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Optimizing a prandial insulin dosing  
in patients with type 1 diabetes

ABSTRACT
Intensive functional insulin therapy (FIT) relies on an 
algorithm for counting carbohydrate exchanges (CE) 
developed in the 1980s. With this method, patients 
with type 1 diabetes can tailor an insulin dose them-
selves depending on the amount of carbohydrates 
taken with food. However, it has been proven that 
proteins and fats affect the level of after-meal glycae-
mia and insulin secretion. This is caused by such fac-
tors as delayed gastric emptying and the involvement 
of proteins and fats in gluconeogenesis. To consider 
proteins and fats taken in meals, the concept of protein 
and fat exchanges (PFE) has been developed, which 
can be taken into account when calculating a prandial 
insulin dose. The aim of this paper is to explain vari-
ous methods for intensive insulin therapy in patients 
with type 1 diabetes, treated either with continuous 
subcutaneous insulin infusion or with multiple dose 
injection. (Clin Diabet 2015; 4, 6: 243–250)
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Introduction
The discovery of insulin in 1921 by Banting, Best 

et al. was undoubtedly a breakthrough in the treat-
ment of patients with type 1 diabetes [1]. Since then, 
during over 90 years of insulin therapy, new insulin 
preparations have appeared and treatment regimens 

have undergone constant modifications. The relatively 
short half-life of the first insulin preparations led to 
their multiple administration throughout the day. To-
gether with the appearance of protamine zinc insulin 
(in the 1930s) as it is in the case of semilente, lente 
and ultralente insulin the possibility of reducing the 
number of injections of insulin to one or two a day 
become a reality. Monocomponent insulins, short-
acting human insulins and the most recent fast-acting 
analogs produced in subsequent years allowed for 
gradual intensification of treatment. It is worth noting 
that back in the 1980s there was a fairly widespread 
view that the development of chronic diabetes com-
plications was influenced by factors unrelated to the 
degree of metabolic control [2]. A clear turning point 
in the approach to insulin therapy occurred in 1993 
with the publication of results of the DCCT study — in 
which, during a 6.5-year observation of over 1400 
patients with type 1 diabetes, it was demonstrated 
that the use of intensive insulin therapy significantly 
reduces the risk of developing chronic microvascular 
and neuropathic complications [3]. It was shown that 
not only hyperglycemia, but also glycemia variations 
are an important pathogenic factor in the development 
of microangiopathic complications [4]. The amplitude 
of glycemic fluctuations correlates with the number 
of free radicals, which are some of the main factors 
responsible for the formation of vascular complications, 
better than the average daily glycemia or HbA1c [5]. It 
has been shown that postprandial hyperglycemia may 
be a better prediction factor of the progression of the 
disease and its chronic complications than, for example, 
fasting glycemia or glycated hemoglobin HbA1c [6–8]. 

Methods for selecting postprandial  
insulin dose in type 1 diabetes
Functional intensive insulin therapy

Currently, the primary method for the treatment 
of patients with type 1 diabetes is functional intensive 
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insulin therapy (FIT) [9]. It is carried out with the use 
of multiple subcutaneous injections of insulin, or with 
the use of personal insulin pumps (PIP). Patients treated 
with the use of injectors require two types of insulin: 
basal insulin (isophane long-acting or long-acting 
analogue) and prandial insulin (fast-acting analog or 
short-acting human insulin). The dose of basal insulin 
should be approx. 30–40% of the total daily need for 
insulin and when selected properly it does not require 
frequent modifications [10, 11]. In contrast, postpran-
dial doses depend on the composition, size and time of 
the consumed meal, as well as on the planned physical 
activity and current blood glucose level [12]. The above 
observations formed the basis for the improvement 
of methods for selection of the prandial insulin dose 
and intensified research on the influence of various 
nutritients on postprandial glycemia value. 

Rating carbohydrate content
Carbohydrate exchanges

The fact that in the case of people with type 1  
diabetes there is no insulin secretion means that 
the amount of carbohydrates contained in food has  
a huge impact on postprandial glycemia. Fixed doses of 
insulin administered with meals would require a con-
stant amount of consumed carbohydrates. Otherwise, 
the risk of hypoglycemia or significant postprandial 
hyperglycemia would rise. The active lifestyle of young 
people with type 1 diabetes and consent to a more 
liberal diet require the administration of varying doses 
of insulin, adapted both to consumed carbohydrates 
and the patient’s activity. 

