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ABSTRACT

Introduction: The fat and protein content can
impact late postprandial glycemia; therefore,
prolonged insulin boluses for high-fat/-protein
meals are recommended for patients with type 1
diabetes on insulin pump therapy. It is not clear
how to translate these findings to multiple daily
injection (MDI) therapy. We hypothesized that
regular insulin with a slower onset and a longer
duration of action might be advantageous for
such meals.
Methods: Twenty-five patients with well-con-
trolled type 1 diabetes (mean HbA1c 6.8%,
51 mmol/mol, no episodes of hypoglycemia) on
MDI therapy, aged 27.9 ± 4.3 years and well
trained in flexible intensive insulin therapy,
were given three test breakfasts with the same
carbohydrate (CHO) content. The amount of fat
and protein was low (LFP) or high (HFP). For LFP
meals, patients received a rapid-acting insulin;

for HFP meals, a rapid-acting or regular insulin
was given in individual doses according to the
CHO content and individual insulin-CHO
ratios. Postprandial glycemia was determined by
6-h continuous glucose monitoring.
Results: Acute postprandial glucose levels
measured for 2 h were similar after LFP and two
HFP meals (7.8 ± 2.0, 8.1 ± 2.1,
8.0 ± 1.9 mmol/l). Late postprandial glycemia
measured from 2 to 6 h was significantly lower
after the LFP meal (6.7 ± 1.8 mmol/l, p\0.05)
than after the HFP meals, but there was no dif-
ference between the rapid-acting or regular
insulin on HFP days (8.6 ± 2.6 and
8.9 ± 2.8 mmol/l, NS).
Conclusion: The preliminary results of this
study indicate no benefit to cover fat-protein
meals with regular insulin in individuals with
type 1 diabetes treated with MDI.

Keywords: Fat-protein meal; Insulin; Multiple
daily injection therapy; Type 1 diabetes

INTRODUCTION

Meal carbohydrate counting is widely used in
individuals with type 1 diabetes on functional
intensive insulin therapy treated with a basal-
bolus insulin regimen by means of multiple
daily injections (MDI) or continuous subcuta-
neous insulin infusion (CSII) by insulin
pumps. Advanced carbohydrate counting is
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recommended by official guidelines for type 1
diabetes treatment [1]. The prandial dose of
rapid-acting insulin is based on the amount of
carbohydrates in the meal to be consumed (in
grams or carbohydrate exchangers) and an
individualized insulin-to-carbohydrate ratio
(ICR, units/g) [2]. In clinical practice, the meal
carbohydrate amount is usually regarded as the
most important determinant of the acute post-
prandial blood glucose level. Glycemia typically
peaks within 60–90 min following a carbohy-
drate-based meal [3].

Recent studies have shown that the fat and/
or protein content can impact late postprandial
glycemia, and the effect of both nutrients is
additive [4–6]. After a meal high in protein and
fat added to a constant amount of carbohy-
drate, the peak of glycemia is similar in time but
accentuated, and prolonged glucose excursions
are observed from 3 to 6 h after the meal [6, 7].
These findings point to the need for prolonging
insulin delivery with or without an increase in
total mealtime insulin dosage [7–11]. The latest
American Diabetes Association recommenda-
tions suggest that selected subjects with type 1
diabetes who have mastered carbohydrate
counting should be educated on the impact of
fat and protein on the glycemic profile [1].

All described strategies of combined carbo-
hydrate, fat and protein counting and applica-
tion of prolonged insulin boluses for mixed
meals are appropriate for patients on CSII. Until
now, there has been no attempt to solve the
problem of adjustment of insulin for a meal
with increased fat and protein content in
patients treated with MDI who constitute the
majority of patients with type 1 diabetes. The
proposed but not verified methods for high-fat/
high-protein meals in this group of patients are
to inject an additional dose of rapid-acting
insulin 1 h after the meal or to cover the meal
with regular insulin [12, 13].

