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One of the most common microvascular complications of diabetes is diabetic nephropathy, characterized by pathological alterations in the glomeruli 
leading to albuminuria, hypertension, and progressive loss of renal function. 
This study ����� to determine whether type 1 diabetic nephropathy was present in children by evaluating urinary Neutrophil gelatinase-associated 
lipocalin (uNGAL) and ambulatory blood pressure monitoring (ABPM).
��#������	���	��#�!��� A cross-sectional study was conducted from July 2023 to July 2024 and included 57 children with type 1 DM who 
were subdivided into two groups: Group 1 – 36 children without diabetic kidney disease (non-DKD), and Group 2 – 21 children with DKD. All par-
ticipants underwent history taking, clinical examination, and laboratory investigations, including CBC, urea, creatinine, HbA1c, albumin/creatinine 
ratio, NGAL, echocardiography, and ABPM.
���$�#��	The mean uNGAL level was significantly higher in Group 2 (10.43±18.71 pg/ml) compared with Group 1 (1.56±1.31 pg/ml) (P=0.006). 
The mean overall and daytime systolic and diastolic blood pressures were also significantly higher in Group 2 (DKD) compared with Group 1 (non-
DKD) (P<0.01), as measured by ABPM. In addition, Group 2 had significantly lower LVESD (P=0.008), indicating left ventricular systolic dysfunction.
�!�"�$��!��	As NGAL is an early indicator of DKD, our findings highlight its predictive importance. In addition, the significantly higher systolic and 
diastolic blood pressures, along with left ventricular systolic dysfunction in the DKD group, underscore the importance of ABPM and echocardiogra-
phy in the assessment and follow-up of children with type 1 DM.
The study was conducted in accordance with the principles of the Declaration of Helsinki. The study protocol was approved by the institution’s local 
ethics committee. The informed consent was obtained from patients. The authors declare no conflict of interest.
)� �!���(	diabetic kidney disease, diabetic nephropathy, neutrophil gelatinase-associated lipocalin, children
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Diabetic kidney disease (DKD) is one of 
the most significant microvascular com-

plications of type 1 diabetes. Although the overall 
incidence of DKD has declined in recent decades, 
its occurrence continues to be more frequent 
among children and adolescents compared with 
individuals who develop type 1 diabetes later in 
life [36]. Early recognition of DKD is critically 
important, as renal involvement is associated with 
increased morbidity and mortality among affected 
pediatric patients.

The progression of DKD is commonly moni-
tored through the urine albumin-to-creatinine ra-
tio (UACR) and the estimated glomerular filtra-
tion rate (eGFR). However, these measures have 
limited sensitivity for detecting early renal injury, 
do not directly assess histopathological changes, 
and may fail to identify subtle glomerular or tu-
bular dysfunction. Although renal biopsy remains 
the diagnostic gold standard, it is invasive and 
unsuitable for routine clinical use, highlighting 
the need for more sensitive, non-invasive bio-
markers [14].

Emerging evidence suggests that renal tubular 
injury plays a central role in the early pathophy-
siology of DKD. Among the proposed biomark-
ers, neutrophil gelatinase-associated lipocalin 
(NGAL) has shown strong potential. Elevated 
NGAL concentrations have been associated with 
acute kidney injury (AKI), chronic kidney disease 
(CKD), sepsis, and malignant diseases, support-
ing its value as an early indicator of renal impair-
ment. Despite this, research on NGAL in children 
with type 1 diabetes remains limited, and only a 
few studies have evaluated NGAL as a biomarker 
for early DKD in childhood-onset diabetes [16].

Hypertension is another critical factor contrib-
uting to cardiovascular and microvascular com-
plications in children with type 1 diabetes. High 
blood pressure can accelerate both nephropathy 
and retinopathy, making early assessment essen-
tial [28]. Given the documented value of am-
bulatory blood pressure monitoring (ABPM) in 
identifying subtle abnormalities in blood pres-
sure patterns, its role in evaluating cardiovascu-
lar risk in pediatric diabetes has gained increas-
ing emphasis.

Therefore, the present study aims to assess 
early diabetic nephropathy in children with type 
1 diabetes by measuring urinary NGAL (uNGAL) 
and evaluating cardiovascular risk through ambu-
latory blood pressure monitoring (ABPM) and 
echocardiographic assessment.

��#������	���	��#�!��	!Y	#��	�#$� 
This cross-sectional comparative study was 

performed from July 2023 to July 2024 on 57 
children with type 1 diabetes mellitus (DM) 
aged 2 to 18 years. According to the urine al-
bumin-to-creatinine ratio (UACR), patients were 
subdivided into two groups: Group 1 (non-DKD), 
which included 36 children without diabetic kid-
ney disease, and Group 2 (DKD), which included 
21 children with diabetic kidney disease.

Furthermore, to study the value of ABPM in 
detecting early DKD, we divided Group 2 in-
to two subgroups: Subgroup 2A – the non-dip-
ping group (loss of blood pressure dipping) and 
Subgroup 2B – the dipping group. Patients with 
acute infections, type 2 DM, acute kidney inju-
ry, eGFR<60 ML/M2/min/1.7, immunosuppres-
sion, or using immunosuppressive drugs were all 
excluded from the study.

