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Introduction

The primary goal of diabetes management is to achieve 
normal or near-normal blood glucose levels. Food and 
nutrition interventions that reduce postprandial blood 
glucose excursions are important in this regard since dietary 
carbohydrate is the major determinant of postprandial 

glucose levels (1). Thus, carbohydrate counting (CC) is 
conventionally recommended for preprandial insulin dose 
calculation for individuals with type 1 diabetes mellitus 
(T1D) on intensive insulin therapy and insulin infusion 
pump therapy. Although carbohydrate is the predominant 
macronutrient affecting postprandial blood glucose 
excursions, recent research has shown that dietary fat 
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What is already known on this topic?
Optimal postprandial glycemia depends on matching insulin to the carbohydrate, protein, and fat contents of meal, after a high fat/high 
energy density meal in individuals with type 1 diabetes.
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and protein can also significantly impact the postprandial 
glycemic profile (2,3,4,5,6,7,8,9).

When consumed separately, both protein and fat may 
cause an increase in postprandial glycemia, depending on 
the quantity (6,10,11). However, most meals contain both 
fat and protein and when a meal containing high levels of 
both fat and protein is consumed, the combined impact is 
additive and causes significantly higher glucose excursions. 
Closed-loop studies have suggested that for high-fat meals 
the insulin dose needs to be increased by 42% and for high 
fat/high protein mixed meals by 39% (6,12). However, it 
should be noted that the increased insulin requirement 
after high-fat meal consumption can show great differences 
between individuals. These findings suggest that a change 
in insulin dose is warranted and, in most patients, additional 
insulin may be required but there is no international 
consensus about the preprandial insulin dose estimation for 
high fat/high protein mixed meals. The American Diabetes 
Association acknowledges that for people with diabetes who 
are prescribed a flexible insulin therapy program, education 
on how to use CC and on dosing for fat and protein content 
should be used to determine mealtime insulin dosing (13). 
The International Society for Paediatric and Adolescent 
Diabetes (ISPAD) has noted that the optimal insulin bolus 
dose and delivery for meals high in fat and protein are 
undefined with randomized controlled trials required (14). 

A novel insulin dosing algorithm has been proposed which 
takes account of the glycemic impact of fat/protein when 
calculating mealtime insulin dose. Pańkowska et al. (15) 
developed an algorithm for calculating the preprandial 
insulin dose based on all macronutrients (carbohydrate, fat, 
and protein) of the meal and described a “fat/protein unit 
(FPU)” as 100 kcal from fat and/or protein.

The aim of the present study was to compare the impact of 
additional dosing with extended insulin bolus, as described 
by the Pańkowska algorithm (PA) versus CC on postprandial 
glucose excursions for high fat/high energy density mixed 
meal on postprandial glucose excursions for the first 12 
hours after the meal in adolescents with T1D using insulin 
pump therapy (IPT) and a continuous glucose monitoring 
system (CGMS). 

Methods

A single-center, non-blinded, randomized, cross-over study 
was performed between July 2017-April 2018. 

Participants 

Twenty adolescents with T1D were recruited. The inclusion 
criteria were: T1D for at least one year and treatment 

with IPT for at least six months; body mass index (BMI) 
z-score of >-1 <2; and total daily insulin use of ≥0.5 U/
kg to avoid inclusion of participants in the remission phase 
of diabetes. Exclusion criteria were: concomitant dietary 
restrictions (eg, Celiac disease or food allergy); cystic 
fibrosis; concurrent conditions that can be associated with 
delayed gastric emptying or altered digestion; and the use 
of any medication that is known to modify glycemia, such 
as glucocorticoids or oral antidiabetic drugs.

Study Design 

Participants attended the clinic a week before for the 
insertion of Guardian™ Connect (Medtronic MiniMed, Inc., 
Northridge, California) CGMS. In the seven days leading up 
to the study, participants or their caregivers were contacted 
daily by the pediatric endocrinologist to review the CGMS 
blood glucose levels of participants, and the food and activity 
diary. CGMS readings were used to adjust basal rates, insulin 
carbohydrate ratio (ICR), and sensitivity factors so that 
normoglycemia was achieved within the week prior to the 
study.

