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Abstract

Background: Although there are studies evaluating the psychological adjustment of healthy children when their siblings have type 1
diabetes mellitus (T1DM), no study evaluating their nutritional status exists. Thus, this study aimed to determine the nutritional status
of children with T1DM and their healthy siblings.

Material and methods: Data from a control group, healthy siblings, and patients who were followed and treated for TIDM in the
Paediatric Gastroenterology and Paediatric Endocrinology outpatient clinics of the Health Sciences University Giilhane Medical Fac-
ulty between November 2019 and November 2020 were analysed and compared. The groups were compared in terms of nutritional
characteristics, daily macro and micronutrient intakes and classified according to their body mass index (BMI) Z-scores.

Results: The study population consisted of 29 children with TIDM (51.7% female, 48.3% male; age: 11.00 £3.66 years), 36 healthy
siblings of children with TIDM (50% female, 50% male; age: 9.61 £4.84 years), and a control group of 58 healthy children (51.7%
female, 48.3% male; age: 10.68 =3.0Tyears).The BMI Z-score of 28.6% of healthy siblings and 25% of children with TTDM was
> 1 SD or overweight. All of the control group children were of normal weight. None of the children were obese; however, the
overweight rate was significantly higher in the healthy siblings and diabetes groups compared to the control group (p = 0.012). Daily
energy intake (%) was significantly higher in the control group than in the healthy siblings (p < 0.001).

Conclusions: A quarter of the children with T1DM over five years of age were overweight. In addition, healthy siblings were found to
have higher BMI Z-scores than controls. This is the first study to evaluate the nutritional status of siblings of patients with TTDM and

will hopefully lead to more comprehensive studies that will also assess their daily exercise and physical activity.
Key words: children, type 1 diabetes, nutritional status, healthy siblings.

Introduction

Type 1 diabetes mellitus (T1DM) is the most common chron-
ic metabolic disease in children [1]. Although its incidence var-
ies according to country, it is gradually increasing worldwide.
The prevalence of T1IDM in Turkish children is 0.75/1000 [2].
The components of TIDM treatment include insulin therapy,
daily self-monitoring of blood glucose, age-adjusted diabe-
tes nutritional education, and regular physical activity [3]. For
children with T1DM to experience normal growth and develop-
ment, they must maintain blood sugar in the normoglycemic
range and receive sufficient nutrients. Restrictive diets or lack

of food make providing the nutrients needed for growth and
development difficult and should be avoided [4].

Studies conducted in recent years focusing on the quality
of life have revealed that siblings of children with chronic dis-
eases are affected psychosocially and physically. The develop-
ment of depression and anxiety was more common in siblings
of children with chronic conditions than in healthy controls. In
addition, physical effects such as loss of appetite, eating disor-
ders, weight loss or overeating, and sleep disorders have been
documented in the siblings of sick children [5, 6].

Although there are studies evaluating the quality of life of
siblings of children with T1IDM, there are none that assess their
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nutritional status. Thus, this study aimed to determine the nutri-
tional status of healthy siblings and children with T1IDM and the
associated factors.

Material and methods

This study analysed the data of patients and their healthy
siblings who were followed and treated for T1DM in the Pae-
diatric Gastroenterology and Paediatric Endocrinology outpa-
tient clinics of the Health Sciences University Gulhane Medical
Faculty between November 2019 and November 2020. The
study inclusion criteria were follow-up for T1DM for at least one
year with no concomitant chronic disease. Newly diagnosed
patients and siblings of patients with TIDM who had another
chronic illness were excluded from the study. Anthropometric
measurements and nutritional status of previously diagnosed
patients were evaluated between the 2019-2020 cross-section-
al time frame. Children of similar age and gender who came
to the paediatric outpatient clinics for routine evaluation were
included as a control group.

