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ABSTRACT

Objective: Diabetic nephropathy is one of the most important complications in diabetes mellitus. We aimed to examine the 
influence of organ-specific antibody seropositivity in diabetic nephropathy.
Methods: Patients with type 1 diabetes and no evidence of celiac disease, thyroid dysfunction, and other kidney diseases 
and with an annual average HbA1c level <10%, body mass index <25 kg/m2, and normal blood pressure were enrolled.
Results: Eighty patients (39 boys and 41 girls) were evaluated. Twenty patients with moderately increased albuminuria 
(diabetic nephropathy group) and 60 patients without albuminuria (control group) showed no statistical difference in age, 
gender, diabetes duration, age at diagnosis, kidney function tests, and mean blood pressure measurements. Compared to 
control group, the mean anti-thyroglobulin level and anti-thyroxin peroxidase level were statistically higher in the diabetic 
nephropathy group, P = .004 and P = .045, respectively. However, the thyroid function tests were normal in either group.
Conclusion: Determination of the impact of autoantibody seropositivity on the risk of diabetic nephropathy in type 1 dia-
betic children could be a non-traditional marker in the risk assessment of diabetic nephropathy.
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INTRODUCTION
Diabetic nephropathy (DN) is one of the most critical 
complications of type 1 diabetes mellitus (T1DM), which 
is the most common chronic metabolic disease in child-
hood.1 Persistent moderately increased albuminuria 
(MA) is the earliest sign of DN, followed by a gradual 
decline in kidney function leading to chronic kidney 
disease (CKD).2,3 Microvascular and macrovascular com-
plications, mainly DN, are the leading cause of morbid-
ity and mortality seen in adulthood. Thus, identifying 
and managing the risk factors should be the primary 
goal in diabetes therapy.4 Several risk factors have been 
determined that affect the onset and progression of 
DN, such as glycemic control, duration of diabetes, age 
at onset, puberty, obesity, hypertension, and genetic 

predisposition.5 In the management of diabetes, ensur-
ing the optimal weight and the effective control of blood 
pressure have positive effects on the risk of DN; how-
ever, the most important modifiable risk factor in DN is 
glycemic control.5-8

It has long been known that T1DM increases the risk of 
other autoimmune diseases. Autoimmune processing 
affecting the pancreas’ beta cells may also cause organ-
specific and non-organ-specific autoimmune diseases in 
various tissues and organs along with genetic suscepti-
bility.9,10 The most frequent concomitant autoimmune 
diseases of T1DM are autoimmune thyroiditis (AIT), celiac 
disease (CD), pernicious anemia, vitiligo, and Addison’s 
disease, respectively.11 In CD, a strict gluten-free diet 
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(GFD) may complicate glycemic control due to its high glycemic 
index and facilitate the risk of DN.12 Malabsorption and low-
grade inflammation in CD also contribute to DN.12,13 Hashimoto’s 
thyroiditis and Graves’ disease are both referred to as autoim-
mune thyroid diseases (AITD), manifests as hypothyroidism 
and hyperthyroidism.14 Hypothyroidism causes hypoglycemia 
and growth retardation in T1DM, while hyperthyroidism often 
causes acute diabetic complications such as ketoacidosis and 
hypertension.15,16 However, there are some studies that state 
that long-term hyperthyroidism deteriorates glycemic control as 
well.17 It seems that autoimmune disease concomitance contrib-
utes to DN by impairing glycemic control with the clinical and 
laboratory findings they cause. Moreover, most patients with 
thyroid autoantibodies do not have thyroid dysfunction symp-
toms.15 This study was designed to examine the association of 
organ-specific autoantibody (Ab) positivity without overt clini-
cal symptoms on DN development risk. 

