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Abstract
Background:
Many patients do not intensify their insulin regimens. It is believed that lack of adherence may be largely due 
to fear of hypoglycemia. We hypothesized that utilization of an automated bolus calculator (bolus advisor) 
might reduce fear of hypoglycemia and encourage patients to achieve improved glycemic control.

Method:
We surveyed 1,412 type 1 diabetes mellitus (T1DM) patients treated with multiple daily insulin injection  
therapy  at 270 hospitals in the United Kingdom and Republic of Ireland to assess their attitudes and behaviors 
regarding insulin therapy after use of a bolus advisor (Accu-Chek® Aviva Expert blood glucose meter and 
bolus advisor system, Roche Diagnostics). The device automatically calculates bolus dosages based on current  
blood glucose values, anticipated meal intake, and other parameters.

Results:
Five hundred eighty-eight T1DM patients responded to the survey. Respondents were predominantly female, 
age <1 to 70 years, with diabetes duration of <1 to >15 years. Respondents had 4–12 weeks prior experience 
using the bolus advisor. 76.7% of respondents indicated current bolus advisor use to calculate insulin boluses  
for meals/snacks always or quite often. 52.0% of respondents indicated that fear of hypoglycemia was reduced (39.0%)  
or significantly reduced (13.0%). 78.8% indicated that confidence in the insulin dose calculation improved (50.8%) 
or significantly improved (28.0%). 89.3% indicated that the bolus advisor made bolus calculation easy or very easy 
compared with manual calculation.

Conclusions:
Most patients felt that using the bolus advisor was easier than manual bolus calculation, improved their 
confidence in the accuracy of their bolus dosage, and reduced their fear of hypoglycemia. Randomized trials 
are needed to confirm these perceptions and determine whether bolus advisor use improves clinical outcomes. 
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Introduction

Large controlled clinical trials have shown that 
intensive management of glycemia and other risk factors 
associated with diabetes can significantly decrease the 
development and/or progression of microvascular and 
macrovascular complications.1–5 Despite advances in 
developing new medications, insulin delivery systems, 
and glucose monitoring technology, a significant percentage 
of patients with diabetes remain well above their glycemic 
goals. Data from the most recent United Kingdom 
National Health Service audit showed that over 70% of 
adults with type 1 diabetes (T1DM) were above their 
glycemic targets; approximately 33% were in very poor 
control with hemoglobin A1c (HbA1c) levels >10.0%.6 
These findings are similar to those reported in 2006–07 
and 2007–08, reflecting persistent poor control.

The roots of poor diabetes control often begin in childhood 
with persistent poor control continuing into adulthood. 
Pediatric Scottish audit data showed that only 10% of 
children were meeting the National Institute for Health and 
Clinical Excellence guideline target for blood glucose (BG) 
control.7 Similar data from England and Wales showed 
that 81% of children <1 to 11 years of age fail to achieve 
a target HbA1c level <7.5%; 28% of children under  
12 years old have HbA1c levels >9.5%.6

Achieving optimal glycemic control requires a high level 
of daily self-management. For patients with T1DM,  
this often includes intensive insulin therapy with dose 
adjustment based upon carbohydrate intake and activity, 
and frequent glucose monitoring.1,8 Despite the proven 
benefits of effective diabetes management, many people 
with diabetes are reluctant or unable to follow and/
or adjust their insulin regimens as needed.9–11 It has 
also been shown that many people with T1DM  
perform self-monitoring of blood glucose (SMBG) at 
suboptimal levels.12–14

Because diabetes is largely a self-managed disease with 
a significant psychosocial impact on patients and their 
families,15 many people with diabetes experience poorer 
quality of life than their nondiabetic counterparts.16 
This may lead to less rigorous glucose self-monitoring 
or insulin adjustment, which in turn may result in 
increased glucose variability. The burden of diabetes 
self-management may partly explain why most people 
with diabetes do not achieve optimal glycemic control; 
however, another compounding factor may be an 
underlying fear of hypoglycemia.

Hypoglycemia is a common consequence of intensive 
insulin management.17 Patients with T1DM experience an 
average of two episodes of symptomatic hypoglycemia 
each week and at least one episode of severe, disabling 
hypoglycemia annually.18 Significant hypoglycemia, 
frequently accompanied by substantial physical, cognitive, 
and emotional disturbance, is a major cause of morbidity 
and mortality.19

People with diabetes “learn quickly that hypoglycaemic 
episodes are physically aversive, potentially dangerous 
and a source of possible social embarrassment.”20 A large, 
study by Anderbro and colleagues identified frequency 
of severe hypoglycemia as the most significant factor 
associated with fear of hypoglycemia in adults with 
T1DM.21 This finding was particularly significant among 
women.21 Thus, fear of hypoglycemia often becomes a 
key obstacle to intensifying therapy and/or adhering to 
prescribed insulin regimens,22–24 which often leads to 
poor metabolic control and subsequent health outcomes.25

Compounding the problem are the challenges that arise 
when clinicians escalate patients to multiple daily injection 
(MDI) therapy to provide better glycemic control. 
Calculation of an insulin dose is a complex process in which 
numerous factors, such as preprandial glucose level, 
grams of carbohydrate (CHO), insulin sensitivity, insulin-
to-CHO ratio (I:CHO), and active insulin on board should 
be taken into account. Because manual calculation of 
insulin boluses is complex and time-consuming, patients 
may rely on empirical estimates, which may result  
in hypoglycemia.

