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ABSTRACT

Introduction: Regular self-monitoring of blood
glucose (SMBG) is recommended as an integral
part of therapy for all patients with diabetes
treated with insulin. In the current study, the
effects on glycemic control of taking 7-point
SMBG profiles and using a diabetes manage-
ment system (DMA) on a smartphone were
investigated.
Methods: In a 12-week, open-label, multicen-
ter, observational study, 51 patients [26 with
type 1 diabetes mellitus (T1DM) and 25 with
type 2 diabetes mellitus (T2DM)] were instruc-
ted to perform SMBG at least seven times a day
using DMA combined with the iBGStar� SMBG
system. HbA1c was measured at regular visits to

the study sites. Patients reviewed and managed
their data as well as their treatment on their
own and there were no further assistance or
treatment recommendations. Adverse events
(AEs) were recorded throughout.
Results: Overall, mean (SD) change from base-
line in HbA1c at week 12 was -0.46 (0.57)% [-5
(6) mmol/mol (p\0.0001)]. The change in
HbA1c was observed in patients with T1DM
[-0.27 (0.45)% (-3 [5] mmol/mol; p = 0.0063)]
and T2DM [-0.65 (0.62)% (-7 [7] mmol/mol;
p\0.0001)]. The change in HbA1c was not
correlated with an increased number of hypo-
glycemic events (blood glucose less than 55 mg/
dL). The majority of AEs were symptomatic
hypoglycemic events (42 events; nine patients).
Conclusions: Glycemic control can be
improved, without receiving any recommenda-
tions or advice on insulin dose, by performing
daily 7-point SMBG profiles and using elec-
tronic documentation with a smartphone app.
These results must be confirmed in a larger
controlled trial, but they already strengthen the
importance of structured SMBG in diabetes
therapy.
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INTRODUCTION

Patients with type 1 diabetes (T1DM) require
insulin therapy, as do many with type 2 dia-
betes (T2DM), to control their blood glucose
concentration. An integral part of their therapy
is regular self-monitoring of blood glucose
(SMBG) in order to adjust insulin dose(s) to
achieve target blood glucose concentration(s).
The American Diabetes Association (ADA)
guidelines encourage individuals to perform
SMBG at each meal and bedtime [1]. Various
approaches have been employed to try to
enhance patients’ motivation and adherence to
their regimen and thereby improve glycemic
control. These extend from the use of a paper-
based tool to record blood glucose data [2, 3] to
digital decision support tools [4], connectivity
[5], and other features for ‘‘smart’’ SMBG devices
[6–8].

The iBGStar� Blood Glucose Meter is a diag-
nostic device for quantitative SMBG measure-
ments. The iBGStar� Diabetes Manager
Application (DMA) is a digital logbook and
diabetes management tool for iPhone and iPod
Touch. The DMA allows for collection of infor-
mation such as 7-point SMBG profiles, physical
exercise, general physical conditions, meals,
glucose-lowering drugs, and insulin doses. It
can be used alone or with an iBGStar� device
connected to an iPod or iPhone where BG
measurements from the meter are automatically
transferred to the DMA. In the current pilot
study, the iBGStar� DMA system was used solely
to record daily 7-point SMBG values without
providing any recommendations/advice about
insulin doses by a healthcare professional. The
12-week study investigated the effects of per-
forming daily 7-point SMBG profiles on HbA1c
in patients with T1DM or insulin-treated T2DM.

METHODS

Patients

Patients, age at least 18 years, with T1DM or
insulin-treated T2DM who were taking basal
insulin alone or in combination with prepran-
dial insulin were eligible. They had to be willing

and able to perform 7-point SMBG using iBGS-
tar� and to use the DMA on an iPod Touch on a
daily basis. They had to provide signed written
informed consent. All procedures followed were
in accordance with the ethical standards of the
responsible committee on human experimen-
tation (institutional and national) and with the
Helsinki Declaration of 1964, as revised in 2013.
Informed consent was obtained from all
patients for being included in the study.