The main aim of study was to check if regular
human insulin, which has a slightly later peak
but also a longer total duration of activity,
administered before a high-fat-protein meal,
would give lower and more stable glycemia than
a rapid-acting insulin analog used routinely in
patients with type 1 diabetes treated with flex-
ible MDI therapy. The additional aim was to

evaluate whether the ICRs calculated in real life
(typically for mixed meals) may lead to hypo- or
hyperglycemia when used for carbohydrate or
high-fat/protein meals.

METHODS

This study included 25 patients with type 1
diabetes, 14 females and 11 males aged 20–
40 years (mean 27.9 ± 4.3 years). The subjects
were recruited from the Outpatient Clinic of the
Department of Diabetology and Internal Dis-
eases of Pomeranian Medical University in
Szczecin. The inclusion criteria were functional
intensive insulin therapy performed by multiple
daily injections with pens (C 4 injections a day),
disease duration longer than 12 months (to
avoid the effect of remission) and good meta-
bolic control (HbA1c within 3 months before
the study \8.0%, without episodes of severe
hypoglycemia or unconscious hypoglycemia).
The females included in the study were in the
first phase of the menstrual cycle to avoid the
influence of hormonal changes on glucose
levels. All patients used a rapid-acting insulin
before meals (aspart, lispro or glulisine)
according to a regimen including an individual
insulin-to-carbohydrate ratio appropriate for a
meal at the time of day when the insulin dose
was determined for the so-called carbohydrate
exchange (CE) comprising 10 g of carbohydrates
in the consumed meal. The basal insulin was
used as a single injection in the evening hours
at approximately 10:00 pm; 16 patients used a
long-acting analog (glargine, detemir), and the
remaining 9 people used NPH insulin. The
exclusion criteria were gastrointestinal auto-
nomic neuropathy, peripheral neuropathy, any
kidney or liver disfunction, celiac disease,
pregnancy and lactation, or other medical
problems. The study design was approved by
the Bioethics Committee of the Pomeranian
Medical University (resolution no. KB-0012/42/
10). All procedures followed were in accordance
with the ethical standards of the responsible
committee on human experimentation (insti-
tutional and national) and with the Helsinki
Declaration of 1964, as revised in 2013.
Informed consent was obtained from all
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patients for being included in the study. Since
the measurement methods and insulin used in
the study have been available for many years,
the trial was not registered in the trial registra-
tion. On the 1st day of the study, after obtain-
ing written informed consent to participate in
the study, patients completed a questionnaire
on their insulin doses and insulin-to-carbohy-
drate ratios. Height and weight were measured
to calculate the body mass index (BMI), the
waist and hip circumferences were measured to
calculate the waist-to-hip ratio (WHR), and the
blood pressure and pulse rate were measured.
The presence of chronic complications of dia-
betes and comorbidities was determined based
on the medical history, physical examination
and analysis of the patients’ medical records.
Under basal conditions, fasting venous blood
samples were collected for laboratory assess-
ment of glycated hemoglobin HbA1c (HPLC
method), lipid metabolism (total cholesterol,
HDL and LDL of cholesterol, triglycerides), liver
function (alanine aminotransferase, ALT) and
renal function (creatinine, sodium, potassium,
eGFR—calculated according to the MDRD for-
mula). A sample of morning urine was collected
to determine the albumin/creatinine ratio
(ACR). The characteristics of the studied sub-
jects are shown in Table 1.

Glucose Measurement

One day before administration of test meals, a
continuous glucose-monitoring system for the
retrospective evaluation of the glucose level was
inserted (CGMS, iPro2, Medtronic Co., Mini-
Med, Northridge, CA, USA). The sensor was
placed in the abdominal subcutaneous tissue.
Each patient was trained in the use of CGMS
and the proper calibration of the blood glucose
meter. All patients used Contour Link blood
glucose meters (Bayer, Basel, Switzerland). The
patients were asked to refrain from intense
physical activity on that day and all days of the
study and from eating for 2 h before and 2 h
after insertion of the iPro2 system to perform
the calibration at maximally stabile glucose
levels. According to the manufacturer recom-
mendations, patients performed at least four

glucose measurements per day, and the longest
interval between two consecutive measure-
ments could not exceed 12 h. To avoid the
influence of injected insulin on CGMS mea-
surements, administration of prandial insulin to
subcutaneous tissue was recommended at a
distance not less than 7.5 cm from the implan-
ted sensor.

