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Original Article

The evidence for continuous glucose monitoring (CGM) to 
improve HbA1c without increasing the risk of hypoglycemic 
events has been established. Yet, after more than a decade of 
availability, the evidence for usage of CGM to reduce the 
risk of hypoglycemic events (especially of severe hypogly-
cemic events [SH]) from a number of studies remains under 
debate.1-6 However, in many of these studies first generations 
CGM systems were used; the analytical performance, reli-
ability, and usability of these systems were considerably 
worse than more recent CGM system generations. Although 
real-time CGM per se (that mean CGM only, without com-
municating with an insulin pump; subsequently the term 
CGM will be used in this sense) has been shown to reduce 
the amount of time a user spends at low glucose, it has not 
demonstrated to be effective in reducing such low glucose 
events in general and nocturnal events during sleep.5-8

In most studies performed to date, CGM systems were 
used by patients with type 1 diabetes that utilize continuous 
subcutaneous insulin infusion therapy (CSII) by means of 
insulin pumps, there is less data on patients using multiple 
daily injection (MDI) therapy by means of syringes or pens 
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Abstract
Systems for continuous glucose monitoring (CGM) have been available for a number of years, and numerous clinical studies 
have been performed with them. Interestingly, in many of these studies patients with an increased risk of hypoglycemic events 
were excluded. In addition, in most studies subjects were using a pump for insulin delivery. Therefore our knowledge about 
the benefit of CGM in patients employing multiple daily injections (MDI) of insulin is limited, especially when it comes to a 
reduction in the risk of low glucose events in high-risk individuals. We are planning to run a 26-week randomized controlled 
study in Germany (HypoDE, Hypoglycemia in Deutschland) that is focused on evaluating if such a reduction can be observed 
in patients on MDI with an increased risk of low glucose events. In all, 160 patients will participate in the study, randomized 
into the intervention group and control group. Ideally one would study if the frequency of severe hypoglycemic events is 
different between both groups. However, this would require such a large sample size and study duration, so for pragmatic 
reasons we will use low glucose levels <55 mg/dl (measured by CGM) for at least 20 minutes as a risk marker for severe 
hypoglycemic events. The results from the HypoDE study shall help determine the advantage of using CGM in subjects with 
type 1 diabetes with an increased risk of low glucose events treated with MDI.
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(Table 1). However, the majority of patients with type 1 
diabetes around the world use MDI. Nevertheless, there are 
considerable differences between countries and age groups: 
The proportion of patients using MDI might be as low as 
60-70% in the United States or it can be >90% in countries 
like the United Kingdom. It is of interest to note that there 
are no good publications available that provide reliable data 
backing up such numbers.9 Furthermore, only few studies 
have focused on hypoglycemia reduction, that is, their 
study design was adequate to show a reduction in hypogly-
cemia frequency with a sufficient study duration/sample 
size. In many of the CGM studies patients with an increased 
risk of hypoglycemic events or hypoglycemia unawareness 
were excluded from participating in the study.10-12 The 
number of studies which looked at patients with an increased 
risk of hypoglycemic events is rather small. However, in 
general the randomized controlled trials (RCTs) performed 
to date—along with observational studies/clinical prac-
tice—indicate that this complication is reduced by usage of 
CGM (see, eg, Pickup et al2). Nevertheless, the evidence 
from RCTs about the benefits of CGM usage in patients 
treated with MDI is scarce when it comes to hypoglycemic 
events. Although there is widespread reimbursement for 
CGM among commercial health plans in the United States 
for patients with type 1 diabetes, reimbursement challenges 
persist for this large patient group for example in Europe/
Germany.

Subsequently we present the study concept for the 
HypoDE study. The aim of this RCT is to demonstrate that 
usage of a stand-alone CGM system reduces the frequency of 
low CGM-recorded glucose episodes in patients using MDI 
with an increased risk for hypoglycemia.