New technology provides the capability to automatically 
calculate bolus insulin dosages to cover CHO intake 
and address out-of-range BG levels. We hypothesized 
that utilization of an automated bolus calculator (ABC) 
(bolus advisor) might reduce fear of hypoglycemia and 
encourage patients to achieve improved glycemic control. 
To test this hypothesis, we surveyed T1DM patients who 
had recently begun using a bolus advisor as a component  
of their MDI therapy.

Method
In this multicenter survey, we sent a 45-item questionnaire 
to 1,412 T1DM patients treated with MDI therapy.  
The survey was conducted from April 2010 to January 2011. 
Subjects were drawn from 270 hospitals and clinics 
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throughout the United Kingdom and Republic of Ireland. 
Subjects were required to have a minimum of 4 weeks of 
experience with the bolus advisor. There were no additional 
inclusion or exclusion criteria for subject selection.

The questionnaire was designed to obtain demographic 
data and information about user experiences with a bolus 
advisor (ACCU-CHEK® Aviva Expert BG meter and bolus 
advisor system, Roche Diagnostics, Indianapolis, IN). 
The bolus advisor system incorporates a bolus advisor 
with an integrated BG meter. Users can receive meal and 
correction bolus recommendations based upon a current 
BG value, planned CHO intake, and patient-specific 
therapy parameters stored in the device. The device 
automatically calculates the appropriate bolus for the 
user and stores BG and meal information in an electronic 
diary. A study by Zisser and colleagues demonstrated 
that the bolus advisor used by the surveyed patients 
improves postprandial glucose control without increasing 
the frequency of hypoglycemia.26 For our analysis, we 
used selected items from the questionnaire to assess user 
attitudes and behaviors regarding insulin therapy after 
using the bolus advisor as part of their MDI therapy.

Summary and descriptive statistics were produced. 
Free text responses were independently analyzed and 
thematically coded by two researchers. Interrater reliability 
was 93.85% with consensus reached on disagreements  
by discussion.

Results
A total of 588 T1DM patients responded to the survey, 
a response rate of 41.6%. Respondents were predominantly 
female, age <1 to 70 years, with diabetes duration ranging 
from <1 to >15 years (Table 1). Prior to completing the 
questionnaire, respondents had 4–12 weeks of experience 
using the bolus advisor.

More than 95% (n = 560) of respondents indicated that 
they used MDI therapy with a long-acting analog. 
Results showed that 45.7% (n = 264) of respondents 
had completed the National Health Service course on 
diabetes self-management; however, 92.9% (n = 513) 
stated that they had been trained to count carbohydrates 
and use that information to determine bolus insulin 
dosages at meal times, and 83.7% (n = 492) stated that 
prior to utilizing the bolus advisor they actually used 
carbohydrate counting to adjust their insulin dosages. 
Although 69.1% (n = 400) of respondents said that they 
had been adjusting their I:CHO and insulin sensitivity 
ratios, 23.4% (n = 94) of respondents indicated that they 

did so without the assistance of their health care provider. 
More than 45% (n = 257) said that they performed SMBG 
4–5 times per day; 23.4% (n = 133) stated that they tested 
>6 times per day.

Almost 77% of respondents indicated that they now use 
the bolus advisor to calculate insulin boluses for meals/
snacks: always (53.6%, n = 301) or quite often (23.1%, n = 130).
However, only 41.5% (n = 232) of respondents stated 
that they used the bolus advisor to calculate correction 
boluses: always (15.0%, n = 84), quite often (26.5%, n = 148), 
sometimes (36.3%, n = 203), very occasionally (17.7%, 
n = 99), or never (4.5%, n = 25). Among those who 
did administer correction boluses (n = 535), there was 
significant improvement in their perceptions of ease of 
dosage calculation using the bolus advisor (Figure 1). 
We also saw significant improvements in respondents’ 

Table 1.
Respondent Demographics

n %
Age (years)

<18
18–30
31–40
41–50
51–60
61–70

182
107
120
107
46
26

31.0
18.2
20.4
18.2
7.8
4.4

Gender
Male
Female

250
338

42.5
57.5

Diabetes Duration (years)
<1–4
5–10
11–14
≥15

169
130
56

233

28.7
22.1
9.5

39.6

Figure 1. Perceived ease of calculating a correction bolus.
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perceptions of several diabetes management-related 
factors, including fear of hypoglycemia; confidence in 
insulin dosage calculations; ease of dosage calculation; 
ability to act upon SMBG results; BG control; ability to 
achieve glycemic goals; flexibility in meals, exercise, and 
lifestyle; and overall well-being (Table 2). Self-monitoring 
of BG frequency also increased after using the bolus 
advisor (Figure 2).