Demographic, medical, and nutritional data of the patients,
their siblings, and the control group, and laboratory results of
the patients (blood glucose, HbA1c, and insulin levels) were
obtained from the files and hospital information system and re-
corded on the prepared data collection forms. Laboratory tests
were not routinely requested from healthy siblings of patients
with T1DM; however, routine anthropometric measurements
were made, and nutritional status was determined. One of the
most used indicators in anthropometric measurements of pae-
diatric patients is body mass index (BMI). According to World
Health Organization (WHO) growth standards for children
0-5 years of age, BMI Z-score cut-off points of < -2.0, > 1.0,
> 2.0, and > 3.0 are recommended to define underweight, at
risk for being overweight, overweight, and obese, respective-
ly [7]. In children 5-19 years of age, WHO recommends BMI
Z-score cut-off points of < 2.0, > 1.0, and > 2.0 as being un-
derweight, overweight, and obese, respectively [8]. All children
with TIDM and their families were educated at the diabetes
school about carbohydrate counting at the time of diagnosis or
during the follow-up if they wished, and those who were suc-
cessful in the exam at the end were considered as having com-
pleted the training.

The nutritional status of patients with T1DM, their healthy
siblings, and the control group was determined using standard

Table I. Group demographic characteristics

food consumption registration forms. A paediatric gastroenter-
ology specialist and dietitian evaluated the three-day standard
food consumption registration form of patients with T1DM, their
siblings, and the control group using appropriate materials and
recorded the information in the patient files. After the data were
transferred to the Nutrition Information Systems Package Pro-
gram (BeBiS, Version 7.2) (Ebispro for Windows, Stuttgart, Ger-
many: Turkish Version), a special computer program created
for this purpose to determine the average daily amount and
content of nutrients, measurements were made. Factors relat-
ed to nutritional status, such as socioeconomic status and the
number of siblings, were recorded on the data collection form.

The ethics committee approved this study with the date and
decision number of 2020-481/17.12.2020.

Statistical data was evaluated using the Statistical Package
for the Social Sciences (SPSS) for Windows version 22.0. Cate-
gorical variables were expressed as numbers and percentages
and numerical variables with mean =+ standard deviation. De-
mographic variables, BMI and related parameters, diet proper-
ties, and the levels of vitamins and minerals were compared
between the children with T1IDM, healthy siblings, and the con-
trol group using one-way ANOVA. Chi-square tests were used
for analyses among categorical variables. A 5% type 1 error
was used to infer statistical significance and a p-value of 0.05
was considered significant.

Results

In this study, we included three groups of age- and gen-
der-matched children. The study population consisted of
36 healthy siblings of children with TIDM (50% female, 50%
male; age: 9.61 +4.84 years), 29 children with TIDM (51.7%
female, 48.3% male; age: 11.00 =3.66 years), and a control
group of 58 healthy children (51.7% female, 48.3% male; age:
10.68 = 3.01 years) (Table I). The rate of carbohydrate counting
of patients with T1IDM was 82.8%.

When the patients were classified according to their BMI
Z-scores, there were 9 children aged 0-5 years (1 child with
T1DM and 8 healthy siblings), and there was no significant
difference between the groups (p = 0.667). The remaining
114 children were over 5, including 28 children with T1DM,
28 healthy siblings, and 58 controls. The BMI Z-score of 28.6%
of healthy siblings and 25% of children with T1DM was > 1SD
or overweight. All of the control group children were of normal

Children with T1IDM Healty siblings of children ~ Control group p-value
(n = 29) with TIDM (n = 36) (n = 58)
Gender 15 (561.7%) female 18 (50%) female 30 (51.7%) female 0.52
(female/male) 14 (48.3%) male 18 (50%) male 28 (48.3%) male
Age (years) 11.00 =3.66 9.61 =4.84 10.68 =3.01 0.27

226 © Copyright by PTEIDD 2023



The nutritional status of type 1 diabetes mellitus and healthy siblings
Ocena stanu odzywienia dzieci z cukrzyca typu 1 i ich zdrowego rodzenstwa

Pediatr Endocrinol Diabetes Metab 2023

weight. None of the children were obese; however, the over-
weight rate was significantly higher in the healthy siblings and
diabetes groups compared to the controls (o = 0.012) (Table II).

Nutritional status of children with T1DM in relation to pa-

rameters:

Daily protein intake (gr) in children with TIDM was signifi-
cantly higher than in the control group (p < 0.001).

Children with TIDM had a lower carbohydrate intake than
age- and sex-matched controls.

There was no significant difference between children with
T1DM and their healthy siblings and the control group re-
garding saturated fatty acid (p = 0.212) and fiber intake
(o = 0.674).

