with a detailed manual. 

Control group: Care as usual
In the first six months, participants of the control group received usual care provided by 
their diabetes team: a ten-minute consultation with their endocrinologist every 3 to 6 
months (depending on the clinic’s protocol) and additional 45-minute consultations with 
their diabetes nurse, if needed. After the six months follow-up, participants in the control 
group could receive HypoAware, if wished so.

Ethical approval
The study protocol was approved by the Ethics Committee of the VU University Medical 
Center certified by the Central Committee on Research involving Human Subjects in 
the Netherlands (NL47354.029.13, registration number 2014.007). We obtained written 
informed consent from all participants. 

Outcomes
All measures listed below were administered at the start of the study, and 2, 4 and 6 
months after baseline using web-based questionnaires. 

Clinical outcomes

Events of severe hypoglycaemia were defined as “hypoglycaemic events serious enough 
to require the help of another person”. Furthermore, we evaluated the proportion of 
patients that had experienced one or more events of severe hypoglycaemia during the 
study period of 6 months. 

We measured the proportion of patients with impaired hypoglycaemia awareness. 
Impaired hypoglycaemia awareness was determined using a 1-item scale by Gold et al. 
(10). A score of 4 or higher on this scale indicates impaired hypoglycaemia awareness.

Quality-Adjusted Life-Years (QALYs) were calculated by multiplying the utility score 
belonging to a health state by the time spent in that health state. Utility scores were 
calculated from EuroQol (EQ-5D-5L) scores, measuring health-related quality of life, 
according to the Dutch tariff (67). Changes in utility scores between two assessments  
were linearly interpolated.
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Costs

Costs were measured from a societal perspective using an adapted version of the TiC-P 
questionnaire (57) with a recall period of 2 months at 2, 4, and 6 months. Costs that were 
included were costs of healthcare utilization (i.e. hospital admissions, outpatient visits 
and calls, emergency room visits, ambulance transfers, medication and medical supply 
usage), costs of informal care, and lost productivity costs (reduced productivity from paid 
and unpaid work). When available, Dutch guideline prices were used to value resource 
use (http://www.zorginstituutnederland.nl). Medication use was valued using prices of the 
Royal Dutch Society for Pharmacy (68). Lost productivity costs were calculated according 
to the friction cost approach using sex-specific incomes of the Dutch population (http://
www.zorginstituutnederland.nl). According to the friction cost approach a sick employee 
is replaced after a certain amount of time (the friction period; 84 days in the Netherlands) 
after which there are no lost productivity costs anymore. All costs were adjusted to the 
year 2015 using consumer price indices. 

Statistical analysis
Both cost-effectiveness and cost-utility analyses were performed with a time horizon 
of 6 months. Therefore, discounting was not necessary. All analyses were performed 
according to the intention-to-treat principle. Missing cost and effect data were imputed 
using Multiple Imputation with Chained Equations (MICE) (69). To account for the skewed 
distribution of costs, Predictive Mean Matching was used in the MICE procedure (70). An 
imputation model was created that included variables that differed between the groups 
at baseline, baseline characteristics that were related to missingness of cost and effect 
outcomes at 6 months follow-up, and baseline characteristics that were associated 
with cost and effect outcomes at 6 months follow-up (sex, age, nationality, education, 
employment, marital status, comorbidity, duration of diabetes, HbA1c, number of severe 
hypos in the past 6 months and in the past 2 years, Gold score, diabetes complications, 
diabetes treatment, and type of diabetes). The number of imputed datasets was increased 
until the loss of efficiency was lower than 5% (70); in this study, 20 imputed datasets 
were needed. The imputed datasets were analyzed separately as described below, and 
subsequently results were pooled using Rubin’s rules (71).

Aggregated and disaggregated costs were calculated, and 95% confidence intervals 
(CIs) around cost differences were estimated using bias-corrected accelerated (BCA) 
bootstrapping (5000 replications) (72). Bootstrapping was used since costs are generally 
heavily skewed to the right.

In the cost-effectiveness analyses, cost and effect differences were estimated using 
bivariate regression modeling, which allows for the specification of separate confounders 
for costs and effects while taking into account the correlation between costs and effects 
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(73). Incremental Cost-Effectiveness Ratios (ICERs) were calculated by dividing the 
difference in costs between the groups by the difference in effects. Statistical uncertainty 
surrounding the ICERs was estimated using BCA bootstrapping (5000 replications). 
Bootstrapped cost-effect pairs were plotted in cost-effectiveness planes (CE planes) (74). 
In a CE plane, effect differences are plotted on the x-axis and cost differences on the y-axis 
resulting in 4 quadrants: the northeast (NE) quadrant indicating that the HypoAware 
intervention is more effective and associated with higher costs than usual care; the 
southeast (SE) quadrant indicating that the intervention is more effective and associated 
with lower costs; the southwest (SW) quadrant indicating that the intervention is less 
effective and associated with lower costs ; and the northwest (NW) quadrant indicating 
that the intervention is less effective and associated with higher costs. 

Cost-effectiveness acceptability (CEA) curves show the probability that the HypoAware 
intervention is cost-effective in comparison with usual care (y-axis) at different ceiling 
ratios (x-axis) (75). The ceiling ratio is defined as the maximum amount of money that 
society is willing to pay (WTP) to gain 1 unit of effect extra, e.g. 1 QALY gained or 1 severe 
hypo prevented. 
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RESULTS
Subjects
Participants were out-patients recruited by their treating endocrinologist or diabetes 
nurse. We have no records of the number of participants invited. The baseline 
measurement was completed by 137 participants who signed informed consent (see 
Table 1): 66 participants (48%) in the control group and 71 participants (52%) in the 
intervention group. 

Table 1 Baseline demographic and clinical characteristics of the participants
 

 CONTROL GROUP (n=66) HYPOAWARE GROUP (n=71)

Age (years) 51.3 (14.0) 52.7 (12.4)

Female, n (%) 29 (44) 34 (48)

Employed, n (%) 37 (56) 37 (52)

Education

Primary education, n (%) 16 (24) 23 (32)

Secondary education, n (%) 30 (46) 20 (28)

Higher education, n (%) 20 (30) 28 (39)

Type diabetes

Type 1 diabetes, n (%) 59 (89) 62 (87)

Type 2 diabetes, n (%) 6 (9) 8 (11)

Other (MODY), n (%) 1 (2) 1 (1)

Treatment 

CSII, n (%) 36 (55) 29 (41)

MDI, n (%) 30 (46) 42 (59)

Comorbidity, n (%) 33 (50) 40 (56)

HbA1c (mmol/mol) 60.4 (12.2) 60.8 (11.2)

HbA1c (%) 7.7 (1.1) 7.7 (1.0)

Diabetes duration (years) 27.5 (13.1) 24.6 (14.0)

Complications, n (%) 28 (42) 29 (41)
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 CONTROL GROUP (n=66) HYPOAWARE GROUP (n=71)

Non-severe hypoglycaemic events 
per week (<4 mmol/l / <72 mg/dl)*

7.4 (3.9) 5.3 (3.8)

Impaired hypoglycaemia 
awareness (Gold), n (%)

48 (73) 56 (79)

Severe hypoglycaemic events in 
the previous 6 months

1 (0-5) 2 (0-6)

Table adapted from (76)

Data are the mean (SD) or median (IQR), unless otherwise indicated.

MODY: Maturity Onset Diabetes of the Young, CSII: continuous subcutaneous insulin infusion, MDI: multiple daily 
injections, HbA1c: glycated hemoglobin
* In participants without RT-CGM at T1 (total n=98; control n=45; intervention n=53)

 

Clinical outcomes
Table 2 shows the clinical outcomes. Participants in the intervention group had on 
average one event of severe hypoglycaemia fewer per 6 months than participants in the 
usual care group (95%CI: -5.0 to 3.0). The proportion of patients with at least one event of 
severe hypoglycaemia was 22% lower in the intervention group than the control group 
(95%CI: 6% to 38%), which was statistically significant. The proportion of patients with 
impaired hypoglycaemia awareness was 14% lower in the intervention group (95%CI: 
4% to 31%). The mean number of QALYs did not differ between the two groups (mean 
difference: 0.00; 95%CI: -0.05 to 0.05). 
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Table 2 Mean outcomes/costs (SE) in both the intervention and usual care groups, and mean 
differences (95% CIs) between groups.