Risk of Hypoglycemic Events in Patients 
With Type 1 Diabetes and Usage of 
CGM

Treatment guidelines for people with type 1 diabetes agree 
that glycemic control should be optimized to prevent diabe-
tes complications without simultaneously increasing the risk 
of SH.13,14 Unfortunately tight glycemic control in people 
with type 1 diabetes has been reported to be associated with 
an elevated risk of SH,15-17 making the attainment of the 
above treatment goals challenging. However, a number of 
more recent studies have not confirmed the strong associa-
tion between optimization of glycemic control and an 
increase in risk of SH in children, adolescents, and adults.18-24 
Nevertheless, CGM might be a technical solution assisting 
the achievement of both treatment goals. It is of interest to 
note that in a recent publication no indication was found that 
CGM usage reduces SH, fear of hypoglycemia, hypoglyce-
mia awareness, or even biochemical hypoglycemia.25 The 
issue with this study is the study design, that is, patients in 
the control group received much more attention (= higher 
number of visits) than they would get during usual care. 

Therefore, the number of visits between both study groups is 
balanced in our study as good as possible (see below).

A closer look to the prevalence of SH shows that the likeli-
hood for SH is not equally distributed. In fact, data suggest 
the existence of risk groups of people with type 1 diabetes, 
who account for the majority of SH events.16,23,24,26,27 A key 
risk factor for SH in patients with type 1 diabetes is reduced 
hypoglycemia awareness. Depending on the definition of 
hypoglycemia and of hypoglycemia unawareness used, about 
30% of patients with type 1 diabetes have impaired awareness 
of hypoglycemia.28 These patients are at a 3- to 6-fold greater 
risk for experiencing SH events.29 Clearly other risk factors 
like duration of diabetes, age and intensity of diabetes man-
agement are of relevance in this context as well. The most 
important risk factor for hypoglycemia unawareness and sub-
sequent hypoglycemia problems in people with type 1 diabe-
tes is a prior history of hypoglycemia.30

Frequent hypoglycemia is associated with a downshift of 
glycemic threshold for endocrine and symptomatic counter-
regulatory responses toward low blood glucose, causing 
hypoglycemia unawareness and subsequently an increase of 
hypoglycemia problems. Due to the downshift of glycemic 
thresholds for endocrine counterregulation, the effects of 
glucose deprivation of the central nervous system (neurogly-
copenia) are often the first detectable symptoms of low blood 
glucose for the affected subject. Neuroglycopenia narrows 
the window of opportunity for an effective self-treatment of 
low blood glucose values, enhancing the risk of SH, which 
has to be treated by the assistance of a third person or medi-
cal assistance.31,32 Early detection and scrupulous avoidance 
of low glucose values can restore hypoglycemia awareness 
and reduce the risk of SH by an upshift of glycemic 
thresholds.33-35

A diagnostic tool like CGM has great potential for the 
treatment of people with type 1 diabetes and an increased 
frequency of SH, since it alerts the affected user if critical 
low glucose values are reached and prompt them to treat low 
glucose. The most recent versions of CGM systems alert 
their user even before low values are reached by means of 
algorithms that predict that such event would take place in 
the near future.36 It can be expected that avoidance of SH by 
usage of CGM contribute to an upshift of glycemic threshold 
for symptomatic and endocrine counterregulation. This may 
lead to an improvement of hypoglycemia awareness, and 
thereby reduce the risk for SH. Based on this assumption the 
beneficial effects of CGM on hypoglycemic events were 
studied right away from the beginning of the usage of CGM 
systems in practice and evaluating them in RCTs some 15 
years ago. Unfortunately, as stated above, the potential of 
CGM use for the treatment of hypoglycemia problems was 
not systematically evaluated with RCTs designed to evaluate 
the benefit of CGM usage on hypoglycemic events as a pri-
mary endpoint in patient groups with hypoglycemia prob-
lems (Table 1). The results obtained in, for example, the 
Juvenile Diabetes Research Foundation (JDRF) CGM trial 
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were mixed, that is, although they demonstrated benefits in 
improving glucose control with CGM use, they failed to 
show a reduction in (severe) hypoglycemic events.37 
However, the trial was not sufficiently powered to detect a 
reduction in SH events. Nevertheless, in the 6-month con-
tinuation phase of the JDRF trial a 46% reduction in mild-
moderate hypos (not severe) was observed.38 It is worth to 
mention that many subjects in the trial used MDI and had 
similar A1C reduction. However, the majority of subjects 
used CSII therapy.