The initiation of intensive insulin therapy can 
be traced back to the mid-twentieth century, when 
the pediatrician Karl Stolte educated his patients in 
monitoring the concentration of glucose in urine before 
each main meal, and also in regulating the insulin dose 
depending on the result obtained and the amount of 
carbohydrates that they planned to eat [13]. At the be-
ginning of the 1980s, Jean-Philippe Assal from Geneva 
and Michael Berger from Düsseldorf created a 5-day 
training system for patients with type 1 diabetes which 
aimed to involve patients in the therapeutic process 
[13, 14]. At the same time, the NIS program was cre-
ated (near-normoglycemic insulin substitution), which 
has become the basis of functional intensive insulin 
therapy. The propagator of the algorithm used in this 
method of treatment, which is based on the use of 
carbohydrate exchanges as the basic unit for calculat-
ing the dose of insulin administered with a meal, was 
Kinga Howorka [14]. The method developed by her 
allowed for flexible adjustment of insulin doses to the 
consumed meal, physical activity and individual needs. 

In this method, the basis for determining prandial insu-
lin dose is the amount of carbohydrates (g) contained 
in a planned meal and the index of insulin sensitivity, 
modified with a correction dose resulting from the 
value of preprandial blood glycemia. The amount of 
consumed carbohydrates is expressed in the form of 
carbohydrate exchangers (CE), where 1 CE corresponds 
to 10 g of consumed carbohydrates [in the UK 1 CP 
(Carbohydrate Portion) — 10 g of carbohydrates, in 
German-speaking countries 1 KE (Kohlenhydratein-
heit) — 12 g of carbohydrates, in the United States 1 
CS (Carbohydrate Serving) — 15 g of carbohydrates) 
[15, 16]. According to the guidelines of some Diabetic 
Societies (e.g. in the United Kingdom) we can also 
adjust the insulin converter directly to the amount of 
carbohydrates in grams [16]. Determination of the 
insulin dose is made by the patient himself, with prior 
education. There is evidence that the therapy conducted 
in this way is safe, improves living comfort and may 
have a beneficial effect on anthropometric indicators 
such as BMI or waist circumference [17]. Although 
FIT is a common, accepted and apparently optimal 
method of therapy, meta-analyses of previous studies 
show only slight differences in the degree of diabetes 
control among patients who calculate the amount of 
carbohydrates and patients who administer fixed doses 
of prandial insulin [17–19]. Differences in HbA1c in the 
FIT group in relation to the control group ranged from 
–0.35 to –0.64%, thus indicating the need to find new 
algorithms for calculating prandial insulin doses.

Glycemic index and load
It is known that under physiological conditions the 

secretion of insulin is affected not only by the amount 
of consumed carbohydrates, but also by their qual-
ity. In the 1980s the term of glycemic index (GI) was 
introduced, which illustrates the differences in post-
prandial glycemia after consuming the same amount 
of carbohydrates contained in various products with 
different properties [20, 21]. Glycemic index is defined 
as the percentage of increase in blood glucose level 
after consumption of a product containing 50 g of 
digestible carbohydrates in comparison with standart 
glycemia after consumption of 50 g of glucose (value 
100%). It is recognized that products with low and 
medium glycemic index are those whose GI is less than 
60%. Tables showing the GI of carbohydrate products 
are widely available and allow the patient to choose  
a product after the consumption of which the increase 
of glycemia, and thus also the need for insulin, will 
be smaller. A related value is the glycemic load (GL), 
which is the product of GI and the amount of con-
sumed carbohydrates divided by 100. The use of a diet 
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consisting of products with a low glycemic index and 
low glycemic load by healthy individuals is associated 
with a lower postprandial insulin secretion, a lower 
risk of developing diseases such as type 2 diabetes, 
cardio-vascular diseases or cancer (e.g. breast cancer, 
gallbladder cancer) and improving metabolic control in 
cases of previously diagnosed type 2 diabetes [22–24]. 
Consumption of products with a low glycemic index 
results in absorption of glucose which is slow and 
evenly distributed over time, and consequently reduces 
the risk of postprandial hyperglycemia [25].