METHODS
In this cross-sectional single-center study, T1DM patients fol-
lowed between January 2016 and January 2019 in pediatric 
endocrinology outpatient clinics were retrospectively evalu-
ated. Among these patients, those who met the following cri-
teria were enrolled in the study; Patients diagnosed with T1DM 
according to the American Diabetes Association criteria;18 age at 
diagnosis <18 years; disease duration <10 years; annual average 
HbA1c level <10%; body mass index (BMI) <25 kg/m2; and nor-
mal outpatient blood pressure measurements. Patients with 
missing data were excluded. Eighty patients who met the inclu-
sion criteria were divided into 2 groups: DN group and without 
persistent MA (control group). These 2 adjusted groups were 
compared in terms of organ-specific Ab levels (anti-thyroglobu-
lin (anti-Tg), anti-thyroxin peroxidase (anti-TPO), and anti-tissue 
transglutaminase IgA (anti-tTG). Patients with Ab measurement 
above the defined upper limit without any overt clinical symp-
toms were considered seropositive.

Patients with positive anti-tTG IgA were referred to the pediatric 
gastroenterology outpatient clinic. Those with signs and symp-
toms compatible with CD and positive anti-endomysial (EMA) 

IgA results were further evaluated for CD. However, they were 
excluded from the study. Patients who were anti-tTG IgA posi-
tive, anti-EMA IgA negative, and had no apparent signs of CD 
were included in the study. However, diagnostic endoscopy was 
not performed in this group.

Patients with positive thyroid-specific Abs (anti-Tg and/or anti-
TPO) were further evaluated in the pediatric endocrinology 
outpatient clinic. Those with signs and symptoms compatible 
with hypothyroidism or hyperthyroidism, abnormal thyroid 
function tests, and abnormal thyroid ultrasonography results 
were excluded from the study. Patients who were thyroid-spe-
cific Ab seropositive with normal thyroid function tests and had 
no overt signs of thyroid dysfunction, whether they had normal 
or abnormal thyroid ultrasound findings, were included in the 
study. 

Patients with persistent MA were further evaluated in the 
pediatric nephrology outpatient clinic. Those with suspected 
accompanying kidney disease in anamnesis, physical exami-
nation, laboratory, and radiological evaluation were excluded 
from the study. 

Diagnosis of DN was made clinically; a diagnostic kidney biopsy 
was not planned. These patients were followed up in 3 months 
periods by 24-hour urine protein excretion, kidney function 
tests, and blood pressure measurements. In patients with high 
blood pressure, increasing protein excretion in the follow-up 
period angiotensin-converting enzyme (ACE) inhibitors were 
started at an appropriate dose. 

The Abbott i2000 hormone analyzer using the luminescent 
immunoassay method evaluated the thyroid-specific abs, anti-
TPO, and anti-Tg. Accepted normal serum levels of thyroid func-
tion tests were as follows: TSH 0.5-4.3 mU/L, free thyroxine (fT4) 
0.93-1.70 ng/dL, and accepted normal serum levels of thyroid-
specific Abs. Anti-tTG IgA Ab levels were as follows: anti-TPO 
0-34 IU/mL, anti-Tg 0-34 IU/mL, and anti-tTG <30 U/L.19

HbA1c was evaluated with the HPLC method. Body mass index 
was calculated as the ratio of body weight (kg) to squared 
height (meters). Blood pressure was evaluated according to the 
Fourth Report on the Diagnosis, Evaluation, and Treatment of 
High Blood Pressure in Children and Adolescents.20

All patients in this study were evaluated with 24-hour urine 
collection. Persistent moderately increased albuminuria was 
defined as an albumin excretion rate of 30-300 mg/24 hour on 2 
or more 24-hour urine sample results within 3-6 months.21

The study was performed following the Helsinki Declaration, 
and all patients/parents have given their informed consent to 
participate in the study. The study was approved by the Local 
Ethics Committee (11/12/2020-13-27).

MAIN POINTS

•	 This study shows that organ-specific autoantibody seroposi-
tivity without any clinical and laboratory overt symptoms may 
be associated with the development of diabetic nephropathy 
along with poor metabolic status in diabetic children.

•	 Isolated autoantibody seropositivity may be used in the risk 
assessment of diabetic nephropathy, alongside the identified 
traditional risk factors in the future.

