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ABSTRACT
Background: Children with type 1 diabetes are in risk of developing renal
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E mail - chronic kidney disease (CKD) in people with diabetes.Methods: This is a

case - control study was conducted at Zagazig University Hospital of
pediatrics from June 2017 to January 2018 on 40 cases suffering from TIDM.
It also included 40 matched healthy controls who attend outpatient clinics for
routine care.All cases were subjected to a complete clinical study (thorough
history and physical examination) upon study inclusion, with emphasis on
symptoms and signs of diabetes and renal affection.The following
investigations were performed: HbAlc, Urine analysis, Albumin/creatinine
ratio, renal function test (creatinine, BUN) Renal Ultrasound, Measure serum
copeptin level by ELISA (Sandwich technique).Results: Our study showed
that there is a significant increase in serum copeptin levels compared to
healthy group. There is no significant difference between poorly controlled
and well controlled children with TIDM regarding copeptin levels. Serum
copeptin has also a positive correlation with albumin/creatinine ratio in
children with TIDM. Conclusion: Serum copeptin is a potential prognostic
biomarker in childhood diabetic renal affection.
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INTRODUCTION
1DM is one of multifactorial diseases, with
high incidence worldwide. For example;
the incidence of the disease has been increased
in the last twenty years in Europe up to double
in children below 5 years [1].

Despite the usage of insulin in the
treatment of type 1 diabetes mellitus. this
disease is still associated with increased
morbidity due to the disease complications
affecting the cardiovascular and renal and
nervous system, which is affecting the quality
of life and life expectancy of the children
suffering from it[2].

Since the 1950s kidney disease has been
recognized as one of the complications of
diabetes mellitus [3].

Copeptin (CoPEP) is a peptide co-
synthesized together with vasopressin in
endothelial ~ cells and pituitary  gland
respectively. This peptide has vaso-active,
immune modulating, and metabolic properties.
Copeptin increased in sepsis, has a short half-
life. and is more stable and easier to measure
than the active hormones [4].

Copeptin has shown association with
development of chronic kidney disease (CKD)
in people with diabetes. Early detection of
individuals having the highest risk could help
avoid this complication [5].

PATIENTS AND METHODS

This case control study was done in
pediatric endocrinology outpatient clinics in
Zagazig university hospital of pediatrics in the
period between June 2017 to January 2018. It
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was conducted on 40 patients age from 1 to 18
came for routine follow up in outpatient clinics.
25 of them were poorly controlled type 1
Diabetes mellitus, and 15 of them were well
controlled type 1 Diabetes Mellitus and 40
healthy control who attend outpatient clinics for
routine care.

Written informed consent was obtained
from all participants' parents and the study was
approved by the research ethical committee of
Faculty of Medicine, Zagazig University. The
work has been carried out in accordance with
The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for
studies involving humans.

Inclusion criteria

Children in pediatric department in
Zagazig university hospitals between age of 1
to 18 years and diagnosed as Type 1 DM.

Healthy control: age and sex matched
healthy children who attend outpatient clinics
for routine care.

Exclusion criteria

Cases with acute or chronic systemic disorders,
Cases with any other renal pathology, Cases
with any other endocrinal disease and Newly
diagnosed cases with type 1 DM (less than one
year) were excluded from our study

Methods:

All children were subjected to a detailed
medical history which was taken from the
parents of each child and symptoms analysis of
clinical characteristics of diabetic group was
done which included the age at onset and the
duration of T1D, insulin dose, presence of
microvascular complications, detailed clinical
examination was also performed, All
participants were subjected also to detailed
pelvi-abdominal US .

A blood sample (5ml) was obtained
from each child, and was collected into 2- and
3-ml tubes. A Urine Sample about (3ml) was
obtained also from each child for routine urine
analysis and albumin/creatinine ratio with
precautions (First urine sample before any
exercise),These samples were used to perform
routine investigations which included urine

analysis, albumin/creatinine ratio, renal
function test (creatinine, BUN), HbAlc and
measurement of serum Copeptin level by
ELISA (Sandwich technique). eGFR was also
calculated via Schwartz Formula

Statistical analysis of results

Data collected was coded, entered and
analyzed using Microsoft Excel software.
Continuous data were presented as MeanzSD if
normally distributed or Median (Range) if not
normally distributed. Categorical data were
presented by the frequency and percentage.
Normality was checked by Shapiro-Wilk test.
Variables were compared using t-test, Mann-
Whitney, u test, Chi-squared test of association,
Spearman’s correlation, Pearson’s correlation,
Multiple regression analysis. A receiver
operating characteristic (ROC) curve was used
to determine the threshold value for optimal
sensitivity and specificity of a test. Threshold
for  significance  P-value<0.05 indicates
significant, P<0.01 indicates highly significant
difference, P<0.001 indicates very highly
significant difference while, P>0.05 indicates
non-significant difference. All analysis was
performed with Statistical Package for Social
Sciences (SPSS) version 20.0 (SPSS Inc.,
Chicago, IL., USA)

