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Abstract

Background:

There is a need for patients to be able to adjust their insulin doses accurately and independently during
continuous subcutaneous insulin infusion (CSII) therapy in order to avoid glycemic excursions and improve
glycemic control. Use of new technology has the potential to aid patients in visualizing their circadian patterns
and improving their understanding of data provided by self-monitored blood glucose (SMBG) measurements.

Methods:

A 24-week crossover study was performed in 25 patients with type 1 diabetes mellitus using CSII and SMBG.
Patients were randomized either to entering blood glucose data into handwritten logbooks or to using the
Accu-Chek SmartPix information management system (IMS) coupled with instructions from a training manual
to aid interpretation of the IMS readings. Patients analyzed these chart readings every 2 weeks, and outpatient
visits were scheduled for both arms every 6 weeks.

Results:

There was a significantly lower mean overall blood glucose level with the IMS compared with use of a logbook
(139 + 16.2 versus 150 + 19.8 mg/dl; A = 10.8 mg/dl; p < .01), and a significantly higher proportion of blood glucose
values was in the target range compared with use of a logbook (43.6% versus 38.5%; p < .001). Hypoglycemic
events were also significantly lower with the IMS compared with logbooks (3.7 fewer events/6 weeks; p < .05).
There was no significant difference between groups in the daily frequency of SMBG measurements.

Conclusions:

The use of an IMS, coupled with an easily understood training manual, enables patients to improve glycemic
control by performing accurate and timely self-adjustments to their insulin regimens.
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Introduction

Accurate adjustment of insulin doses during continuous subcutaneous insulin infusion (CSII) therapy is essential
in order to achieve and maintain tight glycemic control in patients with type 1 diabetes mellitus (TIDM)." Detection of
recurrent, reproducible variations in blood glucose levels outside the target range is critical to the success of self-
management.> Although the practice of downloading information is becoming more common, glycemic data are usually
collected as patients’ handwritten entries in diabetes logbooks, recorded from self-monitored blood glucose (SMBG)
measurements. The mechanics of keeping an accurate written logbook are, however, complex and conducive to errors
in recording data, which need to be interpreted correctly to make accurate decisions on adjustments in insulin doses at
specific points in time, as well as adjustments to fundamental insulin requirements.®> Although patients can be trained
to make these adjustments, it is quite often the treating physician who interprets the readings during consultations
and makes the decisions on changes to the patient’s regimen. However, these consultations are only scheduled at
6- to 12-week intervals, and an earlier opportunity to react to blood glucose excursions and make therapy adjustments
should improve glycemic control and reduce the risk of diabetes-related complications.*®

The Accu-Chek® Smart Pix (Roche Diagnostics GmbH, Mannheim, Germany) information management system (IMS)
is a device that directly downloads data from metered SMBG measurements to a computer and produces graphical
representations of patients’ glycemic fluctuations, including variations in circadian blood glucose patterns. Training
materials have been developed for patients using CSII to interpret the graphical displays, which enable them to
independently make adjustments to their treatment algorithms (for example, basal rate, meal bolus insulin, and doses
to correct for glycemic excursions) without the need for consultation with their physician.

The aim of this pilot study was to determine whether patients using CSII could make more effective adjustments
of their insulin dose using the Accu-Chek Smart Pix IMS in conjunction with a training manual to interpret SMBG
measurements compared with the use of a conventional diabetes logbook. The study aimed to assess whether use of
the IMS would result in better metabolic control, as evidenced by improved glycosylated hemoglobin (HbAlc) levels,
reduced frequency of hypoglycemia, and a greater proportion of blood glucose values within the target range.

Methods

This was a single-center, open, randomized, prospective, 24-week crossover study of 25 male (52%) and female patients
aged 18 years or over with TIDM. The study was conducted from July 2007 to March 2009. Patients included in the
study were familiar with the use of CSII therapy and were conducting regular SMBG measurements using a blood
glucose meter compatible with the Accu-Chek Smart Pix IMS. Patients were also required to have access to a computer
with appropriate software to download the information from the IMS. Patients were excluded from the study if they
conducted fewer than four SMBG measurements per day or had problems using the software or hardware supplied.
Other exclusion criteria included pregnancy (current or planned) and treatment with systemic glucocorticosteroids.
A total of 28 patients were deemed eligible for the study; three patients withdrew (one violation of protocol, one
pregnancy, one personal decision), resulting in data from 25 patients evaluated at study end.