Test Meals

In the 3 consecutive days of the study, at
breakfast time (6:30–8:00 a.m.), after the over-
night fast, patients consumed a standardized
meal ordered in one of the popular chain
restaurants serving fast food meals. On the 1st
day of the study, patients were given a carbo-
hydrate meal with low fat and protein content
(LFP), consisting of a roll (30 g carbohydrate,
2.5 g fat, 5.7 g protein; total of 165 kcal) and
vegetable salad without dressing (75 g/12 kcal,
vegetables: lettuce, cucumber, tomato; 1.5 g
carbohydrate, 0.2 g fat, 1.1 g protein). Immedi-
ately before the meal, a rapid-acting insulin was
injected into the abdomen subcutaneous tissue.
The prandial insulin was given in individual
doses according to the CHO content, individual
ICR and preprandial glucose level (individual
correction ratio). On the 2nd and 3rd days of
the study, patients ate a meal rich in fat and
protein (HFP), i.e., a hamburger, bun and salad
(12 kcal). The hamburger consisted of the same
amount of carbohydrates as on the 1st day,
steak meat, cheese and sauces (30 g carbohy-
drates, 37 g fat, 30 g protein, a total 573 kcal).
On the 2nd day, the patients administered a
rapid-acting insulin analog in the dose calcu-
lated as on the 1st day. On the 3rd day, regular
human insulin was administered in the same
dose as that administered on days 1 and 2.
Human insulin was injected in a standard way
30 min before meals. The type of regular insulin
was determined by the type of rapid-acting
insulin used previously. For example, instead of
lispro insulin, Humulin R insulin (Eli-Lilly) was
used, and instead of aspart insulin, Actrapid was
used (NovoNordisk). The carbohydrate content
and the glycemic index of the meals remained
constant on each day of the study. Patients
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consumed breakfast meals in 15 min, and they
drank 250 ml of non-carbonated mineral water.
To ensure similar conditions for all participants
and to minimize physical activity, patients
stayed sedentary for a 6-h postprandial period
in the Outpatient Clinic. The study was con-
ducted under the supervision of a clinical
dietitian. On the last day of the study, the iPro2
system was disconnected, and CareLink reports
with recorded glucose levels were generated.
Glucose levels were analyzed for a 6-h post-
prandial period of three test meals.

Statistical Analysis

The values of quantitative variables are pre-
sented as the arithmetic means with standard
deviations (SD). Glucose concentrations were
compared using paired Student’s t test. Values
of the time from the meal to maximum glucose
concentration were compared using the non-
parametric Wilcoxon signed-rank test since
their distribution was significantly different

from normal distribution. Two-way repeated-
measures ANOVA was performed with time
from the HFP meal, insulin type and their
interaction term as independent variables and
glucose concentration as the dependent vari-
able. Statistical analysis was performed using
the STATISTICA 13 program (StatSoft, Poland).
The level of significance was set at p\0.05.

RESULTS

Fasting glucose levels measured in the morning,
just before a test meal, were similar for each day
of the study (7.2 ± 2.2, 6.9 ± 2.2,
7.1 ± 1.9 mmol/l). Postprandial glycemia, eval-
uated at half-hour intervals, did not differ sig-
nificantly for the first 2 h of the observation,
regardless of whether it was a carbohydrate
meal with LFP content consumed on the 1st day
or an HFP meal consumed on the 2nd and 3rd
days of the study (Table 2). The type of insulin
used for the HFP meal also did not affect the

Table 1 Characteristics of studied subjects (n = 25)