Even in studies performed more recently with a focus on 
hypoglycemic events, using a current CGM system along 
with an insulin pump with low glucose suspend, the benefits 
of hypoglycemia event reduction were significant in some, 
but not all studies. The observed reduction of SH to zero 
reported in 1 study39 and the publication of this study in a 
highly respected journal was regarded as quite positive for 
this approach. However, from a critical point of view it has to 
be acknowledged that the randomization resulted in massive 
differences in the starting values of the 2 study groups. 
Without an adjustment for the starting values, the advantage 
is much less prominent. This study also shows that recruiting 
patients for such studies is difficult.

There are different iterations of CGM and a pump (sen-
sor-enabled or sensor-augmented pumping) combinations 
that have been used in these studies. However, benefits seen 
with the usage of these more advanced systems, that pave the 
way toward a fully automated closed-loop system, cannot be 
attributed to CGM alone but to the combination of different 
technologies.

Reasons for Missing Evidence of 
CGM to Reduce the Frequency of 
Hypoglycemic Events

In view of the obvious advantages of CGM versus self-mon-
itoring of blood glucose (SMBG) with respect to the amount 
of information provided about the current glucose control 
one might be surprised why no clear benefit has been demon-
strated in previous RCTs.4,40 Reasons for this observation are 
the following:

- � The hypoglycemia rate among patients entered into 
the trials was low. Due to the exclusion criteria used in 
a number of trials patients with an increased frequency 
of hypoglycemic events were not included.

- � Alarms generated by the CGM systems when glucose 
levels decline to prespecified levels do not always 
induce appropriate reactions by the patients. If a CGM 
has resulted in frequent false positive alarms, patients 
may develop alert fatigue and ignore alarms.

- � The alert is not heard. The volume and tones, and 
duration of the alerts differ between CGM systems. 
The alert volume can also be muffled under blankets. 

One study using GlucoWatch showed that patients 
sleep through 75% of the alarms.41 Only 1 manufac-
turer (Dexcom) has a device with a fixed low glucose 
alarm at 55 mg/dl that can be temporarily silenced, but 
will continue to alarm until the user acknowledges the 
alert or the glucose values rise above this threshold.

- � Inaccuracies of the CGM systems used at the time 
most probably have contributed to failure to detect 
hypoglycemic events and/or false-positive low glu-
cose readings. This can be from analytical error 
(median or mean absolute relative difference [MARD] 
has gone down from approximately 20% to 10% today, 
combined with a better analytical performance also in 
the low blood glucose range), tissue compression 
(from sleeping on a sensor), or physiologically induced 
by the delay between rapid glucose changes in intersti-
tial fluid and blood.

- � If CGM misses or fails to alert or the alert is delayed, 
the patient might be cognitively impaired by the time 
the patient is alerted.

Definition of a Low Glucose Event and 
Primary Endpoint

For the planned study a clear definition of a “low glucose 
event” is mandatory (Table 2). The discussion about the defi-
nition of such an event is as long as studies were performed 
in which differences in frequencies of hypoglycemic events 
were studied.13 The most straightforward definition for a SH 
event is this: requires help of third parties (which may or may 
not include transfer into a hospital). In the planned study, 
each event that requires assistance by another person is 
defined as SH and will be documented. Ideally each of these 
hypoglycemic events is confirmed by a conventional blood 
glucose measurement.

The primary endpoint of this study is evaluation of the 
hypothesis that CGM users experience a greater reduction in 
the total number of low glucose episodes (<55 mg/dl) that 
occur over the past 4 weeks of this study measured by CGM 
in patients in the CGM group versus the control group 

Table 2.  Definition of Hypoglycemic Events in the HypoDE 
Study.