On study days, participants were admitted to the hospital, 
and meals were served at 6.30 pm. The meal was a high fat/
high energy density test meal containing 80 g carbohydrate 
(34%), 70 g fat (66%), and 35 g protein (14%). The total 
energy of the meal was 4563 kJ (1090 kcal). 

The detailed composition and ingredients of the test meal 
are given in Supplementary Table 1. Participants should 
have no glucose fluctuations in the two hours before study 
entry as measured by CGMS, no correction boluses for at 
least four hours before test meal consumption, and fasting 
glycemia in the range 70-180 mg/dL on both study days. 

On the first study day participants calculated the insulin 
dose for the test meal by CC. On the second study day, 
the insulin dose was calculated using the PA algorithm or 
modified PA algorithm. The cross-over design allowed the 

Table 1. Characteristics of the study subjects

Participants (n=20)
Median (min-max)

Female/male (n) 11/9

Age (years) 14.42 (9-21)

BMI z-score 0.13 (-1.17-1.9)

Diabetes duration (years) 7 (2.08-17.83)

HbA1c (%) 7.3 (5.7-10.4)

HbA1c (mmol/mol) 56 (39-90)

Insulin (IU/kg/day) 0.8 (0.55-0.97)

Basal insulin to total daily insulin (%) 42 (33-64)

BMI: body mass index, HbA1c: hemoglobin A1c, min-max: minimum-maximum
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comparison of each patient eating the same meal twice but 
using the two different counting methods to calculate an 
appropriate insulin dose. Consumption of the test meal was 
completed in 20 minutes under supervision by a caregiver 
and a research team dietician. The flow diagram of the 
study is presented in Figure 1. 

Algorithm for Calculating and Delivering Preprandial Bolus Insulin

Initially, two insulin algorithms were used to calculate 
preprandial insulin dose: CC and PA. However, during the 
study half of the patients using the published PA experienced 
hypoglycemic events and so the PA was modified for the 
remaining patients. 

For CC each participant’s individualized ICR was expressed 
as insulin per one carbohydrate unit (CU=10 g carbohydrate) 
and this was used to calculate individual preprandial insulin 
doses, which were delivered in a standard bolus. 

For PA, the insulin dose was calculated according to the 
carbohydrate content (1 CU=10 g carbohydrate) but also 
took into account the fat and protein content (1 FPU=100 
kcal from fat and protein) of the test meal. The participant’s 
individualized ICR was calculated, expressed as insulin per 
1 CU and 1 FPU with the same insulin ratio used for 1 CU 
or 1 FPU. The total insulin dose was delivered for CU in a 
standard bolus and FPU in an extended bolus. According to 
Pańkowska et al. (15), the extended bolus should be given 

for eight hours for a meal containing ≥4 FPU. As the test 
meal had 7.7 FPUs, the extended bolus was delivered over 
eight hours.

The PA was subsequently modified as follows. The PA 
participant’s individualized ICR was calculated, expressed 
as insulin per 1 CU and 1 FPU. However, 1 FPU was now 
equated to 150 kcal from fat and protein (the same insulin 
ratio was used for 1 CU or 1 FPU). The test meal was now 
calculated to contain five FPUs, and so still required the 
extended bolus to be delivered over eight hours (15). 

During the study period, no additional meals, snacks, or 
other food and no physical activity were allowed and no 
correction boluses were administered. 

Measurement of Glycemia

Postprandial glycemia was measured by CGMS during the 
subsequent twelve hours. Postprandial glucose excursions 
were evaluated by reference to the International Consensus 
on Use of Continuous Glucose Monitoring, as described by 
Danne et al. (16) level 1 hypoglycemia glucose value of 70-
54 mg/dL (3.9-3.0 mmol/L) with or without symptoms, level 
2 hypoglycemia glucose level of <54 mg/dL (<3.0 mmol/L) 
with our without symptoms; level 1 hyperglycemia glucose 
value of >180 mg/dL (10 mmol/L) and glucose ≤250 mg/
dL (13.9 mmol/L) and level 2 hyperglycemia glucose level 
of >250 mg/dL (13.9 mmol/L). If hypoglycemia occurred 
during the study period, participants consumed 0.3 g/kg 
carbohydrate (white sugar). The data of the participants 
experiencing hypoglycemic events with the PA were not 
included in the twelve-hour data analysis of the study. 

