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Introduction: The dietary habits of patients with type 1 diabetes are key elements of treat-

ment as they facilitate the normalization of glycemia and maintenance of normal body weight 

(BW), lipid concentration, and the level of blood pressure. Therefore, the aim of this study was 

to analyze dietary habits and to verify the influence of the quality of diet on insulin dosage and 

selected clinical variables.

Materials and methods: The study included 194 subjects (8–18 years old) suffering from 

type 1 diabetes and treated with the use of insulin pump. A modified KomPAN questionnaire 

was used to assess dietary habits and the frequency of the consumption of selected products. 

Two groups of patients were distinguished: G1 (poorer quality of diet) and G2 (better quality 

of diet). Clinical data were also collected.

Results: Very low scores were noted in the whole study group as regards the index of healthy 

diet (27.6±11.1, 3.8–61.0). After dividing the participants into groups, it was observed that G1 

included more boys (63.8%), and more girls were found in G2 (66.9%). G2 patients chose sweet 

and salty snacks and fried meals less frequently, and they consumed boiled dishes and avoided 

sweetening with sugar or honey more frequently. The following characteristics were observed 

in G1 patients: longer duration of the disease (6.5 vs 5.2 years), higher doses of insulin (0.86 

vs 0.76 U/kg of BW/day), and being overweight (31.0% vs 17.6%) and underweight (19.0% vs 

8.8%) noted twice more frequently. We did not observe differences concerning the concentration 

of glycated hemoglobin and lipids in the serum and the values of blood pressure.

Conclusion: The findings revealed unsatisfactory dietary habits in children and adolescents 

with type 1 diabetes and indicated the necessity to analyze additional factors that might influ-

ence the quality of diet of the patients.

Keywords: quality of diet, dietary habits, type 1 diabetes, index of healthy diet, index of 

unhealthy diet

Introduction
Currently, type 1 diabetes is one of the most common chronic diseases of the develop-

mental age.1 It is an autoimmune disease occurring with the destruction of pancreatic 

β-cells responsible for insulin production, which leads to chronic hyperglycemia.1,2 In 

order to maintain normal levels of glycemia in patients with type 1 diabetes, intensive 

functional insulin therapy is used with numerous subcutaneous injections or continuous 

subcutaneous insulin infusion with an insulin pump.3 It is worth emphasizing that in 

spite of substantial progress in treatment and technology, appropriate nutrition plays 

a key role in the therapy of type 1 diabetes.2,4 Its key elements are the monitoring 

of carbohydrate consumption in each meal (eg, with carbohydrate exchange [CE]) 

Correspondence: Mariusz Panczyk
Division of Teaching and Outcomes of 
education, Faculty of health Sciences, 
Medical University of Warsaw, Zwirki i 
Wigury 61, Warsaw 02-091, Poland
Tel +48 22 572 0490
Fax +48 22 572 0491
Email mariusz.panczyk@wum.edu.pl

Journal name: Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy
Article Designation: Original Research
Year: 2019
Volume: 12
Running head verso: Dłużniak-Gołaska et al
Running head recto: Quality of diet and dietary habits of patients with type 1 diabetes
DOI: http://dx.doi.org/10.2147/DMSO.S186237

D
ia

be
te

s,
 M

et
ab

ol
ic

 S
yn

dr
om

e 
an

d 
O

be
si

ty
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mariusz.panczyk@wum.edu.pl
http://dx.doi.org/


Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

162

Dłużniak-Gołaska et al

and adjusting insulin dosage. Nutritional recommendations 

for patients with type 1 diabetes are based on the rules of 

healthy nutrition for the general population.5,6 Current recom-

mendations of Polish Diabetes Association (PTD) issued in 

2018 include limitation of the consumption of simple car-

bohydrates, saturated fatty acids, trans fatty acids isomers, 

and table salt, and increasing the consumption of complex 

carbohydrates (including dietary fiber) and unsaturated fatty 

acids.6 It needs to be emphasized that appropriate dietary 

habits promote the maintenance of normoglycemia and nor-

mal body weight (BW), optimal lipid level in the serum, and 

blood pressure in order to prevent diabetes complications.6,7 

Therefore, the aim of this study was to analyze the dietary 

habits in children and adolescents with type 1 diabetes and 

to verify the influence of the quality of diet on insulin dosage 

and selected clinical variables.