The crossover design of the study is shown in Figure 1. After screening, the patients were assigned into two groups
in a ratio of 1:1—group 1 using the Accu-Chek Smart Pix IMS and group 2 using logbooks to record their meter readings.
Group 1 was given a 30 min technical instruction on the use of the device followed by a 90 min instruction on how
to use the manual Patient Guidelines for Interpreting SMBG Graphs,” which was designed to be used in conjunction
with the IMS. Patients were instructed to download their blood glucose readings once every 14 days and print out
the graph produced by the IMS (day graph). This enabled patients to recognize problematic periods in these daily
patterns. Patients could then choose a chart from the manual closest to their own day graph and follow the manual’s
suggestions of how to adjust their insulin dose, which was described under the image (Figure 2). This enabled patients
to manage their glycemic control during CSII independently, for example, by increasing or decreasing insulin basal
rate or mealtime bolus. These printed reports were faxed to the study center to document the patient activity and
brought in by the patient at the next visit.
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The study protocol complied with the Declaration of
Helsinki and regulations for observational studies in
Germany, and full ethical approval was obtained by
local ethics committees. All patients signed and dated
written informed consent forms, and data were collected
in case report forms, where anonymity was maintained.

Figure 2. Accu-Chek Smart Pix IMS day graphs depicting periods of
(A) hyperglycemia: treatment suggestion, increase your insulin bolus
at breakfast and lunch; (B) hyperglycemia: treatment suggestions,
(i) if you eat a meal at this time, increase the insulin bolus for this
meal, (ii) if you do not eat a meal, increase your basal rate; and
(©) hypoglycemic events: treatment suggestion, reduce the size of
insulin bolus used to correct for potential high blood sugar.

J Diabetes Sci Technol Vol 7, Issue 1, January 2013 158

www.journalofdst.org



Self-Adjustment of Insulin Dose Using Graphically Depicted Self-Monitoring
of Blood Glucose Measurements in Patients with Type 1 Diabetes Mellitus Reichel

Statistics

Statistical evaluation was performed on between-group differences for HbAlc measurements, mean blood glucose
levels, frequency of blood glucose monitoring, proportion of patients achieving blood glucose targets and proportion
of blood glucose values within the target range using the t-test for paired samples (SPSS MS Windows 16.0.2). Data are
presented as mean + standard deviation (SD).

Results

Baseline characteristics for the patients are presented in Table 1. After 24 weeks, glycemic control was observed
to have improved significantly through use of the Accu-Chek Smart Pix IMS compared with the use of logbooks.
There was a small but significant difference in mean HbAlc levels with the use of the IMS compared with logbooks
(-0.2%; p < .05; Table 2, Figure 3) and a lower mean overall blood glucose with the IMS (-10.8 mg/dl; p < .01) compared with
logbooks (Table 2). All participating patients brought their completed IMS reports and logbooks to all visits.

In addition, a significantly higher proportion of patients Table 1.

achieved the mean blood glucose levels in the target range, Baseline Characteristics

72-144 mg/dl, using the IMS compared with logbooks Value
(43.6% versus 38.5%, respectively; p < .001; Table 2, Parameter N = 25
Figure 3). The proportion of blood glucose values in the

target range was 40.7% at baseline in the control group

Median age, years (range) 43.6 (24-79)
Gender, n (%)

and, at week 12, was 43.6% in the IMS group; however, Male 12 48)

with the use of the logbook, the proportion in the target Female 13 (52)

range fell to 38.5% (Tables 1 and 2). Mean duration of diabetes, years (range) 26.0 (4-58)
. . Mean duration of CSlI, years (range) 10.8 (2-15)

The number of hypoglycemic events occurring per week _

L . Insulin usage

was significantly lower when the patients used the IMS Human. n (%) 6 (24)

rather than their written logbooks (1.01 versus 1.61; p < .05), Rapid-acting analog, n (%) 19 (76)

and there were significantly fewer hypoglycemic events in Mean total basal rate insulin, IU/day 16.9

the 6 weeks prior to study visits with the use of the IMS Mean total bolus insulin, 1U/day 9 4