Out of 588 respondents, 520 provided general comments 
on their experiences with the bolus advisor; 715 responses 
were recorded. From these, four main themes were 
identified regarding diabetes control, impact on lifestyle, 
fear of hypoglycemia, and self-efficacy.

Regarding the impact of bolus advisor use on diabetes 
management, 81 respondents identified improved diabetes 
control as a benefit of using the bolus advisor. Reductions 
in HbA1c levels were reported as well as more general 
improvements in diabetes control:

“HbA1c is down from 10.9 to 8.3 mmol/liter and is a 
great tool for my driving ability and convenience.”

“It has changed my life, HbA1c is 8 from 12.”

Sixty-eight respondents reported that use of the bolus 
advisor had a positive impact on their life overall and 
enabled them to minimize the burden of diabetes 
somewhat: 

“It has made me a healthier person and made living 
with diabetes a lot easier.”

“Makes me feel more secure in my control.”

Table 2.
Perceived Improvement in Diabetes Management-Related Factors

Significantly 
improved Improved No change Worsened Significantly 

worsened
Fear of hypoglycemia 13.0% (73) 39.0% (219) 43.0% (241) 4.8% (27) 0.2% (1)
Confidence in calculation 28.0% (157) 50.8% (285) 16.8% (94) 3.9% (22) 0.5% (3)
Ease of calculating bolus 43.7% (245) 41.2% (231) 13.2% (74) 1.8% (10) 0.2% (1)
Acting on SMBG results 27.1% (152) 54.2% (304) 16.9% (95) 1.8% (10) 0.0% (0)
Control of BG levels 20.1% (113) 53.5% (300) 23.0% (129) 3.2% (18) 0.2% (1)
Ability to achieve BG goals 13.4% (75) 53.7% (301) 30.8% (173) 2.0% (11) 0.2% (1)
Flexibility in lifestyle 20.5% (115) 42.4% (238) 35.3% (198) 1.8% (10) 0.0% (0)
Overall well-being 17.5% (98) 54.4% (305) 26.7% (150) 1.2% (7) 0.2% (1)

Figure 2. Change in SMBG frequency.

Although fear of hypoglycemia was not identified as a 
theme in itself, consistent with the quantitative statistical 
results, this issue was raised by a number of people 
under the guise of increased confidence and self-efficacy; 
58 participants cited increased self-efficacy as a benefit  
of using the bolus advisor:

“I have much more confidence now and don’t fear 
hypos because of it.”

“I feel more confident about the insulin dose I have to 
take when eating.”

“It has given us the confidence to move to MDI and 
made the transition an awful lot easier.”

Conclusions
Intensive self-management of diabetes is complex and 
time-consuming, and creates a significant psychosocial 
burden on patients and their families.15 Adding to the 



148

Use of an Automated Bolus Calculator Reduces Fear of Hypoglycemia and Improves Confidence in  
Dosage Accuracy in Patients with Type 1 Diabetes Mellitus Treated with Multiple Daily Insulin Injections Barnard

www.journalofdst.orgJ Diabetes Sci Technol Vol 6, Issue 1, January 2012

burden of self-management is the underlying, debilitating  
fear of hypoglycemia,22–24 which can result in poor 
adherence to insulin regimens and subsequent poor 
metabolic control.25

Results from our survey suggest that use of a bolus 
advisor to aid in determining bolus insulin dosages may 
alleviate some of the fears and inconveniences associated 
with MDI therapy in people with T1DM. The majority 
of patients surveyed felt that using the bolus advisor 
was easier than manual bolus calculation. Moreover,  
we saw reduced fear of hypoglycemia, increased confidence 
in bolus calculation, improved ability to control BG levels 
and achieve glycemic goals, a sense of increased flexibility 
in lifestyle, and improvement in overall well-being.

It is noteworthy that greater than 80% (n = 456) of 
respondents indicated improvement in their ability to act 
upon SMBG data. This perception is supported by the 
changes seen in SMBG frequency. After using the bolus 
advisor, the number of patients testing 4 to 5 times per 
day increased 28%, from 257 to 331, whereas the number  
of patients testing >6 times per day increased more than 
42%, from 133 to 189. This suggests that patients are, in 
fact, willing to perform SMBG at optimal frequencies when 
they see the purpose and value of their testing.

Given the benefits of tight metabolic control, it is critical 
that health care providers utilize available technologies 
that not only facilitate effective glucose management but 
also address their patients’ concerns about safety and 
lifestyle. Although findings from our study strongly 
suggest that use of the bolus advisor positively addresses 
these concerns, randomized trials are needed to confirm 
these perceptions and determine whether bolus advisor 
use improves clinical outcomes.
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