OUTCOME INTERVENTION USUAL CARE DIFFERENCE

Clinical outcomes

Number of severe hypos 6.1 (1.6) 7.1 (1.4) -1.0 (-5.0 ; 3.0)

Proportion of patients with a 
severe hypo

0.58 (0.06) 0.80 (0.05) -0.22 (-0.38 ; -0.06)

Proportion of unaware patients 0.58 (0.07) 0.73 (0.06) -0.14 (-0.31 ; 0.04)

QALYs 0.34 (0.2) 0.34 (0.02) 0.00 (-0.05 ; 0.05)

Costs

Healthcare costs 1886 (273) 2057 (281) -171 (-850 ; 453)

Primary care costs 308 (54) 201 (33) 107 (-4 ; 226)

Secondary care costs 992 (193) 1037 (234) -44 (-610 ; 378)

Home care costs 43 (21) 87 (50) -44 (-192 ; 34)

Diabetes costs 370 (134) 732 (142) -362 (-682 ; -49)

Intervention costs 173 (0) NA NA

Informal care costs 417 (111) 413 (179) 4 (-609 ; 378)

Lost productivity costs 2155 (466) 1397 (364) 757 (-203 ; 1724)

Unpaid work 1384 (365) 416 (95) 967 (464 ; 1676)

Absenteeism costs 418 (235) 777 (322) -359 (-1158 ; 128)

Presenteeism costs 353 (117) 204 (69) 149 (-47 ; 392)

Total societal costs 4458 (651) 3867 (596) 591 (-974 ; 2057)
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Costs
Mean total societal costs in the intervention group were €591 higher than in the usual 
care group (95%CI: -€974 to €2057, see Table 2). Healthcare costs were €171 lower in the 
intervention group than in the usual care group (95%CI: -€850 to €453). 

The only costs that differed significantly between both groups were diabetes costs 
(insulin, blood glucose test strips and sensors), which were €362 lower in the HypoAware 
group (95%CI: -€682 to -€49), and costs of unpaid work (like cleaning, cooking, picking up 
children), which were €967 higher in the HypoAware group (95%CI: €464 to €1676). 

Cost-effectiveness
The ICER for the number of severe hypos was 605 (Table 3), meaning that to prevent 
one event of severe hypoglycaemia €605 should be invested more in the HypoAware 
group as compared to the usual-care group. Fifty-one percent of the bootstrapped ICERs 
were situated in the north-east quadrant of the CE plane (Figure 1A), indicating that the 
intervention was on average more effective in preventing severe hypos, but associated 
with higher costs than usual care. 

Fig 1A. Cost-Effectiveness plane of bootstrapped ICERs for events of severe hypoglycaemia 
 prevented.
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The CEA curve (Figure 1B) shows that the probability that the intervention is cost-effective 
in comparison with usual care is 0.25 at a WTP of €0 per severe hypoglycaemic event 
prevented, and that this increases to a probability of 0.65 at a willingness-to-pay (WTP)  
of €20.000 per severe hypoglycaemic event prevented. 

Fig 1B. Cost-Effectiveness Analysis curve for events of severe hypoglycaemia prevented.

The probability of the intervention being cost-effective in comparison with usual-care in 
preventing one patient having at least one severe hypoglycaemic event was 0.25 and 0.95 at 
WTP values of 0 and 13.000 € per hypoglycaemic event prevented, respectively (Figure 2B). 

Fig 2A. Cost-Effectiveness plane of bootstrapped ICERs for proportion of persons with severe 
hypoglycaemia prevented.
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Fig 2B. Cost-Effectiveness Analysis curve for proportion of persons with severe hypoglycaemia 
prevented.

For hypoglycaemia unawareness, this probability was 0.25 and 0.91 at WTP values of  
€0 and €20.000 per impaired aware patient prevented, respectively. Finally for cost-utility, 
this probability was 0.25 and 0.31 at WTP values of €0 and €20.000 per QALY gained, 
respectively (Figure 3B).

Fig 3A. Cost-Effectiveness plane of bootstrapped ICERs for QALYs gained.
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Fig 3B. Cost-Effectiveness Analysis curve for QALYs gained.
 

Sensitivity analyses
When only healthcare costs are taken into account, costs in the intervention group are 
lower than in the usual care group (mean difference: - €171; 95%CI: - €850 to €453) (see 
Table 2). The CEA curve shows that the probability that the intervention is cost-effective 
in comparison with usual care in preventing one event of severe hypoglycaemia is 0.65 
at a WTP of €0 per severe hypoglycaemic event prevented and that this increases to a 
probability of 0.67 at a WTP of €20.000 per severe hypoglycaemic event prevented (see 
Table 3). To prevent one patient having at least one severe hypoglycaemic event, the 
probability of the intervention being cost-effective in comparison with usual care was 0.67 
and 0.95 at WTP values of €0 and €2,600 per hypoglycaemic event prevented, respectively. 
For hypoglycaemia unawareness, this probability was 0.67 and 0.95 at WTP values of €0 
and €5,600 per impaired aware patient prevented, respectively. Finally for cost-utility, 
this probability was 0.67 and 0.62 at WTP values of €0 and €20.000 per QALY gained, 
respectively.
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Table 3 O
utcom

es of the cost-effectiveness analyses.

O
utcom

e
Costs

Effects
ICER

Distribution	CE	plane
p(CE)

N
E

SE
SW

N
W

W
TP = 0

W
TP = 20,000

M
ain analysis

N
um

ber of severe hypos prevented
591 (-974 ; 2057)

1.0 (-3.0 ; 5.0)
605

51%
19%

6%
24%

0.25
0.68

Patients w
ith a severe hypo prevented, %

591 (-974 ; 2057)
0.22 (0.06 ; 0.38)

2643
75%

25%
0%

0%
0.25

0.98

Unaw
are patients prevented, %

591 (-974 ; 2057)
0.14 (-0.04 ; 0.31)

7067
72%

24%
0%

3%
0.25

0.91

Q
ALYs

591 (-974 ; 2057)
0.00 (-0.05 ; 0.05)

119360
37%

16%
9%

38%
0.25

0.31

H
ealthcare perspective

N
um

ber of severe hypos prevented
-171 (-854 ; 450)

1.0 (-3.0 ; 5.0)
-175

22%
48%

19%
11%

0.67
0.69

Patients w
ith a severe hypo prevented, %

-171 (-854 ; 450)
0.22 (0.06 ; 0.38)

-764
33%

67%
0%

0%
0.67

1.0

Unaw
are patients prevented, %

-171 (-854 ; 450)
0.14 (-0.04 ; 0.31)

-1086
31%

65%
2%

2%
0.67

0.97

Q
ALYs

-171 (-854 ; 450)
0.00 (-0.05 ; 0.05)

-121421
16%

37%
30%

17%
0.67

0.62
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DISCUSSION
We conducted a multi-centre trial in the Netherlands to evaluate the cost-effectiveness 
of HypoAware, a relatively brief ‘blended ’ (online and face-to-face) psychoeducational 
group intervention based on BGAT in a sample of insulin-treated patients who had 
experienced one or more events of severe hypoglycaemia the past two years and/or 
reported impaired awareness of hypoglycaemia. 

Total societal costs in the HypoAware group were €591 higher than in the usual care 
group, but this difference was not statistically significant. From a societal perspective, the 
probability that the intervention is cost-effective in comparison with usual care is 0.68 
at a willingness-to-pay (WTP) of €20,000 per severe hypoglycaemic event prevented. For 
QALYs, the maximum probability that HypoAware is cost-effective in comparison with 
usual-care is 0.31. 

There was no significant difference in effects between the intervention and usual-
care groups on severe hypoglycaemic events, proportion of unaware patients and 
QALYs, but we did find a significant difference in proportion of patients with at least 
one event of severe hypoglycaemia. Improvement in events of severe hypoglycaemia 
follows improvement in hypoglycaemia awareness; this may translate in less severe 
hypoglycaemic events in the long term. From a health care perspective, the costs were 
lower in the HypoAware group compared with the usual care group (-€171; 95% CI -€854 
to €450), and the probability that the intervention is cost-effective in comparison with 
usual care is 0.62 at a WTP of €20,000 per QALY.