Study Design

This was a 12-week, open-label, uncontrolled,
multicenter, observational study conducted in
Germany (Fig. 1). At the first visit (week 0),
patients gave their written informed consent,
and data on their demography, body weight,
height, and diabetes history were recorded in an
electronic case report form (e-CRF). They were
provided with the iBGStar� SMBG system and
an iPod Touch 4 with preinstalled DMA version
2.2 and given detailed instructions on their use
and how to perform SMBG. Additional training
was provided at each subsequent visit if deemed
necessary.

Patients continued with their background
orally administered or injectable antihyper-
glycemic drug(s). Patients were instructed to
measure BG at least seven times a day (before
and after breakfast, lunch, and dinner, at bed-
time, and before any snack) using the iBGStar�

Fig. 1 Study design. T1DM type 1 diabetes mellitus,
T2DM type 2 diabetes mellitus, MDI multiple dose
injection, DMA iBGStar� Diabetes Manager Application
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SMBG system combined with the DMA. Beside
SMBG data, patients were instructed to manu-
ally collect information in the DMA on their
daily diabetes routines and to record any com-
plaints about the DMA. Data from the DMA
could be downloaded to the e-CRF by sending
an email to the data management group; this
allowed data to be collected other than during
the semi-monthly onsite visits (weeks 2–12) and
to check for compliance.

Blood samples were collected at each study
site visit and analyzed for HbA1c at a local lab-
oratory. Adverse events (AEs) and serious AEs,
including hypoglycemia, were recorded retro-
spectively throughout the study. Hypoglycemia
was defined as an event during which typical
symptoms of hypoglycemia (such as sweating,
blurred vision, trembling, or lack of concentra-
tion) were accompanied by measured plasma
glucose less than 55 mg/dL (less than 3.1 mmol/
L). Importantly, patients reviewed and managed
their data as well as their treatment on their
own; no further assistance or treatment recom-
mendations were provided by the investigators
or the DMA.

Statistical Analysis

Descriptive statistics were provided for demo-
graphic, diabetes history, safety, and laboratory
data. Change in HbA1c from start to week 12
was analyzed by t test. Linear regression was
used to analyze the relationship of the change
in HbA1c to the number of episodes of SMBG
less than 55 mg/dL (less than 3.1 mmol/L).

RESULTS

Patient Disposition and Characteristics

Fifty-one patients (T1DM, n = 26; T2DM,
n = 25) enrolled in the study and 50 completed
the study; one patient with T1DM discontinued
because of a serious AE (tibia fracture). The
mean age of patients with T2DM was greater
than those with T1DM (62.0 vs 45.6 years), as
was their body mass index (33.5 vs 25.0 kg/m2),
while the duration of diabetes was shorter (15.7

vs 21.9 years) (Table 1). All patients with T1DM
were taking a basal plus preprandial insulin,
while 13 patients (52.0%) with T2DM were
taking a basal plus preprandial insulin, 11
(44.0%) were taking only a basal insulin, and
one (4.0%) was taking only a preprandial insu-
lin. The mean dose of basal insulin was greater

Table 1 Demographic and clinical characteristics when
starting study—all patients

T1DM
(n5 26)

T2DM
(n5 25)

Total
(N5 51)

Age, years, mean

(SD)

46.5 (12.3) 62.0 (6.9) 54.1 (12.6)

Male, n (%) 16 (61.5) 13 (52.0) 29 (56.9)

Ethnic origin,

white, n (%)

26 (100) 25 (100) 51 (100)

Body mass index,

kg/m2, mean

(SD)

25.0 (3.1) 33.5 (6.9) 29.2 (6.5)

Diabetes

duration, years,

mean (SD)

21.9 (10.8) 15.7 (10.4) 18.9 (10.9)

Type of insulin taken, n (%)

Basal 0 (0.0) 13 (52.0) 13 (25.5)

