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Abstract

Introduction: The ProAct study has shown that a pump switch to the Accu-Chek� Combo system (Roche
Diagnostics Deutschland GmbH, Mannheim, Germany) in type 1 diabetes patients results in stable glycemic
control with significant improvements in glycated hemoglobin (HbA1c) in patients with unsatisfactory baseline
HbA1c and shorter pump usage time.
Patients and Methods: In this post hoc analysis of the ProAct database, we investigated the glycemic control
and glycemic variability at baseline by determination of several established parameters and scores (HbA1c,
hypoglycemia frequency, J-score, Hypoglycemia and Hyperglycemia Indexes, and Index of Glycemic Control)
in participants with different daily bolus and blood glucose measurement frequencies (less than four day, four or
five per day, and more than five per day, in both cases). The data were derived from up to 299 patients (172
females, 127 males; age [mean – SD], 39.4 – 15.2 years; pump treatment duration, 7.0 – 5.2 years).
Results: Participants with frequent glucose readings had better glycemic control than those with few readings
(more than five readings per day vs. less than four readings per day: HbA1c, 7.2 – 1.1% vs. 8.0 – 0.9%; mean
daily blood glucose, 151 – 22 mg/dL vs. 176 – 30 mg/dL; percentage of readings per month >300 mg/dL,
10 – 4% vs. 14 – 5%; percentage of readings in target range [80–180 mg/dL], 59% vs. 48% [P < 0.05 in all
cases]) and had a lower glycemic variability ( J-score, 49 – 13 vs. 71 – 25 [P < 0.05]; Hyperglycemia Index,
0.9 – 0.5 vs. 1.9 – 1.2 [P < 0.05]; Index of Glycemic Control, 1.9 – 0.8 vs. 3.1 – 1.6 [P < 0.05]; Hypoglycemia
Index, 0.9 – 0.8 vs. 1.2 – 1.3 [not significant]). Frequent self-monitoring of blood glucose was associated with a
higher number of bolus applications (6.1 – 2.2 boluses/day vs. 4.5 – 2.0 boluses/day [P < 0.05]). Therefore, a
similar but less pronounced effect on glycemic variability in favor of more daily bolus applications was ob-
served (more than five vs. less than four bolues per day: J-score, 57 – 17 vs. 63 – 25 [not significant]; Hypo-
glycemia Index, 1.0 – 1.0 vs. 1.5 – 1.4 [P < 0.05]; Hyperglycemia Index, 1.3 – 0.6 vs. 1.6 – 1.1 [not significant];
Index of Glycemic Control, 2.3 – 1.1 vs. 3.1 – 1.7 [P < 0.05]).
Conclusions: Pump users who perform frequent daily glucose readings have a better glycemic control with
lower glycemic variability.

Introduction

The use of insulin pumps in continuous subcutaneous
insulin infusion therapy (CSII) is associated with similar

or better glycemic control, lower frequency of hypoglycemic
events, higher treatment flexibility, and an increase in treat-
ment satisfaction in comparison with multiple daily injection

therapy. It is therefore considered to represent a very efficient
way to achieve treatment targets and is preferably used by
people with type 1 diabetes (and only occasionally by those
with type 2 diabetes).1–6

In the ProAct study, we investigated the course of gly-
cemic control and technology-related aspects of using the
Accu-Chek� Combo system (Roche Diagnostics Deutschland
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GmbH, Mannheim, Germany) in the first 6 months after a
switch from previous pump models in a real-world setting
(only three visits, no extra study procedures than treatment
standard). We observed stable glycemic control with im-
provements in several observation parameters in several of
the analyzed subgroups.7 Participants who benefited most
from the switch to the new pump system with respect to
glycemic control were those with less CSII experience and
patients with high glycated hemoglobin (HbA1c) values at
the time of the pump switch. Indicators for an improvement
in glycemic control were a decrease in the mean daily blood
glucose levels, a decrease in glucose variability, and a de-
crease in HbA1c level (which reached the level of statistical
significance in some subgroups). In consequence, time in the
target range blood glucose control increased when using the
Accu-Chek Combo system. The results were achieved de-
spite a reduction in the overall number of daily insulin bolus
infusions and with a significant increase in the number of
daily patient self-monitoring of blood glucose (SMBG) mea-
surements. These findings suggested a more confident diabetes
management and a reduced need for correction boluses of the
participating type 1 diabetes patients.7

Prior to the study, patients had used different pump mod-
els, and data from the previous pump treatment results were
also collected prior to the pump switch. This information was
still independent from any study effects potentially induced
by the ProAct study protocol and the new insulin pump
features and is therefore more suitable to provide an under-
standing of real-world associations among treatment aspects,
glucose control, and glycemic variability. The purpose of this
post hoc analysis of these baseline data was to explore po-
tential associations between the frequency of daily blood
glucose determinations and the number of daily bolus insulin
administrations with glucose control and glycemic variability
in patients on CSII treatment.

