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ABSTRACT

Accurate bolus insulin doses require calculations based on (1) current blood glucose, (2) tar-
get blood glucose, (3) carbohydrate-to-insulin ratios, (4) total grams of carbohydrate in meals,
and (5) insulin sensitivity factors. Patients may often forego these calculations for insulin
doses based on empirical estimates. A bolus calculator (Medtronic MiniMed) uses these five
parameters to generate a recommended bolus insulin dose. This study provides the evidence
that a hand-held bolus calculator is effective in controlling postprandial blood glucose. Sub-
jects (n 5 49) with Type 1 diabetes and experienced with continuous subcutaneous insulin
infusion therapy were randomized to begin one of two bolus dosing methods. After 7 days,
subjects crossed over to the alternate method. Prior to entering the Bolus Calculator period,
physicians established patients’ bolus parameters and programmed them into a personal dig-
ital assistant (PDA). Subjects used the PDA to obtain recommended pre-meal insulin bolus
doses. During the Standard Bolus period, significantly more correction boluses were admin-
istered to curtail postprandial hyperglycemia (p 5 0.008) and more supplemental carbohydrate
was consumed to raise low blood glucose (p 5 0.046). Similar values were observed between
the two bolus dosing methods in average deviation of 2-h postprandial blood glucose. Sub-
jects reported that the bolus calculator was easy to use and that they were confident in the
bolus doses suggested by the device. These results confirm that bolus insulin doses computed
by a bolus calculator, compared with standard bolus techniques, achieve target postprandial
blood glucose but with fewer correction boluses and supplemental carbohydrate. A bolus cal-
culator, which can be integrated into insulin pump software, may help patients to more ac-
curately meet prandial insulin dosage requirements, improve postprandial glycemic excur-
sions, and achieve optimal glycemic control.
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INTRODUCTION

INTENSIVE INSULIN THERAPY involves self-ad-
justing insulin doses according to the results

of frequent blood glucose monitoring.1 Accu-
rate bolus insulin doses require calculations

based on (1) target blood glucose, (2) current
blood glucose, (3) carbohydrate-to-insulin ra-
tios (CIR), (4) total grams of carbohydrate
(CHO) in the meal, and (5) insulin sensitivity
factors (ISF). Patients may diligently perform
these calculations when beginning intensive

1Medtronic MiniMed, Northridge, California.
2Diagnostic Internal Medicine & Diabetes, Encino, California.
3Diabetes Care Center, Salinas, California.



therapy. However, adherence to these recom-
mendations may become relaxed as patients
gain familiarity with insulin dosing and begin
to approximate pre-meal boluses by titrating
insulin based on the “standard” or “usual”
CHO content of their meals. This empirical
method of determining pre-meal boluses pro-
motes a rigid meal/insulin regiment and ulti-
mately limits patients’ ability to achieve opti-
mal glycemic control.

Bolus calculator technology using a personal
digital assistant (PDA) may make pre-meal bo-
lus calculations more convenient and more ac-
curate, and may help to improve patient adher-
ence to the diabetes management regimen. A
bolus calculator (Medtronic MiniMed) provides
an enhanced method of insulin administration,
by using these five parameters to generate a rec-
ommended bolus insulin dose. The user is only
required to perform a pre-meal fingerstick and
estimate the total CHO (g) in the meal. The pa-
tient then enters these two values into a PDA
that has been preprogrammed with an individ-
ualized target blood glucose, ISF, and CIR. The
bolus calculator then computes an appropriate
dose recommendation. This algorithm could
easily be integrated into insulin pump software.

The bolus calculator was designed to reduce
postprandial glycemic excursions. Although
postprandial excursions contribute to elevated
hemoglobin A1c (HbA1c),2–4 Boland et al.5

were able to demonstrate prolonged postpran-
dial hyperglycemia despite satisfactory HbA1c
levels. These studies and others suggest tar-
geting elevated postprandial blood glucose
may improve overall glycemic control.6–8

While others have described insulin dosing al-
gorithms and evaluated the clinical effective-
ness of more elaborate systems,9,10 this study is
the first evaluation of a small, hand-held cal-
culator. The purpose of this study was to es-
tablish that a hand-held bolus calculator is as
effective in controlling postprandial blood glu-
cose as standard bolus estimation techniques.

MATERIALS AND METHODS

Subjects from two clinical sites, diagnosed
with Type 1 diabetes, and on continuous sub-
cutaneous insulin infusion (CSII) therapy using

Medtronic MiniMed (Northridge, CA) insulin
pumps for a minimum of 3 months were in-
cluded in this study. Physicians at these sites
were asked to identify potential subjects who
were able to count CHO (g) in meals and de-
liver an appropriate pre-meal insulin bolus.
Half of the subjects were randomized to the Bo-
lus Calculator period (BC period) followed by
the Standard Bolus period (SB period). The re-
maining subjects were randomized to the SB
period followed by the BC period.