Event Blood/CGM glucose Comment

Hypoglycemia <70 mg/dl ADA definition from 200568

Advanced 
hypoglycemia

<55 mg/dl Neuroglycopenia 
symptoms, CGM system 
will provide a hypo alarm

Severe 
hypoglycemia

Definition based on 1 of 4 criteria:
Help from a third party is needed
Glucagon or glucose administration

  Unconsciousness
  Seizures
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compared to baseline. We believe that this definition reflects 
the best compromise between different aspects: Our choice 
of definition (glucose levels <55 mg/dl) was motivated by 
findings that SH is rarely observed at glucose values >55 mg/
dl. Since severe neuroglycopenia has the potential to endan-
ger patients during daily activities (eg, driving a vehicle) or 
could hamper self-treatment of the hypoglycemic episodes, 
the definition of glucose values <55 mg/dl is of clinical sig-
nificance.42-44 Therefore we choose this definition.

The frequency of low glucose events (= primary end-
point) will be regarded as a surrogate marker for SH. The 
frequency is defined as CGM measured glucose values <55 
mg/dl for at least 20 minutes with a minimum of 3 sensor 
recordings (to account for missed values); subsequent events 
require a minimum of 30 minutes with glucose values >55 
mg/dl (at least 5 sensor values) before another event is 
counted. This evaluation will be done automatically by 
means of special software.

The rationale for selecting low glucose values (advanced 
hypoglycemia) as a surrogate marker for SH is this:

- � SH events are the clinical endpoint of greatest interest 
to a payer; however, the use of a SH as a primary out-
come lacks feasibility in a clinical trial. The occur-
rence rate is so low in patients with diabetes, even in 
high-risk populations, that the required sample size is 
unfeasibly large and/or the trial would need to be 
extremely long.45

- � Neuroglycopenic symptoms and cognitive impair-
ments usually occur at advanced hypoglycemia and 
not at those levels commonly used to diagnose/define 
hypoglycemia (70 mg/dl).

- � Even with appropriate carbohydrate intake to treat hypo-
glycemia, glucose may continue to fall until the carbohy-
drates are absorbed and result in transiently advanced 
hypoglycemia. Glucose value <55 mg/dl or severe neu-
roglycopenia has the potential to limit self-treatment of 
low glucose46 and to increase the risk for helplessness, 
disorientation, or seizure and coma requiring medical or 
third-party assistance for recovery from hypoglycemia.

- � The duration for which glucose has to be below the 
selected threshold was also used in the ASPIRE 
study.47

Secondary Endpoints

Patients in both study groups will be instructed to document 
(advanced) hypoglycemic or SH events during the study 
duration as close as possible; they will be asked to note the 
date, time, symptoms, measured blood glucose values, and 
treatment administered (self-reported recall of episodes). 
Each patient will receive a diary that allows him or her to 
note each event occurring from the screening visit through 
the final study visit.

A number of secondary endpoints will be evaluated, but 
no combined endpoint:

- � Number of low (<55 mg/dl) glucose values during 
night/day

- � Duration of low glucose values/time spent in 
hypoglycemia

- � Number of low glucose values using other limits (eg, 
70 mg/dl, AUCs)

- � Frequency of low glucose values that requires third-
party intervention such as glucagon/glucose adminis-
tration or emergency services and/or hospitalization

-  Change in HbA1c
- � CGM glycemic measures: time in range (70-180 mg/

dl), time in hyperglycemic range (>180 mg/dl), vari-
ability measures (including risk measures like low 
blood glucose index)

-  SMBG measurement frequency
-  Patient-related outcomes/QoL surveys
-  Hypoglycemia unawareness scale (HUS)
-  Diabetes Distress Scale (DDS)
-  Hypoglycemia Fear Survey (HFS-II)
-  Satisfaction with CGM (CGM-Sat)
-  Quality of life (EQ5D)
- � Diabetes Treatment Satisfaction Questionnaire (DTSQ)