The difference in total societal costs over 6 months was substantial (€591), but not 
statistically significant (95%CI: -974 to 2057). This wide 95% CI reflects the skewed 
distribution of costs meaning that much larger sample sizes are needed to show statistical 
significance than for clinical effects. The difference in societal costs between the two 
groups was mainly caused by the difference in costs of absenteeism from unpaid work 
between the two groups. Although the percentage of people with a paid job was slightly 
higher in the usual care group (56%) than in the intervention group (52%), we cannot 
adequately explain this difference in costs between groups. The difference in diabetes 
costs is mainly a result of the higher use of real-time continuous blood glucose monitoring 
(RT-CGM) in the control group. RT-CGM use was not an exclusion criterion in our study, 
since standard Dutch diabetes care does not include the use of RT-CGM for patients at risk 
for hypoglycaemia. It is currently only reimbursed in the Netherlands for persistent poor 
blood glucose control (HbA1c > 8%) and in pregnancy. The fact that the use of RT-CGM 
was three times higher in the usual care group than in the intervention group suggests 
that RT-CGM was being used by patients to reduce problematic hypoglycaemia in absence 
of the HypoAware intervention. A recent study demonstrated that RT-CGM is effective in 
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lowering the risk for hypoglycaemia in T1D (14) and this evidence may lead to accepting 
hypoglycaemia as an indication for reimbursement in the near future.

Our study is the first to evaluate the cost-effectiveness of a psychoeducational program 
based on BGAT; therefore, we cannot directly compare our results to other studies. A 
recent study evaluated the cost-effectiveness of a general psychoeducational training 
(‘Dose Adjustment For Normal Eating’, DAFNE) in comparison with no training for persons 
with type 1 diabetes from a NHS perspective and concluded that there was a 54% 
probability that DAFNE is cost-effective at a WTP of £20.000 (approximately €25.000) per 
QALY (77). In comparison, in our analysis from the healthcare perspective we found a 62% 
probability at a WTP of €20.000 per QALY.

Some limitations and strengths of our study deserve to be mentioned. Firstly, for the 
assessment of severe hypoglycaemia events we relied on self-report rather than objective 
glycaemic data. However, there is evidence that supports the reliability of self-reported 
severe hypoglycaemia (60) and use of objective measures (glucose sensors) are costly. 
Secondly, a follow-up period of 6 months is relatively short to demonstrate a reduction in 
severe hypoglycaemic events and associated costs, and longer-term research is therefore 
warranted. Based on previous BGAT research and our own RCT we can expect the effects 
at six months to be maintained until at least one year post intervention (15, 64). A third 
limitation is that we used the EQ-5D-5L to measure quality of life. This instrument has 
shown to be valid and reliable (56), but may not be sensitive enough to measure changes 
in quality of life in this specific population. 

The strengths of this study include the multi-centre cluster-randomised design, and the 
testing of the intervention in a real-life setting and a representative sample, i.e. a mix of 
type 1 and type 2 diabetes patients with a high risk of severe hypoglycaemia. Moreover, 
costs were measured from a societal and health care perspective meaning that all 
relevant costs are included and that shifts of costs between sectors can be identified. 

In conclusion, based on the results of this study, HypoAware cannot be considered cost-
effective from a societal perspective, but from a health care perspective it seems more 
promising.
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GENERAL DISCUSSION
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Aims of this thesis were the development and evaluation of a psychoeducational group 
intervention for people with type 1 and insulin-treated type 2 diabetes, who struggle with 
problematic hypoglycaemia. 

For this purpose we performed a review and meta-analyses (chapter 2) to summarize the 
effects of existing psychoeducational interventions aimed at problematic hypoglycaemia. 
We then developed a four-week intervention called HypoAware, informed by diabetes 
care professionals and patients (chapter 3). We evaluated its feasibility and acceptability 
in an observational pre-post pilot-study (chapter 3) and its effectiveness in terms of events 
of severe hypoglycaemia, hypoglycaemia awareness and general and hypoglycaemia-
specific distress (chapter 4 and 5) and cost-effectiveness from a societal and healthcare 
perspective (chapter 4 and 6) in a cluster-randomised controlled trial (RCT) in comparison 
with care as usual. 

This final chapter will provide a brief recapitulation of the main results of the studies in 
this thesis and a discussion of methodological considerations. We conclude by discussing 
the relevance for clinical practice and research. 
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RECAPITULATION OF MAIN FINDINGS
Chapter 2. Blood glucose awareness training for insulin-treated persons with 
diabetes and problematic hypoglycaemia: what’s the evidence? – A systematic 
review and meta-analysis

With our review and meta-analysis of randomised controlled trials studying the effect of 
psychoeducational programs aimed at reducing problematic hypoglycaemia like Blood 
Glucose Awareness Training (BGAT), we demonstrated the effectiveness of BGAT-like 
programs in reducing the burden of hypoglycaemia, but also a need to perform more 
high quality research also including psychological and cost outcomes in relation to 
hypoglycaemia. 

Chapter 3. HypoAware: development and pilot-study of a brief and partly  
web-based psychoeducational group intervention for adults with type 1 and 
insulin-treated type 2 diabetes and problematic hypoglycaemia.

We developed HypoAware, a brief and blended (online and face-to-face) hypoglycaemia-
specific psychoeducational group intervention based on BGAT, involving diabetes 
healthcare professionals and patients in the development process. We showed that 
HypoAware is a feasible and acceptable intervention in an uncontrolled multi-centre   
pilot-study in people with type 1 and type 2 diabetes and impaired hypoglycaemia 
awareness, frequent hypoglycaemic episodes and/or fear of hypoglycaemia. 

Chapter 4. HypoAware - a brief and partly web-based psychoeducational 
group intervention for adults with type 1 and insulin-treated type 2 diabetes 
and problematic hypoglycaemia: design of a cost-effectiveness randomised 
controlled trial. 

In a cluster-randomised controlled trial of HypoAware with an economic evaluation,  
we aimed to include 154 adults (with a minimum of 124 participants for our primary 
outcome severe hypoglycaemia) with either impaired hypoglycaemia awareness 
(operationalized as a score of ≥4 on the Gold scale) and/or one or more events of 
severe hypoglycaemia in the previous two years, from eight Dutch clinics, who would 
either receive HypoAware or care as usual. The primary clinical outcome was severe 
hypoglycaemia. Secondary outcomes included mild hypoglycaemia, hypoglycaemia 
awareness, fear of hypoglycaemia, diabetes distress, anxiety and depression,  
health-related quality of life, diabetes-specific self-efficacy, glycated haemoglobin  
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(HbA1c) and utilities. Costs were measured from a societal and healthcare perspective and 
included health care utilization, medication and lost productivity costs. Measurements 
were performed at baseline, two, four, and six months to compare both groups, and an 
additional 12 months for the intervention group only. Process outcomes were gathered 
after every group meeting via telephone/email contact with health care professionals and 
via the online environment. 

Chapter 5. Effectiveness of HypoAware - a brief partly web-based 
psychoeducational intervention for adults with type 1 and insulin-treated type 2 
diabetes and problematic hypoglycaemia. A cluster randomised controlled trial.

In our randomised controlled trial we included 137 adults with insulin-treated type 1 or 
type 2 diabetes and problematic hypoglycaemia comparing HypoAware with care as 
usual. Generalized Estimation Equation (GEE) analyses over four time points showed a 
non-significant 33% fewer episodes of severe hypoglycaemia in the HypoAware group 
as compared to the control group (RR=0.67; 95%CI: 0.39 - 1.16; p=0.150); a significant 
reduced odds of impaired awareness (OR=0.38; 95%CI: 0.15 - 0.95; p=0.038), a trend 
towards 20% less worries about hypoglycaemia (RR=0.80; 95%CI: 0.64 - 1.01; p=0.059) and 
a significant 30% less hypo-distress (RR=0.70; 95%CI: 0.56 - 0.88; p=0.002). There was no 
significant change in HbA1c within and between both groups. We observed good program 
adherence, with 96% participating in ≥ two sessions (of three) and 90% completing the 
two online sessions. 

