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Relationship between bone turnover markers and oxidative
stress in children with type 1 diabetes mellitus
Doaa El Amrousy 1, Dalia El-Afify2 and Ahmed Shabana1

BACKGROUND: Oxidative stress in children with type 1 DM (T1DM) may negatively affect the bone.
METHODS: This study included 40 children with T1DM as the patient group and 40 healthy children of matched age and sex as the
control group. Plasma alkaline phosphatase, procollagen type-1 amino-terminal propeptide (P1NP), and urinary deoxypyridinoline
(DPD) were measured to assess bone turnover. Glutathione, superoxide dismutase (SOD), and malondialdehyde (MDA) were
measured to assess oxidative stress.
RESULTS: Patients with T1DM had a significantly lower P1NP level but a significantly higher urinary DPD level compared to the
control group. Moreover, there were significantly lower glutathione and SOD levels with significantly higher MDA levels in patients
with T1DM. We found a significant positive correlation between P1NP level and both glutathione and SOD levels but a significant
negative correlation between P1NP and MDA in patients with T1DM. There was a significant negative correlation between DPD
levels and both glutathione and SOD levels and a significant positive correlation between DPD and MDA. Moreover, glutathione
was a significant predictor for both P1NP and DPD levels, while MDA was a significant predictor for P1NP levels.
CONCLUSIONS: There is an association between oxidative stress and bone turnover markers in children with T1DM.

Pediatric Research (2021) 89:878–881; https://doi.org/10.1038/s41390-020-01197-5

IMPACT:

● Oxidative stress can negatively affect bone but the exact relationship between oxidative stress and bone turnover in T1DM has
not been previously studied in pediatrics.

● For the best of our knowledge, our study was the first to assess the relationship between oxidative stress and bone turnover in
children with T1DM.

● We revealed that increased oxidative stress in children and adolescents with T1DM may be involved in the impairment of bone
turnover process, so treatment strategies toward better glycemic control and decreasing oxidative stress may be beneficial in
preventing and treating diabetic bone disease in these children.

INTRODUCTION
Diabetes mellitus (DM) is a chronic metabolic disease that may
affect bone and skeletal integrity. Low bone mineral density
(BMD), bone fractures, and delayed fracture healing were reported
in both children and adults with type 1 DM (T1DM).1–4

Bone turnover is a balanced coordinated relationship between
bone formation process by osteoblasts and bone resorption
process by osteoclasts.5 Alkaline phosphatase (ALP) and osteo-
calcin are widely used bone formation markers.4,6,7 Recently,
procollagen type-1 N-terminal propeptide (P1NP) was recom-
mended by the International Osteoporosis Foundation as a more
specific bone formation marker originating from osteoblast and
released during the formation of collagen type 1,8,9 while
deoxypyridinoline (DPD) is a specific bone resorption biomarker.10

T1DM-related bone changes were explained by various
mechanisms, including altered calcium and vitamin D metabolism
due to hyperglycemia,11 glycation of type I collagen in bone, lower
insulin-like growth factor-1 (IGF-1) level, deposition of lipids in

bone marrow, increased osteoblastic transformation to adipo-
cytes, and increased oxidative stress.12,13

Oxidative stress occurs when there is an imbalance between
free radical production and antioxidant production. Oxidative
stress increases in DM due to hyperglycemia via different ways,
including increased production of reactive oxygen species (ROS) in
mitochondria, glucose auto-oxidation, enhanced polyol pathway,
and formation of advanced glycation end products (AGE).14

Oxidative stress can negatively affect bone by increasing bone
resorption by osteoclasts and inhibiting osteoblastic differentia-
tion. Moreover, ROS enhances lipid peroxidation with a resultant
increase of malondialdehyde (MDA), the end product of lipid
peroxidation.15