•	 It is suggested to keep the anti-thyroid autoantibody positiv-
ity cutoff value lower in diabetic patients.
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Statistical Analysis
All data were analyzed using the Statistical Packages for Social 
Sciences version 21.0 software (IBM Corp.; Armonk, NY, USA). 
The chi-squared test was used to analyze categorical variables. 
The distribution of the variables was tested by the 1-sample 
Kolmogorov–Smirnov test. Non-parametric data were pre-
sented as the median and compared by the Mann–Whitney U 
test and the Kruskal–Wallis test where appropriate. Parametric 
data were presented as mean (± SD) and compared by Student’s 
t-test and analysis of variance where appropriate. The relation-
ship between moderately increased albuminuria level and 
other variables were analyzed by linear regression analysis. The 
relationship between DN and ab seropositivity was analyzed by 
binary regression analysis. The correlations between variables 
were evaluated by Spearman’s correlation test. A P-value of <.05 
was considered statistically significant. 

RESULTS
In this study, 80 patients who met the inclusion criteria were 
evaluated. There were 39 boys (48.75%) and 41 girls (51.25%). 
The mean age and age at diagnosis of diabetes of the patients 
were 14.2 ± 3 (range 7-18) years and 7.21 ± 3 (range 0.6-12.3) 
years, respectively. The mean diabetes duration was 7.07 ± 1.25 
(range 5-10) years. The mean BMI was 18.9 ± 2.4 (range 15-24) 
kg/m2. The mean estimated glomerular filtration rate (GFR) 
was 117.25 ± 31.8 mL/min/1.73m2 (range 61.7-148.5). The mean 
annual HbA1c value was 8.7 ± 0.8% (range 7-10). 

Persistent MA was detected in 20 of 80 patients (25%). As the 
groups were matched, 20 patients with persistent MA (DN group) 
and 60 patients without persistent MA (non-DN group) showed 
no statistical difference in age, gender, diabetes duration, diag-
nosing age, BMI, HbA1c, and, estimated GFR values. The mean 
MA level was 116.3 ± 105.6 (median 74.5, range 25-300) mg/24h 
in the DN group, and 7.7 ± 5.4 (median 5.5, range 1-20) mg/24h 
in the non-DN group (P = .001). 

A statistically significant difference was observed when DN and 
non-DN groups were compared in terms of anti-Tg and anti-
TPO levels. The mean anti-Tg Ab level of DN and non-DN groups 
were 21.83 ± 58.13 (range 0.25-244) IU/mL and 5.80 ± 29.63 
(range 0.04-131) IU/mL, respectively. The mean anti-Tg level 
was significantly higher in the DN group (P = .004). The mean 
anti-TPO level of DN and non-DN groups were 153.16 ± 385.85 
(range 0.1-1609) IU/mL and 18.17 ± 128.96 (range 0.01-800) IU/
mL, respectively. Similarly, the anti-TPO level was significantly 
higher in the DN group (P = .045). However, there was no clinical 
or laboratory evidence of thyroid dysfunction in either group. 
The mean anti-tTG IgA level of DN and non-DN groups were 
26.56 ± 61.18 (range 0.21-136) U/L and 5.80 ± 14.42 (range 0.01-
79) U/L, respectively. There was no statistically significant dif-
ference between groups in terms of anti-tTG IgA ab levels (P = 
.055). The demographic and laboratory characteristics of both 
groups were summarized in Table 1.

Spearman’s correlation analysis showed no statistically sig-
nificant correlation between DN and current age, gender, age 
at diagnosis, diabetes duration, BMI, and mean HbA1c levels. 
The anti-TPO and anti-Tg Ab levels had a moderate positive 
correlation with MA levels (Spearman’s rho = 0.42, P = .015 and 
Spearman’s rho = 0.46, P = .008, respectively). Also, there was a 
weak but statistically significant correlation between the mean 
HbA1c and diabetes duration (Spearman’s rho = 0.225, P = .011). 
In linear regression analysis, there was a statistically significant 
correlation between MA level and anti-Tg Ab level (P = .001 odds 
ratio (OR): 0.842, 95% CI: 0.357-1.327). 