Prandial 0 (0.0) 1 (4.0) 1 (2.0)

Basal ? prandial 26 (100) 11 (44.0) 37 (72.5)

Insulin dose, U, mean (SD)

Basal 26.8 (13.7) 37.6 (26.5) 32.0 (21.3)

Prandial 30.7 (13.0) 52.3 (47.1) 37.5 (29.6)

Total 57.6 (23.6) 61.2 (58.1) 59.3 (43.6)

Other glucose-lowering drugs, n (%)

Metformin 0 (0.0) 19 (73.1) 19 (37.3)

Dipeptidyl-4

(DPP-4)

inhibitors

0 (0.0) 6 (23.1) 6 (11.8)

Sulfonylurea 0 (0.0) 1 (3.9) 1 (2.0)

Other 0 (0.0) 4 (15.4) 4 (7.8)

T1DM type 1 diabetes mellitus, T2DM type 2 diabetes
mellitus
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in patients with T2DM than in those with
T1DM (36.6 vs 26.8 U), as was the dose of
preprandial insulin (52.3 vs 30.7 U). The most
common other glucose-lowering drug for
patients with T2DM was metformin [19 patients
(73.1%)].

Glycemic Control

The mean (SD) number of daily SMBG mea-
surements during the study was 7.1 (1.5), with
no significant differences observed between
patients with T1DM vs T2DM or between those
taking basal vs basal plus preprandial insulin.
For all patients (N = 50), mean (SD) HbA1c
declined from 7.5 (1.0)% [58 (11) mmol/mol] at
the start of the study to 7.1 (0.9)% [54
(10) mmol/mol] at 12 weeks (Fig. 2a). The
change from baseline to week 12 [-0.46 (0.57)%
(-5 [6] mmol/mol)] was significant (p\0.0001).

The reduction in HbA1c was observed in
both patients with T1DM (n = 25) and T2DM
(n = 25). The mean (SD) starting HbA1c for
patients with T1DM was 7.6 (1.0)% [60
(11) mmol/mol] and 7.4 (1.1)% [57
(12) mmol/mol] for those with T2DM (Fig. 2b).
The change in HbA1c from the start to week 12
was -0.27 (0.45)% [-3 (5) mmol/mol] in
patients with T1DM (p = 0.0063) and -0.65
(0.62)% [-7 (7) mmol/mol] in those with T2DM
(p\0.0001). The reduction in HbA1c occurred
in patients who were taking basal insulin alone
(n = 13) as well as those taking basal plus
preprandial insulin (n = 36) (Fig. 2c). The
change at week 12 was -0.80 (0.78)% [-9
(9) mmol/mol] in patients taking basal insulin
(p = 0.0029) and -0.35 (0.44)% [-4
(5) mmol/mol] in those taking basal plus
preprandial insulin (p\0.0001).

A total of 33 patients had an HbA1c above
7% at study entry. Of these, 16 patients (48.5%)
reached an HbA1c level below 7% at the end of
the study.

Hypoglycemia

Eight patients with T1DM (32.0%) reported 41
hypoglycemic events and one patient with
T2DM (4.0%) reported a single event. Of the 42

events, 15 (35.7%), 21 (50.0%), and 6 (14.3%)
were of mild, moderate, and severe intensity,
respectively. One event was a serious AE as it
required hospitalization in a patient with low
HbA1c, diabetes duration of 44 years, and reg-
ular consumption of alcohol. All counted
hypoglycemic events were accompanied by

Fig. 2 HbA1c at start and 12 weeks and change in HbA1c
at 12 weeks. a All patients (n = 50). b Patients with
T1DM (n = 25) vs T2DM (n = 25). c Patients with
T2DM taking basal insulin alone (n = 13) or patients
with T1DM or T2DM taking basal ? prandial insulin
(n = 36). T1DM type 1 diabetes mellitus, T2DM type 2
diabetes mellitus
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symptoms such as sweating, blurred vision,
trembling, or lack of concentration. There was
no correlation between hypoglycemic events
and change in HbA1c (Fig. 3). The slope of the
regression line was not significantly different
from zero (r2 = 0.0473; p = 0.1294).