Chapter 6. Cost-effectiveness of the psychoeducational blended (group and 
online) intervention HypoAware compared with usual care for type 1 and 
insulin-treated type 2 diabetes patients with problematic hypoglycaemia

For the economic evaluation, from a societal and healthcare perspective, we used the 
data from our six-month multi-centre cluster-randomised controlled trial. Cost and effect 
differences were estimated using bivariate regression modeling. They showed a non-
significant one event of severe hypoglycaemia per person per six months fewer for the 
HypoAware group in comparison with the control group (95%CI: -5.0 to 3.0); a significant 
reduction of 22% persons with at least one event of severe hypoglycaemia (95%CI: 
6 to 38%); a non-significant reduction of 14% persons with impaired hypoglycaemia 
awareness (95%CI: -4 to 31%); and a non-significant zero difference in QALYs (95%CI:  
-0.05 to 0.05). The societal costs per person was €591 higher in the HypoAware group 
(95%CI: -€974 to €2057) and the mean incremental cost (ICER) per event of severe 
hypoglycaemia prevented was €605. At a willingness-to-pay threshold of €20.000 the 
probability that HypoAware was cost-effective in comparison with usual-care in the 
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prevention of events of severe hypoglycaemia was 68% from a societal perspective and 
69% from a healthcare perspective. We concluded that HypoAware is not cost-effective 
from a societal perspective in comparison with usual-care, but seems more promising 
from a healthcare perspective. 
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METHODOLOGICAL CONSIDERATIONS
Selection bias
To allow for the generalization of study results to clinical practice, the selection of 
participants in the study should be representative of patients seen in standard diabetes 
care. The sample we included in our RCT came from eight out-patient academic and 
non-academic clinics across the Netherlands. This wide variety in clinics ensures high 
generalizability of our results to the diabetes population in the Netherlands. Dutch 
diabetes care is of high quality (http://www.healthpowerhouse.com/), although 
structured education is not widely administered as in other countries with good quality 
diabetes care; only 13 percent of our sample participated in a general diabetes education 
program. Still our ‘care as usual’ group received as much one-on-one education and 
guidance by their treating diabetes team members as needed, thereby possibly limiting 
the generalizability of our results to countries that have a lesser quality of diabetes care. 
We can expect the effect of introducing a standardized group intervention like HypoAware 
to be even larger in those countries. 

HypoAware is aimed at reducing problematic hypoglycaemia, especially events of severe 
hypoglycaemia. Because those events are rather rare, especially in the Netherlands 
where diabetes care is of high quality, we did not constrict our recruitment to people with 
experienced severe hypoglycaemia but also recruited patients with impaired awareness, 
since this is the group with a high risk of experiencing severe hypoglycaemia. In both 
our pilot-study and our RCT participants were recruited by their treating physicians 
or diabetes nurses on the basis of known impaired awareness of hypoglycaemia or at 
least one event of severe hypoglycaemia in the preceding two years. This recruitment 
method for participating in HypoAware is the same as we would expect in a real-life 
setting; however, this decision could have had an effect on our results (a ceiling-effect), 
since people who had no events of severe hypoglycaemia or no impaired awareness of 
hypoglycaemia at baseline could not improve on these outcomes. 

Quite a few participants (18 percent in the control group and 6 percent in the intervention 
group) did not meet any criteria (severe hypoglycaemia or impaired awareness), but 
somehow seem to be included in our study. We chose to leave them in our analyses 
since our sample would otherwise be too small and since we corrected for baseline 
outcomes in our main GEE analyses. A more strict recruitment procedure may show more 
pronounced effects of HypoAware.

Almost a quarter (24%) of patients in the control group used a sensor during the 
study which measures and displays real-time blood glucose levels on a continuous 
basis (known as real-time continuous glucose monitoring: RT-CGM), against 8% in 
the HypoAware group. RT-CGM was not an exclusion criterion and is available in the 
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Netherlands for patients with persistent problematic diabetes regulation. We have no 
explanation for this difference, but RT-CGM has been found to be effective in preventing 
severe hypoglycaemia (14), so this difference could have interfered with our results. 
Indeed, if we exclude participants using RT-CGM during the study, the p-value of the 
difference between median events of severe hypoglycaemia between both groups 
becomes statistically significant ( from 0.30 to 0.007). We added RT-CGM use as a 
confounder in the main analyses.

Participation rate and drop-out 
At baseline 137 participants filled in our questionnaire, at T1 this was 121 (16 missing, 
12%), at T2 123 (14 missing, 10%) and at T3 118 (19 missing, 14%). The techniques used 
for analysis of longitudinal data (Generalized Estimating Equations; GEE) do not exclude 
subjects with incomplete data, but use their remaining data, thereby minimizing the 
threat to validity. In our economic evaluation we used Multiple Imputation with Chained 
Equations (MICE) with Predictive Mean Matching. Due to this difference in techniques 
of analysis, we see a small difference in clinical outcome results in our randomised 
controlled trial and our economic evaluation. 

We experienced some difficulties in filling up both intervention arms. However, within 
the set time frame of a year (April 2014 through March 2015) all eight clinics included the 
minimum of required participants (on average 17 per clinic). Unfortunately, we do not 
have any records of number and characteristics of patients asked to participate in our 
studies. It therefore remains unknown how characteristics of study participants relate to 
those who declined participation. 

Because longer-term assessments can be problematic due to drop-out ,we promised 
participants who completed all 4 measurements a gift certificate for an online store of 
20 euros. In addition, we raffled 2 iPad mini 2’s at the end of the study amongst those 
participants. This appeared to be a successful strategy to keep participants in the study. 
The intervention HypoAware also showed high participant involvement: 61 out of 
71 participants in the intervention group completed all three meetings (86%) and 7 
participants completed two out of three meetings (10%). Also, 64 out of 71 participants 
completed both Internet modules (90%). We gave no incentives to complete the 
intervention, other than the benefits of HypoAware itself. 
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Assessment instruments
Most generic and diabetes-specific instruments used in our RCT were validated, reliable 
measures; however, some measurements require additional remarks:

For the measurement of mild hypoglycaemia, we asked participants to count the number 
of events of hypoglycaemia (< 4 mmol/l or <72 mg/dl) in their blood glucose meter for the 
past 7 days. In addition, we asked them to give an estimation of the number of times they 
felt low the past 7 days without confirming this with a blood glucose test. We added both 
numbers to get the score for mild hypoglycaemia. 

For the assessment of severe hypoglycaemia we also relied on self-report rather than 
objective glycaemic data, since this is practical and there is evidence to support the 
reliability of self-reported events of severe hypoglycaemia (60). Due to the traumatic 
nature of severe hypoglycaemia, people can remember the number of events rather well 
for the past year. At baseline we asked about number of events in the past six months 
and at the three follow-up measurements we asked about number of events in the past 
two months. We defined severe hypoglycaemia by asking participants about the number 
of times they experienced an event of low blood glucose, where they had needed help 
from others to recuperate, since they were too confused, weak or unconscious to get and 
ingest (fast-acting) carbohydrates themselves. This definition is in accordance with the 
guidelines from the American Diabetes Association (5) and is commonly used in diabetes 
research. We first made a distinction between with an without the need for medical 
attention, however, since the numbers of events with the need for medical attention were 
so low, we combined both groups in our analyses. 

For impaired hypoglycaemia awareness we used the one-item scale of Gold (10). We also 
used the scale of Clarke (6) in the questionnaire, but for the sake of clarity we decided to 
report only on Gold’s item, the most widely used scale for reporting on hypoglycaemia 
awareness in research. , 

For our economic evaluation we used the well-validated questionnaire Tic-P (57) 
to calculate costs in terms of health care consumption and work productivity. This 
questionnaire is widely used in economic evaluation research, however, it is a very long 
questionnaire to fill in. People have to look up a number of things: their appointments 
with their diabetes care team, their prescribed medicine, their sick days etcetera. In the 
remarks section we had a lot of remarks that people found it tedious and dreaded filling 
it in, with occasionally a statement that they would no longer do so. The length of the 
scale thus appears to be a threat to the reliability of the available data on costs, but this is 
difficult to ascertain. 
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Design
We used a straightforward two-arm design with cluster randomisation of clinics and four 
measurements spanning six months. After these six months, participants from the control 
group could receive HypoAware if they wanted. 