Materials and methods
Materials
The study included 194 patients (112 girls and 82 boys) 

aged 8–18 years, hospitalized at the Teaching Department 

of Pediatric Diabetology and Pediatrics of the Independent 

Public Children’s Teaching Hospital in Warsaw (convenience 

sampling). A diagnosis of type 1 diabetes at least 1 year prior 

to the study and treatment with the use of insulin pump were 

the criteria for inclusion. Patients with a different type of 

diabetes or concomitant chronic diseases requiring dietary 

modifications (eg, celiac disease), the duration of the disease 

<1 year, or treated with insulin pen injections were excluded 

from the study. The study was conducted between October 

2017 and June 2018.

Data were collected on paper by a trained interviewer 

during an individual interview with study participants (Paper 

and Pen Personal Interview). In case of children younger 

than 12 years, the interview was conducted with the parent 

or legal guardian present. The data were encoded to provide 

participant anonymity.

ethics statement
The noninterventional study design was presented to the Bio-

ethics Committee of the Medical University of Warsaw and 

accepted without reservations (statement no. AKBE/188/17 

dated October 10, 2017).

Prior to the study, all the patients expressed oral consent 

to participate in the study. Each participant was individually 

informed about the aim and course of the study. Moreover, 

the participants were informed about anonymity regarding the 

use of data collected and results obtained and the  possibility 

of resigning at any moment. In case of children younger 

than 16 years, the oral consent was also given by the parent 

or legal guardian. The Bioethics Committee of the Medical 

University of Warsaw approved all assumptions of the study.

Methods
In order to investigate dietary habits and the quality of diet 

of children and adolescents with type 1 diabetes, we used a 

modified version of KomPAN questionnaire developed by 

Behavioral Conditions of Nutrition Team and designed for 

assessing dietary habits and nutritional beliefs.8

Original KomPAN questionnaire includes 111 questions 

with one possible answer divided into four parts concerning 

A) dietary habits, B) frequency of consumption, C) beliefs 

about food and nutrition, and D) lifestyle and personal data. 

Qualitative and quantitative modifications introduced into 

KomPAN questionnaire were the basis for the development 

of the present author’s questionnaire, which was used in the 

study. Parts C and D were removed, which reduced the total 

number of questions by half. Moreover, the questions refer-

ring to the consumption of products significant in the diet of 

patients with type 1 diabetes were stated more precisely (eg, 

two separate questions were added which concerned the con-

sumption of natural and flavored milk products). Additionally, 

questions designed specifically for adults (eg, concerning the 

consumption of alcoholic drinks) were removed.

The modified questionnaire used in the study consisted 

of two parts and demographic data section. Part I (dietary 

habits) included eleven multiple choice questions (single 

or multiple answer), referring to the regularity of meal 

consumption, eating snacks, and sweetening. Part II (the 

frequency of consumption of selected products) included 

42 single-answer questions with the answers presented on 

a 6-grade scale (1= never, 2= one to three times a month, 

3= once a week, 4= several times a week, 5= once daily, 6= 

several times a day). Demographic data section included 

questions about sociodemographic issues and information 

about the disease, anthropometric and biochemical data, and 

blood pressure values that were completed on the basis of 

patients’ medical records.

The first part of the questionnaire was used to verify 

dietary habits of the patients in terms of the regularity of 

meals consumed, eating snacks, type of thermal processing, 

sweetening beverages, or ready-made meals.

Two indices comprising products (or groups of products) 

that were potentially recommended or nonrecommended 

for patients with type 1 diabetes (Table 1) were developed 

on the basis of the second part of the questionnaire for 
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 comprehensive assessment of the quality of diet. The clas-

sification of products into “healthy” and “unhealthy” was 

done on the basis of current recommendations of PTD.6 

According to the procedure proposed by the authors of 

KomPAN questionnaire, raw scores were converted into real 

numbers and expressed as times/day (1=0, 2=0.06, 3=0.14, 

4=0.5, 5=1, 6=2). Each patient had the indices calculated by 

adding the frequency of consumption (times/day) of selected 

11 (“index of healthy diet”) and 15 (“index of unhealthy 

diet”) components. Subsequently, in order to standardize 

the ranges of the indices, we calculated total frequencies of 

consumption according to the following formulae: “index of 

healthy diet” = (100/20) × total frequency of consumption of 

its eleven components (times/day) and “index of unhealthy 

diet” = (100/28) × total frequency of consumption of its 15 

components (times/day). Therefore, index values might be 

expressed on the scale from 0 to 100 points. Higher values 

indicated higher intensity of the consumption of healthy or 

unhealthy products.