Study Logistics

This study is designed and will be designed, executed, ana-
lyzed, and published as an investigator-initiated trial (IIT); 
the official investigator is the Working Group for Diabetes 
Technology (AGDT) of the German Diabetes Association 
(DDG). Performance of this study is supported by an unre-
stricted research grant by 1 large manufacturer of CGM sys-
tems (Dexcom). For planning and supervision of the study a 
Steering Committee was established: The 4 German mem-
bers of this committee (a clinician, a practitioner, a psycholo-
gist, and a scientist who acts as coordinator of this study) 
have profound background in this type of research; the 2 US 
members of the committee (a diabetologist and a PhD with 
experience in health economics) also have pertinent exper-
tise in study design and use of CGM and are employees of 
the company providing the grant for this study. The study 
will be performed by an experienced CRO.

Selection of Patients

As hypoglycemic events, especially SH events, are relatively 
infrequent and unpredictable, the sample size required for 
such study to demonstrate a statistical reduction in such a 
clinical endpoint would be large and the study duration 
excessive long.48 This is most probably the reason why no 
such study has been performed to date. Therefore, this study 
focuses on patients with an expected increased frequency of 
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hypoglycemic events and uses a biochemical measurement 
(frequency of CGM measured glucose values <55 mg/dl) as 
a surrogate for SH as a primary endpoint. Subjects will be 
preselected according to their clinical history, that is, this 
study will focus on patients who have a high baseline fre-
quency of self-reported hypoglycemic events, including 
SHs.

The physicians who performs the recruitment examina-
tion with potential study participants shall use their clinical 
judgment to decide if this subject might fit or not into this 
study. To support this decision, hypoglycemia unawareness 
scores (HUS) will be used. This score allows evaluating the 
extent that awareness of hypoglycemia is impaired.

Study Design and Study Duration

In this prospective, un-blinded, randomized, parallel, con-
trolled study the utility of CGM use in patients with type 1 

using MDI that are at an increased risk for low glucose val-
ues will be evaluated (Figure 1, Table 3). Appropriate patients 
will be identified in phase 0 based on their clinical history of 
an increased risk of hypoglycemic events and enrolled/ran-
domized prior to phase 1 (at visit 1). Subjects will be ran-
domized to either CGM usage (intervention group, called 
CGM group subsequently) or usual care (control group). In 
this study a current Dexcom CGM system will be used, this 
system has a CE mark and is available on the market in 
Germany and can be used either real-time by patients or can 
mask the CGM data to patients and allow use as a data col-
lection device. Patients will be trained appropriately (see 
below) in CGM usage for MDI patients depending on the 
group they were randomized to.

To collect baseline data of the frequency of low glucose 
events in the patients in the 2 groups, blinded CGM record-
ings will be recorded in phase 1 for 4 weeks. This will also 
allow evaluating their compliance with CGM usage and 

Figure 1.  HypoDE—study design.

Table 3.  Study Visits.

Phase 0 (prestudy)
Visit 0: Informed consent, baseline HbA1c measurement, clinical history/complete PRO/QoL/collect concurrent meds questionnaires, 

optimization of treatment, review applicable inclusion and exclusion criteria, if possible, randomize to RT-CGM or continue usual care 
(T = 0) and start study.

Phase 1 (baseline evaluation)
Visit 1: Sometime after visit 0 patients will use blinded CGM for 4 weeks to obtain baseline data and to evaluate compliance with using 

CGM. Patients in both groups will participate in a short CGM training course to be able to calibrate the device.
Phase 2 (study performance)
Visit 2: Patients who fulfill adherence criteria (eg, 80% wear time of the CGM system during baseline evaluation, calibrate appropriately) 

will continue in the study. Patients randomized to the CGM group will start their CGM training course. Patients randomized to the 
control group will continue their usual treatment. Check compliance with any visit: at least 6 CGM days per week in the CGM group 
and at least 4 SMBGs/per day in the control group.

Visit 3 (1 week [±3 days] after randomization/start of CGM): Patients from intervention group return to the site to check therapy (only 
visit that is different between both groups).