There was no effect on the level of clinics, so it seems our one-day training and structured 
manual of HypoAware guaranteed similar delivery across clinics. 

Six months was probably too short to study the effects on a rare outcome like severe 
hypoglycaemia. Improved awareness of hypoglycaemia leads to fewer events of severe 
hypoglycaemia, but longer time is needed to observe differences compared to care as 
usual. We do have data on 12 months follow-up, but only for the intervention group. 
The median number of events during the study of 1 (n=57) went down to 0 at 12 months 
follow-up (n=55). Now 91% was free of events of severe hypoglycaemia, which six months 
earlier was still 35%. We cannot explain this large difference, but we can speculate that the 
effect needed more time. Also, where only 8% of intervention participants used RT-CGM 
during the study, half a year later the proportion of participants that used RT-CGM during 
the past six months increased to 32%. This seems to indicate that for a third of HypoAware 
participants hypoglycaemia still was a problem after finishing the program and RT-CGM 
was helpful in reducing severe hypoglycaemia. 
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RELEVANCE FOR CLINICAL PRACTICE  
AND FUTURE RESEARCH

Clinical practice
The American intervention Blood Glucose Awareness Training (BGAT), aimed at improving 
problematic hypoglycaemia, has been translated and adapted in the Netherlands in the 
late ‘90s (15). Since then, uptake in clinical diabetes care has been very low due to its high 
demands on clinics’ resources and rather high expectations of health literacy in people 
with diabetes. Most clinics therefore provide one-on-one education and guidance to their 
patients’ struggling with problematic hypoglycaemia. Current economic climate, however, 
demands a cost-effective and evidence-based approach. 

HypoAware is very much welcomed by health care professionals, considering the fact that 
we had no problems involving eight clinics to participate in our pilot-study and eight new 
clinics in our RCT, and the growing waiting list to be trained in delivering HypoAware since 
the start of our study. 15 out of the 16 clinics, that participated in our studies, still deliver 
HypoAware at least once a year. 

Although HypoAware was not cost-effective from a societal perspective, healthcare costs 
were lower in the HypoAware group in comparison with usual care. In addition, the 
cost per HypoAware participant is rather low (€173). RT-CGM is also an evidence-based 
tool to minimize the burden of hypoglycaemia (14), but annual costs per patient are 
relatively high (€4100-4500), in comparison with the one-time costs of HypoAware (78). 
Also, when people stop using RT-CGM there seems to be no learning effect in preventing 
hypoglycaemia, rates return to baseline values once the sensor is removed (14). When 
receiving the HypoAware intervention, effects were still present (and even better) one year 
after participation.

A potentially effective stepped way of combining both approaches in minimizing 
problematic hypoglycaemia could be to start by delivering HypoAware and only consider 
putting persons on RT-CGM when problematic hypoglycaemia still exists one year after 
participating in HypoAware. In our sample, this was about one third of patients as we 
discussed earlier. 

Future research
In our review and meta-analysis we concluded that, to make recommendations regarding 
implementation of hypoglycaemia-specific interventions, more high quality studies like 
our own are needed. The evidence of only three small randomised controlled trials with 
relatively low quality is rather limited. 
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We especially need more studies in different care settings which also include 
outcomes like costs and psychological measures like worries and distress concerning 
hypoglycaemia. Also, our follow-up period of 6 months is relatively short to demonstrate 
a reduction in severe hypoglycaemia; longer-term studies are therefore warranted. To 
minimize bias of self-reported number of events of severe hypoglycaemia the use of RT-
CGM to quantify time spent in hypoglycaemia in future studies is recommended. It would 
also be interesting to compare the effect of RT-CGM and HypoAware in one study and add 
combinations of both interventions. 
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HYPOAWARE
A psychoeducational group intervention for people with type 1 and   
insulin-treated type 2  diabetes and problematic hypoglycaemia

In persons with type 1 and type 2 diabetes severe hypoglycaemia, defined as a 
low blood glucose where there is a need of external assistance due to confusion or 
loss of consciousness, is one of the most impactful adverse events associated with 
insulin treatment. Severe hypoglycaemia can lead to significant morbidity, fear of 
hypoglycaemia, reduced quality of life, and even death as well as to high societal costs 
in terms of increased health care consumption and reduced work productivity. Episodes 
of severe hypoglycaemia occur in 30-37% of people with type 1 diabetes. The estimated 
incidence ranges from 1.0 to 1.7 episodes per patient per year and can grow to up to 3.2 
episodes per patient per year in persons with a longer disease duration. In people with 
type 2 diabetes with progressive insulin deficiency, frequency of severe hypoglycaemia 
approaches that of type 1 diabetes. A 25-fold increased risk of severe hypoglycaemia is 
associated with hypoglycaemia-associated autonomic failure. This comprises a defect in 
hormonal counter regulation and impaired awareness of symptoms of hypoglycaemia. 
There is also evidence that psychobehavioural factors, like inattention for symptoms of 
hypoglycaemia, misinterpretation and the postponement of corrective measures, are at 
least partly responsible for an increased risk of severe hypoglycaemia. 

Chapter	2 is a systematic review and meta-analysis of studies investigating the 
effects of psychoeducational interventions in persons with diabetes and problematic 
hypoglycaemia. We searched medical databases up to 19 October 2015 and included 
three randomised controlled trials on Blood Glucose Awareness Training (BGAT)-based 
interventions, all aimed at reducing the burden of hypoglycaemia, in the meta-analysis. 
Data of 317 adults with type 1 diabetes and problematic hypoglycaemia could be 
summarized.

The psychoeducational interventions reduced episodes of severe hypoglycaemia (mean 
difference (MD): −1.03 episodes per 6 months [−1.69, -0.37]; P = 0.002), increased the 
hypoglycaemia symptom blood glucose threshold (MD: 0.17 mmol/L [0.02, 0.32] or 3.06 
mg/dl [0.36, 5.76]; P = 0.03) and improved the percent detection of low blood glucose 
levels (MD: 13.99% [6.06; 21.92]; P = <0.001) compared with the control condition. HbA1c 
did not change (MD: 0.01% [-0.18, 0.21] or 0.1 mmol/mol [-2, 2.3]; P = 0.88). 

We concluded that current evidence suggests, on the basis of only three studies with 
a relatively small sample size and substantial methodological shortcomings, that 
psychoeducational interventions may reduce severe hypoglycaemic episodes and 
improve hypoglycaemia awareness, while maintaining HbA1c in adult persons with 
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type 1 diabetes on an intensive insulin schedule. The reported reduction in severe 
hypoglycaemic episodes of 1.03 episodes per 6 months would appear clinically 
meaningful, since severe hypoglycaemia leads to significant physical and psychological 
morbidity and societal costs. 

We recommended more high-quality randomised controlled studies that look at 
the effects of psychoeducational interventions targeting hypoglycaemia on severe 
hypoglycaemia, hypoglycaemia awareness and fear of hypoglycaemia. In the current 
economic climate it is also important to look at the cost-effectiveness of these 
interventions to make recommendations for implementation in clinical practice.

Chapter	3 presents the process of development of HypoAware, targeting adults with 
insulin-treated type 1 and type 2 diabetes and problematic hypoglycaemia. HypoAware 
is developed with input from diabetes healthcare professionals and persons with 
diabetes and based on the evidence-based psychoeducational group intervention BGAT. 
Since uptake of BGAT in diabetes care is low, most likely due to its demanding nature, 
HypoAware combines the benefits of modern low-cost technology with the highly 
appreciated sharing of experiences and motivational aspects of a group intervention. 
HypoAware spans 4 weeks and consists of 3 face-to-face group sessions and 2 online 
modules. 

The chapter also showed the feasibility, acceptability and preliminary results of 
HypoAware, which we studied with an uncontrolled multi-centre pilot-study in people 
with type 1 and type 2 diabetes and impaired hypoglycaemia awareness, frequent 
hypoglycaemic episodes and/or fear of hypoglycaemia. Feasibility and acceptability were 
assessed by means of self-report questionnaires on organisation, recruitment, delivery of 
HypoAware, retention and compliance, which yielded no major problems. Both trainers 
and participants were very satisfied with the program. The intervention materials required 
only minor changes. Pre-post intervention measurements in 37 participants from 8 
hospitals showed non-significant trends towards a reduction of impaired hypoglycaemia 
awareness (from 81% to 68%) and a lowering of mild hypoglycaemic episodes per week 
(from 73% to 62%). Worries about hypoglycaemia, diabetes distress and confidence in 
self-care improved significantly (p<0.05). 