Insulin index
Glucose is not the only factor influencing the 

value of glycemia and insulin level in the blood. Others 
include fructose, mannose, selected amino acids and 
short chain fatty acids [26, 27]. Under physiological 
conditions, meals which are both high-fat and rich 
in protein cause a significant increase in postprandial 
insulin level, which should be taken into account when 
calculating the prandial dose [28–30]. On the basis of 
these observations, a group of Australian scientists 
has created the concept of the insulin index (FII, Food 
Insulin Index) [26]. They have developed a mathematical 
model on the basis of which the FII of food products 
is determined according to the following equation:

FII (%) = area under the curve of 120-minute  
insulin concentration after consumption of the tested 
product (1000 kJ)/area under the curve of 120-minute 

insulin concentration after consumption of white 
bread (1000 kJ)

The above determinations were performed in  
a group of young, healthy persons with an average BMI 
of 22.7 ± 0.4 kg/m2. In the first phase FII was determined 
for 38 basic foods available on the market divided into  
6 groups: fruits, confectionery, snacks and sweets, prod-
ucts rich in proteins, products and cereals rich in carbo-
hydrates. White bread was used as a reference point (FI 
100%). The product group which received the highest 
FII (average 89%) were snacks, including a chocolate 
bar, yogurt, ice cream, peanuts, chips, popcorn and jelly 
beans, although this group included products with the 
highest and lowest FII (jelly beans — 160%, peanuts — 
20%). At the same time, products with the same carbo-
hydrate content, expressed in grams, varied considerably 
in terms of the value of FII. Compared to the aforemen-
tioned jelly beans, fruits containing the same amount 
of carbohydrates were characterized by FII of approx. 
80%. It was also noted that some of the products rich in 
protein and fat, such as eggs, beef, fish, lentils or cheese 
induced insulin secretion comparable to brown rice or 

whole-wheat bread. Also, significant differences in FII be-
tween commonly consumed carbohydrate products such 
as potatoes and pasta were described (FII respectively 
121% and 40%). At the same time a positive correla-
tion between FII and GL values was demonstrated [26].  
A continuation of the above studies was the com-
parison of the effectiveness of estimating postprandial 
insulin secretion with the use of FII and GL after mixed 
meals containing carbohydrates, proteins and fats. 
After testing 13 isoenergetic meals containing 2000 kJ  
it was shown that FII best correlates with the actual 
concentration of insulin in the blood of the aforemen-
tioned [31]. An NIDDA study, with the use of a system 
for continuous monitoring of glycemia, compared the 
concentration of glucose in the case of patients with 
type 1 diabetes within 3 hours after consumption of  
a mixed meal, wherein the prandial dose was determined 
using two methods: on the basis of FII and by the tradi-
tional method, taking into account only the amount of 
carbohydrates contained in a meal. It was shown that 
the method using FII allows for a longer maintenance of 
postprandial glycemia within normal limits and to obtain 
a lower peak glucose concentration [32, 33]. With the 
use of this method postprandial glucose concentration 
returned to preprandial values more quickly. Calculation 
of the prandial insulin dose based on the FII index is quite 
complex and in daily practice it seems to be difficult to 
implement.

Consideration of proteins and fats  
in a meal
Influence of consumed proteins and fats  
on the absorption of glucose

The effect of protein and fat content in the con-
sumed meal on the absorption of glucose and main-
tenance of postprandial glucose has been known for 
a long time. It is associated mainly with the process 
of slowed gastric emptying [34–36]. The course of the 
above process is controlled by a number of hormones 
and neuromediators secreted under the influence of 
consumed meals. Hormonal factors responsible for 
slowing gastric emptying include cholecystokinin (CCK), 
secretin, glucagon, glucagon-like peptide-1 (GLP-1) and 
glucose-dependent insulinotropic peptide (GIP), among 
which CCK has the strongest inhibitory effect [37–39]. 
This hormone is secreted both under the influence of 
digest products (L-amino acids, polypeptides) as well as 
fats (fatty acids), which results in the fact that the more 
of these nutrients are in the consumed meal, the slower 
is the passage of digested food from the stomach into 
the duodenum [37, 40]. In case of patients with type 1 
diabetes, dysregulations of postprandial glucagon secre-
tion are observed, caused by an absolute deficiency of 
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endogenous insulin. After a meal rich in protein there is 
a secretion of this hormone, which leads to an increased 
release of glucose from the liver into the blood stream 
and reduction of consumption of glucose in metabolic 
processes and this consequently contributes to increased 
postprandial hyperglycemia [41].