A statistically significant difference was observed when DN 
and non-DN groups were compared in terms of anti-thyroid 
ab seropositivity (P = .001); however, a similar relation-
ship was not shown in anti-CD A seropositivity (P = .86). In 
addition, there was a statistically significant correlation 
between DN and anti-thyroid Ab seropositivity (phi = 0.361, 
P = .001). Binary logistic regression analysis showed a statis-
tically significant correlation between DN and anti-thyroid 
Ab seropositivity as well (P = .002, OR: 0.156, 95% CI: 0.047-
0.517). The detailed comparison of thyroid function tests, 

Table 1.  The Clinical and Laboratory Characteristics of Both 
Groups

Groups

DN Non-DN

P(n = 20) (n = 60)

Male 6 (30%) 33 (55%) .49

Female 14 (70%) 27 (45%)

Age (years) 15.5 ± 2.5 14.16 ± 3.1 .38

eGFR (mL/min/1.73 m2) 115 ± 27.4 118 ± 34.5 .36

BMI (kg/m2) 19 ± 1.93 19 ± 2.6 .63

Duration of DM (year) 6.54 ± 0.9 7.04 ± 1.3 .11

HbA1c (%) 8.91 ± 0.7 8.6 ± 0.8 .29

Anti-Tg (U/mL) 21.83 ± 58.13 5.80 ± 29.63 .004

Anti-TPO (U/mL) 153.16 ± 385.83 18.17 ± 128.96 .045

Anti-tTG IgA (U/L) 26.56 ± 61.18 5.80 ± 14.42 .055

MA (mg/24 h) 116.3 ± 105.6 7.7 ± 5.4 .000

TSH (mU/L) 1.75 ± 1.1 1.6 ± 0.8 .24

sT4 (ng/dL) 0.97 ± 0.7 0.86 ± 0.8 .53

Anti-thyroid Ab positivity (%)* 45% (9/20) 11.6% (7/60) .001

Anti-celiac Ab positivity (%)** 20% (4/20) 18.3% (11/60) .86

Double Ab positivity (%)*** 5% (1/20) 3.5% (2/60)

*Anti-Tg and/or anti-TPO seropositivity (Ab titer > 34 U/mL).
**Anti-tTG IgA seropositivity (Ab titer > 34 U/L).
***Anti-Tg and/or anti-TPO and anti-tTG IgA seropositivity.
BMI, body mass index; Ab, autoantibody; DM, diabetes mellitus; DN, diabetic 
nephropathy; MA, moderately increased albuminuria; TPO, thyroxin peroxidase; 
TSH, thyroid-stimulating hormone; tTG, tissue transglutaminase.
P < .05 is statistically significant.
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Ab levels, and Ab seropositivity of groups was summarized 
in Table 1.

DISCUSSION
Clinically overt microvascular complications, particularly 
advanced DN, are rarely seen in childhood. However, early struc-
tural and functional subclinical abnormalities can be detected 
even a few years after a diabetes diagnosis.22 Persistent MA is 
the most common finding during this phase that progresses to 
CKD in adulthood.23 There are many genetic and metabolic risk 
factors and individual differences, and there may be other as yet 
undefined factors that determine this process starting with MA 
to CKD.6,7 Since urinary protein excretion increases during the 
daytime with prolonged duration in the upright position, partic-
ularly in the 3-5% of the adolescent population, it is important 
to get urine samples from the first urine in the morning to rule 
out orthostatic proteinuria.

Identifying and managing as many risk factors as possible in 
diabetic patients is mandatory in risk assessment in the process 
of leading DN. Several risk factors have been determined that 
influence the onset and progression of DN, such as duration of 
diabetes, age at onset, puberty, and family history of diabetic 
complications which are non-modifiable factors. Also, glycemic 
control, obesity, and high blood pressure are some of the modi-
fiable risk factors that have been shown in many studies. The 
most critical risk factor is glycemic control which is under the 
influence of many modifiable and non-modifiable risk factors 
such as puberty and obesity.5,6-23 As is known, HbA1c has long 
been used for monitoring glycemic control. However, there is 
not a clearly defined specific HbA1c threshold, suggesting that 
DN will not emerge. Although it remains a little controversial, it 
is recommended to keep the HbA1c level below 7% in the man-
agement of diabetic patients.24 In our study. the mean HbA1c 
level was 8.7 ± 0.8%, although this value was above the recom-
mended level, the mean HbA1c levels were matched in both 
groups as the mean HbA1c levels were 8.91 ± 0.73 and 8.64 ± 
0.85 respectively (P = .29). 