Based on anthropometric data, body mass index (BMI) 

was calculated for each patient according to the formula: 

BMI = BW (kg)/height2 (m2). Next, the obtained values were 

interpreted with growth charts for BMI for girls and boys in 

Polish population aged 3–18 years according to ranges speci-

fied by the authors.9 Moreover, the value of waist to height 

ratio (WHtR) was calculated for each patient expressed as 

the waist (cm) to height (cm) ratio. This index has a universal 

cutoff point (0.5) above which an increased metabolic risk is 

identified regardless of gender, age, and ethnicity.10

Table 1 components of indices of the quality of diet of patients with type 1 diabetes

Question 
no.

“Index of healthy diet”  
components in diabetics

Question 
no.

“Index of unhealthy diet”  
components in diabetics

16 Wholemeal bread 12 Refined bread
17 Wholemeal pasta, rice, or coarse-grained groats 13 Refined rice or fine-grained groats
18 Natural breakfast cereals 14 Flavored breakfast cereals
23 raw vegetables 15 Flour dishes
26 leguminous plant seeds 22 Fruit juices or nectars
29 natural mineral or spring water 27 Sweet snacks
31 White meat 28 Sweetened carbonated or noncarbonated drinks
35 Milk products without flavors 30 red meat
39 Fish 32 Processed meat
45 Vegetable oils 36 Milk products with flavors
47 nuts and seeds 37 Soft, hard, and mold cheeses
– – 41 Butter
– – 46 lard
– – 48 Salty snacks
– – 49 Fast-food

Based on the biochemical data, the occurrence of lipid 

disorders was assessed in each patient. Abnormal values were 

identified with the concentration of total cholesterol ≥200 mg/

dL, LDL cholesterol ≥100 mg/dL, HDL cholesterol ≤40 mg/

dL, and triglycerides ≥150 mg/dL.11 Dyslipidemia was diag-

nosed when at least one of the above four criteria was met. 

Metabolic control was also assessed in each patient based on 

the concentration of glycated hemoglobin (HbA1C). HbA1C 

≥7.5% was assumed to be abnormal value.11 Moreover, the 

values of blood pressure were interpreted with growth charts 

for girls and boys aged 7–18 years in the Polish population.12 

Systolic and/or diastolic pressure at ≥95th centile for the age, 

gender, and height was assumed to be abnormal.11

Statistical analyses
During the first stage, data clustering with k-means method 

was used to distinguish groups of patients varying in terms 

of diet. Selecting and distinguishing groups of similar objects 

in two clusters were performed in the course of the analysis. 

Nonhierarchical clustering algorithm was implemented on 

the basis of the values calculated for two indices: healthy and 

unhealthy diet in diabetic patients. Two groups of patients 

were distinguished: G1 (poorer quality of diet) and G2 (bet-

ter quality of diet).

Nonparametric tests were used to compare both groups 

during the second stage of the analysis. Depending on the 

type of variables, Fisher-Freeman-Halton exact test or a 

two-sided Fisher’s exact test and the Mann–Whitney U test 

were performed.
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During the third stage, the influence of selected metric 

variables (duration of the disease, CEs/kg BW/day, insulin 

dose U/kg BW/day, HbA1C levels) was estimated in relation 

to the ability to differentiate both patient groups. We used 

receiver operating characteristic (ROC) curve analysis and 

statistics modification proposed by Hanley and Hajian-Tilaki 

to compare area under the curve (AUC).13 Youden’s index 

was determined in order to assess the prognostic ability of 

the measurement and the statistical cutoff point.14

All calculations were performed with STATISTICA™ 

13.1 PL software (Dell, Inc.). The level of statistical signifi-

cance was assumed at 0.05.

Results
The average score noted in the whole study group as 

regards the index of healthy diet was 27.6±11.1 (3.8–61.0). 

As regards the index of unhealthy diet, the average score 

obtained by all the patients was 22.4±11.1 (1.8–66.3). 

The participants were divided into two groups: G1 (n=58) 

characterized by poorer quality of diet and G2 (n=136) with 

better quality of diet.

