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in children and adults with T1DM [3]. The bone cycle is 
a balanced and coordinated relationship between osteo-
blasts responsible for bone turnover and osteoclasts 
responsible for resorption [4]. Alkaline phosphatase 
(ALP) and osteocalcin (OC) are generally used as bone 
formation turnover markers [3]. In recent years, the 
International Osteoporosis Foundation has proposed 
procollagen type-1 N-terminal propeptide (P1NP), which 
originates from osteoblasts and occurs during collagen 
type 1 formation, as a more specific marker of bone turn-
over [5].

Bone changes associated with T1DM can be explained 
by various mechanisms, including altered calcium and 

Background
Type 1 diabetes mellitus (T1DM) is a chronic disease 
that requires insulin treatment due to the destruction 
of pancreatic beta-cells and can affect bone and skeletal 
health [1, 2]. Low bone mineral density, bone fractures, 
and delayed healing of fractures are reported problems 
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Abstract
Background  The aim was to evaluate the effect of metabolic control on bone biomarkers in children with type I 
diabetes.

Materials and methods  The children were divided into two groups according to their glycated hemoglobin 
(HbA1c) (%) levels: a group with HbA1c levels < 8% (n = 16) and: a group with HbA1c levels > 8% (n = 18). The serum 
total oxidative status (TOS) (µmol/L), total antioxidant status (TAS) (mmol/L), alkaline phosphatase (ALP) (IU/L), 
osteocalcin (OC) (ng/ml), procollagen type-1-N-terminal peptide (P1NP) (ng/ml), and vitamin D (IU) levels and food 
consumption frequencies were determined.

Results  When patients were classified according to HbA1c (%) levels, those with HbA1c levels < 8% were found to 
have lower TOS (µmol/L) values (8.7 ± 6.16, 9.5 ± 5.60) and higher serum OC (ng/mL) (24.2 ± 16.92, 22.0 ± 6.21) levels 
than those with HbA1c levels > 8% (p < 0.05). Regardless of the level of metabolic control, there was a statistically 
significant association between serum TOS (µmol/L) and P1NP (ng/ml) (p < 0.05) levels, with no group-specific 
relationship (HbA1c levels <%8 or HbA1c levels >%8).

Conclusion  HbA1c and serum TOS levels had an effect on bone turnover biomarkers in individuals with type I 
diabetes.
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vitamin D metabolism due to hyperglycemia, glycation of 
type I collagen in bone, low insulin-like growth factor-1 
(IGF-1) levels, accumulation of lipids in bone marrow, 
and increased oxidative stress [6].

OS is characterized by an imbalance between the gen-
eration of free radicals and the body’s antioxidant status. 
OS is increased in T1DM patients as a result of hyper-
glycemia through different pathways, increased produc-
tion of reactive oxygen species (ROS) in mitochondria, 
glucose auto oxidation, enhanced polyol pathways, and 
the formation of glycation end products (AGEs) [2]. 
Oxidative stress can negatively affect bone by increasing 
bone resorption by osteoclasts and inhibiting osteoblas-
tic differentiation. Furthermore, ROS increase lipid per-
oxidation by increasing malondialdehyde (MDA), the end 
product of lipid peroxidation [7]. Therefore, it is hypoth-
esized that diabetes-induced overproduction of reactive 
oxygen and nitrogen species may play a critical role in the 
biological performance of bones in diabetic patients [8].

In the literature, studies [9–11] have evaluated bone 
turnover biomarkers in healthy children and children 
with T1DM. In this study, individuals with T1DM were 
evaluated in two groups (HbA1c levels < 8% and HbA1c 
levels > 8%) according to their target HbA1c levels in line 
with the American Diabetes Association recommenda-
tions [12], and we aimed to evaluate the effects of meta-
bolic control, diet compliance, food consumption, and 
serum total oxidative status (TOS) on bone turnover 
markers. We hypothesized that high HbA1c and serum 
TOS levels would be associated with lower bone turnover 
markers and diet would be a contributing factor to this 
situation in children with T1DM.