One of the studies conducted in a group of pa-
tients with type 1 diabetes compared concentrations of 
glucose in the blood and the need for insulin 5 hours 
after consumption of three different meals: standard, 
rich-in-proteins and high-fat [42]. A significantly greater 
increase in glucose concentration was observed after  
a meal rich in protein during the last 150 minutes of the 
study. After a high fat meal, during the first 90 minutes 
lower glycemia values were observed compared to  
a standard and rich-in-protein meal, while in the subse-
quent intervals glycemia values were similar to the results 
obtained after consumption of a standard meal. This was 
probably associated with the aforementioned delayed 
gastric emptying, and consequently slower absorption 
of glucose into the bloodstream [43]. Wolpert et al., in a 
longer observation compared glycemia levels in a group of 
patients with type 1 diabetes after two meals consumed 
at dinner: low- and high-fat containing the same amount 
of carbohydrates [44]. They found that a high fat meal 
required more insulin; postprandial glycemia remained at 
a higher level and required additional administration of 
insulin doses up to 10 hours after the test meal. 

Protein and fat exchanges
A method that allows us to take into account the 

amount of proteins and fats when choosing the pran-
dial dose of insulin was developed for patients using 
insulin pumps in the Institute of Mother and Child 
in Warsaw [45]. It is based on counting protein-fat 
exchanges (PFE), where 1 PFE is equivalent to 100 kcal  
coming from proteins and fats. It was assumed that 
the amount of insulin per 1 PFE is equal to the amount 
of insulin administered per 1 CE, but the above dos-
age decays with time in proportion to the amount of 
consumed PFE [45, 46]. It has been shown that the 
use of this method in a group of pediatric patients is 
associated with the improvement of glycemic control 
after a meal rich in protein and fat (pizza) [47]. Studies 
in a group of adults show a reduced need for insulin 
per 1 PFE (30–50% of the dose per 1 CE) [48].

Selection of the prandial dose of insulin 
in a group of patients with type 1  
diabetes treated with the use  
of personal insulin pumps

The proper insulin therapy that respects both the 
amount of carbohydrates and proteins and fats is pos-

sible in a group of patients treated with the use of  
a personal insulin pump (PIP). Pump therapy gives us 
the opportunity to administer three types of prandial 
bolus: simple bolus, preferred before meals rich in 
carbohydrates; square bolus, administered for several 
hours and used mainly for protein-fat meals; and dual-
wave bolus intended for mixed meals wherein a portion 
of insulin is administered right away, with the rest in  
a time frame programmed by the patient and adapted 
to the amount of consumed proteins and fats [49]. 
The amount of protein-fat exchanges is administered 
in the form of a square bolus calculated according to 
the rule: the number of PFE + 2 h. The time, however, 
should not be longer than 7 hours, as this may lead 
to remote postprandial hypoglycemia [48]. Patients 
who for various reasons do not want to agree to ad-
ditional difficulties related to the calculation of PFE, 
can be advised to administer with mixed meals a dose 
of insulin increased by 30% compared to the dose 
calculated according to the amount of carbohydrates 
and to administer this part as a square bolus [49]. 
Many studies have shown the beneficial effect of a 
dual-wave bolus on postprandial glycemia regardless 
of the time of observation (from 3 to up to 14 hours 
after a meal) [50–52]. However, there are reports in 
which there were no differences in postprandial gly-
cemia after a high fat meal, irrespective of the type of 
bolus: simple, dual-wave or square [53]. The influence 
of protein on the value of postprandial glycemia re-
mains the subject of an ongoing debate. In the study 
of Gawrecki et al., which was conducted in a group of 
patients with type 1 diabetes treated with the use of 
PIP it was shown that a meal consisting only of pro-
tein and fat also requires the administration of insulin 
[48]. It was observed that after consumption of 7 PFE, 
glycemia levels after the meal were significantly lower 
in patients who administered insulin in a dose of 0.5 
u./1 PFE in the form of a square bolus over 8 hours, 
compared with the glycemia of patients who did not 
administer insulin at all. The influence of protein on 
the value of postprandial glycemia and prandial need 
for insulin is questioned by Klupa et al. [54]. In the 
cited study, 10 patients with type 1 diabetes treated 
with the use of personal insulin pumps consumed  
a meal consisting only of proteins (0.3 g of preparation 
Protifar/kg of body weight) and glycemia levels were 
recorded within a time of 6 hours after the meal using 
the CGM and compared with glycemia during a six- 
-hour period of refraining from eating. There were no 
significant differences between glycemia values in the 
first five hours. Higher glycemia levels were recorded 
only in the sixth hour after a protein meal. Results of 
the study may suggest the possibility of consumption 
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of protein meals by patients with type 1 diabetes 
without the need to administer prandial insulin. 