Primary and Secondary Outcomes

The primary outcomes were glucose area under the curve 
(AUC) and % of time in range (TIR) according to CC, PA, and 
modified PA algorithms. The secondary outcomes were the 
number of hypoglycemic events over the study period which 
were verified by capillary blood glucose measurements. 

Statement of Ethics

The study protocol was reviewed and approved by the Ege 
University Medical Faculty Ethics Committee, approval 
number: 16-12.1/44 and the Ministry of Health of Turkey 
(date: 22.07.2016). This trial was registered at www.
clinicaltrials.gov as NCT05152121. 

Statistical Analysis

SAS® software (SAS system for Windows, version 9.3; SAS 
Institute, Cary, NC, USA) was used for statistical analysis. 
Significance was assumed with a p value of <0.05. AUC 
calculation was performed according to the Trapezoidal 

Figure 1. Flow diagram

CC: carbohydrate counting, PA: Pańkowska algorithm
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rule. The Wilcoxon Rank Sums test and Wilcoxon Signed 
Rank test were used to compare between and within-group 
differences in terms of AUC. The minimum sample size for 
p=0.01 and 1-p=0.99 was calculated as 18, with an error 
of 4% (d=0.04) at the 95% (α=0.05) confidence interval 
limits for 0.80 power.

Results

Characteristics of the Participants

Twenty adolescents participated in the study. Their ages 
ranged from 9-18 years and the sex mix was 11 male 
(55%) and nine female (45%). One was excluded due to 
incompatibility during the preparation of the study, and two 
refused the consumption of the test meal on the second 
study day. Seventeen of the participants completed the CC 
protocol, while eight of them used the standard PA, and 
six of them used the modified algorithm on the second 
study day (Figure 1). The study session was not completed 
due to one hypoglycemic event and two episodes of 
normoglycemia after the test meal on CC as there may be a 
risk of hypoglycemia when additional doses are given for fat 
and protein on the second study day. 

Demographic data of study participants are given in Table 
1. Participants median (range) age was 14.4 (9-18) years, 
BMI z-score was 0.13 (-1.17-1.9), duration of diabetes was 7 
(2-17.8) years, HbA1c was 56 (39-90) mmol/L [equivalent to 
7.3% (5.7-10.4%)], total insulin requirement was 0.8 (0.55-
0.97) IU/kg and basal insulin ratio was 42% (33-64). The 
level of HbA1c was not a criterion for inclusion in the study, 
because the doses of insulin were adjusted for seven days 
before the study. The median basal insulin dose was 0.34 
IU/kg (0.24-0.47).

First Study Day

After consumption of test meal calculating insulin dose by 
CC (n=17), one patient was hypoglycemic postprandially at 
the second hour and two patients remained normoglycemic 
for 12 hours. This resulted in these three patients being 

excluded from the second part of the study since the 
additional dose of insulin calculated for fat and protein can 
cause hypoglycemia. For the first postprandial 12 hours CC 
patients were in TIR in 26.4% and experienced level 1 and 
level 2 hyperglycemia for 28.5% and 17.4%, respectively.

Second Study Day

On the second day of the study, 4/8 participants using the 
standard PA algorithm developed hypoglycemia at a median 
(range) time of 6.25 (5.58-7.91) hours. The PA algorithm 
was then modified as previously described. In the six 
participants using the modified PA, hypoglycemia did not 
develop in the ensuing 12 hours.

There were no significant differences between HbA1c, BMI 
z-score, insulin dose/kg, and diabetes duration between 
participants who used PA and the modified algorithm. There 
was no difference in the time spent in normoglycemia in 
the first two hours after meal consumption in the three 
groups; median AUC for PA=119.99; modified PA=91.64, 
and CC=69.75). The AUC for the initial two hours was 
decreased non-significantly in the CC group indicating less 
normoglycemia (data not shown).

There was no significant difference between the different 
methods of insulin dose calculation during the first 5.58 
hours postprandial when the first hypoglycemic event 
developed with unmodified PA. Although it was not 
statistically significant, the AUC decreased in level 1 and 
level 2 hyperglycemia with the modified algorithm (Table 2).