In terms of micro-nutrient intake, higher antioxidant vitamin
(vit. C) intake was found in diabetic patients compared to the
control group (p < 0.001) (Tables I, IV).

Nutritional status of healthy siblings in relation to parameters:
There was no difference between the healthy siblings and the
control group regarding daily protein intake (gr).

While daily fat (gr) intake was higher in healthy siblings than
in the control group, carbohydrate, mono- and poly-unsatu-
rated fatty acid intake (gr) was lower (p < 0.001).

Daily vitamin D and iron intake were higher in the control
group than in the healthy sibling group. Daily energy (daily

caloric intake according to age and gender %), carbohydrate
(gr), and mono- and poly-unsaturated fatty acid intake were
significantly higher in the control group compared to healthy
siblings (p < 0.001).

* When the daily micro-nutrient intake was compared, no dif-

ference was found between children with T1DM, their healthy
siblings, and the control group for vitamin A (o = 0.085),
vitamin B, (o = 0.245), folic acid (p = 0.848), potassium

Table Il. Classification of BMI Z scores between the over
5 years children groups

Classification Healty Diabetic Control
of BMI Siblings Children group

Z scores (n=28) (n=28) (n = 58)
Underweight 2 (7.1%) 2 (7.1%) 0 (0%)
Normal 18 (64.3%) 19 (67.9%) 58 (100%)
Overweight 8 (28.6%) 7 (25%) 0 (0%)
Obese 0 (0%) 0 (0%) 0 (0%)

Table Ill. Comparative analysis of dietary properties and vitamin-mineral levels of the groups

Parameter Healthy siblings ~ Diabetic children  Control group Statistics
(n = 36) (n=29) (n = 58)

Energy (kcal) 1236 =298 1409 =597 1648 +286 F=13.21,p < 0.001
Post-hoc: Control > Healthy sibling,
p < 0.001*

Protein (gr) 15.6 =4.6 18.0 =41 142 +3.2 F =9.06, p < 0.001
Post-hoc: Diabetic child group > Control,
p < 0.001*

Fat (gr) 189 =42 18.8 £3.5 17.0 =2.3 F=11.39,p < 0.001
Post-hoc: Healthy sibling > Control,
p < 0.001*

Carbonhydrate (gr) 143.0 =41.8 158.4 +67.6 191.4 =479 F =10.64, p < 0.001
Post-hoc: Control > Healthy sibling,
p < 0.001*

Fiber(gr) 16.1 =7.9 175 6.4 17.2 =6.1 F=039p=0674

Polyunsaturated fatty  10.0 =5.0 12.6 =9.7 17.7 7.3 F=1254,p < 0.001

acid Post-hoc: Control > Healthy sibling,
p < 0.001*

Saturated fatty acid 194 +7.8 22.1 +10.8 22.4 7.0 F=157p=0212

Monounsaturated 15.8 =6.5 18.9 =8.3 24.4 £8.0 F =14.67,p < 0.001

fatty acid Post-hoc: Control > Healthy sibling,

p < 0.001
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(p = 0.078), magnesium (p = 0.693), phosphorus (p = 0.674),
and zinc (p = 0.212) intake (Tables Il IV).

There was no significant difference between the groups
regarding parental age, education level, monthly income, and
number of family members or education level and income lev-
el, the age of diabetes diagnosis, and the rate of knowing the
need for carbohydrate counting.

Discussion

Individualized nutrition therapy is recommended for chil-
dren with TIDM. Monitoring carbohydrate intake with carbohy-

drate counting is essential for optimal glycemic control [9]. For
carbohydrate intake, foods high in fiber and low in glycemic
load are preferred, and those containing added sugar should
be avoided. The intake of saturated fats should be limited [10].
Monitoring of daily calorie intake is important to ensure normal
growth and development, considering that at least one-third of
paediatric patients with TIDM are overweight or obese [10].
In a study by Akgll et al., an increased risk of eating behavior
disorders was found in the siblings of children with TIDM [11].
Eating disorders (weight loss or weight gain, change in eating
habits, binge eating, or hoarding food) are notably more fre-
quent in the adolescent population with T1IDM, and their preva-

Table IV. Comparative analysis of dietary properties and vitamin-mineral levels of the groups