The duration of T1DM is another closely related risk factor of 
DN. In a study by Amin et al.7 the cumulative prevalence of MA 
was 26% after 10 years of duration and 51% after 19 years of 
duration diabetes. In a study by Salgado et  al.25 DN was seen 
in 20.9% of patients with a mean follow-up duration of 11.32 ± 
4.02 years. In our study, DN was detected 20 of 80 patients (25%) 
with a mean follow-up duration of 7.07 ± 1.25 years. Poor glyce-
mic control of the patients in our study is one of the factors that 
may explain the earlier development of DN.

On the other hand, in our study, the anti-thyroid Ab (anti-Tg and 
anti-TPO) positivity rate was 20% (16/80 patients). In a study 
by Monteagudo et  al.26 thyroid Ab positivity without thyroid 
dysfunction was 17.6%. Similarly, in a study by Hansen et al.27 
thyroid Ab positivity was 16% in diabetic patients with normal 

thyroid function tests. Since thyroid autoantibodies in T1DM 
patients increase with age and diabetes duration, some studies 
have a higher incidence of thyroid Ab positivity.15 However, in 
our study, a significantly higher thyroid Ab positivity was shown 
than in studies in which patients with similar age and diabetes 
duration were evaluated. Thus we speculate that the high rate 
of MA in our study also supports the possible relationship with 
thyroid Ab seropositivity even without any thyroid dysfunction 
signs and symptoms. It is difficult to explain the higher Ab sero-
positivity in our study than in similar studies; however, this may 
be an autoimmune genetic predisposition in a region where 
consanguineous marriages are common. 

Celiac disease is another concomitant autoimmune disorder 
seen in T1DM, with an incidence of 3%-16%.28 The diagno-
sis of CD is based on specific clinical manifestations, 10-fold 
increased anti-tTG Ab positivity and positive anti-EMA, however 
in T1DM majority of patients may not present with classic CD 
symptoms, therefore in these patients, small intestine biopsy 
confirmation is needed.29 Studies evaluating the impact of CD 
on DN have conflicting results. Rohrer et al22 revealed that CD is 
an independent risk factor for DN in T1DM patients, in a study 
of adjusted groups for age, sex, duration of diabetes, blood 
pressure measurements, and mean HbA1c levels. Studies are 
reporting an increased rate of microvascular complications 
and others report no difference. However, these studies have 
considered different modifiable and non-modifiable risk fac-
tors.30,31 Studies reporting that CD has an impact on DN gen-
erally focus on the following mechanisms: malabsorption, 
the high glycemic index of GFD, and inflammation which are 
related to the overt CD.12,13 Patients that are seropositive with 
no gastro-intestinal or extra-intestinal manifestation of CD are 
defined as a silent CD.31 Therefore, we can expect no increased 
risk in DN since the mentioned mechanisms do not exist in 
these patients. Similarly, in the study by Leeds et  al.30 it is 
reported that seropositivity of anti-tTG antibody alone has an 
insufficient effect on noticeable microvascular complications, 
and enteropathy is required in T1DM. It has long been known 
that there is a relationship between CD and neuropsychiatric 
complications, which can also occur in patients with positive 
celiac serology in the absence of enteropathy.33 Although the 
exact mechanisms are not fully understood, this situation may 
be due to the presence of neural antigens that cross-reacting 
with gliadin.34 Similarly, it is possible that anti-thyroid Abs may 
interact with kidney antigens to increase the development of 
DN. In a study by Hoffmann et al.13 two groups with DM and DM 
with AIT were compared in terms of skin microcirculation. In 
this study, both groups were matched for risk factors and had 
normal thyroid function (TSH, sT4) tests. Interestingly, it was 
observed that microcirculation has deteriorated in DM with the 
AIT group. Hence, another speculation of our results could be 
the stated dynamics that alter skin microcirculation may con-
tribute to nephropathy in diabetic patients by affecting kidney 
microcirculation. When we interpret our results from another 
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perspective, the question arises whether anti-thyroid Ab sero-
positivity is the cause or the result of poor glycemic control in 
DN. The fact that the study groups were matched in terms of the 
mean HbA1c levels and the significantly higher anti-thyroid ab 
seropositivity in the DN group suggests that Ab seropositivity is 
also an effective factor in DN. However, the actual reason for Ab 
seropositivity is still unclear, genetic predisposition may be one 
of the reasons.