Methods
Individuals
The study was conducted on a total of 34 children aged 
3–17 years who were diagnosed with T1DM at least one 
year ago. The study sample consisted of a group that was 
followed up at a pediatric endocrinology and metabolism 
clinic and whose diagnosis and treatment were carried 
out by an endocrinologist. According to the American 
Diabetes Association [12] recommendations (fasting 
blood glucose level > 126  mg/dL or postprandial blood 
glucose level > 200 mg/dL), type 1 diabetes was diagnosed 
by an endocrinologist. Children who (a) were taking 
medication that could affect glucose metabolism or bone 
parameters, (b) were diagnosed with malabsorption, 
(c) had a history of bone fracture, (d) had a secondary 
chronic disease, (e) had acute illness at the time of data 
collection, and (f ) had 85th percentile ≤ BMI values < 95th 
percentile (overweight) and > 95th percentile (obese) [13] 
were not included in the study.

When the sample calculation was performed by using 
power analysis with a power of 0.95 and a significance 

level of 0.05, with reference to Table  1 in the study by 
Amrousy et al. [10], it was determined that at least 15 
diabetic children per group and at least 30 diabetic chil-
dren in total were needed for this study.

Children who met the inclusion criteria were divided 
into two groups according to their HbA1c level in accor-
dance with the American Diabetes Association recom-
mendations [12]: a group with HbA1c levels < 8% (n = 16) 
and a group with HbA1c levels > 8% (n = 18).

Data collection
The demographic characteristics, dietary habits, food 
consumption records, and food consumption frequencies 
of the children were recorded by the researchers through 
a questionnaire form completed through a face-to-face 
interview, and HbA1c values were obtained from the 
hospital electronic database.

Biochemical analyses
Venous blood samples were collected by a nurse in the 
morning after the participants had fasted for 8 h, and the 
samples were stored at − 80  °C until analysis. TOS and 
TAS levels were analyzed using a commercial enzyme-
linked immunosorbent assay kit (Relay, Turkey) [14, 15]. 
Serum ALP, OC, and P1NP levels were evaluated by the 
enzyme-linked immunosorbent assay (ELISA) method 
[16–19]. Data on HbA1c and vitamin D levels were 
obtained from the hospital electronic database and from 
the HPLC method used in the hospital.

Dietary analyses
To determine the daily nutrient intake (energy, macronu-
trient, and micronutrient intake), a semiquantitative food 
frequency questionnaire (FFQ) validated by Dikmen et al. 
(2016) [20] was used and analyzed by Bebis version 7.2 
software (Ebispro, Stuttgart, Germany) [21].

Statistical analyses
Statistical analysis was performed using the Statistical 
Package for Social Sciences (SPSS) version 22.0 for Mac 
(SPSS Inc., Chicago, IL). Chi-square test was used for 
comparing qualitative data of the two groups. A compari-
son of quantitative data of the two groups was carried out 
using Mann-Whitney U test. The relationship between 
bone turnover markers and oxidative stress parameters 
was evaluated using multiple regression analysis. The sig-
nificance level was determined as p < 0.05.

Results
The table shows the distributions of age, weight, height, 
BMI, and HbA1c (%) levels in children with type 1 dia-
betes according to the HbA1c (%) level. The mean age 
of the children with diabetes who participated in the 
study was 10.0 ± 3.08 years. The study was conducted on 
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a total of 34 children with T1DM; 58.8% of the children 
were male and 41.2% were female. The mean age was 
10.0 ± 3.08 years, the mean BMI was 18.1 ± 1.90  kg/m2, 
the mean HbA1c level was 8.3 ± 1.51, and the mean num-
ber of years with DM was 5.2 ± 2.99. No difference were 
not found between the groups (Table 2).