G1 and G2 group profiles
No significant intergroup disproportions were noted as 

regards the age and place of residence. However, it was 

observed that boys constituted the majority of G1 group and 

girls, the majority of G2 (P<0.001). Moreover, the disease had 

lasted for much longer in G1 patients (P=0.011) compared 

with G2 patients (Table 2).

analysis of dietary habits in g1 and g2 
groups
Statistically significant intergroup differences were noted as 

regards dietary habits concerning the regularity of  consuming 

individual meals. It was reported that the chance of daily 

consumption of second dinner was lower by 67% in group 

G2 (OR =0.33, P=0.002) (Table 3).

Statistically significant discrepancies were also observed 

as regards eating between meals. It was reported that the 

chance of frequent consumption of sweet snacks was lower 

by 57% (OR =0.43, P=0.012) and the chance of regular 

consumption of salty snacks was lower by 62% (OR =0.38, 

P=0.004) in G2 patients (Table 4).

Significant differences were also noted as regards the 

method of thermal processing. The chance of frequent 

consumption of fried dishes was lower by 63% (OR =0.37, 

P=0.008) and the chance of regular consumption of boiled 

or steamed dishes was twofold higher (OR =2.42, P=0.007) 

in G2 (Table 5).

Moreover, statistically significant differences (P=0.006) 

were also observed for dietary habits concerning sweeten-

ing beverages or ready-made dishes with sugar or honey 

(Table 6).

comparison of the consumption of ces 
and clinical variables in groups g1 and 
g2
We did not find any significant disproportions between groups 

as regards daily consumption of CEs and also biochemical 

parameters and values of blood pressure. However, it was 

observed that G1 patients used significantly higher doses of 

insulin (P=0.021). Furthermore, it was demonstrated that 

both groups significantly differed in terms of abnormal values 

of BMI (P=0.016). Similar discrepancies were not reported 

in case of WHtR (Table 7).

analysis of rOc curves
The analysis also included ROC curves of selected variables, 

which potentially differed in G1 and G2 patients (Table 8). 

Statistically significant values were noted for the duration of the 

disease (AUC =0.615 [95% CI: 0.528–0.703], P=0.009) and daily 

insulin dose (AUC =0.612 [95% CI: 0.520–0.703], P=0.016).

Based on the ROC curve for disease duration, Youden’s 

index (J=0.22) and the proposed cutoff point at 5 years were 

determined. Youden’s index (J=0.18) and statistical cutoff point 

at 0.8 U/kg BW/day were also determined for daily insulin 

dose. Both values had the sensitivity and specificity of 60%.

Discussion
The analysis of the quality of diet of the whole study group 

(G1+G2) revealed very low scores as regards the consump-

tion of products recommended for diabetics. The average 

Table 2 G1and G2 group profiles

Variables G1
(n=58)

G2
(n=136)

P-value

age, years (x ± SD) 14.3±2.20 14.2±2.39 0.998a

gender, n (%)    
girls 21 (36.2) 91 (66.9) <0.001b

Boys 37 (63.8) 45 (33.1)
Disease duration, years (x ± SD) 6.5±3.56 5.2±3.59 0.011a

Place of residence, n (%)
Village 14 (24.1) 33 (24.3) 0.830c

Small town 24 (41.4) 50 (36.8)
Big city 20 (34.5) 53 (39.0)

Notes: aThe Mann–Whitney U test, bFisher’s exact test, cFisher-Freeman-Halton 
exact test. g1, poorer quality of diet; g2, better quality of diet.
Abbreviations: P, statistical significance level; x, mean.
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score obtained by all the patients was only 27.6±11.1 and 

ranged from 3.8 to 61.0 (maximum value of 100). Powers et 

al conducted a study including 463 individuals aged 5–81 

years suffering from type 1 diabetes in whom the quality of 

diet was assessed with Healthy Eating Index (HEI).15 The 

index reflects the level at which dietary recommendations 

for the general population are observed. The scores ranged 

Table 3 The regularity of consuming meals in groups g1 and g2

Which meals do you  
have every day?