The exact relationship between oxidative stress and bone
turnover markers in children with T1DM has not been previously
studied. This research aimed to investigate the relationship
between bone turnover markers and oxidative stress indices in
children and adolescents with T1DM.
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METHODS
This cross-sectional study was carried out on 40 children and
adolescents with T1DM enrolled from those attending the
outpatient endocrinology clinic of the Pediatric Department of
Tanta University Hospitals as the patient group and 40 healthy
children and adolescents of matched age and sex as the control
group. The study was approved by the ethical committee of the
Faculty of Medicine, Tanta University. Informed consent was
obtained from the parents of all participants.
Inclusion criteria: children and adolescents aged <18 years with

T1DM. T1DM was diagnosed when fasting blood sugar was >126
mg/dl, random blood sugar was >200 mg/dl, glycated hemoglobin
level was >6.5% on two separate tests, plus positive autoanti-
bodies markers of beta cell autoimmunity such as islet cell
antibodies, antibodies to glutamic acid decarboxylase (GAD-65),
and insulin autoantibodies. Exclusion criteria: children with
chronic diseases, such as renal disease, liver disease, thyroid or
parathyroid dysfunction, and autoimmune diseases; children with
gastrointestinal malabsorptive disorders, including ulcerative
colitis and Crohn’s disease; children receiving drugs that can
affect bone, such as steroids; and children having present or
recent fractures were excluded from our study.
A full medical history was obtained from all participants in our

study and they were subjected to thorough clinical examination.
Fasting blood sample after overnight fasting for at least 8 h was
obtained from all participants for measurement of the following
biochemical parameters:
(1) Fasting blood glucose (FBG) levels and hemoglobin A1c

(HbA1c) were measured using commercial chemical reagent kits
(Spinreact, Spain and Biosystems reagents, Spain).
(2) Oxidative stress indices:
(i) Glutathione: total blood glutathione was measured using the

method of Chavan et al.16 that depends on reductive cleavage of
5,5’-dithiobis-2-nitrobenzoic acid reagent.
(ii) MDA: plasma MDA was measured using thiobarbituric acid

reactive substance method according to Draper and Hadly
method.17

(iii) superoxide dismutase (SOD): Plasma SOD was measured by
using commercial reagent kits (Biodiagnostic, Egypt).
(3) Bone turnover markers:
(i) Plasma P1NP was measured using commercial enzyme-linked

immunosorbent assay kits (Novus Biologicals, USA).
(ii) Serum ALP was measured using commercial chemical

reagent kits (Biodiagnostic, Egypt)
(iii) Urinary DPD was measured by enzyme immunoassay using

commercial kits (Microvue, Quidel Corporation, USA) and
expressed in relation to urinary creatinine.

Statistical analysis
Results were analyzed using the SPSS software version 20.
Continuous data were presented as mean ± standard deviation
(SD). Categorical data were presented as numbers and percen-
tages. Chi-square test was used for comparing qualitative data of
the two groups. A comparison of quantitative data of the two
groups was carried out using Student’s t test. Association between
bone turnover markers and oxidative stress parameters was
evaluated using Pearson correlation coefficient and multiple
regression analysis. A p value <0.05 was considered statistically
significant.

RESULTS
Our study was conducted on 40 children with T1DM and 40
healthy controls with a mean age of 11.6 ± 1.9 vs 11.1 ± 1.7 years,
respectively. The mean duration of DM in children with T1DM was
3.7 ± 2.5 years.
Table 1 presents the anthropometric and clinical data of the

children with T1DM and control group. There were no significant

differences between children with T1DM and healthy control as
regards age, sex, height, weight, or body mass index. However,
FBG and HbA1c were significantly higher in children with T1DM
compared to the control group.
Bone turnover and oxidative stress markers of both the groups

are presented in Table 2. Children with TIDM had comparable ALP
levels (75.8 ± 13.3 IU/L) with that of the control group (72.3 ± 11.8
IU/L). However, P1NP was significantly lower in children with
T1DM compared to the control group (756.3 ± 41.7 vs 920.3 ±
82.3). DPD level was significantly higher in children with T1DM
(18.6 ± 1.8 nmol/mmol Cr) compared to the control group (15.6 ±
2.6 nmol/mmol Cr). Moreover, children with T1DM had signifi-
cantly lower glutathione and SOD levels compared to their
respective values in the control group, while MDA level was
significantly higher in children with T1DM compared to the
control group (Table 2).
The duration of DM was not significantly correlated with P1NP