It was found that 41.2% of the children skipped meals, 
58.8% stated that they did not want to skip meals, and 
33.3% stated that they did not consume meals due to time 
constraints. For snacks, 82.3% of the children preferred 
milk/fruit, 17.7% preferred snacks, and 70.5% consumed 
lunch at home/in a cafeteria. When dietary habits were 
evaluated according to the HbA1c level, there was no sig-
nificant difference between the groups (Table 1).

When nutrient consumption was evaluated, the mean 
daily energy consumption was 1686.7 ± 367.99  kcal/
day, and protein, fat, and carbohydrate (CHO) con-
sumption was 59.8 ± 14.52  g/day, 74.8 ± 19.34  g/day, and 
189.1 ± 61.43  g/day, respectively. When nutrient con-
sumption was evaluated according to HbA1c level, it 
was found that protein and sodium (Na) consumption in 
children with HbA1c level < 8% (54.5 ± 14.44  g/day and 
2865.1 ± 567.35  mg/day, respectively) was greater than 
that in children with an HbA1c level > 8% (64.6 ± 13.22 g/
day and 2865.1 ± 567.35  mg/day, respectively) (p < 0.05), 
while no significant difference was found between the 
groups in terms of other nutrients (Table 3).

The daily energy, macro- and micronutrient intakes 
of children with diabetes according to HbA1c (%) level 
were compared with the Turkey Dietary Guideline 2022 
[22], and no deficiency in energy, protein, carbohydrate, 
vitamin B1, vitamin B2, vitamin B3, vitamin B6, folate, 
sodium, potassium or iron consumption was observed. 
Vitamin A (5.6%), vitamin E (5.6%), vitamin C (5.6%), cal-
cium (22.2%), and dietary fiber (5.6%) consumption was 
inadequate in children with an HbA1c level > 8, and vita-
min C (6.3%), calcium (18.8%), dietary fiber (6.3%), and 
zinc (6.3%) consumption was inadequate in children with 
an HbA1c level < 8; morever, no statistically significant 
difference was found between the groups (Table 4).

Serum OC (ng/ml) (24.2 ± 16.92), levels were higher, 
and serum TOS (µmol/L) (8.7 ± 6.16) values were 
lower in individuals with HbA1C < 8% than those with 
HbA1C > 8%. Serum P1NP (ng/ml) (336.7 ± 294.30) lev-
els were higher in individuals with HbA1C < 8% than 
those with HbA1C > 8% but not statistically significant 
(Table 5).

The effect of the serum TOS level (µmol/L) on bone 
turnover biomarkers was evaluated by multiple regres-
sion analysis, and serum the TOS (µmol/L) and P1NP 
(ng/ml) levels were negatively correlated (p < 0.05) 
(Table 6).
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Discussion
In this study, serum TOS levels were greater and OC lev-
els were lower in children with HbA1c levels > 8% than in 
those with HbA1c levels < 8%. A negative correlation was 
shown between serum TOS and P1NP levels.