The study used a two-period, crossover re-
peated-measures design. Subjects in the SB pe-
riod continued using their current insulin dos-
ing method to determine pre-meal boluses. The
target blood glucose, ISF, and CIR were deter-
mined for all subjects, individually, by the
physician, using subjects’ logbooks, at the start
of their BC period in the study. The ISF was de-
fined as the estimated drop in blood glucose
(mg/dL) expected from the administration of
1 unit of insulin, and the CIR was defined as
the number of CHO (g) covered by 1 unit of in-
sulin. Subjects entering the BC period were
trained on the use of the bolus calculator soft-
ware. Subjects were required to enter their pre-
meal blood glucose value (obtained from their
home blood glucose meter) and the total CHO
(g) in the meal into the bolus calculator in or-
der to obtain a pre-meal bolus insulin dose. Af-
ter 7 days, subjects crossed over to the alternate
treatment period.

The bolus calculator software was imple-
mented on a PDA platform for use by study
participants. The software setup required each
subject to input his or her (1) target blood glu-
cose, (2) ISF, and (3) CIR. Subjects could create
a profile of up to four separate ISF values and
corresponding start times during the day. A
similar profile of CIR values could also be cre-
ated. The subjects initiated the bolus calculator
by entering the current blood glucose and the
total grams of CHO contained in the meal to be
eaten. The recommended pre-meal bolus con-
sisted of (1) the meal portion (calculated by di-
viding the total grams of CHO by the CIR) and,
if the current blood glucose was higher than
the target blood glucose, (2) a correction bolus
(calculated by subtracting the target blood glu-
cose from the current blood glucose and di-
viding by the ISF). The recommended bolus
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was then modified, if desired, and pro-
grammed manually into the insulin pump by
the subject.

All subjects were instructed to test their
blood glucose using their home meters. Sub-
jects were asked to test blood glucose before
meals, 2 h following meals, and at bedtime. All
blood glucose values were recorded in log-
books, and subjects noted each administration
of a correction bolus for blood glucose readings
.200 mg/dL (or as needed) and supplemental
CHO to correct blood glucose readings ,65
mg/dL (or as needed). Hypoglycemia was de-
fined as blood glucose ,60 mg/dL, and hyper-
glycemia was defined as blood glucose .250
mg/dL. At the study’s conclusion, all subjects
were asked to complete an eight-item ques-
tionnaire that assessed satisfaction with the bo-
lus calculator using a graphic rating mapped
onto a 7-point Likert scale (rated 1 through 7)
for analysis,11 and to provide comments or sug-
gestions regarding the bolus calculator.

The average deviation of the 2-h postpran-
dial blood glucose from target was compared
using analysis of variance. Frequency of cor-
rection boluses, supplemental CHO, and fre-
quency of hypo- and hyperglycemia were com-
pared using separate paired t tests. Results are
presented as mean 6 standard deviation or
median (range) unless otherwise indicated. Sig-
nificance was established at p , 0.05.

RESULTS

A total of 49 subjects (57% female; 43 6 15
years old; diabetes duration, 22 6 16 years)

were enrolled in the study. The following pa-
rameters were entered into the bolus calculator
setup. Target blood glucose was 112 6 15
mg/dL, the ISF was 51 6 19 mg/dL per unit of
insulin, subjects entered a median of one (one
to four) of the maximum of four separate daily
ISF values, the CIR was 14 6 5 CHO (g) per
unit of insulin, and subjects entered a median
of one (one to four) of the maximum of four
separate daily CIR values. The majority of sub-
jects (n 5 46) were using Humalog, two sub-
jects were using Velosulin, and one subject re-
ported using “regular insulin.”

Compared with the BC study period, sig-
nificantly more correction boluses for hyper-
glycemia were administered because of in-
sufficient pre-meal insulin bolus (p 5 0.008)
during the SB period, as shown in Table 1. In
addition, significantly more supplemental
CHO for hypoglycemia was consumed for
overestimated pre-meal insulin bolus require-
ments (p 5 0.046) during the SB period than
during the BC period. There was no statistically
significant difference between the two bolus
dosing methods in average deviation of the 2-
h postprandial blood glucose from target, also
presented in Table 1. There were no statistically
significant differences in the frequency of hy-
poglycemia and hyperglycemia between the
two dosing methods, and no adverse events
were reported in either period. Of the 1,076
uses of the bolus calculator, subjects decreased
the recommended bolus dose 128 times (11.9%)
with an average decrease of 1.3 6 1.6 units of
insulin. Subjects most often cited anticipated
exercise or the prolonged effects of an earlier
bolus dose as the rationale for reducing the pre-
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TABLE 1. COMPARISON OF MEASURES OF POSTPRANDIAL GLYCEMIC CONTROL