or DPD. HbA1c had a significant negative correlation with P1NP
but a significant positive correlation with DPD. Concerning
oxidative stress indices, glutathione and SOD had a significant
positive correlation with P1NP and a significant negative
correlation with DPD as shown in Table 3. However, MDA had a
significant negative correlation with P1NP and a significant
positive correlation with DPD.
The role of oxidative stress indices as predictors of bone

turnover markers was also assessed using multiple regression
analysis considering diabetes duration and HbA1c as confounding

Table 1. The anthropometric and clinical data of both the groups.

Parameter Diabetic group
(N= 40)

Control group
(N= 40)

p value

Age (years) 11.6 ± 1.9 11.1 ± 1.7 0.190

Gender (M/F) 14/26 17/23 0.491

Weight (Kg) 37.4 ± 8.4 39.0 ± 8.2 0.390

Height (cm) 135.5 ± 15.6 137.1 ± 15.6 0.641

BMI (Kg/m2) 20.1 ± 1.3 20.5 ± 0.9 0.117

FBG (mg/dl) 167.5 ± 28.0 82.8 ± 7.2 0.001a

HbA1c% 9.9 ± 1.6 5.3 ± 0.4 0.001a

Duration of DM (years) 3.7 ± 2.5 — —

M/Fmale to female, BMI body mass index, FBG fasting blood glucose, HbA1c
glycated hemoglobin, DM diabetes mellitus.
aMeans significant.

Table 2. Bone turnover and oxidative stress markers in the studied
groups.

Parameter Diabetic group
(N= 40)

Control group
(N= 40)

p value

P1NP (ng/ml) 756.3 ± 41.7 920.3 ± 82.3 0.001a

ALP (IU/L) 75.8 ± 13.3 72.3 ± 11.8 0.187

DPD (nmol/mmol Cr) 18.6 ± 1.8 15.6 ± 2.6 <0.001a

Glutathione (mg/dl) 25.6 ± 6.0 44.5 ± 6.6 <0.001a

MDA (nmol/ml) 3.8 ± 1.0 2.1 ± 0.8 <0.001a

SOD (U/ml) 4.9 ± 1.4 6.5 ± 1.9 <0.001a

P1NP procollagen type-1 N-terminal propeptide, DPD deoxypyridinoline,
MDA malondialdehyde, SOD superoxide dismutase.
aMeans significant.
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factors as shown in Table 4. Glutathione was a significant predictor
for P1NP and DPD levels (p= 0.001 and p= 0.02, respectively).
On the other hand, MDA was a significant predictor for P1NP
levels (p= 0.04).

DISCUSSION
Biochemical bone turnover markers reflect the bone formation
and resorption processes and are considered as a mirror image for
bone health. Several studies showed that various biochemical
bone turnover markers in diabetic patients differ from healthy
non-diabetic controls.18–20 For the best of our knowledge, this
study is the first to assess the relationship between bone turnover
markers and oxidative stress in children with T1DM.
Our results showed that P1NP level was significantly lower in

children with T1DM compared with healthy control, which is in
agreement with other studies.8,21–23 This decrease in P1NP level
reflects reduced bone formation in patients with T1DM that was
previously explained by the decrease in IGF-1 level that leads to
decreased stimulation of osteoblast with subsequent decrease of
bone formation in patients with T1DM.24,25

On the other hand, there was no significant difference in the
ALP level between children with T1DM and healthy children,
which is going with the results of some studies26 and contra-
dictory to other studies27,28 that reported an increase in ALP level
in diabetic patients compared to the control. This variation in the
level of total ALP may be due to intestinal or hepatic involvement
rather than due to bone as other studies that measured bone-
specific alkaline phosphatase (BAP) showed a non-significant
change in BAP level in diabetic patients compared to the healthy
control.18