compared with logbooks (3.7 fewer events; p < .05; Table 2).
Glycemic control

o _ _ _ Mean HbAlc, % (x SD) 7.2 (0.6)
No significant difference was observed in the daily Mean overall blood glucose, mg/dl (+ SD) 144 (18.0)
frequency of SMBG measurements when the IMS was Mean incidence of hypoglycemia,? 110 (135
used compared with use of a logbook. events/last 6 weeks (+ SD) : :
Proportion of values in blood glucose target range,b 407 (9.6)
Conclusions % ( SD)
) Frequency of SMBG, number/day (+ SD) 5.0 (1.0)
The results of this study show that use of the Accu-Chek .
. . . . . . Hypoglycemia was defined as <54.1 mg/dl.
Smart Pix IMS by patients with TIDM is associated with b Target blood glucose range was 72-144 mg/dl.
d D
D 0 4
Parameter With logbook With IMS P value
Glycemic control
Mean HbAlc, % (+ SD) 71 (0.7) 6.9 (0.66) <0.05
Mean overall blood glucose, mg/dl (+ SD) 150 (19.8) 139 (16.2) <0.01
Mean incidence of hypoglycemia, events/weeks (+ SD) 1.61 (1.8) 1.01 (1.1) <0.05
Proportion of values in blood glucose target range, % (+ SD) 38.5 (8.3) 43.6 (7.7) <0.001
Frequency of SMBG, number/day (+ SD) 51 (1.3) 5.2 (1.2) Non-significant
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Figure 3. Differences between groups in HbAlc levels and proportion of patients achieving glycemic targets. Error bars represent the standard
deviation.

improved glycemic control and reduced incidence of hypoglycemia compared with the use of logbooks. The use of
the instrument with its accompanying manual and consolidating training provided patients with a means to visually
identify problematic points in their circadian glycemic fluctuations over a typical 2 week period.

As demonstrated in this study, pattern analysis can highlight points of high and low readings at the same testing
time of each day so that reasons for glycemic excursions can be identified and a strategy put in place to address them.
Analysis of glycemic data using information from handwritten diaries is a more arduous task that could discourage
patients and impede their independence in managing their disease.> Advances in technology have made glycemic
information more accessible to patients,®’ and this has played a major role in enabling patients to make informed
decisions on their insulin requirements.!

Subjects were highly self-motivated in both arms of this crossover study. All patients in the analysis were compliant
with the study protocol, which required regular SMBG measurements and use of diaries or the IMS. This further
highlights the success of the IMS and training in improving glycemic regulation. The independent adjustments using
data derived from the IMS were considered to be accurate by the study team and were effective in improving disease
management, even after a short period of time.

Our study shows that use of the Accu-Chek Smart Pix IMS and accompanying training manual is highly educational
in instructing patients on how to interpret their SMBG measurements and to adjust their insulin doses, even after
a relatively short training period. The fact that there was no significant difference in the number of daily SMBG
measurements associated with the use of the IMS suggests that the device’s visualization of SMBG information,
coupled with advice on therapy changes, may give patients greater ability to manage their glycemic status compared
with the use of a conventional logbook.

The IMS displays aid the patient in visualizing points of time in which glycemic excursions may occur, thus enabling
appropriate adjustments to insulin doses. There were significantly fewer hypoglycemic events with use of the IMS
compared with use of data from a logbook, and a significantly higher proportion of patients were able to keep their
blood glucose levels within the target range of 72-144 mg/dl, which is also of note in such a short time period of
using the instrument.
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One could expect influence resulting from the training sessions on IMS and manual at the beginning of the IMS
period. However, from the HbAlc values for group 1 (which was using the IMS in the first part of the study), no carry-
over effect was visible at the end of the study, i.e., after switching to the logbook method, HbAlc values increased
back to the baseline range (data not shown). This observation could point toward an immediate role of using an IMS
together with the manual, as patients might already be well informed on how to act, but the IMS together with the
manual might have supported them to recall their knowledge and act appropriately.

The main limitations of our pilot study are its very small size, short duration (only 12 weeks of Accu-Chek Smart Pix
IMS use), and the fact that the population was limited to one center, which means that a Hawthorne effect cannot
be discounted for either group.! Although the study did not have a placebo group, its crossover design allowed for
comparison of the IMS and logbooks in the same patients.

The encouraging results from this pilot study warrant further investigation in a larger cohort over a longer time
period. The study highlights a number of interesting points that are worthy of a more extensive analysis. For example,
a more detailed investigation could include a comparison of glycemic control in group 1 patients in the second phase
of the study, when they switched to logbooks, with that of group 2 patients using logbooks, who did not receive
training until the crossover point. Such an analysis could differentiate between the influence of the training and the
visualization of blood glucose data on glycemic control. A record of the frequency and types of therapy interventions
carried out by the patients when in the different arms would also be of value.

Although we assume that patients carried out more therapy adjustments when using the IMS compared with the
use of diaries, these data were not collected and would be of interest. In addition, a survey of patient opinion on the
convenience and ease of use of the device in this highly motivated group of patients could indicate whether an IMS
might help with the management of less compliant patients, such as adolescents and children.

In conclusion, this study shows that the graphical representation of data by an IMS, when accompanied by an
explanatory manual that is easily understood, can be a valuable aid to help patients make accurate and timely self-
adjustments to their insulin regimens.
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