Parameter Value Parameter Value

Age (years) 27.9 ± 4.3 HbA1c (%) 6.8 ± 0.7

Duration of diabetes (years) 10.7 ± 5.7 HbA1c (mmol/mol) 51 ± 5.3

BMI (kg/m2) 24.2 ± 3.1 Total cholesterol (mmol/l) 4.5 ± 0.6

WHR 0.8 ± 0.1 LDL cholesterol (mmol/l) 2.5 ± 0.5

SBP (mmHg) 119 ± 10 HDL cholesterol (mmol/l) 1.8 ± 0.5

DBP (mmHg) 76 ± 9 Triglycerides (mmol/l) 1.0 ± 0.5

HR (beats per minute) 75 ± 9 Potassium (mmol/l) 4.5 ± 0.4

DDI (U/24 h) 39.7 ± 14.0 Sodium (mmol/l) 138 ± 3.0

Average demand (U/kg) 0.55 ± 0.2 ALT (U/l) 14.2 ± 5.5

Basal insulin (U) 16 ± 5 Creatinine (lmol/l) 62 ± 9

Prandial insulin (U) 24 ± 11 eGFR (ml/min) 121 ± 16

Mean ICR (U/g) 1.43 ± 0.5 ACR (mg/g) 6.0 ± 5.6

BMI body mass index, WHR weight/hip ratio, SBP systolic blood pressure, DBP diastolic blood pressure, HR heart rate,
DDI daily dose of insulin, ICR insulin-carbohydrate rate, HbA1c glycated hemoglobin, LDL low-density lipoprotein, HDL
high-density lipoprotein, ALT alanine aminotransferase, eGFR estimated glomerular filtration rate, ACR albumin-to-
creatinine ratio
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trend in glucose levels in successive intervals of
the first 120 min of the study. Two hours after
the carbohydrate meal consumed on the 1st
day, six patients experienced mild symptomatic
hypoglycemia, which resulted in the oral
administration of additional carbohydrates and
exclusion from further observation on that day
of the study. In the group of patients who
experienced hypoglycemia, four were treated
with a long-acting analog and two with NPH
insulin. Due to the exclusion of the subjects
with hypoglycemia from further observation,
postprandial glycemia between 120 and
360 min on the 1st day of the study was ana-
lyzed for 19 participants. On the 2nd and 3rd
days of the study, after the HFP meals, hypo-
glycemia did not occur in any patients (Fig. 1).

Mean glucose levels within 6 h after eating
an HFP meal on days 2 and 3 were significantly
higher than after the LFP meal on day 1 of the
study (Fig. 2). Glucose levels after meals enri-
ched in fat and protein were similar regardless
of the type of the administered insulin (rapid-
acting insulin on day 2 vs. regular insulin on
day 3). The type of meal eaten and the insulin
used had no significant effect on the average
glucose levels in the first 2 h of the observation
(7.8 ± 2.0, 8.1 ± 2.1, 8.0 ± 1.9 mmol/l). Late
postprandial glucose levels between 2 and 6 h
were significantly lower after the LFP meal than

after the HFP meals (6.7 ± 1.8; 8.6 ± 2.6,
8.9 ± 2.8 mmol/l, respectively, p\0.05).

The maximum average blood glucose level
after the LFP meal was 8.4 ± 2.3 mmol/l and
was achieved in the 90th minute of the study,
after which it steadily decreased, reaching the
lowest value of 6.3 ± 1.8 mmol/l in the 240th
and 270th minute of the study. In the 360th
minute of the study, the mean value of
6.9 ± 1.9 mmol/l was similar to the fasting level
observed on that day. The average blood glu-
cose level after the first HFP meal rose to
8.8 ± 2.4 mmol/l at the 90th minute, was
approximately 8.9 ± 2.8 mmol/l in the
150-210th minute and remained relatively
stable until the end of the study. At the 360th
minute, the average blood glucose was
8.3 ± 3.1 mmol/l. Postprandial values after the
second HFP meal were almost identical. The
analysis of time from the HFP meal to the
maximum glucose concentration showed a
tendency to longer values for regular human
insulin compared to rapid-acting insulin (me-
dian 270 vs. 150 min), but the difference did
not reach statistical significance (p = 0.073).