In the study of Smart et al. the behavior of glycemia 
after meals containing different amounts of protein and 
fat in combination with the same amount of carbohy-
drates was analyzed [55]. Over four consecutive days, 
patients with type 1 diabetes (children and teenagers) 
consumed meals containing 30 g of carbohydrates 
and one of four combinations: 4 g of fat and 5.3 g of 
protein (low-fat/low-protein meal), 3.9 g of fat and 40 g  
of protein (low-fat/high-protein meal), 35 g of fat and 
5.3 g of protein (high-fat/low-protein meal) and 35.2 g  
of fat and 40 g of protein (high-fat/high-protein meal). 
The observation time was 5 hours and values of gly-
cemia were recorded by means of CGM. Insulin was 
administered with each meal calculated on the basis 
of the conversion insulin/CE. It was shown that glyce-
mia after eating a high-protein or a high-fat meal was 
significantly higher in comparison to a low-protein and 
low-fat meal. A meal rich in protein and fat resulted in 
significantly greater increase of glycemia in comparison 
to all other meals. At some time points analyzed during 
the study the increase of glycemia was the sum of the 
increase of glycemia only after a high-protein or high-fat 
meal. In the presented study, statistically significant dif-
ferences in glycemia levels were observed after 120 min.  
Smart et al. drew a conclusion about the protective 
effect of proteins with respect to postprandial hypogly-
cemia episodes that were observed the least frequently 
after a meal with a high protein content (both high 
and low fat content). The authors of the cited study 
observed the most frequent hypoglycemic episodes 
after eating a carbohydrate meal with a low content 
of protein and fat. 

In the study of Pańkowska et al., in which meta-
bolic control was evaluated in a group of 499 pediatric 
patients treated with the use of PIP, and on the basis 
of analysis of the data from 2-week reports of reading 
the data from insulin pumps, it was demonstrated 
that patients using square and dual-wave boluses in 
the amount of two or more per day achieve a lower 
percentage of glycosylated hemoglobin compared to 
those who use these types of boluses less frequently 
than once a day [56]. However, the composition of dif-
ferent meals where the above types of boluses were adi-
ministered was not analysed, but the focus was placed 
on an assessment of the degree of use of the techni-
cal possibilities offered by this method of treatment.  
A similar analysis concerning adults was conducted by 
Klupa et al. in a group of 56 patients [57]. In this group 
of patients more frequent use of dual-wave boluses  
(> 20%/day vs < 20%/day) was associated with a lower 
percentage of glycated hemoglobin. It has also been 

shown that this type of bolus is more often used by 
men and patients with a shorter duration of diabetes. 
In another study, conducted by the aforementioned 
pediatric center, glycemia levels were compared in  
a group of 26 patients within 6 hours of the consump-
tion of a meal rich in protein and fat (pizza) depending 
on the applied prandial bolus (square bolus vs. simple 
bolus) [47]. It has been shown that administration of 
a square bolus for 6 hours is associated with a higher 
postprandial glycemic control. Similar results indicating 
the superiority of a square bolus for meals such as pizza 
have been obtained by other authors [50, 51, 58]. Dif-
ferent results have been presented by De Palma et al.,  
who in a group of 38 children assessed glycemia during 
6 hours after consumption of a “margherita” pizza, 
and in subsequent days insulin was administered with  
a meal according to one of the following combinations: 
square bolus 30/70% administered 15 minutes before 
a meal and programmed for 6 hours; identical bolus 
administered immediately before a meal; simple bolus 
administered 15 minutes before a meal; and simple 
bolus administered immediately before a meal [59]. The 
best glycemic control was achieved after the admin-
istration of a simple bolus 15 minutes before a meal. 
The authors explained this as the result of a relatively 
low fat content (23%) in the applied meal.