G1 G2 P-value OR (95% CI)

n (%) n (%)

Breakfast
no 7 (12.1) 16 (11.8) 1.000 –
Yes 51 (87.9) 120 (88.2)

Second breakfast
no 19 (32.8) 37 (27.2) 0.490 –
Yes 39 (67.2) 99 (72.8)

lunch
no 4 (6.9) 6 (4.4) 0.489 –
Yes 54 (93.1) 130 (95.6)

Afternoon snack
 no 36 (62.1) 75 (55.1) 0.429 –
 Yes 22 (37.9) 61 (44.9)

Dinner
 no 6 (10.3) 8 (5.9) 0.362 –
 Yes 52 (89.7) 128 (94.1)

Second dinner
 no 32 (55.2) 107 (78.7) 0.002 0.33 (0.17–0.64)
 Yes 26 (44.8) 29 (21.3)

Notes: Fisher’s exact test. g1, poorer quality of diet; g2, better quality of diet.
Abbreviation: P, statistical significance.

Table 4 Snacks consumed most commonly in groups G1 and G2

What snacks do you most commonly have? G1 G2 P-value OR (95% CI)
n (%) n (%)

Vegetables
no 48 (82.8) 110 (80.9) 0.842 –
Yes 10 (17.2) 26 (19.1)

Fruit
no 37 (63.8) 81 (59.6) 0.632 –
Yes 21 (36.2) 55 (40.4)

Sweet snacks
no 21 (36.2) 77 (56.6) 0.012 0.43 (0.23–0.82)
Yes 37 (63.8) 59 (43.4)

Salty snacks
no 30 (51.7) 100 (73.5) 0.004 0.38 (0.20–0.73)
Yes 28 (48.3) 36 (26.5)

nuts and seeds
no 44 (75.9) 88 (64.7) 0.135 –
Yes 14 (24.1) 48 (35.3)

Others (carbohydrate or protein–fat snacks without sugar)
no 48 (82.8) 115 (84.6) 0.831 –
Yes 10 (17.2) 21 (15.4)

Notes: Fisher’s exact test. g1, poorer quality of diet; g2, better quality of diet.
Abbreviation: P, statistical significance.

from 53.9 to 63.7 (maximum value of 100). In children aged 

5–13 years, the average score was 60.3±14.0, while in ado-

lescents aged 13–18 years, it was 53.9±12.7. Similar results 

were also observed in other studies conducted using HEI in 

adolescents with type 1 diabetes.4,16 Based on the analysis 

of data collected by the Center for Nutrition Policy and Pro-

motion, it was stated that the average HEI-2015 score was 
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54.9 in the general population of children and adolescents 

aged 2–17 years.17

Moreover, it needs to be emphasized that low scores 

were also observed for the consumption of products not 

recommended for diabetics in the study group (G1+G2). 

The average score obtained by all the patients was only 

22.4±11.1 and ranged from 1.8 to 66.3. It indicates a rela-

tively low intensity of the consumption of nonrecommended 

products. It is worth emphasizing that there is a paucity of 

comparable studies concerning the assessment of the qual-

ity of diet of diabetic patients with an index of unhealthy 

diet. However, a large cohort SEARCH study that assessed 

the nutrition of children and adolescents with type 1 and 2 

Table 5 Most commonly selected method of thermal processing in groups g1 and g2

What kind of dishes do you  
consume most often?

G1 G2 P-value OR (95% CI)

n (%) n (%)

Traditionally grilled
no 52 (89.7) 130 (95.6) 0.189 –
Yes 6 (10.3) 6 (4.4)

grilled on a frying pan
no 54 (93.1) 126 (92.6) 1.000 –
Yes 4 (6.9) 10 (7.4)

roasted
no 17 (29.3) 46 (33.8) 0.617 –
Yes 41 (70.7) 90 (66.2)

Fried
no 12 (20.7) 56 (41.2) 0.008 0.37 (0.18–0.77)
Yes 46 (79.3) 80 (58.8)

Stewed
no 41 (70.7) 94 (69.1) 0.866 –
Yes 17 (29.3) 42 (30.9)

Boiled or steamed
no 33 (56.9) 48 (35.3) 0.007 2.42 (1.29–4.53)
Yes 25 (43.1) 88 (64.7)

Notes: Fisher’s exact test. g1, poorer quality of diet; g2, better quality of diet.
Abbreviation: P, statistical significance.

Table 6 Comparison of sweetening beverages or ready-made 
dishes in groups g1 and g2

Do you sweeten beverages  
or ready-made dishes?