These pre-post changes suggest the integrity of the original BGAT has not been 
compromised much by the shorter duration and online modules. In addition, the 
intervention had a minor drop-out (3 persons) which could be due to the attractiveness 
and ‘doability’ of the intervention. 
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We concluded that HypoAware is a feasible and acceptable intervention, suggesting 
improved opportunities of reach and intervention uptake in diabetes care. Future 
research should establish the effectiveness of HypoAware in a randomised controlled 
trial with a follow-up of at least 6 months to be able to include episodes of severe 
hypoglycaemia. 

In	Chapter	4, we described the design of the randomised controlled trial (RCT) of 
HypoAware and the design of the economic evaluation we performed alongside this trial. 

In	Chapter	5, we showed the results of this two-arms cluster-RCT, conducted in eight 
Dutch clinics in 137 adults with insulin-treated type 1 or type 2 diabetes and problematic 
hypoglycaemia comparing HypoAware with care as usual. Generalized Estimation 
Equation (GEE) analyses over 4 time points showed a non-significant 33% less episodes 
of severe hypoglycaemia in the HypoAware group as compared to the control group 
(RR=0.67; 95%CI: 0.39 - 1.16; p=0.150); a significant reduced odds of impaired awareness 
(OR=0.38; 95%CI: 0.15 - 0.95; p=0.038), a trend towards 20% less worries about 
hypoglycaemia (RR=0.80; 95%CI: 0.64 - 1.01; p=0.059) and a significant 30% less   
hypo-distress (RR=0.70; 95%CI: 0.56 - 0.88; p=0.002). There was no significant change 
in HbA1c within and between both groups. A post-hoc non-parametric t-test showed 
that over the 6 months study duration participants experienced 2.5 events of severe 
hypoglycaemia (IQR 1-10) in the control condition versus 1 event (IQR 0-6.5) in the 
HypoAware group (p=0.030).

We concluded that HypoAware resulted in improved self-management, which led to  
fewer severe hypoglycaemic episodes, improved hypoglycaemia awareness and less 
hypo-distress in comparison with usual care. We observed good program adherence,  
with 96% participating in ≥2 sessions (of 3) and 90% completing the two online sessions. 

Although not all effects were statistically significant, we may assume clinical relevance, 
regarding the high impact of even minor reductions in severe hypoglycaemia. In our 
sample, the effects of HypoAware seemed more pronounced in persons without real-
time continuous glucose monitoring (RT-CGM) use. Based on these results, HypoAware 
deserves further dissemination; however, more research is needed to examine the 
role of RT-CGM and the interaction with HypoAware in a larger sample of patients with 
problematic hypoglycaemia in different care settings.

In	Chapter	6, we present the results of the economic evaluation of HypoAware versus care 
as usual from a societal and healthcare perspective. We used data from a 6 month,   
multi-centre, cluster-randomised controlled trial. We included 137 participants (see 
summary of chapter 5). Clinical outcomes were events of severe hypoglycaemia; 
proportion of persons with at least one event of severe hypoglycaemia; proportion of 
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persons with impaired hypoglycaemia awareness; quality adjusted life years (QALYs); 
and societal costs consisting of costs of healthcare consumption, informal care and lost 
productivity. The HypoAware group had one event of severe hypoglycaemia per person 
per 6 months fewer than the control group (95%CI: -5.0 to 3.0). The proportion of persons 
with at least one event of severe hypoglycaemia per 6 months was 22% lower (95%CI: 
-38% to -6%) and the proportion of persons with impaired hypoglycaemia awareness 
was 14% lower (95%CI: -31% to 4%) in the HypoAware group. The difference in QALYs was 
0.0 (95%CI: -0.05 to 0.05). Mean total societal costs in the intervention group were €591 
higher than in the usual care group (95%CI: -€974 to €2057). The mean incremental cost 
per event of severe hypoglycaemia prevented was €605. At a willingness-to-pay threshold 
of €20.000 per event prevented the probability that HypoAware was cost-effective in 
comparison with usual-care in the prevention of events of severe hypoglycaemia was 68% 
from a societal perspective and 69% from a healthcare perspective. For QALYs the ICER 
was 119360 € per QALY gained with considerable uncertainty. 

We concluded that HypoAware was not cost-effective from a societal perspective in 
comparison with usual care, but more promising from a healthcare perspective. 

In	Chapter	7, main findings of the studies described in this thesis are summarized and 
discussed, followed by methodological considerations and relevance for clinical practice 
and future research.
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HYPOBEWUST
Een psycho-educatieve groepsinterventie voor mensen met diabetes type 1 en insuline-
behandelde diabetes type 2 en problematische hypoglykemie

Een van de meest impactvolle gebeurtenissen voor mensen met diabetes type 1 en 
type 2, gelinkt aan een behandeling met insuline, is ernstige hypoglykemie. Dit betreft 
een lage bloedglucose waarbij hulp van derden nodig is vanwege verwardheid of 
bewustzijnsverlies bij de persoon met diabetes. Ernstige hypoglykemie kan leiden tot 
significante morbiditeit, angst voor hypo’s, een verminderde kwaliteit van leven en 
zelfs overlijden, maar eveneens tot hoge maatschappelijke kosten door een verhoogd 
gebruik van de gezondheidszorg en verminderde arbeidsproductiviteit. Ernstige hypo’s 
komen voor in 30-37% van de mensen met diabetes type 1. De geschatte incidentie 
varieert van 1.0 tot 1.7 ernstige hypo’s per patiënt per jaar en kan oplopen tot 3.2 ernstige 
hypo’s per patient per jaar in mensen die al langer diabetes hebben. De frequentie van 
ernstige hypo’s bij mensen met diabetes type 2 met sterk verminderde alvleesklierfunctie 
benadert die van mensen met diabetes type 1. ‘Hypoglycaemia-associated autonomic 
failure’ (HAAF) is gelinkt aan een 25 keer zo groot risico op ernstige hypo’s. HAAF betreft 
een defect in de hormonale contraregulatie en een verminderd bewustzijn van de 
symptomen van hypoglykemie. Er is ook bewijs dat psychologische en gedragsmatige 
factoren, zoals het niet bedacht zijn op symptomen van hypoglykemie, een onjuiste 
interpretatie hiervan en het uitstellen van corrigeerde maatregelen, op zijn minst voor een 
deel verantwoordelijk zijn voor een verhoogd risico op ernstige hypo’s. 

Hoofdstuk	2 is een systematisch review en meta-analyse van studies die het effect 
van psycho-educatieve interventies onderzoeken bij personen met diabetes en 
problematische hypo’s. We hebben medische databases doorzocht tot 19 oktober 2015 
en konden drie gerandomiseerde gecontroleerde studies (RCT’s) betreffende interventies 
gebaseerd op de Blood Glucose Awareness Training (BGAT) in de meta-analyse 
includeren, alle drie gericht op het reduceren van de last van hypoglykemie. Het betrof 
data van 317 volwassenen met diabetes type 1 en problematische hypo’s.

De psycho-educatieve interventies verminderen het aantal ernstige hypo’s (gemiddelde 
verschil (MD): −1.03 ernstige hypo’s per 6 maanden [−1.69, -0.37]; P = 0.002), verhoogden 
de bloedglucosedrempel van symptomen van hypoglykemie (MD: 0.17 mmol/L [0.02, 0.32] 
of 3.06 mg/dl [0.36, 5.76]; P = 0.03) en verbeterden het percentage gedetecteerde  
lage bloedglucosewaarden (MD: 13.99% [6.06; 21.92]; P = <0.001) vergeleken met de 
controle condities. HbA1c veranderde niet (MD: 0.01% [-0.18, 0.21] of 0.1 mmol/mol  
[-2, 2.3]; P = 0.88). 
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We concludeerden dat op basis van slechts drie studies met een relatief kleine 
steekproefgrootte en aanzienlijke methodologische tekortkomingen het erop lijkt 
dat psycho-educatieve interventies het aantal ernstige hypo’s kunnen verminderen 
en het hypoglykemiebewustzijn kunnen verbeteren, waarbij het HbA1c gelijk blijft, in 
volwassenen met diabetes type 1 op een intensief insulineschema. De gerapporteerde 
vermindering in het aantal ernstige hypo’s van 1.03 ernstige hypo’s per 6 maanden lijkt 
klinisch relevant, aangezien ernstige hypo’s tot significante fysieke en psychologische 
morbiditeit en maatschappelijke kosten leiden. 