Patients and Methods

The uncontrolled, prospective, open-label ProAct study
was performed in five European countries (France, Germany,
Italy, Spain, and Sweden) and in collaboration with 61 sites.
Detailed information regarding study design and results have
been published recently.7

At baseline, the following parameters were obtained from
medical records and/or the previous device used: HbA1c,
weight, height, frequency of hypoglycemia (glucose meter
readout of <70 mg/dL) and hyperglycemia (glucose meter
readout of >300 mg/dL), mean number of insulin boluses,
mean glucose values and their SDs, number of daily blood
glucose measurements, and frequency of additional pump
technology use, if applicable. This information was retro-
spectively collected for the last 3 months prior to study entry
by device readouts. The different variability scores were only
calculated for those patients with sufficient data quality for
the respective score calculation. Therefore, the number of
subjects may vary by score.

In addition, we stratified the cohort with respect to the
number of daily glucose determinations (less than four per
day, four or five per day, and more than five per day) and the
number of daily insulin boluses (less than four per day, four
or five per day, and more than five per day) and computed
several measures of quality of glycemic control and glycemic

variability: mean daily blood glucose, mean SD, mean co-
efficient of variation, mean of the median blood glucose con-
centrations, percentage in target range (percentage of readings
80–180 mg/dL), percentage in low range and hypoglycemia
(percentage of readings <80 mg/dL), percentage in hyper-
glycemia (percentage of readings >180 mg/dL), Average
Daily Risk Range,8 Low Blood Glucose Index (LBGI),8–10

High Blood Glucose Index (HBGI),9–11 Glycemic Risk As-
sessment Diabetes Equation (GRADE140),

12 J-score,13 and
Hypoglycemia and Hyperglycemia Indexes and Index of
Glycemic Control14,15 in those patients for whom the appro-
priate information for calculation of the respective index was
available.

The statistical analysis, the generation of tables, and pa-
tient data listings were performed using the software pack-
ages STATA version 12 (StataCorp, College Station, TX) for
correlation analysis and R 2.15.0 (R Development Core
Team, 2012). The population reported here consisted of the
patients who participated in the baseline visit and had de-
tailed information available from the last 4 weeks prior to the
visit. Appropriate parametric and nonparametric statistical
methods were applied for comparisons between the groups.
A value of P < 0.05 was considered to be statistically sig-
nificant. All analyses in this cross-sectional investigation
were performed in a descriptive way.

Results

The data from up to 299 participants with type 1 diabetes
on CSII treatment collected at baseline of the ProAct study7

could be included into this post hoc cross-sectional analysis
(172 females, 127 males; age [mean – SD], 39.4 – 15.2 years;
duration of CSII treatment, 7.0 – 5.2 years; HbA1c, 7.8 –
1.1%; total daily insulin dose, 45 – 23 IU). They were using
insulin pumps from different manufacturers (88.6% Roche,
8.4% Medtronic [Northridge, CA], 2.0% Animas [West
Chester, PA], and 1.0% Smith Medical Industries [St. Paul,
MN]) and different short-acting insulins (64.3% insulin lis-
pro, 26.4% insulin aspart, 5.3% insulin glulisine, and 3.7%
regular human insulin). The distribution of the participants
into the three glucose testing groups and the three insulin
bolus groups is provided in Figure 1. There were no differ-
ences among the stratification groups with respect to demo-
graphic parameters, such as age, gender, CSII duration, or
diabetes duration.

The results obtained for the observation parameters of
glycemic control and daily glucose variability after stratifi-
cation of the cohort according to the number of blood glucose
tests per day are provided in Table 1. It can be clearly seen
that patients with a higher testing frequency had a significant
better long-term control and lower mean daily blood glucose
values or median blood glucose values than patients with low
testing frequency. Although the absolute number of readings
in the low or hypoglycemic range (< 80 mg/dL) was obvi-
ously higher in the frequent testers because of the larger
number of tests, the percentage of hypoglycemic readings
was about 10% and similar in all three groups. The percent-
age of hyperglycemic readings (>180 mg/dL) was significantly
lower (30% vs. 41%/42%) and the percentage of readings in
target range (80–180 mg/dL) was significantly higher (59%
vs. 48/49%) in frequently testing patients in comparison with
the two other groups. With respect to glycemic variability
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assessment scores, the frequently testing patients had lower
values for the SD and better values for the majority of the cal-
culated indices, including GRADE, LBGI, HBGI, J-score, Hy-
perglycemia Index, Hypoglycemia Index, and total Index of
Glycemic Control (Table 1). The percentage reduction of gly-
cemic variability by more frequent glucose tests versus the low-
frequency test group is shown in Figure 2.