G1 G2 P-value

n (%) n (%)

With sugar or honey
no 31 (53.4) 91 (66.9) 0.006
Yes, sometimes 18 (31.0) 41 (30.1)
Yes, often 9 (15.5) 4 (2.9)

With sweetener
no 42 (72.4) 88 (64.7) 0.121
Yes, sometimes 8 (13.8) 36 (26.5)
Yes, often 8 (13.8) 12 (8.8)

Notes: Fisher-Freeman-Halton exact text. G1, poorer quality of diet; G2, better 
quality of diet.
Abbreviation: P, statistical significance level.

diabetes demonstrated that <50% of individuals adhered to 

recommendations concerning the consumption of fiber, fruit, 

vegetables, and wholemeal cereal products.18 Similar con-

clusions were presented based on the review of professional 

literature conducted by Rovner and Nansel with additional 

remarks concerning excessive added carbohydrate and lipid 

consumption in a group of growing age population with 

type 1 diabetes.19

The whole study group was divided into two subgroups 

differing in terms of the quality of diet. A pronounced major-

ity of patients (70.1%) were assigned to G2, which was 

characterized by a better quality of diet. Less than half of the 

patients (29.9%) were assigned to G1, in which the consump-

tion of nonrecommended products was higher. However, it 

should be emphasized that none of the groups was character-

ized by good or bad quality of the diet. Then, it was noted that 

the groups were also different in terms of dietary habits. G2 

patients significantly less frequently chose sweet (P=0.012) 

and salty snacks (P=0.004) and fried dishes (P=0.008). 

Conversely, they consumed boiled or steamed dishes more 

commonly (P=0.007) and avoided sweetening beverages 

and ready-made dishes with sugar or honey (P=0.006). The 

obtained results are understandable and coherent with prior 

assessment of the quality of diet. Interestingly, it was also 

demonstrated that G2 patients significantly less commonly 

consumed second dinner (P=0.002). However, it may result 

from differences in lifestyle. Eating a second dinner is  usually 
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associated with a later time of going to sleep. Therefore, some 

patients may give up on eating this meal.

Apart from differences in dietary habits, the analyzed 

groups differed significantly also as regards the structure of 

gender and the duration of the disease. The majority of G1 

participants were boys (63.8%), while in G2 there were more 

girls (66.9%). The obtained data indicate a better quality of 

diet among girls. It may be due to the fact that women pay 

more attention to healthy diet.20 In comparison, a study con-

ducted with a survey methodology in a group of 1,818 healthy 

children and adolescents showed that boys significantly more 

commonly preferred meat, fish, and poultry, while girls 

Table 7 comparison of daily consumption of ces, insulin dosage, and clinical variables in groups g1 and g2

Variable G1 G2 P-value

CE/kg BW/day (x ± SD) 0.41±0.17 0.38±0.15 0.136a

Insulin dose, U/kg BW/day (x ± SD) 0.86±0.23 0.76±0.26 0.021a

hba1c, % (x ± SD) 8.3±1.78 8.2±1.87 0.693a

hba1c ≥7.5%, n (%) 33 (56.9) 73 (53.7) 0.682a

Tc, mg/dl (x ± SD) 162.8±29.79 166.0±31.43 0.638a

Tc ≥200 mg/dl, n (%) 7 (12.1) 21 (15.4) 0.543a

LDL-C, mg/dL (x ± SD) 82.3±22.92 86.0±25.33 0.452a

LDL-C ≥100 mg/dl, n (%) 15 (25.9) 35 (25.7) 0.987a

HDL-C, mg/dL (x ± SD) 64.3±16.51 62.9±14.44 0.713a

HDL-C ≤40 mg/dl, n (%) 3 (5.2) 11 (8.1) 0.476a

Tg, mg/dl (x ± SD) 80.8±44.79 84.6±46.45 0.873a

Tg ≥150 mg/dl, n (%) 3 (5.2) 10 (7.4) 0.581a

Dyslipidemia, n (%) 20 (34.5) 53 (39.0) 0.557a

SBP, mmhg (x ± SD) 124.5±11.67 121.6±10.87 0.175a

DBP, mmhg (x ± SD) 77.3±8.01 76.9±8.91 0.806a

hypertension, n (%) 19 (32.8) 39 (28.7) 0.572a

BMi interpretation, n (%)
Underweight 11 (19.0) 12 (8.8) 0.016b

normal 23 (39.7) 80 (58.8)
Overweight 18 (31.0) 24 (17.6)
Obese 6 (10.3) 20 (14.7)