Visit 4 (after 4 weeks [±4 days]): Download CGM and SMBG devices and review data in both groups.
Visit 5 (after 12 weeks [±4 days]): Download CGM and SMBG devices and review data, HbA1c measurement in both groups.
Visit 6 (after 26 weeks [±4 days]): Download all CGM and SMBG devices, HbA1c measurement, administer PRO/QoL surveys.
Blinded CGM will be deployed to the control group after 22 weeks (±4 days) without any further interaction. Additional study 

procedures/phone calls are allowed to keep subjects in the study, to support patients in optimal CGM usage, provide them with study 
material and documentation of hypoglycemic events. Assessment of AEs (device, study, or disease-related) at each visit.
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willingness to use CGM. It is assumed that each patient has 
at least 1 event of low glucose per week (4 events/4 weeks) 
on average.

During phase 2, subjects in the control group will wear 
blinded CGM for a 4-week period in weeks 22 to 26 to allow 
evaluation if the frequency of low glucose values is different 
between the 2 groups. Subjects in the interventional group 
will use CGM data as part of their diabetes management dur-
ing phase 2. This study should have a sufficient study dura-
tion (26 weeks in phase 2, 30 weeks in total) to minimize the 
Hawthorne effect/study effect. For a given subject the study 
duration will be 6 months; the total study duration will be 
approximately 15 months.

Patients will receive monthly phone calls to assess exces-
sive health care resource utilization, including moderate and 
SH. The aim of this approach (mixture of visits and phone 
calls is) to have a good balance between safety of subjects in 
a study (also to keep them interested and thereby mitigate 
loss of retention) and the usual treatment of patients in 
Germany.

At the end of the study subjects in the control group will 
get a CGM system plus sensors as an incentive for their study 
participation; patients in the CGM group can keep their sys-
tems. A systematic follow-up of all study participants 12 
months after study completion with respect to a subset of 
outcome parameter is intended.

It is clinical reality in Germany that many potential par-
ticipants have participated in a hypoglycemia training pro-
gram before entering the study. In a sense such a training 
program is standard of care. It will be offered to all patients 
who fit into the study. Depending on the clinical programs 
available at the given study site, patients may or may not 
participate in this training.

Differences Between Study Groups

Patients will receive ongoing advice regarding their individ-
ual diabetes treatment only by their treating physician and 
the diabetes team. The patients in the CGM group can con-
tact the local distributor of the CGM system in Germany in 
case they require technical assistance on the CGM device. 
Patients in both study groups will be instructed to continue 
their usual self-monitoring of blood glucose (SMBG) sched-
ule. However, there are distinct differences between the 2 
groups in a number of other aspects:

- � As CGM as a diagnostic tool has no direct impact per 
se on the primary endpoint but requires that the patients 
themselves modify their behavior, it is crucial that the 
behavioral change that is needed for optimal usage of 
CGM is provided with training and that the patients 
know how to self-manage their glucose control actively. 
Thus, participation in a CGM training program with 3 
sessions of 1.5-hour duration is important for an effec-
tive usage of CGM (for details, see Table 3).

- � Patients will be instructed to use the direction and rate 
of change of glycemia (as shown by the trend arrow) 
to adjust diabetes management decisions immediately. 
In addition, alert levels in the CGM system will be set 
by the treating physician at the study site and modified 
throughout the study to maximize benefit and to mini-
mize subject nuisance. An alarm level of 75 mg/dl will 
be used to allow the patients to react in due time to 
avoid a hypoglycemic event. Assuming a decline in 
glycemia of 1 mg/dl/min this provides 20 minutes for 
absorption of glucose to bring glycemia up again. No 
algorithm will be used for this response, and clinicians 
can deviate from this alert level in a given patient 
according to their own judgment.

- � Patients will be encouraged to review their CGM data 
via computer downloads on a regular basis to detect 
patterns of hypoglycemia that occur over time and 
facilitate treatment modifications.

- � Patients in the control group will also undergo a mini-
mum training to be able to calibrate the blinded CGM 
system during the recordings weeks.