RESULTS

Diabetic  children had significant
increases in serum creatinine, blood urea
nitrogen, HbAlc, serum copeptin levels and
urine albumin/creatinine ratio but a significant
decrease in GFR compared with healthy
children (P<0.05). (Table 1). on the other our
study showed no statistically significant
differences in all laboratory data in the diabetic
children (P>0.05) except for HbAlc where a
significant elevation was found in poorly
controlled diabetic children compared with well
controlled children (P<0.001). (Table 2).

Our study also showed a statistically
significantly positive moderate correlation
between age and serum copeptin level
(P<0.05). Also, a very highly statistically
significantly  positive  strong  correlation
between years since diagnosis and serum
copeptin level was found (P<0.001) (Table 3).
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The study also showed non-significant
correlations between serum copeptin level and
laboratory data (P>0.05) except for serum
creatinine, blood urea nitrogen and urine
albumin/creatinine ratio where a highly
statistically significantly positive moderate
correlation (P=0.005), a  statistically
significantly positive moderate correlation
(P=0.021), a wvery highly statistically
significantly  positive  strong  correlation
(P<0.001) respectively were found. (table 4).

Multiple stepwise regression analysis
revealed that duration of diabetes (years since
diagnosis of diabetes) is the independent
determinant serum copeptin level in the diabetic
children.

The regression model statistically
significantly predicted the serum copeptin level,
F=21.4, P<0.001, Coefficient of determination
(R*=36%). (table 5).

Receiver operating characteristic (ROC) curve

mild to moderate impairment of GFR and
diabetic children with normal glomerular
filtration rate (GFR) with an area under the
curve (AUC) of 0.71 for serum copeptin level
(95% CI: 0.543 t0 0.841, P=0.019). (Figure 1).

The optimal sensitivity and specificity

were (68.7% and 79.2% respectively at a cutoff
expression value>4.75). Impairment of GFR
was dichotomized into normal GFR vs mild to
moderate impairment.
ROC analysis also revealed that serum copeptin
can well differentiate between diabetic children
with normal urine albumin/creatinine ratio and
diabetic children with microalbuminuria or
macroalbuminuria with an area under the curve
(AUC) of 0.83 for serum copeptin (95% CI:
0.680 to 0.931, P<0.0001). (figure 2).

The optimal sensitivity and specificity
were (65.5% and 100% respectively at a cutoff
expression value <4.5). Urine
albumin/creatinine ratio was dichotomized into

analysis revealed that serum copeptin can fairly normal urine albumin/creatinine ratio and
differentiate between diabetic children with microalbuminuria or macroalbuminuria.
Table 1: Laboratory data of healthy controls vs diabetic children

 Healthy controls  Diabetic children

Serum creatinine (mg/dL) MW=252 <0.001***
Median(Range) 0.5(0.3-0.8) 0.75(0.4-1.4)

Mean rank 26.8 54.2

Blood urea nitrogen (mg/dL) MW=38.5 <0.001***
Median(Range) 11(7-15) 18.5(14-47)

Mean rank 21.5 59.5

HbA1c (%) MW=250 <0.001***
Median(Range) 6(5.5-6.4) 8.99(4.73-14)

Mean rank 26.8 54.3

GFR (mL/min per 1.73 m?) MW=1.290 <0.001***
Median(Range) 125(96.5-161) 103.75(53.3-163.6)

Mean rank 52.8 28.3

Serum copeptin (pmol/L) MW=585.5 0.039*
Median(Range) 3.95(2.6-5.3) 4.3(1.49-12)

Mean rank 35.1 45.9

Urine albumin/creatinine ratio MW=417.5 <0.001***
(mg/g)

Median(Range) 6.7(5-14) 15(450-444)

Mean rank 30.9 50.1

*significant (P<0.05), ***=Very highly significant(P<0.001), MW, Mann-Whitney u test, GFR, glomerular filtration
rate
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Table 3: Correlations between serum copeptin level and baseline characteristics of the diabetic children

Serum copeptin_mol/L

Age (years) R 0.37

P 0.035*
Years since diagnosis rs 0.539

P <0.001***

Table 4: Correlations between serum copeptin level and laboratory data of the diabetic children

Serum creatinine (mg/dL) r 0.439
P 0.005**
Blood urea nitrogen (mg/dL) rs 0.363
P 0.021*
HbA1c (%) rs 0.181
P 0.26
GFR (mL/min per 1.73 m?) r -0.257
0.11
Urine Ibumin/creatinine ratio (mg/g) rs 0.622
P <0.001***

r:Pearson correlation, rs: Spearman's rho correlation, *significant (P<0.05), **= highly
significant(P<0.01), ***=Very highly significant(P<0.001), n=40