There was no significant difference in the AUC of the 
participants who completed the PA algorithm with no 
hypoglycemic event (n=4) when compared to participants 
who used the modified algorithm (n=6) over the 
postprandial 12 hours. Although not statistically significant, 
the median AUC in level 2 hyperglycemia decreased with 
the modified algorithm (Table 3).

Although median time spent in normoglycemia was 
decreased with the modified PA compared to unmodified 
PA, level 2 hyperglycemia was decreased in the modified 
algorithm for the postprandial period 2-12 hours (Table 4).

Table 2. Postprandial AUC for 5.58th hour (time first hypoglycemic event detected)

AUC PA hypoglycemia (-)
Median (min-max)
n=4

PA hypoglycemia (+)
Median (min-max)
n=4

Modified algorithm
Median (min-max)
n=6

<3 mmol/L (<54 mg/dL) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0)

3-3.8 mmol/L (54-69 mg/dL) 0.0 (0.0-0.0) 0.0 (0.0-11.1) 0.0 (0.0-5.6)

3.9-10 mmol/L (70-180 mg/dL) 201.9 (23.5-293.5) 290.9 (237.7-340.7) 186.8 (79.1-285.5)

10.1-13.9 mmol/L (181-250 mg/dL) 39.6 (0.0-96.3) 7.5 (0.0-11.9) 24.9 (0.0-89.5)

>13.9 mmol/L (>250 mg/dL) 22.5 (0.0-69.7) 0.0 (0.0-0.0) 0.0 (0.0-200.2)

AUC: area under the curve (mg/dL x min), PA: Pańkowska algorithm, min-max: minimum-maximum
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Discussion

This is the first study to compare traditional mealtime 
insulin dose estimation (CC) with one novel (PA) and 
one new insulin-dosing algorithm (the modified PA) for 
high fat/high energy density meals for the postprandial 
12-hour period. Our results showed an increased time 
in normoglycemia without hypoglycemia with the new 
algorithm but an increased incidence of hypoglycemia using 
the PA when compared with the traditional CC. The insulin 
dose calculated for PA and the modified algorithm was 94% 
and 64% higher, respectively, than the insulin dose for the 
CC method. This novel modified algorithm achieves better 
glycemic control with less hypoglycemia in children and 
adolescents with T1D with a longer duration of follow-up 
than the PA.

Using PA, 50% of the patients were hypoglycemic at a 
median postprandial time of 6.25 hours. This finding was 
similar to previous studies which have compared CC and 
the unmodified PA for high-fat meals and high protein 
meals (4,17,18,19,20). In contrast, Pańkowska et al. (4) 
reported no difference in hypoglycemia between PA and CC 
but postprandial glucose monitoring was only performed 
for two hours. In our study, when the insulin dose was 
calculated with PA, hypoglycemia occurred around six hours 
postprandially. However, no hypoglycemic event occurred 
in patients using the modified algorithm for the whole 12 

hours monitoring period and AUC was lower than for CC. 
Similar to our modified algorithm experience, Smith et 
al. (19) found that an additional 60% of the meal insulin 
dose significantly reduces the glycemic excursion up to 
postprandial five hours without increasing the incidence 
of hypoglycemia. AUC for normoglycemia, and level 1 and 
level 2 hyperglycemia was similar during the latter ten 
hours of monitoring (2-12 hours postprandial) with both 
the modified algorithm and PA, with the caveat that only 
patients without hypoglycemia were included. Compared 
to the PA, the median time spent in level 2 hyperglycemia 
decreased and the time spent in normoglycemia decreased 
with the modified algorithm (Table 4). Thus the PA resulted 
in more time spent in normoglycemia, but at the cost of an 
increased risk of hypoglycemia.

There is no consensus about the insulin dose required 
for high fat/high energy density meals. ISPAD guidelines 
recommend an increase of 15% to 20% of the bolus for high 
fat/high protein meals (14). A systematic review for high-fat 
meals (≥40 g of fat), recommended bolus dose increase up 
to 30-35% accompanied by using combo bolus with 50/50 
split over 2-2.5 hours and review late postprandial glucose 
and adjust total insulin dose as indicated (21). Wolpert et 
al. (6) suggested a mean insulin dose increase of 42% for a 
high-fat meal (60 g fat) compared to a low-fat meal (10 g fat), 
with marked significant individual differences, with some 