Frequent testing was associated with a higher number of
bolus applications (6.1 – 2.2 boluses/day vs. 4.5 – 2.0 boluses/

day [P < 0.05]). Therefore, a similar but less pronounced effect
on glycemic control and parameters of glycemic variability in
favor of more daily bolus applications was observed. The re-
sults of this analysis are provided in Table 2. In general, pump
users with more than five bolus administrations seem to have
better glycemic control, but only few of the observation pa-
rameters were shown to be of significant difference in favor of
frequent bolus applications per day (Hypoglycemia Index and
Index of Glycemic Control).

FIG. 1. Distribution according to the frequency of daily glucose measurements and mean daily insulin bolus.

Table 1. Results of the Observation Parameters After Stratification

into the Different Blood Glucose Assessment Groups

Number of daily glucose tests

Parameter Low ( < 4/day) Intermediate (4–5/day) High ( > 5/day)

HbA1c (%) 8.0 – 0.9 7.9 – 0.9 7.2 – 1.0a

Mean daily blood glucose (mg/dL) 176 – 30 172 – 27 151 – 22a

Mean SD (mg/dL) 86 – 20 80 – 14 68 – 12a

Mean coefficient of variation (mg/dL) 49 – 9 47 – 6 45 – 7
Mean glucose medians (mg/dL) 164 – 32 163 – 31 141 – 21
Percentage in

Low range or hypoglycemia ( < 80 mg/dL) 11 – 8 9 – 5 11 – 7
Hyperglycemia ( > 180 mg/dL) 42 – 14 41 – 14 30 – 12a

Target range (80–180 mg/dL) 48 – 14 49 – 12 59 – 10a

Average Daily Risk Range 22 – 7 22 – 6 23 – 6
LBGI 2.5 – 2.0 2.2 – 1.4 2.5 – 1.5
HBGI 5.6 – 2.6 4.0 – 2.0 2.4 – 1.2a

GRADE 12 – 3 12 – 3 9 – 2a

J-Index 71 – 25 65 – 19 49 – 13a

Hypoglycemia Index 1.2 – 1.3 0.9 – 0.8 0.9 – 0.8
Hyperglycemia Index 1.9 – 1.2 1.7 – 0.9 0.9 – 0.5a

Index of Glycemic Control 3.1 – 1.6 2.6 – 1.0 1.9 – 0.8a

aP < 0.05 versus group with low testing frequency.
GRADE, Glycemic Risk Assessment Diabetes Equation; HbA1c, glycated hemoglobin; HBGI, High Blood Glucose Index; LBGI, Low

Blood Glucose Index.
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Discussion

In our cross-sectional post hoc analysis of baseline data
collected from participants of the ProAct study,7 we saw a
direct correlation between the number of daily blood glucose

readings in CSII users with type 1 diabetes and the quality of
glycemic control and glycemic variability. Frequent testers
(more than five readings per day) had a better glycemic
control (as shown by HbA1c and mean and median blood
glucose levels) and had a lower glycemic variability (as shown

FIG. 2. Reduction of glycemic variability by more frequent glucose tests versus the low frequency test group: Low Blood
Glucose Index (LBGI), High Blood Glucose Index (HBGI), Glycemic Risk Assessment Diabetes Equation (GRADE),
Hypoglycemia Index (HypoIndex), Hyperglycemia Index (HyperIndex), and Index of Glycemic Control (IGC). Results are
normalized to 100% for the low frequency test group.

Table 2. Results of the Observation Parameters After Stratification According

to the Mean Daily Insulin Bolus Frequency

Number of daily glucose tests

Parameter Low ( < 4/day) Intermediate (4–5/day) High ( > 5/day)

HbA1c (%) 7.8 – 0.9 7.9 – 1.0 7.6 – 0.9
Mean daily blood glucose (mg/dL) 165 – 31 168 – 31 161 – 28
Mean SD (mg/dL) 81 – 22 77 – 16 74 – 14
Mean coefficient of variation (mg/dL) 49 – 10 46 – 7 46 – 7
Mean glucose medians (mg/dL) 154 – 33 158 – 34 151 – 29
Percentage in

Low range or hypoglycemia ( < 80 mg/dL) 13 – 8 10 – 6 10 – 7
Hyperglycemia ( > 180 mg/dL) 38 – 15 38 – 16 35 – 14
Target range (80–180 mg/dL) 49 – 14 52 – 12 55 – 12

Average Daily Risk Range 25 – 8 21 – 6 23 – 6
LBGI 3.2 – 2.0 2.2 – 1.4 2.4 – 1.6
HBGI 3.8 – 2.5 3.7 – 2.3 3.2 – 1.9
GRADE 12 – 3 11 – 3 11 – 3
J-Index 63 – 25 62 – 22 57 – 18
Hypoglycemia Index 1.5 – 1.4 0.8 – 0.8a 1.0 – 1.0a