Many studies in the literature have hypothesized that 
the cause of impaired bone turnover in diabetes patients 
is decreased bone turnover rather than increased bone 
resorption [23, 24]. Madsen et al. [5] evaluated OC, 
P1NP, and C-terminal cross-linked telopeptide of type-1 
collagen (CTX) levels in individuals with T1DM aged 
7.7–17.5 years and reported that these individuals had 
lower levels than did the reference population and that 
CTX levels were negatively associated with HbA1c lev-
els. In another study, Madsen et al. [25] examined OC, 
P1NP, and CTX levels in 99 individuals with T1DM 3 
months after diagnosis and three times at 6-month inter-
vals and showed that bone destruction increased and 
bone turnover decreased in the first year after T1DM 
diagnosis. Vora et al. [26] evaluated dual-energy X-ray 
absorptiometry (DXA), peripheral quantitative com-
puted tomography (pQCT), plantar fascia thickness, and 
microvascular complications in 64 adolescents with a 
duration of T1DM > 10 years and found site-specific low 
bone density in the upper and lower extremities. Eckert 
et al. [27] compared T1DM patients aged ≤ 25 years with 
a history of bone fracture with T1DM patients without a 
history of bone fracture and reported that bone fractures 
were more common at an earlier age in T1DM patients 
than in the general population and that the risk of frac-
ture was associated with HbA1c levels. El Amrousy et al. 
[10] examined the serum ALP, P1NP, urinary deoxypyr-
idinoline (DPD), glutathione, superoxide dismutase 
(SOD), and malondialdehyde (MDA) levels as bone bio-
markers and glutathione, superoxide dismutase (SOD), 
and malondialdehyde (MDA) levels as OS markers in 
40 T1DM patients and 40 control subjects aged < 18 
years and found a relationship between oxidative stress 
and bone turnover biomarkers in patients with T1DM. 
Similarly, Heilman et al. [28] compared 30 children with 
T1DM (4.7–18.6 years) and healthy control subjects 

(4.7–18.6 years old) in terms of bone mineral density, 
glycemic control, OS (intercellular adhesion molecule-1 
[ICAM-1]) and inflammation (high sensitivity C-reactive 
protein [hs-CRP], and urinary 8-iso prostaglandin F2a 
[F2-IsoPs]). They evaluated dietary calcium (Ca) intake 
and showed that poor glycemic control, increased OS, 
and inflammation were associated with low bone mineral 
density in children with T1DM.

Heilman et al. [28] evaluated the effect of Ca con-
sumption on bone mineral density (BMD) in children 
with T1DM and healthy children. Low BMD was found 
in individuals with T1DM, and there was no difference 
between the groups in terms of Ca consumption. In their 
study, they evaluated only one nutrient, Ca. In addi-
tion to Ca, micronutrients such as magnesium, vitamin 
C, zinc, and iron have positive effects on bone turnover 
because they are cofactors for enzymes involved in bone 
metabolism and collagen synthesis [29]. In this study, the 
frequency of food consumption by children was evalu-
ated, and macro- and micronutrient consumption was 
evaluated instead of the consumption of a single nutrient. 
The food consumption frequency method is an easy and 
accurate method for assessing daily food consumption. 
However, participant memory is required for accurate 
reporting, and certain nutrients may be overestimated or 
underestimated due to social factors and prejudice [30]. 
In this study, to eliminate these risks, the frequency of 
children’s food consumption was evaluated by an expert 
dietician. When the children were classified according to 
their HbA1c levels, protein consumption was found to be 
greater in the group with HbA1c levels > 8% than in the 
group with HbA1c levels < 8%; however, the percentage of 
protein in the diet did not differ between the groups, and 
the consumption of all the other nutrients was similar. In 
this study, the fact that nutrient consumption was gen-
erally similar provided a clearer picture of the effect of 
HbA1c and TOS levels on bone biomarkers independent 
of nutrient consumption.

In a study, it was stated that a meal pattern including 
more than one small meal should be supported in type 
1 diabetes patients, but an increase in blood glucose 

Table 2  Dietary habits of children according to HbA1c (%) level
Dietary habits HbA1c<%8 (n = 16) HbA1c>%8 (n = 18) TOTAL

(n = 34)
N % N % N % p

Meal skipping status Yes 3 18.7 6 33.3 14 41.2 0.339
No 13 81.3 12 66.7 20 58.8

Reason for skipping meals Don’t want 2 66.7 4 66.7 6 66.7 1.000
Timelessness 1 33.3 2 33.3 3 33.3

Food preference in snacks Snack 4 25.0 2 11.1 6 17.7 0.131
Milk/fruit 12 75.0 16 88.9 28 82.3