Two-way repeated-measures ANOVA consid-
ering all glucose concentration data from two
HFP meals in one model confirmed that glyce-
mia changed significantly after meals
(p\0.00001), but was not associated with the

Table 2 Mean fasting and postprandial glucose levels at 30-min intervals during the 6-h postprandial period

Min Mean postprandial glycemia during the study (mmol/l)

0 30 60 90 120 150 180

Day 1 LFP: rapid-acting insulin 7.2 ± 2.2 7.5 ± 2.0 8.3 ± 2.2 8.4 ± 2.3 7.7 ± 2.2b 7.5 ± 2.1b 6.9 ± 2.1a,b

Day 2 HFP: rapid-acting insulin 6.9 ± 2.2 7.5 ± 2.2 8.4 ± 2.1 8.8 ± 2.4 8.7 ± 2.8 8.9 ± 2.8 8.9 ± 2.8

Day 3 HFP: regular human insulin 7.1 ± 1.9 7.2 ± 1.8 7.9 ± 1.9 8.8 ± 2.3 9.1 ± 2.4 9.1 ± 2.4 9.1 ± 2.6

Min Mean postprandial glycemia during the study (mmol/l)

210 240 270 300 330 360

Day 1 LFP: rapid-acting insulin 6.6 ± 2.1a,b 6.3 ± 1.8a,b 6.3 ± 1.8a,b 6.5 ± 1.9a,b 6.7 ± 1.9a,b 6.9 ± 1.9a,b

Day 2 HFP: rapid-acting insulin 8.9 ± 2.8 8.7 ± 2.8 8.4 ± 2.8 8.2 ± 2.8 8.3 ± 2.9 8.3 ± 3.1

Day 3 HFP: regular human insulin 8.9 ± 2.9 8.9 ± 3.0 9.1 ± 3.1 9.0 ± 3.2 8.8 ± 3.3 8.7 ± 3.4

a Day 1 vs. 2 p\0.05
b Day 1 vs. 3 p\0.05; day 2 vs. 3 NS
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type of insulin used (p = 0.61), and there was no
interaction between the glycemia profile and
type of insulin (p = 0.48).

DISCUSSION

The vast majority of studies conducted thus far
evaluating the dosage of insulin required for
high-fat and high-protein meals consumed by
patients with type 1 diabetes were performed in
children and young people, and the test meal
usually consisted of pizza with high or very high
fat and protein content consumed at dinner or,
less frequently, lunchtime. Occasionally, the
studies were conducted in adult patients, but
then they included very small groups of subjects
[4, 14]. Only a single study has evaluated post-
prandial glycemia at breakfast time [6]. The
surveyed patients were usually treated with
insulin pumps or occasionally formed

subgroups treated with multiple injections,
which were not analyzed separately [6, 15].

In our study, we evaluated a group of young
adult patients with type 1 diabetes treated with
insulin by multiple injections, and the test meal
was served at breakfast time. All patients were
well controlled (mean HbA1c 6.8%,
51 mmol/mol) and well trained in flexible
intensive insulin therapy, calculating the
mealtime insulin doses based on the carbohy-
drate content of the meals. The meal was served
for breakfast, after an overnight fast, to avoid
the potential impact of a previous meal. A fast-
food mixed meal with increased fat and protein
content was similar to the composition of meals
eaten often in real life at this time of day. It was
carefully standardized in terms of nutrients and
contained 31.5 g carbohydrates, 37.2 g fat,
31.1 g protein and 585 kcal. An individual dose
of insulin was calculated for the carbohydrate
content and current insulin-to-carbohydrate

Fig. 1 Mean fasting and postprandial glucose levels at 30-min intervals during the 6-h postprandial period. LFP low-fat-
protein meal, HFP high-fat-protein meal
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ratio appropriate for breakfast in a given
patient. The dose of insulin and amount of
carbohydrates in the meals remained constant
on the subsequent days. While the use of pure
protein preparations in an amount of approxi-
mately 20 g, or even 50 g, does not appear to
affect the course of glycemia [5, 16], an increase
in the amount of fat and protein in a mixed
meal containing carbohydrates may cause a late
rise of postprandial glycemia, and the hyper-
glycemic effect of fat and protein is additive [6].
The timing of assessment of postprandial gly-
cemia, measured by a CGM, was set at 6 h, as
precision tests using a closed-loop glucose con-
trol in adults with type 1 diabetes have shown
that after a high-fat meal, the need for insulin
begins to rise after 2 h up to a maximum value
between 4 and 6 h [4]. The maximum values of
glycemia 6 h after a high-fat-protein meal were
also observed by other authors [15]. It is
assumed that the late increase in postprandial
glycemia after a high-fat, high-protein meal
may be the result of a slower emptying of the

stomach related to the fat content and gluco-
neogenesis induced by amino acids [17, 18].