Hyperglycemia Index 1.6 – 1.1 1.5 – 1.0 1.3 – 0.8
Index of Glycemic Control 3.1 – 1.7 2.3 – 1.1a 2.3 – 1.1a

aP < 0.05 versus group with low testing frequency.
GRADE, Glycemic Risk Assessment Diabetes Equation; HbA1c, glycated hemoglobin; HBGI, High Blood Glucose Index; LBGI, Low

Blood Glucose Index.
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by several glycemic variability indices) than patients with
low glucose testing frequency. This effect was predominantly
driven by fewer readings in the hyperglycemic range and a
significant higher percentage in euglycemia. No difference
was detected in the hypoglycemic range. These findings may
be explained by a stronger tendency of frequent testers to
react to high glucose levels by applying a correction bolus,
whereas low glucose levels may only result in a reaction of,
for example, glucose uptake, if patients realize the symptoms
of hypoglycemia. It can be speculated that a group of people
with hypoglycemia unawareness might also benefit from
frequent testing similar to the reduction in hyperglycemic
readings in our population; however, this hypothesis has to be
confirmed in a specifically designed study (e.g., by using
devices for continuous glucose monitoring).

Unfortunately, only a few reports exist about studies in-
vestigating the correlation of the frequency of patient SMBG
with glycemic control and glucose variability. Our results are
in line with the study published by Schütt et al.16 in 2006,
which found a direct correlation between the SMBG fre-
quency and metabolic control in 19,491 insulin-treated pa-
tients with type 1 diabetes. They also reported that HbA1c
reduction with higher frequency of SMBG was more pro-
nounced in patients on intensified (four or more daily injec-
tions or CSII) therapy (HbA1c reduction of 0.32% for one
additional SMBG per day) compared with patients on con-
ventional (one to three daily injections) therapy (HbA1c re-
duction of 0.16% for one additional SMBG per day).16

Ziegler et al.17 analyzed data from 26,723 children and
adolescents 0–18 years of age with type 1 diabetes recorded
during 1995–2006 in Germany. After adjustment for age,
gender, diabetes duration, year of treatment, insulin regi-
men, insulin dose, body mass index SDs, and center differ-
ence, SMBG frequency was significantly associated with
better metabolic control with a drop of HbA1c of 0.20% for
one additional SMBG per day (P < 0.001).17

Minder et al.18 reported recently about an evaluation of
HbA1c values and preceding SMBG frequencies over a period
of 12 months in 150 patients with type 1 diabetes on intensified
insulin treatment. The authors concluded that optimal diabetes
control can be achieved in routine diabetes care with flexible
intensified insulin therapy based on continuing patients’ edu-
cation and with a minimum of four SMBGs per day.18

Miller et al.19 analyzed data from 20,555 participants in the
T1D Exchange Clinic Registry with type 1 diabetes for ‡ 1
year and not using a continuous glucose monitoring system.
A higher number of SMBG measurements per day was
strongly associated with a lower HbA1c level (adjusted
P < 0.001), with the association being present in all age
groups and in both insulin pump and injection users. The
authors concluded that it is important for insurers to consider
that reducing restrictions on the number of test strips pro-
vided per month may lead to improved glycemic control for
some people with type 1 diabetes.19

All the above referenced results are in line with our find-
ings, and we were not able to identify a contradictory study
report during our literature research. However, our study has
several limitations that need to be addressed. Next to the
nature of the data collection with standardized questionnaires
under real-world conditions, a major weakness of this post
hoc analysis is the distribution of the pump models used by
the patients at baseline. In the ProAct study, participants were

included who switched to the Accu-Chek Combo system
during routine treatment. By nature, many of these subjects
(88%) were already using previous pump models from Roche
and wanted to switch to the next-generation model. In addi-
tion, some of the explored indices for glycemic variability
have been developed for interpretation of data from contin-
uous glucose monitoring systems and may be less useful for
interpretation of SMBG assessments. This disadvantage may
have been counterbalanced by the large amount of data points
derived from the large cohort in this post hoc analysis. In any
case, these limitations have to be considered when trying to
transfer our results and conclusions to all pump users.

In conclusion, this post hoc analysis of a cross-sectional data
pool from CSII users with type 1 diabetes shows that frequent
daily glucose testing is associated with better glycemic control
and a lower glycemic variability compared with a low glucose
testing frequency. Because of the observed association be-
tween frequent glucose testing and frequent bolus applications,
a comparable post hoc analysis on the number of daily insulin
bolus applications resulted in a similar, but less pronounced,
effect in favor of more frequent bolus administrations.
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