Vitamins Healthy siblings ~ Diabetic children  Control group Statistics

and mineral (n = 36) (n = 29) (n = 58)

Vitamin A 946.3 +489.7 1133.9 £591.1 1220.9 £2363.2 F =255p = 0.085

Vitamin B, 12.1 =69.2 0.7 =0.3 +12.5 F=142p=0245

Vitamin B, 18.9 x4.2 18.8 £3.5 17.0 2.3 F =496 p=0.009
Post-hoc: Healthy sibling > Control group,
p = 0.047*

Vitamin B, 1236 =298 1409 =597 1648 +286 F=13.21,p < 0.001
Post-hoc: Control > Healthy sibling,
p < 0.001*

Folic acid 60.8 £74.3 63.2 £41.7 57.4 £17.2 F=0.16,p = 0.848

Vitamin C 15.6 4.6 18.0 =41 142 =32 F =9.06, p < 0.001
Post-hoc: Diabetic child group > Control,
p < 0.001*

Na (sodium) 18.9 =42 18.8 =35 17.0 2.3 F=11.39,p < 0.001
Post-hoc: Healthy sibling > Control,
p < 0.001*

K (potassium) 1236 =298 1409 =597 1648 =286 F =2.60,p=0.078

Ca (calcium) 143.0 +41.8 158.4 =67.6 191.4 +£47.9 F =10.64,p < 0.001
Post-hoc: Control > Healthy sibling,
p < 0.001*

Mg (magnesium) 47.8 +8.3 46.3 +8.8 47.7 £7.4 F =0.36,p = 0.693

P (phosphorus) 16.1 £7.9 175 6.4 17.2 =6.1 F=0.39 p=0674

Fe (iron) 10.0 £5.0 126 9.7 17.7 7.3 F=1254,p < 0.001
Post-hoc: Control > Healthy sibling,
p < 0.001*

Zn (zinc) 19.4 =7.8 221 £10.8 22.4 7.0 F=157p=0212

Vitamin D 15.8 £6.5 18.9 +8.3 24.4 £8.0 F =14.67,p < 0.001
Post-hoc: Control > Healthy sibling,
p < 0.001*
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lence varies from 1.6% to 21% according to psychiatric criteria
[12]. In this study, in which we examined the nutritional status
of healthy siblings of diabetic children, we found that 25% of
children with T1IDM and 28.6% of healthy siblings were over-
weight. Our results revealed that the rate of being overweight in
healthy siblings of patients with TIDM was statistically signifi-
cantly higher than in a control group. This dramatic result may
be related to various factors, including nutritional status and
physical activity.

High protein drinks and supplements are often unneces-
sary for children with diabetes. Vegetable protein sources such
as legumes should be encouraged. Recommended animal
protein sources include fish, lean cuts of meat, and low-fat
dairy products. However, there is insufficient evidence to re-
strict protein intake [13]. The American Diabetes Association
(ADA) concluded that children with diabetes should consume
the recommended amount of protein for healthy children if their
kidney function is normal [10]. In our study, while the daily pro-
tein intake (gr) of children with T1DM was significantly higher
than the control group, consistent with previous studies [14-
16], no difference was found between healthy siblings and the
control group. While daily fat (gr) intake was higher in healthy
siblings compared to the control group, carbohydrate, mono-
and poly-unsaturated fatty acid (gr) intake was found to be
lower. It has been observed that healthy siblings adjust to their
diabetic siblings, limiting their carbohydrate intake and shifting
their diet to a fat-rich diet.

Higher saturated fat intake contributes to cardiovascular
disease. It is important to limit saturated fat intake to recom-
mended levels, as adolescents with diabetes have been shown
to have mildly impaired cardiovascular risk profiles compared
to their healthy siblings [16]. Substituting low-glycemic index
carbohydrates for high-glycemic index carbohydrates and
increasing dietary fiber intake are beneficial dietary choices
[17, 18]. The soluble fiber in vegetables, legumes, and fruit
may be beneficial in helping to reduce lipid levels. Processed
foods tend to be lower in fiber; therefore, unprocessed, fresh,
whole foods should be encouraged. Increasing fiber intake can
help improve glycemic outcomes and reduce the risk of cardio-
vascular disease [17, 19]. Our study showed no significant dif-
ference between children with TIDM and their healthy siblings
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