Where they consume their lunch Canteen 3 18.8 6 33.3 9 29.5 0.408
Home/cafeteria 13 81.2 12 66.7 25 70.5
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Table 4  Average estimated percentages of daily energy, macro and micronutrient intakes of children with type 1 diabetes according 
to HbA1c (%) level according to TÜBER (2022)
Energy and nutrients HbA1c <%8 (n = 16) HbA1c >%8 (n = 18) TOTAL (n = 34)

N % N % N % P
Energy (kcal) <%50 - - - - - - 0.086

%50<%100 11 68.8 7 38,9 18 44.3
≥%100 5 31.2 11 61.1 16 45.7

Protein (g) <%50 - - - - - - 0.164
%50<%100 2 12.5 - - 2 5.9
≥%100 14 87.5 18 100 32 94.1

Carbohydrate (g) <%50 - - - - - - 0.810
%50<%100 3 18.8 4 22.2 7 20.6
≥%100 13 81.2 14 77.8 27 79.4

Dietary fibre (g) <%50 1 6.2 1 5.6 2 5.8 0.420
%50<%100 5 31.3 9 50.0 14 41.3
≥%100 10 62.5 8 44.4 18 52.9

Vitamin A (µg) <%50 - - 1 5.6 1 2.9 0.615
%50<%100 5 31.2 2 11.1 7 20.5
≥%100 11 68.8 15 83.3 26 76.6

Vitamin E (mg) <%50 - - 1 5.6 1 2.9 0.804
%50<%100 7 43.7 5 27.7 12 35.4
≥%100 9 56.3 12 66.7 21 61.7

Thiamine (mg) <%50 - - - - - - -
%50<%100 - - - - - -
≥%100 16 100 18 100 34 100

Riboflavin (mg) <%50 - - - - - - 0.346
%50<%100 7 43.8 5 27.8 12 35.2
≥%100 9 56.2 13 72.2 22 64.8

Niacin (mg) <%50 - - - - - - 0.134
%50<%100 4 25.0 1 5.6 5 14.7
≥%100 12 75.0 17 94.4 29 85.3

Vitamin B6 (mg) <%50 - - - - - - 0.507
%50<%100 7 43.7 10 55.5 17 50.0
≥%100 9 56.3 8 44.5 17 50.0

Folate (µg) <%50 - - - - - - 0.559
%50<%100 6 37.5 5 27.8 11 32.3
≥%100 10 62.5 13 72.2 23 67.7

Vitamin 12 (µg) <%50 1 6.3 - - 1 2.9 0.386
%50<%100 2 12.5 2 11.1 4 11.7
≥%100 13 81.2 16 88.9 29 85.4

Vitamin C (mg) <%50 1 6.3 1 5.6 2 5.8 0.948
%50<%100 4 25.0 5 27.7 9 26.4
≥%100 11 68.7 12 66.7 23 67.8

Calcium (mg) <%50 3 18.8 4 22.2 7 20.5 0.598
%50<%100 10 62.4 12 66.6 22 64.7
≥%100 3 18.8 2 11.2 5 14.8

Iron (mg) <%50 - - - - - - 0.346
%50<%100 9 56.2 13 72.2 22 64.7
≥%100 7 43.8 5 27.8 12 35.3

Zinc (mg) <%50 1 6.3 - - 1 3.0 0.779
%50<%100 6 37.5 10 55.6 16 47.0
≥%100 9 56.2 8 44.4 17 50.0
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variability can be expected with an increase in the num-
ber of meals eaten [31]. In our study, when dietary habits 
were evaluated, no difference was found according to the 
HbA1c level, and the majority of the individuals in both 
groups were found to comply with the meal pattern.

In all the studies in the literature, individuals with 
T1DM were compared with healthy controls, and the 
presence of T1DM was defined as a risk factor for low 
BMD. In this study, unlike in the literature, instead of 
including a healthy control group, children with T1DM 
were classified according to their HbA1c levels, and the 
effects of metabolic control and compliance with medical 
nutrition therapy on bone biomarkers were investigated. 
Serum OC levels were lower in children with HbA1c lev-
els > 8% than in children with HbA1c levels < 8%, while no 
difference was found in ALP and P1NP levels, indicating 
that good metabolic control in T1DM patients may be 
protective for bone health.