Table 5: Summary of regression analysis for serum copeptin in the diabetic children

~ Multivariable stepwise regression
Unstandardized Coefficients P-value Unstandardized P-value
Coefficients
B SEsg B SEg

Age (years) 0.23 0.13 0.035
Years since diagnosis 0.85 0.18 <0.001 0.85 0.18 <0.001
Height (cm) 0.04 0.02 0.071
Sex -0.14 0.96 0.89
(male=0, female=1)
Serum creatinine 5.26 1.75 0.005
(mg/dL)
Blood urea nitrogen 0.11 0.08 0.16
(mg/dL)
HbAlc (%) 0.13 0.15 0.4
GFR -0.03 0.02 0.11
(mL/min per 1.73 m?)
Urine 0.018 0.005 0.002
albumin/creatinine
ratio (mg/g)
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Figure 1
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DISCUSSION

This case control study was conducted
on 40 patients with TLDM with age range of 1
— 18 year who came for routine follow up in
outpatient clinics or admitted on endocrinology
department for concern of uncontrolled
hyperglycemia. Twenty-five diabetic children
were considered as poorly controlled (HBA1C
< 7.5%), and the other fifteen were well
controlled (HBA1C > 7.5%). The aim of the
present study was to investigate and compare
the serum levels of copeptin in diabetic children
vs. non diabetic healthy children and to clarify
its relation to the degree of diabetic control to
assess the usefulness of copeptin measurement
in children in early diagnosis of DN in children
with TIDM.

As regard to the personal criteria of the
case group, age was ranging from 4 years to 17
years old, with median age of 9.5 years old.
Female comprised 57.5 % of diabetic children
included in our study. The average years since
diagnosis of diabetes was 3.05+2.1 years.
Serum copeptin level was not statistically
different between males and females within the

Figure 2
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case group, an assumptive expected finding that
are matching with others like Abbasi et al. [6] .

Regarding serum copeptin, diabetic
children has significant higher values of serum
copeptin levels (levels ranging from 4.73 to 14
pmol/L) median (4.3 pmol/L) compared to
healthy controls with serum copeptin (levels
ranging from 5.5 to 6.4 pmol/L) median (3.95
pmol/L) (P = 0.039). These finding were
matching with that reported by Bjornstad et al.
[7] in their study on adults with TIDM. They
mentioned that the mean serum copeptin level
in diabetic group was 3.5 pmol/L (levels
ranging from 2.3 to 3.8 pmol/L) which is
significantly higher compared to serum
copeptin level in the healthy group; 2.8 pmol/L
(levels ranging from 2.7 to 3.1 pmol/L)
(p = 0.003). However Schiel et al. [8] in their
study on children and adolescents with T1DM,
disagrees with our data, as serum copeptin
levels in diabetic group was lower than the
healthy group with mean serum copeptin level
were 4.75 pmol/L and 5.56 pmol/L respectively
with  non-significant statistical difference.
Similar findings like our study were found in
adult patients with T2DM as reported by
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Zellweger et al. [9] who found significantly
higher serum copeptin levels in diabetic group
compared to healthy non diabetic group; 9.4
pmol/L and 4.1 respectively.

In our study, conventional renal markers
including serum creatinine, blood urea nitrogen
and albumin/creatinine ratio had significant
higher values in diabetic children compared to
healthy children. On the other hand, eGFR was
significantly lower in the former group (eGFR
ranging from 53.3 t0163.6 mL/min per 1.73 m?
in diabetic group compared to 96.5 to 161
mL/min per 1.73m? in  healthy controls)
(median 103.75 mL/min per 1.73 m? in diabetic
group compared to 125 mL/min per 1.73 m? in
healthy controls) (P <0.001). This is agreed
with Bamanikar et al. [10]Jwho reached a
similar conclusion for the same parameters in
their study which focused on patients with
T1DM particularly regarding values of BUN;
which in addition to creatinine are related to
duration since diagnosis of diabetes. Also,
Faulkner et al. [11] and de Boer et al. [12]
agreed with our study as regard to
Albumin/creatinine ratio which was stated in
their reports to be higher in diabetic patients;
both TIDM and T2DM, compared to healthy
controls.