We adviseren meer gerandomiseerde gecontroleerde studies van hoge kwaliteit die 
kijken naar de effecten van psycho-educatieve interventies gericht op ernstige hypo’s, 
hypglykemiebewustzijn en angst voor hypo’s. In het huidige economische klimaat is 
het ook belangrijk om naar de kosten-effectiviteit van deze interventies te kijken om zo 
aanbevelingen te kunnen doen over de implementatie in de klinische praktijk. 

Hoofdstuk	3	laat het proces van de ontwikkeling van HypoBewust zien, gericht op 
volwassenen met insuline-behandelde diabetes type 1 en 2 en problematische hypo’s. 
HypoBewust is ontwikkeld met input van diabeteszorgprofessionals en mensen met 
diabetes en gebaseerd op de evidence-based psycho-edcuatieve groepsinterventie 
BGAT. Aangezien de implementatie van de intensieve training BGAT in de diabeteszorg 
te wensen overlaat, probeert HypoBewust dit te verbeteren door de voordelen van het 
Internet te koppelen aan het delen van ervaringen en stimuleren van de motivatie binnen 
een groep. HypoBewust duurt 4 weken en bestaat uit 3 face-to-face groepssessies en 
2 online modules. Het hoofdstuk beschrijft de haalbaarheid en de eerste resultaten 
van HypoBewust, alsmede de tevredenheid van de zorgprofessionals en mensen met 
diabetes met de interventie. We bekeken de eerste resultaten in een ongecontroleerde 
multi-center pilotstudie in mensen met diabetes type 1 en type 2 en een verminderd 
hypoglykemiebewustzijn, veelvoorkomende milde hypo’s en/of angst voor hypoglykemie. 
Haalbaarheid en tevredenheid met de interventie werden gemeten met behulp van 
zelfrapportagelijsten over de organisatie, werving, het geven van de training en deelname. 
Hierbij kwamen we geen grote problemen tegen. Zowel trainers als deelnemers waren 
erg tevreden met het programma. De interventiematerialen hadden slechts kleine 
aanpassingen nodig. Pre-post interventiematen in 37 deelnemers van 8 ziekenhuizen 
lieten niet-significante trends zien: minder mensen met een verminderd hypobewustzijn 
(van 81% naar 68%) en minder mensen met milde hypo’s per week (van 73% naar 62%). 
Angsten over hypo’s, diabetes-gerelateerde stress en vertrouwen in zelfzorg verbeterden 
significant (p<0.05). 
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Deze pre-post veranderingen suggereren dat de integriteit van de originele BGAT niet 
erg aangetast lijkt te zijn door de korte duur en de online modules. Daarnaast had de 
interventie een kleine drop-out van 3 personen, waarschijnlijk door de aantrekkelijkheid 
en de haalbaarheid van de interventie.

We concludeerden dat HypoBewust haalbaar en acceptabel is, waarbij er verbeterde 
kansen voor de opname binnen de diabeteszorg lijken te zijn. Toekomstig onderzoek 
moet de effectiviteit van HypoBewust laten zien binnen een gerandomiseerde 
gecontroleerde studie met een follow-up van tenminste 6 maanden om ook ernstige 
hypo’s als maat mee te kunnen nemen.

In	hoofdstuk	4	hebben we het design van de gerandomiseerde gecontroleeerde studie en 
de economische evaluatie van HypoBewust beschreven. 

In	hoofdstuk	5 hebben we de resulaten laten zien van deze cluster-gerondomiseerde 
gecontroleerde studie met twee armen, die we uitgevoerd hebben in 8 Nederlandse 
klinieken bij 137 volwassenen met insuline-behandelde diabetes type 1 en 2 en 
problematische hypoglykemie, waarbij we HypoBewust vergeleken met de gebruikelijke 
zorg. Generalized Estimation Equation (GEE) analyses over 4 tijdspunten liet een 
niet-significante daling van 33% minder enstige hypo’s zien in de HypoBewustgroep 
vergeleken met de controlegroep (RR=0.67; 95%CI: 0.39 - 1.16; p=0.150); een significant 
verminderde odds in verminderd hypobewustzijn (OR=0.38; 95%CI: 0.15 - 0.95; p=0.038); 
een trend naar 20% minder zorgen over hypo’s (RR=0.80; 95%CI: 0.64 - 1.01; p=0.059) en 
significant minder hypo-stress van 30% (RR=0.70; 95%CI: 0.56 - 0.88; p=0.002). Er was 
geen significante verandering in HbA1c binnen en tussen beide groepen. Een post-hoc 
non-parametrische t-test liet zien dat over de 6 maanden studieduur deelnemers in de 
controlegroep 2.5 ernstige hypo’s hadden (IQR 1-10) versus 1 ernstige hypo (IQR 0-6.5) in 
de HypoBewustgroep (p=0.030).

We concludeerden dat HypoBewust resulteert in een verbeterd zelfmanagement, 
dat leidt tot minder ernstige hypo’s, een verbeterd hypobewustzijn en minder hypo-
stress in vergelijking met de gebruikelijke zorg. We zagen een goede deelname aan het 
programma, waarbij 96% van de deelnemers 2 of 3 sessies (van de 3) volgden en 90% de 
beide online sessie doorliepen. 

Hoewel niet alle effecten statistisch significant waren, mogen we aannemen dat ze 
klinisch relevant zijn, aangezien zelfs kleine dalingen in het aantal ernstige hypo’s een 
grote impact hebben. In onze steekproef leken de effecten van HypoBewust sterker in 
personen die geen gebruik maakten van een real-time continuglucosemeter (RT-CGM). 
Kijkend naar deze resultaten verdient HypoBewust een verdere verspreiding. Desondanks 
is meer onderzoek nodig om de rol van RT-CGM en de interactie hiervan met HypoBewust 
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in een grotere steekproef van mensen met problematisch hypo’s in verschillende 
zorgsettings te bekijken. 

In	hoofdstuk	6 presenteren we de resultaten van de economische evaluatie 
van HypoBewust versus gebruikelijke zorg vanuit een maatschappelijk- en 
gezondheidszorgperspectief. We gebruikten de data van onze 6 maanden durende, 
multi-center, cluster-gerandomiseerde gecontroleerde studie. We includeerden 137 
deelnemers (zie de samenvatting van hoofdstuk 5). Klinische uitkomsten waren ernstige 
hypo’s; proportie personen met ten minste één ernstige hypo; proportie personen met 
een verminderd hypobewustzijn; ‘quality adjusted life years’ (QALYs); en maatschappelijke 
kosten bestaande uit kosten van gezondheidszorggebruik, informele zorg en verloren 
arbeidsproductiviteit. De HypoBewustgroep had een ernstige hypo per persoon per 6 
maanden minder dan de controlegroep (95%CI: -5.0 to 3.0). De proportie van personen 
met ten minste één ernstige hypo per 6 maanden was 22% lager (95%CI: -38% to -6%) en 
de proportie van personen met een verminderd hypobewustzijn was 14% lager (95%CI: 
-31% to 4%) in de HypoBewustgroep. Het verschil in QALYs was 0.0 (95%CI: -0.05 to 0.05). 
Gemiddelde totale maatschappelijke kosten in de interventiegroep waren €591 hoger 
dan in de controlegroep (95%CI: -€974 to €2057). De gemiddelde incrementele kosten per 
voorkomen ernstige hypo was €605. Bij een ‘willingness-to-pay’ drempel van €20.000 per 
voorkomen ernstige hypo is de waarschijnlijkheid dat HypoBewust kosten-effectief is in 
het voorkomen van ernstige hypo’s in vergelijking met de gebruikelijke zorg 68% vanuit 
een maatschappelijk perspectief en 69% vanuit een gezondheidszorg perspectief. Voor 
QALYs was de ICER €119.360 per toegenomen QALY met aanzienlijke onzekerheid. 
We concludeerden dat HypoBewust niet kosten-effectief is vanuit een maatschappelijk 
perspectief in vergelijking met gebruikelijke zorg, maar veelbelovender vanuit een 
gezondheidszorg perspectief.