Since in our study the mean anti-Tg and anti-TPO Ab levels 
in the DN group were significantly higher than in the control 
group, earlier and closer MA follow-up may be recommended 
with diabetic children at relatively high anti-thyroid Ab levels, 
even within the normal range. In addition, keeping the Ab sero-
positivity threshold low in diabetic children may be another 
recommendation.

CONCLUSION
In conclusion, determining the association between ab sero-
positivity and DN in children can be a crucial non-traditional 
marker in the risk assessment. However, to ascertain the asso-
ciation of ab seropositivity with DN and to clarify the mecha-
nisms of these interactions, further studies with larger antibody 
panels and sample sizes are needed.

Ethics Committee Approval: This study was approved by Ethics Com-
mittee of Mustafa Kemal University (Approval No: 13-27, Date: 
11/12/2020).

Informed Consent: Verbal informed consent was obtained from the 
patients who agreed to take part in the study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – A.T.; Design – A.T., M.A.K.; Supervi-
sion – M.N.Ö.; Resources – A.T.; Materials – M.A.K., N.Ç.; Data Collection 
and/or Processing – C.A., M.A.K., N.Ç., E.Ü., M.A.; Analysis and/or Inter-
pretation – A.T.; Literature Search – C.A., E.Ü., M.A.; Writing – A.T.; Criti-
cal Review – M.N.Ö.

Declaration of Interests: The authors have no conflict of interest to 
declare.

Funding: The authors declared that this study has received no finan-
cial support.

REFERENCES
1.	 International Diabetes Federation. IDF Diabetes Atlas. 8th ed. Brus-

sels, Belgium: International Federation; 2007.
2.	 Atkins RC, Zimmet P. Diabetic Kidney Disease: act now or pay later. 

Kidney Int. 2010;77(5):375-377. [CrossRef]
3.	 Dahlquist G, Stattin EL, Rudberg S. Urinary albumin Excretion rate 

and glomerular filtration rate in the Prediction of Diabetic 
Nephropathy; a long-term follow-up study of Childhood-Onset 
type-1 diabetic patients. Nephrol Dial Transplant. 2001;16(7):1382-
1386. [CrossRef]

4.	 Secrest AM, Becker DJ, Kelsey SF, LaPorte RE, Orchard TJ. Cause-
specific mortality trends in a large population-based cohort with 
long-standing childhood-onset Type 1 diabetes. Diabetes Care. 
2010;33(12):2573-2579. [CrossRef]

5.	 Svensson M, Eriksson JW, Dahlquist G. Early glycemic control, age 
at onset, and development of microvascular complications in 
childhood-onset type 1 diabetes: a population-based study in 
Northern Sweden. Diabetes Care. 2004;27(4):955-962. [CrossRef]

6.	 Diabetes Control and Complications Trial Research group, 
Nathan DM, Genuth S, et al. The effect of intensive treatment of 
diabetes on the development and progression of long-term com-
plications in insulin-dependent diabetes mellitus. N Engl J Med. 
1993;329(14):977-986. [CrossRef]

7.	 Âmin R, Widmer B, Prevost AT, et al. Risk of microalbuminuria and 
progression to macro albuminuria in a cohort with childhood-
onset type 1 diabetes: prospective observational study. BMJ. 
2008;336(7646):697-701. [CrossRef]

8.	 Cameron FJ, Wherrett DK. Care of diabetes in children and adoles-
cents: controversies, changes, and consensus. Lancet. 
2015;385(9982):2096-2106. [CrossRef]

9.	 Atkinson MA, Eisenbarth GS. Type 1 diabetes: new perspectives on 
disease pathogenesis and treatment. Lancet. 2001;358(9277):221-
229. [CrossRef]