Several studies assumed that the cause of impaired bone
turnover in diabetes is due to a decrease in bone formation more
than an increase in bone resorption19,29; however, our results
found that the urinary level of DPD was significantly higher in

children with T1DM compared to the control group reflecting a
parallel increase of bone resorption. Our results are going with the
results of other studies30,31 but contradictory to the results of
Miazgowski and Czekalski,27 which may be due to the difference
in age between our patients and theirs.
We also found a significant negative correlation between P1NP

and HbA1c but a significant positive correlation between DPD and
HbA1c, which is consistent with other studies.8,32 This finding
suggests that better glycemic control may help to keep bone
health in patients with diabetes. While there was no significant
correlation between the duration of diabetes and both P1NP and
DPD indicating that bone health depends on the glycemic control
more than the duration of DM, it is also possible that the short
duration of T1DM (3.7 ± 2.5 years) in our study population may
explain the absence of significant correlation between the
duration of DM and bone turnover markers.
Our children with T1DM had significantly low levels of the

antioxidant indices (glutathione and SOD) and a significantly high
level of MDA (the lipid peroxidation marker), which reveals an
increase in oxidative stress in diabetic patients as reported in
other studies.33,34

The significant positive correlation between P1NP and both
glutathione and SOD and the significant negative correlation
between P1NP and MDA reflects the negative effect of oxidative
stress on the bone formation process. Oxidative stress may impair
bone formation due to inhibition of osteoblast differentiation,
impairing osteoblast function, and increasing osteoblast apopto-
sis.35–38 Besides, oxidative stress increases the level of AGE that
leads to non-enzymatic glycation of collagen fibers and increases
the production of inflammatory cytokines through binding to its
receptor and enhancing the activation of nuclear factor kappa-B,
with a subsequent decrease in osteoblast activity and
proliferation.19,29,39–41

On the other hand, we found a significant negative correlation
between DPD and both glutathione and SOD but a significant
positive correlation between DPD and MDA, which reflect the role
of oxidative stress in increasing bone resorption in patients with
T1DM. Oxidative stress may increase the bone resorption process
by increasing the number of osteoclasts,42 activating the
differentiation of pro-osteoclast to osteoclast,43 and increasing
osteoclast activity.44,45

Finally, our study revealed that increased oxidative stress in
children and adolescents with T1DM may be involved in the
impairment of bone turnover process, so treatment strategies
toward better glycemic control and decreasing oxidative stress
may be beneficial in preventing and treating diabetic bone
disease.

CONCLUSION
There is an association between oxidative stress and bone
turnover in children with T1DM. Oxidative stress in children with
T1DM can negatively affect the bone by decreasing bone
formation and increasing bone resorption.

Table 3. Correlation between bone turnover markers, duration of
diabetes, HbA1c, and oxidative stress indices in children with T1DM.

Parameters P1NP DPD

r p r p

Duration of DM 0.032 0.844 −0.118 0.469

HbA1c −0.696a <0.001a 0.46a 0.003a

Glutathione 0.552a <0.001a −0.415a 0.008a

MDA −0.462a 0.003a 0.44a 0.005a

SOD 0.352a 0.03a −0.454a 0.003a

P1NP procollagen type-1 N-terminal propeptide, DM diabetes mellitus, DPD
deoxypyridinoline, HbA1c glycated hemoglobin, MDA malondialdehyde,
SOD superoxide dismutase.
aMeans significant.

Table 4. Linear regression analysis to assess the role of oxidative stress indices as predictors for bone turnover markers in children with T1DM.

Parameters P1NP DPD

B p 95% CI B p 95% CI

Glutathione 0.638 0.001a 0.282: 0.994 −0.101 0.02a −0.190:−014

MDA −4.146 0.04a −8.272: −0.020 0.172 0.733 −0.843:1.186

SOD −1.16 0.445 −4.206:1.885 −0.401 0.285 −1.150:0.384

P1NP procollagen type-1 N-terminal propeptide, DPD deoxypyridinoline, MDA malondialdehyde, SOD superoxide dismutase, CI confidence interval.
aMeans significant.
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