Some studies [10, 32–34] showed that P1NP levels 
decreased as HbA1c levels increased. However in this 
study, there was no difference in the serum ALP levels 
between groups with different BMDs. This difference 
may be related to the evaluation of hepatic or intestinal 
ALP levels rather than bone-specific ALP levels [35].

In studies comparing serum vitamin D levels between 
individuals with T1DM and healthy control subjects, 
diabetic individuals were found to have lower vitamin D 
levels [36–38]. Bouichrat et al. [39] reported a negative 
correlation between HbA1c and vitamin D levels in indi-
viduals with T1DM. In this study, there was no difference 
in the serum vitamin D levels between patients with an 
HbA1c level > 8% and those with an HbA1c level < 8%.

Oxidative stress not only increases osteoclastogenesis 
but also inhibits osteoblast differentiation and thus bone 
turnover [40]. Studies evaluating the effect of OS on bone 
biomarkers in children with T1DM are limited in the lit-
erature, and SOD, MDA, and ICAM-1 were evaluated as 
OS indicators [10, 28]. However, it is not recommended 
to measure different oxidant and antioxidant molecules 
separately when assessing oxidative stress levels, as these 
methods may cause overlapping and imprecise results 
and have high costs; instead, TOS measurement may 
be more reliable, sensitive, and stable [15]. In this study, Ta
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Table 6  Multiple regression analysis for the effect of serum TOS 
(µmol/L) level on bone biomarkers
Variable Beta T P 95% confidence 

interval
P1NP (ng/ml) -0.005 2.481 0.024* 0.001 0.010
OC (ng/ml) 0.014 0.382 0.707 -0.061 0.088
ALP (IU/L) 0.003 1.001 0.331 -0.003 0.009
Vitamin D (IU) 0.008 0.291 0.775 -0.048 0.063
TAS (mmol/L) -1.501 2.388 0.029* 0.175 2.827
p < 0.05, P1NP: Procollagen Type-1-N-Terminal Propeptide, OC: Osteocalcin, ALP: 
Alkaline Phosphatase, TAS: Total Antioxidant Status, TOS: Total Oxidative Stress
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the TOS level was used as a reference indicator of oxi-
dative stress. Serum TOS levels were found to be greater 
in patients with HbA1c levels > 8% than in those with 
HbA1c levels < 8%. In this study, a negative correlation 
between serum TOS and TAS levels was also detected, 
and low TAS levels in children with an HbA1c level > 8% 
was considered a risk factor contributing to high TOS 
levels. In addition, a negative correlation was found 
between TOS and serum P1NP levels in this study. Like 
our findings, Amrousy et al. [10] also reported a nega-
tive correlation between P1NP and serum malondialde-
hyde levels, which they evaluated as an indicator of OS 
in children with T1DM. P1NP has very low circadian and 
biological variation, is not affected by food consumption, 
and is reported to be stable in serum after venipuncture 
[41].

In previous studies [42, 43], the effect of metabolic 
control on bone biomarkers was evaluated, but serum 
TAS levels and food consumption, which are indicators 
of defense mechanisms, were not evaluated. Our results 
showed that serum TOS levels were greater and OC lev-
els were lower, and TOS levels had an effect on P1NP in 
T1DM patients without metabolic control.

In conclusion, impaired metabolic control as a result of 
nonadherence to medical nutrition therapy leads to high 
TOS levels and negatively affects bone biomarkers.

The limitations of this study include the small sample 
size, the use of HbA1c levels alone as an indicator of met-
abolic control, and the wide age range. Studies in which 
compliance with dietary treatment is evaluated in detail 
and the age group is planned to be within a narrower 
range are needed.
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