UNDER BOLUS CALCULATOR AND STANDARD BOLUS CONDITIONS

Standard Bolus
bolus calculator

(n 5 49) (n 5 49) p value

Average deviation of 2-h postprandial 42.8 6 74.5 42.5 6 70.0 0.88
blood glucose from target (mg/dL)

Number of correction boluses/week 13.5 6 6.1 11.4 6 5.8 0.008a
Frequency of supplemental CHO/week 4.6 6 3.5 3.5 6 2.8 0.046a
Hypoglycemic events/week 3.4 6 3.1 3.1 6 2.9 0.58
Hyperglycemic events/week 5.2 6 3.6 5.0 6 3.9 0.72

Data are mean 6 standard deviation.
aSignificant with p , 0.05.



meal bolus insulin dose recommended by the
bolus calculator. Subjects increased the recom-
mended bolus dose 61 times (5.7%) with an av-
erage increase of 0.8 6 0.8 units of insulin that
was often related to meal content.

Questionnaire responses (received from 48
subjects) are presented in Table 2, and indicated
that subjects overwhelmingly felt that the bolus
calculator was extremely easy to learn and use.
They reported confidence using the device and,
if it were available, would use it at all meals. In
addition, subjects reported that the bolus cal-
culator was an improvement over their current
method in determining a meal bolus and that
the benefit of using the device outweighed the
extra time and effort involved in using it.

CONCLUSIONS

Postprandial hyperglycemia is a modifiable
risk factor in diabetes management. Until re-
cently, only two techniques were available to
guide patients through self-adjusting pre-meal
insulin bolus doses. Patients on intensive ther-
apy regimens were required either to perform
complex mental calculations based on current
and target blood glucose, CIR, total CHO (g) in
the meal, and ISF; or to administer a predeter-

mined bolus insulin dose and follow a rigid
calorie- and CHO-controlled diet. Compliance
with either technique involves behavior modi-
fication that has been difficult to achieve and
maintain in patients with diabetes.12

This study provides the first evidence that
subjects’ postprandial blood glucose is as well
controlled using a bolus calculator as using
standard bolus techniques. Importantly, sub-
jects administered significantly fewer post-
prandial correction boluses and consumed sig-
nificantly less supplemental CHO when using
the bolus calculator. These findings suggest
that pre-meal bolus doses recommended by a
bolus calculator are no less accurate than those
estimated by subjects with experience in CHO
counting and delivering appropriate pre-meal
insulin boluses.

It is generally easier to adjust an insulin dose
than to change long-standing eating patterns.13

However, in clinical practice it is often difficult
for adults to estimate correct bolus doses, and
may be especially difficult for children who of-
ten have ISF and CIR that result in doses of a
fraction of an insulin unit. A bolus calculator
aids patients in accurately adjusting pre-meal
insulin boluses, and provides them with added
flexibility in their meal times, food choices, and
physical activity, allowing them to focus on
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TABLE 2. MEDIAN AND RANGE OF SUBJECT RESPONSES TO A 7-POINT LIKERT SCALE (RATED 1 THROUGH 7)
QUESTIONNAIRE ASSESSING PERCEIVED EASE AND USEFULNESS OF A BOLUS CALCULATOR

Questionnaire Median (range)

1. For your meal boluses, was it easy/difficult to establish a bolus dose 7 (2–7)
using the bolus calculator? (Extremely Difficult « Extremely Easy)

2. What was your level of confidence with the bolus calculator’s 6 (1–7)
recommended bolus amounts? (Extremely Low « Extremely High)

3. If the bolus calculator feature was in your MiniMed pump, how often 7 (1–7)
would you use it? (No Meals « All Meals)

4. Do you feel that using the bolus calculator improved your after meal 5.5 (2–7)
blood glucose measurements? (Worsened « Improved)

5. Was using the bolus calculator an improvement over your current 6 (2–7)a
method in determining a meal bolus? (Worse than Current « Better
than Current)

6. How easy/difficult was it to learn how to use the bolus calculator? 7 (4–7)
(Extremely Difficult « Extremely Easy)

7. Did the benefit of using the bolus calculator exceed the extra 6 (2–7)
effort/time to use it? (Effort Exceeds Benefit « Benefit Exceeds
Effort)

8. Would you be more likely to purchase a pump that included a bolus 6 (1–7)
calculator? (Less Likely « More Likely)

Forty-eight subjects completed the questionnaire.
an 5 47.



other aspects of the diabetes management reg-
imen. Future bolus calculators should accom-
modate the nonlinear time action profiles of
regular or fast-acting insulin that has previ-
ously been administered. The burden of bolus
insulin dosing calculations may be shifted from
the patient by equipping an insulin infusion
pump with a bolus calculator that includes
memory of residual insulin action profiles.
Such a device may help patients to more accu-
rately meet prandial insulin dosage require-
ments, improve postprandial glycemic excur-
sions, and achieve optimal glycemic control.