In	hoofdstuk	7 zijn de hoofdbevindingen van de studies beschreven in dit proefschrift 
samengevat en besproken, gevolgd door methodologische overwegingen en relevantie 
voor de klinische praktijk en toekomstig onderzoek. 



DANKWOORD
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Het dankwoord is misschien wel het meest gelezen gedeelte van een 
proefschrift. Ik maak mij geen illusies over de lage aantrekkelijkheid van 
de overige hoofdstukken voor leden buiten de leescommissie; zelf lees ik 
die eigenlijk ook nooit bij andere promovendi, tenzij ik een referentie uit 
hun proefschrift wil halen. Sorry lieve voorgangers. Nee, het dankwoord, 
daar gebeurt het allemaal. Dáár hopen oud-collega’s, medewerkers aan 
het onderzoek, familie en vrienden hun eigen regel of fame terug te vinden 
en alleen dáár is een stukje persoonlijkheid van de auteur te vinden. Ik zal 
proberen jullie niet teleur te stellen.

Ik trap af met mijn promotor Frank Snoek, ‘de baas’. Frank, al tijdens mijn studie in Tilburg 
(klinische gezondheidspsychologie) las ik artikelen van jouw hand, des te meer omdat ik 
zelf diabetes heb en dus bovengemiddelde interesse had in de diabetespsychologie. Toen 
ik van Maastricht naar Amsterdam verhuisde schreef ik gelijk een open sollicitatie naar 
de afdeling Medische psychologie, waar jij het hoofd van was. Ik hoorde niets. Pas zo’n 
twee jaar later kwam een recruiter van VUmc mijn brief kennelijk weer tegen en bracht me 
op de hoogte van een vacature. Ik kwam op sollicitatiegesprek, maar helaas, de functie 
ging naar Michael. Achteraf een heel verstandige keuze. Je mailde me een poosje later 
dat er weer een vacature was en als ik nog interesse had mocht ik gelijk beginnen. En zo 
geschiedde. Gedurende de vijf jaar van mijn loopbaan bij VUmc ging onze werkrelatie 
van pure verafgoding mijnerzijds naar tranen met tuiten van frustratie (ook mijnerzijds) 
en weer terug. Frank, ik ben heel blij met alle mooie kansen die je me geboden hebt, met 
je sturing en inspiratie en met de grote autonomie en het bijbehorende vertrouwen dat 
je me gaf in het uitvoeren van dit project. Ik heb onwijs veel geleerd de afgelopen jaren, 
dankjewel!

Dan verder met Maartje de Wit, mijn copromotor en begeleidster. Jij was mijn steunpilaar. 
Zonder jou was dit proefschrift er waarschijnlijk niet gekomen. Dat soort teksten worden 
wel vaker geroepen, maar hier is het écht waar. Als ik weer eens op het punt van opgeven 
stond, omdat het wetenschappelijk onderzoek stiekem echt (echt, ECHT..) niet mijn 
roeping bleek te zijn, dan was jij er om vol geduld weer naar m’n emotionele verhaal te 
luisteren en me de goede kant op te dirigeren. Je hebt onwijs veel werk in de artikelen 
gestoken en ik heb jou als een heel betrokken, lieve en hard werkende collega ervaren. Ik 
denk dat je geboren bent voor het begeleiden van promovendi, of wie dan ook. Bedankt 
voor alles!

Dan volgen nu alle diabetesverpleegkundigen, psychologen, diëtisten, artsen en 
uiteraard de mensen met diabetes zelf, die meegedaan hebben aan dit project. Dat zijn 
er zóveel dat ik helaas geen namen kan gaan noemen. Het was een hoop werk, al die 
vragenlijsten invullen, al die voorbereidingen voor het onderzoek en het (leren) geven van 
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HypoBewust. Jullie enthousiaste verhalen over de cursus gaven me het vertrouwen dat 
we goed bezig waren en zijn, wat er ook uit het onderzoek zou komen. Wie ik wel apart 
zal noemen zijn Marloes Hogenelst en Caroline Lubach: buiten dat jullie twee lieverds 
zijn, hebben jullie onwijs veel tijd en aandacht gestoken in HypoBewust en de Train-de-
Trainerbijeenkomsten. Het succes van het project is voor een heel groot deel aan jullie te 
danken! 

Dan alle co-auteurs, in het bijzonder Judith Bosmans, Maurits van Tulder en Jos 
Twisk. Jullie hebben me enorm geholpen met het mooi opschrijven van mijn 
onderzoeksresultaten en het uitvoeren en (talloze keren) uitleggen van de analyses. 
Statistiek is en blijft mijn grote struikelblok, het wil er gewoon niet in. Gelukkig had ik 
jullie als experts om ervoor te zorgen dat ik geen fouten maakte in de analyses en de 
interpretatie daarvan. Veel dank!

Dan alle lieve ‘dipsy’s’, de collega’s van de diabetes psychologie. Het begon allemaal wat 
stroef (to say the least) op kamer G-417. Maar gelukkig heeft het zich al snel helemaal 
recht getrokken en ben ik jarenlang met veel plezier naar mijn werk gekomen. Ik ga jullie 
allemaal even noemen hoor: Tibor (‘het is gedaan precies’ ;-) ), Wieke, Kim, Emine, de 
drie Suz/sannes, Eelco, Michael, Thomas, Gulçan, Anne (het allerlaatste staartje dan), 
Koen (weliswaar op afstand) en uiteraard de allerliefste Wilmy. Jullie hebben mijn 
lange kantoordagen enorm opgefleurd. Een speciale vermelding verdient Minke, mijn 
lieve vriendin en paranimf. Wat hebben we gelachen tussen de bedrijven door én veel 
persoonlijke ellende gedeeld onder het genot van een koffietje in de luxe van onze eigen 
kamer. En nog steeds! En tenslotte lieve Brahim, Louise en Karin: veel dank voor al jullie 
hulp!!

Dan komen we bij de categorie vrienden en familie. Op deze plek wil ik een paar mensen 
in de schijnwerper zetten. Te beginnen bij Lian, jij bent er al dik 20 jaar (oh Lord!) voor 
mij en je hebt me vaak een fijne werkplek geboden in de studio in je winkel, superfijn!! 
Ik ben er enorm trots op en blij mee dat jij de layout en het design van de cover van mijn 
proefschrift op je genomen hebt en dat je mijn paranimf wilt zijn. Love you, tot we oude 
oma’s zijn! Dan nog een speciale vermelding voor enkele van mijn dierbare vrienden in 
Amsterdam e.o. die er de afgelopen jaren voor mij waren: Martijn, Marja, Khaties, Lobke, 
Zohair, Sandra, Jean Paul, Anne, Marieke en Nils. Jullie rocken. En Jop, Irene en Juni, jullie 
verdienen zeker ook een plekje hier. Jullie hebben veel van mijn proefschriftgeworstel 
moeten aanhoren en aanzien. Sorry en dankjewel voor jullie steun! Dan mijn Maastrichtse 
schatteboutjes: Ilana, Rachelle, Marjon, Kirsten, Michelle en Wendy. Dank voor jullie 
vriendschap op afstand! En tenslotte pap en mam, Catalina en Milan: we zijn het niet 
gewend om dit soort dingen tegen elkaar te zeggen, maar ik hou heel veel van jullie!
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Dan het universum, of wat het ook is waardoor wij allemaal in leven zijn en hier op aarde 
ons ding kunnen doen: bedankt voor alle ontvangen inspiratie.. moge HypoBewust nog 
lang een zinvolle toevoeging aan de diabeteszorg zijn! 

PS. Oh nee! Heb ik JOU vergeten te noemen en voel je je nu enigszins beledigd of 
gekwetst? Het spijt me zeer. Als je me gesteund hebt in welke vorm dan ook, dan ben ik 
jou uiteraard ook heel erg dankbaar ☺
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