Safety

A total of 24 patients (47.1%) experienced at
least one AE during the study. The intensity of
AEs was classified as mild for 13 patients
(25.5%), moderate for 11 (21.6%), and severe for
7 (13.7%). The most common AEs were
nasopharyngitis [7 patients (13.7%)] and hypo-
glycemia [9 (17.6%)]. Of the 78 AEs reported, 72
(92.3%) were resolved at the end of the study.
Six patients (11.8%) experienced at least one
serious AE. The serious AEs were cardiac arrest,
posterior capsule rupture in the right eye,
cholecystitis, tibia fracture, hypoglycemia,
bladder cancer, and diabetic foot. All of the AEs
were assessed by the investigator as having no
relation to the medical procedure.

DISCUSSION

In this observational study, glycemic control
was improved, without any further assistance
from healthcare providers, by performing daily
7-point SMBG profiles and using electronic
therapy documentation provided by the iPod/
DMA. Subgroup analyses showed the reduction
occurred in patients with either T1DM or
T2DM, those with T2DM taking basal insulin
alone, or those with T1DM or T2DM taking

basal plus prandial insulin, indicating that the
reduction was not confined to only one type of
diabetes or insulin regimen. However, there is
the caveat of not having a control group for any
of the groups. The reduction in HbA1c was not
correlated with an increase in hypoglycemic
episodes.

While the number of times the patients
performed SMBG before starting the study was
not recorded, it may be assumed that it was less
than the seven times a day during the study.
The increase in the number of daily SMBG
measurements and additionally having the
results recorded in the DMA may have led to
greater attention by the patients to their ther-
apy and subsequently to improved glycemic
control, even in the absence of any assistance
with insulin dose adjustments from healthcare
professionals. The frequency of SMBG mea-
surements has been shown to be associated with
improvement in HbA1c in patients with T1DM
[9], as well as in insulin-treated patients with
T2DM [10].

When patients with non-insulin-treated
T2DM were trained to use a paper tool to collect
and interpret 7-point SMBG profiles, a signifi-
cant reduction of 0.3% HbA1c was observed
compared with the active control group [2].
Similarly, patients with non-insulin-treated
T2DM who underwent intensive structured
monitoring with 4-point glycemic profiles had a
significantly greater 0.12% HbA1c reduction
than the active control group [3]. In recent
years, the number of devices connected to
smartphone applications has increased [11–13].
However, only a limited number of studies have
been reported evaluating the potential of SMBG
devices connected to electronic data manage-
ment systems on smartphones [8, 14].

A limitation to our study is that the obser-
vation period was only 3 months. We do not
have follow-up data and it remains difficult to
estimate long-term compliance with this type of
self-monitoring. Longitudinal data on SMBG
usage is scarce. A reduction of 1.1 strips in daily
monitoring frequency was shown during a
3-year follow-up study in insulin-treated
patients with a very low strip utilization
(1.94/day) at study entry, but nothing is known
about the type of insulin treatment, patient

Fig. 3 Correlation between change in HbA1c and num-
ber of hypoglycemic episodes (SMBG\55 mg/dL). SMBG
self-monitoring of blood glucose
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training on SMBG usage, or proportion of type 1
and 2 patients [15]. After 2 years only 20% of
patients with T2DM continued to measure their
blood glucose daily as required during a lifestyle
intervention over the first 12 weeks including
diurnal SMBG profiles and event-driven mea-
surements [16]. In both studies, patients only
had SMBG devices but no diabetes app with
analysis features. Thus we speculate that com-
pliance may be higher in such a setting also
during the long term.

The small sample size of our study is also a
limitation and the results must be confirmed in
a larger controlled trial. However, the current
results do strengthen the importance of SMBG
in diabetes therapy.
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