WHtR interpretation, n (%)
normal 49 (86.0) 116 (86.6) 1.000c

above the norm 8 (14.0) 18 (13.4)

Notes: aThe Mann–Whitney U test, bFisher-Freeman-Halton exact test, cFisher’s exact test. g1, poorer quality of diet; g2, better quality of diet.
Abbreviations: BMI, body mass index; BW, body weight; CE, carbohydrate exchange; HbA1C, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, 
low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides; WHtR, waist to height ratio; x, mean.

Table 8 analysis of rOc curves of selected diagnostic factors

Variables AUC 95% CI P-value

Lower bound Upper bound

Disease duration (years) 0.615 0.528 0.703 0.009
Insulin dose (U/kg BW/day) 0.612 0.520 0.703 0.016
CE (CE/kg BW/day) 0.572 0.479 0.665 0.128
hba1c (%) 0.518 0.429 0.607 0.691

Abbreviations: AUC, area under the curve; BW, body weight; CE, carbohydrate exchange; HbA1C, glycated hemoglobin; ROC, receiver operating characteristics.

 significantly more often chose fruit and vegetables.21 Interest-

ing results were found in a study conducted in a group of 49 

adolescents aged 13–19 years suffering from type 1 diabetes. 

It was demonstrated that girls consumed significantly more 

vegetables, fruit, and yoghurts but also syrups and juices, 

while boys consumed markedly more fats. The consumption 

of the remaining groups of products, such as bread, sweet 

and salty snacks, meat, fish, and their products was similar.22

Moreover, it needs to be emphasized that the duration of 

the disease in patients assigned to G1 was significantly longer 

(P=0.011), which may suggest that the duration of the disease 

is related to the deterioration of the quality of the diet. The 
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relationship was confirmed with ROC curve analysis, which 

showed that the duration of the disease exceeding 5 years was 

a significant factor (P=0.009) that potentially determined the 

assignment of patients to G1. It seems understandable due 

to the fact that the diagnosis of type 1 diabetes is associated 

with daily self-control, also as regards the diet which, in the 

long run, may be troublesome. As a result, after years of 

struggling with the disease, patients may pay less attention 

to maintaining a proper diet. However, there is a paucity 

of studies on the relationship between disease duration in 

patients with type 1 diabetes and their dietary habits.

Distinct differences were noted between study groups also 

as regards the assessment of the normality of BW on the basis 

of the interpretation of BMI (P=0.016). Almost one-third of 

patients (31.0%) from G1 were overweight, while almost 

half of that number (17.6%) was observed in G2. Addition-

ally, the majority of G2 patients (58.8%) had normal BW, 

while in G1 the percentage was considerably lower (39.7%). 

It may be due to the fact that girls, who tend to control BW 

to a larger extent over puberty than boys, constituted the 

majority of G2.23 Moreover, the percentage of underweight 

persons was twice higher in G1 (19.0% vs 8.8%), which 

may result from the fact that boys, who are more commonly 

underweight during puberty, were the majority of G1.24 It may 

be associated with high growth rate and the development of 

disproportions between height and BW. The obtained data 

also suggest the presence of a relationship between dietary 

habits and abnormalities in BW.