- � A critical aspect is to make sure that the patients in the 
control group continue to get “usual care.” The num-
ber of visits/patients contacts in both groups is as low 
as this appears to be acceptable from a clinical point of 
view. As no monthly contacts with the patients in the 
CGM group are planned, the adherence of the patients 
to CGM usage could not be evaluated as the CGM 
receiver holds data for 30 days only. However, at least 
for 3 months (in the 4 weeks before visits 4, 5, and 6) 
such an evaluation can be performed.

Economic Aspects

As treatment of hypoglycemic events can become costly if 
hospitalization is required, the data collected in this study 
will be used to evaluate the health economic benefits of 
CGM, that is, a cost effectiveness analysis will be performed. 
Although the study is not powered to demonstrate a reduc-
tion in SH events requiring hospitalization, the assumption is 
that reduction of low glucose events by using CGM may lead 
to reduction of costs for hypoglycemic treatment. In study 
self-reported health utilization will be tracked, for example, 
emergency room, hospital visits, loss of working hours, 
hours of absenteeism, and so on. Also equipment costs, office 
visits, phone calls, education visits, use of glucagon at home 
will be documented.

Quality of Life

Patient-reported outcomes (PROs) assessing diabetes dis-
tress using the Diabetes Distress Scale (DDS),49 fears of 
hypoglycemia using the Hypoglycemia fear survey-II 
(HFS-II),50 diabetes treatment satisfaction with the DTSQ 
questionnaire,51 satisfaction with CGM use using the CGM 
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satisfaction questionnaire (CGM Sat),52,53 and generic 
aspects of quality of life using the EQ5D54 and the 
Hypoglycemia unawareness scale (HUS)55 will be obtained 
at the beginning and end of the study when appropriate.

Inclusion/Exclusion Criteria

Patients with overt nephropathy, longer duration of diabetes, 
lipohypertrophy, anti-insulin antibodies and more entrenched 
health beliefs that may predispose to hypoglycemia will not 
be excluded. The aim is to enrich the study with such patients 
who represent high-risk patients who might benefit of CGM 
usage.

Inclusion criteria for the patients to be enrolled are the 
following:

-  Type 1 diabetes for at least 12 months
-  Age 18-70 years
-  HbA1c ≤9.0%
- � MDI is defined as prandial insulin injections at each 

major meal (excludes premixed insulin) with doses 
determined by SMBG/carbohydrate counting and 
basal insulin injections

- � Increased risk for low glucose events (defined as a 
score of 4 or higher on a HUS or a history of at least 1 
SH event in the last 12 months)

- � Have access to a computer with the necessary software
- � Willing to not use paracetamol (acetaminophen) or 

drugs containing it continuously

Exclusion criteria are these:

- � Use of personal real-time-CGM 6 months prior to 
study entry (professional CGM use (= episodic use of 
CGM as provided by HCP and owned by physician’s 
practice) is allowed, whether blinded or unblinded)

- � Alcoholism or drug abuse
- � Unable to comply with the protocol to the investiga-

tors discretion, such as known psychiatric diagnosis, 
cognitive/physical decline

-  Pregnancy

Sample Size, Randomization

One hundred sixty subjects will be included in this trial in 
total. This sample size calculation is based on the assumption 
that CGM use, compared to the control group can reduce the 
incidence of “<55 mg/dl glucose events” by 0.5 standard 
deviations. To demonstrate a significant effect of CGM use 
with a statistical power of 1 – ß = 0.80 and a 2-sided error of 
α = 0.05 a group size of 64 participants per treatment group 
is needed. Anticipating a drop-out rate of 20%, 80 patients 
per group shall be included, that is, 160 patients in total. 
Drop-outs can be patients who withdrew their consent or are 
lost to follow-up.