Table 3. Postprandial glucose AUC with PA and modified algorithm for 0-12 hours

AUC PA with no hypoglycemia 
Median (min-max)
n=4

Modified algorithm
Median (min-max)
n=6

p*

<3 mmol/L (<54 mg/dL) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 1.000

3-3.8 mmol/L (54-69 mg/dL) 0.0 (0.0-7.471) 0.0 (0.0-24.468) 0.667

3.9-10 mmol/L (70-180 mg/dL) 277.950 (202.579-589.268) 218.856 (15.735-461.048) 0.476

10.1-13.9 mmol/L (181-250 mg/dL) 27.446 (0.0-94.126) 84.090 (0.0-295.821) 0.609

>13.9 mmol/L (>250 mg/dL) 23.037(0.0-66.296) 0.0 (0.0-259.687) 0.005

*Wilcoxon signed-rank test.
AUC: area under the curve (mg/dL x min), PA: Pańkowska algorithm, min-max: minimum-maximum

Table 4. AUC for PA and modified algorithm total time for 2-12 hours

Total time
PA with no hypoglycemia
Median (min-max) 
n=4

Modified algorithm
Median (min-max)
n=6

p*

<3 mmol/L (<54 mg/dL)  0.0 (0.0-0.0) 0.0 (0.0-0.0) 1.000

3-3.8 mmol/L (54-69 mg/dL) 0.0 (0.0-11.0) 0.0 (0.0-24.0) 0.666

3.9-10 mmol/L (70-180 mg/dL) 90.0 (69.0-115.0) 80.0 (2.0-104.0) 0.476

10.1-13.9 mmol/L (181-250 mg/dL) 20.5 (0.0-28.0) 41.5 (0.0-116.0) 0.347

>13.9 mmol/L (>250 mg/dL) 12.5 (0.0-30.0) 0.0 (0.0-76.0) 0.500

*Wilcoxon signed-rank test.
AUC: area under the curve (mg/dL x min), PA: Pańkowska algorithm, min-max: minimum-maximum
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participants requiring more than twice as much insulin while 
others required no extra insulin. We showed non-significant 
lower AUC for normoglycemia than CC with the modified 
algorithm with an insulin dose increase of 64% for a high-
fat meal (70 g fat), with no hypoglycemia for 12 hours. In 
the current study, a postprandial observation period of 12 
hours was chosen. Wolpert et al. (6) demonstrated in their 
closed-loop study that after a 60 g high-fat meal, the impact 
of added fat continues for at least five hours. We, therefore, 
designed a longer observation period to assess the effect of 
insulin on meals with high fat/high energy density meals. 
Since participants consumed the test meal in the evening, 
we were able to follow for a full twelve hours.

Study Limitations

Our study has strengths and limitations. One of the strengths 
was that glycemic stability was evaluated daily for one week 
before the study and this also allowed the optimization of 
individual carbohydrate/insulin ratio and sensitivity factors 
for each participant. Another strength of the study was the 
extended postprandial monitoring using CGMS. The main 
limitation of this study was the small sample size, partly 
due to poor adherence to the study protocol in adolescent 
participants. However, the findings are of interest and may 
provide an improvement on the original PA so we believe 
that this warrants confirmation of the findings using larger 
group sizes, which should be adequately powered. 

This study was also limited to participants using IPT to take 
advantage of more sensitive insulin dosing and the use of 
the dual-wave bolus option. Therefore, the study should also 
be performed in patients using multiple daily injections.

Conclusion

Although carbohydrates are the primary determinant of 
postprandial glucose levels, recent research has shown 
that insulin dosing based on carbohydrate quantity alone 
is inadequate for optimal glycemic control after a high fat/
high energy density meal in individuals with T1D. The 
dose and delivery type of preprandial insulin may need 
adjustment, not only to carbohydrate quantity but also to 
the fat content of the meal to achieve stable postprandial 
normoglycemia. However, our study has shown marked 
inter-individual differences in response to the test meal. 
We, therefore, suggest that, due to these differences and 
the lack of large-scale prospective data, an individualized 
approach to insulin dosing for high fat/high energy density 
meals should be adopted currently. This can be done by 
evaluating food diaries and the use of postprandial glucose 
monitoring. This may represent the present best practice for 
children and adolescents with T1D.
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