Thus far, authors studying the problem of
increased insulin requirements for high-fat,
high-protein meals have sought solutions only
for patients using insulin pumps (prolonged or
complex boluses). It cannot be excluded that
the beneficial effect on postprandial glycemia
could mainly be due to an increase in the
insulin dose added for proteins and fats rather
than the type of bolus—simple or complex [7].
However, when the dose of insulin was
increased for protein and fat content, signifi-
cantly more episodes of hypoglycemia were
observed [7, 11]. Some data suggest that a sim-
ple bolus of insulin calculated on the basis of
the carbohydrate content and individual insu-
lin-to-carbohydrate ratio administered for a
meal with an average fat and protein content
gives satisfactory results [8]. This ratio, although
it theoretically only takes carbohydrates into
account, in clinical practice is calculated for
mixed meals also containing fat and protein. It

Fig. 2 Mean glucose levels in the postprandial period. LFP low-fat-protein meal, HFP high-fat-protein meal
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is therefore likely that, except for meals with a
very high content of fat and protein for which
the insulin dosage should be increased (it is
unclear how much), for the meals with an
average fat and protein content, there is no
need to correct (increase) the insulin dosage.

Here, for the first time to our knowledge, we
compared the impact of regular human insulin
and a short-acting insulin analog given for a high-
fat/high-protein meal on postprandial glycemia
in subjects with type 1 diabetes treated with
insulin by multiple daily injections. The course of
glycemia for the first 1.5 h was almost identical
and remained similar at the 2nd hour of obser-
vation, regardless of the type of meal and insulin
administered. Despite the expectations, the type
of insulin used had no effect on the course of
postprandial glycemia after high-fat and protein
meals evaluated by retrospective CGMS. Differ-
ences were not observed for either early or late
glycemia. The glucose levels after 2 h and until
the end of the study were significantly higher
than for intake of a meal with the same carbo-
hydrate content but low in fat and protein. This
observation has an important practical aspect, as
for meals with high fat and protein contents,
glycemia measured before the next meal, about 6
or 8 h after the previous one, may be too high,
even despite good levels measured after 1.5 or 2 h,
typically regarded as the postprandial peak. This
situation may suggest the correct dose of prandial
insulin and a too low dose of basal insulin, which
in turn may lead to incorrect treatment decisions.

The fact that the type of insulin used for
meals had no effect on the postprandial glyce-
mia profile is difficult to explain. Perhaps some
differences in glycemia would be revealed after
more than 6 h of observation. It seems that the
next step in the study of glycemia after high-fat
and protein meals should be to try use a small
increase in the dose of both types of prandial
insulin and to prolong the observation period
over 6 h. It would also be interesting to compare
the effect of these two different prandial insu-
lins administered for meals with higher fat and
protein contents than in our study.

The hypothesis that the insulin-to-carbohy-
drate ratio used in practice also includes fat and
protein and may be overestimated for carbohy-
drate meals seems to be confirmed by the