Boertien et al. [13] focused on patients
with  T2DM and found that copeptin
concentration is significantly associated with
higher baseline albumin/creatinine ratio and
lower eGFR values and with a decline in eGFR
during follow-up in diabetic patients. This last
association is independent of, and stronger than,
most traditional risk factors for kidney function
decline. Additionally, Yalta et al. [14] reported
higher plasma copeptin concentrations, higher
albuminuria and a lower decrease in eGFR The
similarity of the above with our findings on
children with T1DM, clarify that the decline in
eGFR and the higher albumin / creatinine ratio
is strongly related to duration since diagnosis of
diabetes rather than the type of diabetes.

On the other hand, Schiel et al.
[8]found no significant differences in respect of
serum creatinine, BUN or eGFR between
patients with type 1 diabetes mellitus and the

healthy controls, the findings that disagreed
with our results. Different DM management
strategies and different levels of patient/family
compliance; particularly related to the parental
education, in addition to small number of
participants in both studies, may explain this
difference. Worth mentioning in this aspect, the
higher mean of HbA1C level in our study (8.99
%) compared to 7.85 % in the study of Schiel
etal. [8].

In our study and within the diabetic
group, non-statistically significant differences
were found between the two subgroups, well
controlled and poorly controlled children with
T1DM regarding in serum copeptin (P = 0.62).
The same speaking could be said regarding
renal markers; serum creatinine, BUN and
albumin/creatinine ratio (P = 0.062, 0.76, and
0.069 respectively). These data are agreed with
the study of Schiel et al. [8] . Again, this may
be attributed to the small sample size of the
diabetic group and subgroups.

On the other hand, and on correlation
analysis within the diabetic group, our study
showed a statistically significantly positive
correlation between serum copeptin levels and
the age (P = 0.035), diabetes duration (P =
0.001), serum creatinine (P = 0.005), blood urea
nitrogen (P = 0.021), and urine
albumin/creatinine ratio (P <0.001).
Comparing with our results, Schiel et al. [8],
found a strong inverse correlation between
copeptin and GFR, a finding which is not
matching with ours which showed lack of
significant correlation to serum copeptin with
GFR. Findings of Schiel et al. were also
contrary to our data regarding correlation with
serum creatinine, albuminuria, HbAlc, blood
glucose, age, height and BMI. The same
authors, noted that patients with TLDM with a
diabetes duration of >7 years had higher serum
copeptin than those with diabetes duration <7
years, though the serum copeptin not
significantly correlated to diabetes duration in
the same study.

In our study, Multivariate analysis
showed that duration of diabetes is the
independent determinant of serum copeptin
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level in the diabetic children (P = 0.001).
However, Schiel et al. [8] and Pikkemaat et al.
[15] disagreed with our study as they reported
that only the GFR could be identified as a
parameter correlated with copeptin. They
suggested that the copeptin concentration is
also a surrogate parameter for kidney function
and a decline of GFR in children.

Compared to above data, Abbasi et al.
[6] in their study on patients with T2DM,
demonstrated that plasma copeptin is a reliable
surrogate parameter for the prediction of T2DM
mellitus and perhaps for diabetic nephropathy.
Thus, it can be surmised that the serum
copeptin concentration is an independent risk
factor for the decline in renal function in
patients with T2DM. Moreover, Artunc et al.
[16] concluded in their study on patients with
T2DM, that copeptin in combination with the
measurement of urine albumin excretion rate is
very helpful for the early diagnosis of diabetic
nephropathy.

Receiver operating characteristic (ROC)
curve analysis confirmed the ability of copeptin
to diagnose decline of eGFR. Furthermore,
when we classified the patients according to
eGFR to patients with normal, mild, moderate
and severe impairment of eGFR, Serum
copeptin was able to fairly distinguish between
them with optimal sensitivity and specificity
were (68.7% and 79.2% respectively at a cutoff
expression value>4.75) (P<0.0001). In a study
by Zittema et al. [17], copeptin showed
sensitivity and specificity of 63% and 83%,
respectively; the figures that are comparable to
our findings.

ROC curve analysis confirmed the
ability of serum copeptin to diagnose
albuminuria. Furthermore, serum copeptin can
differentiate between microalbuminuria and
macroalbuminuria and normal urine with
optimal sensitivity and specificity were (65.5%
and 100% respectively at a cutoff expression
value <4.5) (P<0.0001). In Hu et al. [18] study,
Copeptin showed sensitivity and specificity
(78.9% and 88.9%, respectively). This is
conceptually matching with matched cross-
sectional case—control study of Bjornstad et al.

[7], who reported that copeptin was
significantly higher in men with TIDM and
albuminuria compared to those with
normoalbuminuria. Furthermore, higher
copeptin concentrations conferred greater odds
of impaired GFR, independent of other
important risk factors.
CONCLUSION

serum copeptin is a potential prognostic

biomarker in childhood renal affection due to

T1DM. Further large-scale studies with larger

number of participates should be conducted to

confirm the value of copeptin in renal affection
specially in children with TLDM.
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