It is worth emphasizing that there is a disturbing increas-

ing tendency toward being overweight in children, especially 

those suffering from diabetes. This may result in an increased 

risk of cardiovascular disease, insulin resistance, and short- 

and long-lasting complications of diabetes, which signifi-

cantly affect the effectiveness of treatment.25 It also needs to 

be highlighted that a significant relationship exists between 

the introduction of insulin treatment and increased BW in 

type 1 diabetics.26 As regards the whole study group (G1+G2), 

slightly over one-third of patients (35.1%) were overweight 

or obese. Similar results were noted in a study conducted in 

500 children and adolescents aged 4–18 years who suffered 

from type 1 diabetes, with 30.2% of the participants being 

overweight or obese.26 According to a recent Health Behav-

iour in School-aged Children 2014 report encompassing a 

group of 4,545 children and adolescents from Poland, 14.8% 

of the participants were overweight or obese.27

However, it needs to be noted that no significant differ-

ences were reported as regards the average levels of HbA1C 

in G1 and G2 (8.3% vs 8.2%). The percentage of patients with 

unsatisfactory metabolic control (HbA1C ≥7.5%) was also 

similar in both groups (56.9% vs 53.7%). However, it may 

result from using significantly higher (P=0.021) insulin doses 

by G1 patients, which probably facilitated controlling the 

disorders of glycemia in spite of diet mistakes. This associa-

tion was confirmed with ROC curve analysis, which showed 

that insulin dose exceeding 0.8 U/kg BW/day was a possible 

consequence of poorer quality of diet in patients (P=0.016). It 

is worth emphasizing, though, that the relationship between 

dietary habits and the control of glycemia in young patients 

with type 1 diabetes was well documented in numerous stud-

ies.4,15,28–30 Interestingly, a study by Nansel et al conducted in 

a group of 252 children and adolescents with type 1 diabetes 

aged 8–18 years with the average duration of the disease of 

6.3 years revealed very similar average hemoglobin levels 

(8.5%).16 This may also indicate a regularity in this age group.

We noted no differences for average serum lipid concen-

trations between G1 and G2. The percentage of patients with 

dyslipidemia was similar in both groups (34.5% vs 39.0%). 

It seems understandable due to the comparable quality of 

metabolic control in G1 and G2. This may also result from 

the fact that the majority of patients in both G1 and G2 

(39.7% vs 58.8%) had normal BW determined with BMI. 

Moreover, normal WHtR values were reported in the majority 

of patients in both groups (G1 – 86.0%, G2 – 86.6%). This 

index is a simple tool to assess the risk of cardiovascular 

disease associated with such problems as lipid disorders.31 It 

is also worth noting that radical changes in the lipid profile 

are more commonly reported in patients with a long his-

tory of the disease (exceeding 5 years) and poor metabolic 

control.32 It is corroborated by the results of a multicenter 

cross-sectional study conducted by Schwab et al in a group 

of 29,979 persons with type 1 diabetes aged 1–20 years in 

which dyslipidemia was reported only in one-third (28.5%) 

of the participants.33

We noted no differences for average blood pressure values 

between G1 and G2. The percentage of patients with hyper-

tension was similar in both groups (32.8% vs 28.7%). A study 

in 100 children and adolescents with type 1 diabetes showed 

hypertension in almost one-third (30%) of the patients.34 

Notably, children with type 1 diabetes have higher values of 

blood pressure than their healthy peers. Moreover, hyperten-

sion or prehypertension is more commonly diagnosed in such 

a group of patients, which may lead to the development of 

diabetic micro- and microangiopathy.35,36 It is corroborated 

by the findings of a retrospective cohort study by Ahmadizar 

et al conducted in 3,728 patients with type 1 diabetes aged 

<19 years, in whom the percentage of cases of hypertension 
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was significantly higher compared with healthy individuals 

(35.2% vs 11.4%).37

The results of this study are not free of limitations. Dif-

ferences in the gender structure and the wide age range of 

the participants constitute significant limitations. Although 

the selection of patients for the study was made on the basis 

of restrictive criteria taking into account the type of dia-

betes, the method of treatment, or the presence of chronic 

comorbidities. Another important limitation is the lack of 

data related to the patients’ lifestyle and parents’ education 

level or monthly income of the family. However, the study 

was mainly focused on the analysis of the dietary habits and 

influence of the quality of diet on insulin dosage and selected 

clinical variables. A complete assessment of all aspects would 

require the use of additional questionnaires, which could 

probably result in a large number of refusals to participate 

in the study. Therefore, further research is needed to verify 

the relationship between various factors and the quality of 

diet of the patients with type 1 diabetes.

Conclusion
All in all, the obtained results indicate that the dietary habits 

of the study group including children and adolescents with 

type 1 diabetes are unsatisfactory. The factors that may have 

an unfavorable influence on the quality of diet seem to include 

male gender and the duration of the disease. Based on the 

obtained results, it may be stated that a poorer quality of diet 

is associated with higher insulin doses and being overweight. 

However, the study did not confirm a relationship between 

dietary habits and the levels of HbA1C and lipids in the serum 

and the value of blood pressure in the study group. It seems 

necessary to analyze the influence of additional factors that 

may contribute to the quality of diet in patients.
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