This reduction has to be demonstrated in comparison of 
the CGM recordings during the baseline period of 4 weeks 
versus the recordings during weeks 22-26. It is assumed that 
there will not be a similar reduction observed in the usual 
care group. The recording during the run-in phase will be 
helpful in confirming how variable the number of events 
with low glucose levels is across the study population. 
Patients in both groups should wear the CGM system in 
these recording phases for >85% of the time (or 6 of 7 days). 
If a given patient have reasons for not be able to do this in 
this time frame, 1 additional week of wearing may be 
allowed. Subjects will be regarded as drop-outs if noncom-
pliant. The investigator and team will assess subject’s eligi-
bility to continue in the study based on adherence to CGM 
and study procedures. They should perform a minimum of 3 
finger sticks daily—which includes 2 daily calibrations. Also 
during the course of the study participants should avoid use 
of paracetamol-containing medications during study perfor-
mance as this has an impact on the CGM measurement result.

Patients will be randomized with an individual random-
ization stratified by per center. The randomization is done 
centrally. A randomization sequence will be generated using 
SYSTAT 12.0 (Systat Software, Inc, Chicago, IL) with a 1:1 
allocation; the study center will be a stratifying variable. 
Each center will receive a sealed envelope per patient with 
the randomized treatment allocation.

Study Sites

The study will be performed by a number of specialized dia-
betes practices and clinical centers in Germany. All sites 
have experience with study performance and usage of CGM; 
that is, they have >5 patients with type 1 diabetes that are 
currently treated with CGM and >25 patients who potentially 
fit into this study. In addition, they have a diabetes team that 
is interested and experienced in CGM. Each site should be 
able to recruit and enroll at least 15 patients within 4 month, 
with a maximal number of 30 patients per site. Thereby the 
number of sites needed should be <15 sites.

Data Download

The data in the CGM system and glucose meter used by the 
study participants will be downloaded at each study visit. 
The patients shall continue to use their individual blood glu-
cose meter; there will be no “study meters.” However, in 
case a patient uses a meter that is shown in respective evalu-
ation studies to have an insufficient measurement quality, 
this might be switched to one with an adequate quality.56

Statistics

A statistical analysis plan (SAP) will be established for this 
study. In this it will also be described in detail how the study 
will be analyzed (Intention to treat/per protocol).
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Quality of CGM

It is clear that the quality of the CGM system used is crucial 
for the success of such study, that is, the sensor used must be 
able to reliably measure glucose values in the range <70 mg/
dl. It is also clear, that the CGM systems that were used when 
this technology was introduced to the market were not able 
to fulfill this requirement. Even more recent CGM systems 
had issues when it comes to lower glucose levels.57 However, 
the performance of some current CGM systems in the hypo-
glycemic range has significantly improved: The CGM sys-
tem that will be used in this study will include the Dexcom 
Gen 4 Platinum sensor and a receiver with the modified 505 
algorithm (G4); this is an improved version of the G4 system 
currently used in Germany. For the G4 system it has been 
shown that the evidence for detection of hypoglycemic 
events is 88% detection at 70 mg/dl (without delay), with the 
modified G4algorithm this goes up to 95%.58 The mean abso-
lute difference (MAD) at BG <70 mg/dL was 6.4 mg/dl.59 
However, at the time of this publication, this system has not 
yet been evaluated in a head-to-head comparison to other 
CGM systems. The receiver of the CGM system holds the 
data until the subjects return for a study visit, regardless of 
whether the receiver was charged or not.

Summary

In the past 15 years numerous clinical trials with CGM 
have been performed. However, there remain many impor-
tant unanswered questions. The HypoDE study will 
increase our understanding of the value shall help to under-
stand the advantage of using CGM in subjects with type 1 
diabetes with an increased risk of low glucose events 
treated with MDI. To our knowledge this study will be the 
first RCT to selectively recruit such a patients group. With 
the study design chosen it should be possible to evaluate if 
CGM use has such an impact, that coverage with evidence 
determination (CED) for CGM per se can be achieved. The 
study will not answer the questions if all patients treated 
with MDI (but have no increased risk of low glucose 
events) benefit from CGM usage; however, it can help to 
understand to what extent this might be the case. The 
results of this study will also help answering the question 
for health technology assessment organizations and for 
payers: If there is a limited budget, what is more important, 
CGM or CSII?60,61
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