REFERENCES

1. The DCCT Research Group: The effect of intensive
treatment of diabetes on the development and pro-
gression of long-term complications in insulin de-
pendent diabetes mellitus. N Engl J Med 1993;329:
977–985.

2. Vergés B: The impact of regulation of postprandial
glucose in practice. Diabetes Metab 1999;25(Suppl
7):22–25.

3. Bastyr EJ, Stuart CA, Brodows RG, Schwartz S, Graf
CJ, Zagar A, Robertson KE: Therapy focused on low-
ering postprandial glucose, not fasting glucose, may
be superior for lowering HbA1c. Diabetes Care
2000;23:1236–1241.

4. American Diabetes Association: Consensus state-
ment: postprandial blood glucose. Diabetes Care
2001;24:775–778.

5. Boland E, Monsod T, Delucia M, Brandt CA, Fer-
nando S, Tamborlane WV: Limitations of conven-
tional methods of self-monitoring of blood glucose.
Diabetes Care 2001;24:1858–1862.

6. Ceriello A: The post-prandial state and cardiovascu-
lar disease: relevance to diabetes mellitus. Diabetes
Metab Rev 2000;16:125–132.

7. Hanefeld M, Temelkova-Kurktschiev T: Control of
post-prandial hyperglycemia—an essential part of
good diabetes treatment and prevention of cardio-
vascular complications. Nutri Metab Cardiovasc Dis
2002;12:98–107.

8. Ahern JA, Gatcomb PM, Held NA, Petit WA Jr, Tam-
borlane WV: Exaggerated hyperglycemia after a pizza
meal in well-controlled diabetes. Diabetes Care
1993;16:578–580.

9. Albisser AM, Chao SC, Parson ID, Sperlich M: Infor-
mation technology and home glucose clamping. Dia-
betes Technol Ther 2001;3:377–386.

10. Tatti P, Lehmann ED: A randomized-controlled clin-
ical trial methodology for evaluating the teaching util-
ity of interactive educational diabetes simulators. Di-
abetes Nutr Metab 2001;14:1–17.

11. Cozby PC: Asking people about themselves: survey
research. In: Methods in Behavioral Research, 7th edi-
tion, Mountain View, CA: Mayfield Publishing Com-
pany; 2001:103–124.

12. Gæde P, Beck M, Vedel P, Pedersen O: Limited impact
of lifestyle education in patients with Type 2 diabetes
mellitus and microalbuminuria: results from a random-
ized intervention study. Diabet Med 2001;18:104–108.

13. Kulkarni K, Franz MJ: Nutrition therapy for Type 1
diabetes. In: Franz MJ, Bantle JP, eds. American Dia-
betes Association Guide to Medical Nutrition Ther-
apy. Alexandria, VA: American Diabetes Association;
1999:26–45.

Address reprint requests to:
Todd Gross, Ph.D.

Medtronic MiniMed
18000 Devonshire Street
Northridge, CA 91325

E-mail: todd.gross@medtronic.com

BOLUS CALCULATOR CONTROLS POSTMEAL GLYCEMIA 369

http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0028-4793^281993^29329L.977[aid=189575]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0149-5992^282000^2923L.1236[aid=2332843]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0149-5992^282001^2924L.775[aid=2341273]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0149-5992^282001^2924L.1858[aid=2659484]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0939-4753^282002^2912L.98[aid=4980633]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0149-5992^281993^2916L.578[aid=4980634]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1520-9156^282001^293L.377[aid=4980635]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0394-3402^282001^2914L.1[aid=1211030]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0742-3071^282001^2918L.104[aid=4980636]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0028-4793^281993^29329L.977[aid=189575]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0149-5992^282000^2923L.1236[aid=2332843]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0149-5992^282001^2924L.775[aid=2341273]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0939-4753^282002^2912L.98[aid=4980633]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0149-5992^281993^2916L.578[aid=4980634]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1520-9156^282001^293L.377[aid=4980635]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0394-3402^282001^2914L.1[aid=1211030]