10.	 Pociot  F, McDermott  MF. Genetics of type 1 diabetes mellitus. 
Genes Immun. 2002;3(5):235-249. [CrossRef]

11.	 Barker  JM. Clinical review: type 1 diabetes-associated autoim-
munity: natural history, genetic associations, and screening. J Clin 
Endocrinol Metab. 2006;91(4):1210-1217. [CrossRef]

12.	 Scaramuzza AE, Mantegazza C, Bosetti A, Zuccotti GV. Type 1 dia-
betes and celiac disease: the effects of Gluten-free diet on meta-
bolic control. World J Diabetes. 2013;4(4):130-134. [CrossRef]

13.	 Saraheimo M, Teppo AM, Forsblom C, Fagerudd J, Groop PH. Dia-
betic nephropathy is associated with low-grade inflammation in 
type 1 diabetic patients. Diabetologia. 2003;46(10):1402-1407. 
[CrossRef]

14.	 Kordonouri  O, Klinghammer  A, Lang  EB, Grüters-Kieslich  A, Gra-
bert  M, Holl  RW. Thyroid autoimmunity in children and adoles-
cents with type 1 diabetes: a multicenter survey. Diabetes Care. 
2002;25(8):1346-1350. [CrossRef]

15.	 Kakleas K, Paschali E, Kefalas N, et al. Factors for thyroid autoim-
munity in children and adolescent with type 1 diabetes mellitus. 
Ups J Med Sci. 2009;114(4):214-220. [CrossRef]

16.	 Dost  A, Rohrer  TR, Fröhlich-Reiterer  E, et  al. Hyperthyroidism in 
276 children and adolescent with type 1 diabetes from Germany 
and Austria. Horm Res Paediatr. 2015;84(3):190-198. [CrossRef]

17.	 Hage M, Zantout MS, Azar ST. Thyroid disorders and diabetes mel-
litus. J Thyroid Res. 2011;2011:439463. [CrossRef]

18.	 American Diabetes Association. Classification and diagnosis of 
diabetes: standards of medical care in diabetes. Diabetes Care. 
2018;41:13-27.

19.	 Gardner  D. Normal hormone reference ranges. In: Gardner  DG, 
Shoback D, eds. Greenspan’s Basic & Clinical Endocrinology. 9th ed. 
New York: McGraw-Hill; 2011.

20.	 The Fourth Report of the Diagnosis, Evaluation and Treatment of 
High Blood Pressure in Children and adolescent (online report). U.S 
National Department of Health and Human Services National 
Institutes of Health, National Heart, Lung and Blood Institute; 
2005. Available at: http:​//www​.nhlb​i.nih​.gov/​healt​h/pro​f/hea​rt/
hb​p/hbp​_ped.​pdf

https://doi.org/10.1038/ki.2009.509
https://doi.org/10.1093/ndt/16.7.1382
https://doi.org/10.2337/dc10-1170
https://doi.org/10.2337/diacare.27.4.955
https://doi.org/10.1056/NEJM199309303291401
https://doi.org/10.1136/bmj.39478.378241.BE
https://doi.org/10.1016/S0140-6736(15)60971-0
https://doi.org/10.1016/S0140-6736(01)05415-0
https://doi.org/10.1038/sj.gene.6363875
https://doi.org/10.1210/jc.2005-1679
https://doi.org/10.4239/wjd.v4.i4.130
https://doi.org/10.1007/s00125-003-1194-5
https://doi.org/10.2337/diacare.25.8.1346
https://doi.org/10.3109/03009730903276381
https://doi.org/10.1159/000436964
https://doi.org/10.4061/2011/439463
http://www.nhlbi.nih.gov/health/prof/heart/hbp/hbp_ped.pdf
http://www.nhlbi.nih.gov/health/prof/heart/hbp/hbp_ped.pdf


Taktak et al. Diabetic Nephropathy Risk Factors in Children� Turk J Nephrol 2023; 32(3): 249-254

254

21.	 KDIGO. Nomenclature for kidney function and disease: report of a 
kidney disease: improving global outcomes consensus confer-
ence. Kidney Int. 2020;97(6):1117-1129.