observation from the 1st day of the study when
symptomatic, although mild, hypoglycemia
occurred in 6 of 25 subjects, which was the cause
of their exclusion from further observation on
that day of the study. It was surprising that the
hypoglycemic episodes occurred 2 h after the
carbohydrate meal with a very low fat and pro-
tein content, whereas the course of the glycemia
for the first 2 h was similar between meals. In 19
subjects with no symptoms of hypoglycemia,
mean glucose levels between 2.5 and 6 h on the
1st day of observation were also quite low and
averaged 6.7 mmol/l. It can be assumed that the
empirically calculated insulin-to-carbohydrate
ratio, which worked in everyday life for mixed
meals also containing fat and protein, was too
high for the carbohydrate meal. Similar obser-
vations have been made by other authors. In a
study by Smart et al., after a low-fat and low-
protein meal such as the one used in our study
with 30 g of carbohydrates, 14 episodes of
hypoglycemia occurred after 5 h, whereas after a
meal with a higher content of fat (35 g) and
protein (40 g), with the same amount of carbo-
hydrates, there was only one episode of hypo-
glycemia, although the doses of insulin were not
changed (6). Hypoglycemia also occurred in 9 of
15 subjects studied by Neu et al. when a routinely
calculated dose of insulin was applied for a
standard meal containing 70 g carbohydrates in
which the fat and protein content was lowered
[15]. It is highly probable that the so-called
standard meal used in our study contained less
fat and protein than the food used by patients in
real life for which the empiric insulin-to-carbo-
hydrate ratio had been previously calculated. It
appears that for the same reason, the increase in
the dose of insulin for meals with a higher con-
tent of fat and protein (pizza) has proved to result
in numerous hypoglycemic episodes [7, 11, 19].

The lack of random order of the eaten meals
and giving prandial insulin are limitations of
our study. On the 1st and 2nd day of the study
we decided to maintain the same insulin as was
used by patients in real life. It was administered
for two different meals (a carbohydrate or fat/
protein meal), with the expectation of making
the course of the study more interesting and
thus keeping participants in the study. More-
over, the 1st day was a ‘‘control day’’ for day 2
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when patients consumed fat/protein meals.
Because regular human insulin is not typically
used for meals in type 1 diabetes, we decided to
give it for the fat/protein meal on the 3rd (last)
day. As all procedures were exactly the same for
all patients and carefully supervised, we suppose
that the obtained results are quite reliable.
Another limitation of our study was the rela-
tively small sample of investigated subjects;
however, the number of participants is very
similar to the samples in other trials investi-
gating this problem, which had 26–33 or even 7
subjects [4–7]. Such studies are complex, time
consuming and difficult to conduct in young,
usually very active subjects with type 1 diabetes.

CONCLUSION

The data from our study may have very practical
value. We tried to resolve the problem of pro-
longed hyperglycemia observed in subjects with
type 1 diabetes treated with pens after the typical
high fat/high protein meals served in fast food
restaurants and eaten very often by young peo-
ple. They indicate no benefit to covering mixed
carbohydrate fat/protein meals with regular
insulin in individuals with type 1 diabetes trea-
ted with multiple daily injections. As there was
no benefit to covering such meals with regular
insulin, another way to deal with this problem
could be suggested. Maybe it would be enough to
increase the dosage of the rapid-acting insulin
analog, taking into account the calorie/energy
content of the meal. However, the required
increase in the insulin dosage for high-fat/pro-
tein meals in subjects with type 1 diabetes stay-
ing on MDI pen therapy has not been precisely
established. The study results indicate the need
to reduce the empirical insulin-to-carbohydrate
ratio when eating a carbohydrate meal with a
very small amount of fat and protein.
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7. Pańkowska E, Błazik M, Groele L. Does the
fat–protein meal increase postprandial glucose level
in type 1 diabetes patients in insulin pump: the
conclusion of a randomized study. Diabetes Tech-
nol Ther. 2012;14:16–22.

8. De Palma A, Giani E, Iafusco D, et al. Lowering
postprandial glycemia in children with type 1 dia-
betes after Italian pizza ‘‘margherita’’ (TyBoDi2
Study). Diabetes Technol Ther. 2011;13:483–7.

9. Chase HP, Saib SZ, MacKenzie T, Hansen MM, Garg
SK. Post-prandial glucose excursions following four
methods of bolus insulin administration in subjects
with type 1 diabetes. Diabet Med. 2002;19:317–21.

10. Jones SM, Quarry JL, Caldwell-McMillan M, Mauger
DT, Gabbay RA. Optimal insulin pump dosing and
postprandial glycemia following a pizza meal using
the continuous glucose monitoring system. Dia-
betes Technol Ther. 2005;7:233–40.

11. Kordonouri O, Hartmann R, Remus K, Bläsig S,
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