Taking into account the complexity of functional 
intensive insulin therapy, in daily practice emphasis is 
put on the individualization of therapy depending on 
the preferences and intellectual abilities of the patient. 
This procedure prevents the reduction of comfort and 
quality of life, and minimizes the risk of negligence in 
the form of avoidance of boluses or lack of self-control, 
which may lead to worse metabolic control of diabetes 
[60–62]. According to the opinion of the American 
Diabetes Association (ADA) education should be pro-
vided in calculating the amount of carbohydrates in 
consumed meals [63]. At the same time, in accordance 
with the above recommendations, education in calcu-
lating the calories from proteins and fats should only 
be provided in the case of those patients who estimate 
the amount of carbohydrates during the calculation of  
a prandial insulin dose in a proficient way [63–65]. In 
the guidelines of the Canadian Diabetes Association 
(CDA) it is recommended to take into account the 
amount of consumed carbohydrates and their glycemic 
index in the designation of the prandial dose of insu-
lin; there is no reference to the amount of consumed 
proteins and fats [66]. In accordance with the recom-
mendations of the Polish Diabetes Association (PDA) the 
ability to independently modify the dose, depending 
on the caloric content of a meal is an essential part of 
therapy in the case of patients with type 1 diabetes 
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and should include the method of calculating both 
carbohydrate exchanges and protein-fat exchanges [9].  
However, there is no precise guidance on how to as-
sess the need for insulin depending on the amount of 
consumed proteins and fats. 

Prandial insulin dose adjustment  
in patients with type 1 diabetes treated 
with the use of injectors

Most patients treated with the FIT method use 
insulin analogues whose peak of activity falls within 
30–120 min, and whose total operation time does not 
exceed four hours [27]. Patients treated with these 
insulins are generally recommended to administer  
a bolus immediately before a meal [67–69]. However, 
we can modify the time of administration of insulin ac-
cording to the qualitative composition of the planned 
meal, so as to match the peak of activity of insulin to 
the absorption peak of glucose from the gastrointes-
tinal tract. Meals rich in products with a high glycemic 
index require administration of insulin some time 
before the planned meal and the conversion insulin/ 
/CE should be greater than in the case of products with  
a low GI [70]. Meals consisting mostly of carbohydrates 
with a low glycemic index come with insulin typically 
administered immediately before the meal, and meals 
rich in proteins and fats come with insulin administered 
during the meal, which is associated with the expected 
delay of postprandial glycemia peak [49]. Adjusting the 
time of administration of prandial insulin in such way, 
although it complicates the course of therapy, may 
decrease the risk of postprandial hyperglycemia. On 
the other hand, after a meal rich in proteins and fats, 
due to the emerging hyperglycemia patients often are 
forced to administer an extra dose of analogue insulin 
several hours after a meal. A solution could be to take 
into account both carbohydrates and proteins and fats 
in the calculation of the prandial insulin dose and to 
administer it in one injection corresponding to the simple 
bolus applicable in PIP therapy [71]. Due to the lack of 
the possibility of staggering the extra portion of insulin 
and what goes with it — probably a greater risk of hy-
poglycemia, the converter insulin/PFE should, however, 
be less than the suggested 50% of the value of converter 
insulin/CE in a group of adult patients treated with PIP. 

Dietary guidelines
When discussing methods for selection of the 

prandial insulin dose, we should also mention dietary 
guidelines that in the context of the spreading epidemic 
of obesity, even in a younger group of patients, are be-
ginning to be increasingly important in the conduct of 
therapy [49]. In accordance with the recommendations 

of the Polish Diabetes Association, the content of car-
bohydrates in a daily diet should be between 40–50%, 
with a clear predominance of products with a low gly-
cemic index and simple carbohydrates restriction. Fats 
should constitute 30–35% of the total energy value in 
a diet, and proteins 15–20%. In addition, the quality 
and quantity of proteins and fats should be adapted 
to the known chronic complications of diabetes and 
concomitant diseases [9].

Summary
Values of postprandial glycemia are of crucial im-

portance in daily therapy and in achieving long-term 
therapeutic goals [6, 72–74]. As a parameter evaluated 
by each patient several times a day, it appears to be an 
easily accessible factor enabling modification of treat-
ment. However, we should not forget that the degree 
of control of diabetes consists of a number of other 
factors, such as socioeconomic status, age, quality of 
self-control and even marital status [75]. Still, despite 
the emphasis put on the intensification of therapy in 
patients with type 1 diabetes, the average survival in 
this group is significantly lower compared with the 
general population [76–78]. This fact should be a con-
tinuous motivation to seek for methods of improving 
insulin therapy that are more precise, and at the same 
time accepted by patients.  
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