22.	 Rohrer  TR, Wolf  J, Liptay  S, et  al. Microvascular complications in 
childhood-onset type 1 diabetes and celiac disease: a multicenter 
longitudinal analysis of 56.514 patients from the German-Austrian 
DPV database. Diabetes Care. 2015;38(5):801-807. [CrossRef]

23.	 Macisaac RJ, Ekinci EI, Jerums G. Markers of and risk factors for 
the development and progression of diabetic kidney disease. Am 
J Kidney Dis. 2014;63(2)(suppl 2):S39-S62. [CrossRef]

24.	 DiMeglio LA, Acerini CL, Codner E, et al. ISPAD clinical practice 
consensus guidelines 2018: glycemic control targets and glu-
cose monitoring for children, adolescents, and young adults 
with diabetes. Pediatr Diabetes. 2018;19(suppl 27):105-114. 
[CrossRef]

25.	 Salgado PP, Silva IN, Vieira EC, Simões e Silva AC. Risk factors for 
early onset of diabetic nephropathy in pediatric type 1 diabetes. 
J Pediatr Endocrinol Metab. 2010;23(12):1311-1320. [CrossRef]

26.	 Monteagudo PT, Freire MBS, de Moraes NS, Dib SA. Microangio-
pathic complications in type 1 diabetes mellitus; differences in 
severity when isolated or associated with autoimmune polyen-
docrinopathies. Sao Paulo Med J. 1998;116(6):1866-1872. 
[CrossRef]

27.	 Hansen D, Bennedbaek FN, Hansen LK, Hoier-Madsen M, Jacob-
sen  BB, Hegedüs  L. Thyroid function, morphology and 

autoimmunity in young patients with insulin-dependent diabetes 
mellitus. Eur J Endocrinol. 1999;140(6):512-518. [CrossRef]

28.	 Volta  U, Tovoli  F, Caio  G. Clinical and immunological features of 
celiac disease in patients with type 1 diabetes mellitus. Expert Rev 
Gastroenterol Hepatol. 2011;5(4):479-487. [CrossRef]

29.	 Husby S, Koletzko S, Korponay-Szabó IR, et al. European society 
for pediatric gastroenterology, hepatology, and nutrition guide-
lines for the diagnosis of celiac disease. J Pediatr Gastroenterol 
Nutr. 2012;54(1):136-160. [CrossRef]

30.	 Leeds  JS, Hopper  AD, Hadjivassiliou  M, Tesfaye  S, Sanders  DS. 
High prevelance of microvascular complications in adults with 
type 1 diabetes and newly diagnosed celiac disease. Diabetes 
Care. 2011;34(10):2158-2163. [CrossRef]

31.	 Mollazadegan K, Fored M, Lundberg S, et al. Risk of renal disease 
in patients with both type 1 diabetes and celiac disease. Diabeto-
logia. 2014;57(7):1339-1345. [CrossRef]

32.	 Freemark M, Levitsky LL. Screening for celiac disease in children 
with type 1 diabetes: two views of the controversy. Diabetes Care. 
2003;26(6):1932-1939. [CrossRef]

33.	 Hadjivassiliou M, Grunewald RA, Chattopadhyay AK, et al. Clinical, 
radiological, neurophysiological and neuropathological charac-
teristics of gluten ataxia. Lancet. 1998;347:369-371.

34.	 Sander HW, Magda P, Chin RL, et al. Cerebellar ataxia and celiac 
disease. Lancet. 2003;362(9395):1548. [CrossRef]

https://doi.org/10.2337/dc14-0683
https://doi.org/10.1053/j.ajkd.2013.10.048
https://doi.org/10.1111/pedi.12737
https://doi.org/10.1515/jpem.2010.205
https://doi.org/10.1590/s1516-31801998000600007
https://doi.org/10.1530/eje.0.1400512
https://doi.org/10.1586/egh.11.38
https://doi.org/10.1097/MPG.0b013e31821a23d0
https://doi.org/10.2337/dc11-0149
https://doi.org/10.1007/s00125-014-3223-y
https://doi.org/10.2337/diacare.26.6.1932
https://doi.org/10.1016/S0140-6736(03)14743-5