All patients were subjected to full assessment, 
including an entire history taking with a special 
focus on the history of the first attack, history of 
DKA, family history of diabetes, type of insulin 
used, recurrent urinary tract infections, hematuria, 
urine output, and hospital admissions, family his-
tory of renal disease, and an autoimmune disease. 
Complete clinical examinations included weight 
percentile, height percentile, body mass index 
(BMI), abdominal examination, and cardiac exa-
mination. Laboratory investigations were applied 
to all the participants. They included a complete 
blood count (CBC) with differential conducted us-
ing the Cell-DYN 1800 (USA), with manual diffe-
rential count performed when required. Creatinine 
and urea tests were evaluated using a semi-auto-
mated photometer ELIT Tech. group vital Diere 
Netherlands. HBA1C and urinary albumin/creati-
nine ratio were assessed using Mispa-I2 AGAPPE 
kits applied to the protein analyzer AGAPPE 
Switzerland GMBH. According to the user's ma-
nual, urinary NGAL was analyzed using QuicKey 
Human NGAL (Neutrophil Gelatinase Associated 
Lipocalin) ELISA Kit (E-TSEL-H0003). Echocar-
diographic studies were conducted using a Vivid 
S5 G.E. Healthcare machine with a 6 MHZ trans-
ducer. Echocardiograms were obtained at rest with 
patients in the left lateral position using standard 
parasternal and apical views. Shortening fraction 
(SF) is obtained by measuring left ventricular sys-
tolic diameter (LVSD) and left ventricular end-di-
astolic diameter (LVEDD) using M-mode echo-
cardiography from a parasternal long-axis perspec-
tive. To get the SF, follow these steps: The usual 
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range for the shortening fraction (SF) is 25–45%, 
and the SF was calculated using the formula: 

SF = [(LVEDD – LVESD) / LVEDD] × 100 
(I.Z. Ben-Dov et al., 2007).

Ambulatory blood pressure monitoring. Everyone 
was put through a 24-hour AMBP using validat-
ed Oscillo metric equipment (CONTEC ABP50. 
CONTEC MEDICAL SYSTEMS CO., LTD. 
CHINA). The patients were told to go about their 
daily lives as usual, but not to strain themselves 
too much and to maintain their non-dominant arms 
calm and steady while the measures were being 
taken. At night (from 23:00 to 07:00 hours) and 
every 30 minutes throughout the day (from 07:00 
to 23:00), the gadget was programmed to take 
blood pressure readings. Participants were instruct-
ed to document their daily routines and the time 
they slept. After sorting the blood pressure readings 
into «awake» and «asleep» periods based on the di-
ary entries, the next step was to analyze the data.

Evaluation of the dipping profile of the patients. 
The dipper profile of the patients was defined 
as the percent of nocturnal blood pressure (BP) 
drop, as recommended by the American Heart As-
sociation:

Dip = 1 – (nSBP / dSBP) × 100%, 
where nSBP – night systolic BP (SBP), dSBP – 
day SBP [18]. 

Average BP during the day divided by av-
erage BP during the night is the night-to-day 
BP ratio. Most people's BP drops, or «dips», 
when they sleep. We will accept as an artifi-

cial cutoff to classify participants as «dippers» 
the discovery of a nocturnal BP decline of more 
than 10% of daytime values (night-day BP ratio 
<0.9). There are several more types of dippers, 
such as non-dippers (BP range 0 to 10%), severe 
dippers (BP range >20%), and reverse dippers 
(BP range <0%).

Statistical methods. For the qualitative vari-
ables, percentages and frequencies were used. 
Quantitative variables were described using 
mean and standard deviation, expressed as mean 
± S.D. We used the chi-square (��) test to com-
pare qualitative variables. The Student's T-test 
with two independent samples was used when 
comparing quantitative variables. We use cor-
relation analyses as needed. Additional statisti-
cal analysis will be conducted using appropriate 
significance tests. The results are considered sta-
tistically significant if the p-value is less than 
0.05. All tests were done using the Statistical 
Package for the Social Sciences (SPSS version 
20) for Windows 10.

The study was approved by the local Ethics 
committee (FMBSUREC/05072022/HasbElna-
by) and was conducted in agreement with the 
Declaration of Helsinki. 

Results of the study
DKD was reported in 21 (36.8%) of the patients. 

Macroalbuminuria was reported in 2 (3.5%) patients, 
non-dipping BP was reported in 13 (22.8%) pa-
tients; 10 (47.6%) of them in the Group 2 (P=0.01).

Parameters Group 1 (N=36) Group 2 (N=21) P-value 
Age, years 11.14±1.29 11.10±1.81 0.916 

Age at presentation 6.78±1.31 5.05±1.53 <0.001 

Attacks of diabetic ketoacidosis (DKA) 1.03±0.16 2.00±0.63 <0.001 

Weight, kg 27.14±4.599 26.71±5.34 0.753 

Weight percentiles 5.94±9.14 8.47±11.54 0.365 

Height, cm 144.78±8.377 142.38±10.09 0.339 

Height percentiles 43.33±13.36 41.66±14.43 0.661 

BMI, kg/m2 12.87±1.28 13.07±1.47 0.584 

HbA1c 8.40±0.47 11.26±2.15 <0.001 

Urea, mg/dl 13.64±3.20 22.33±7.35 <0.001 

Creatinine, mg/dl 0.94±0.23 1.00±0.1 0.280 

eGFR, ml/ min/1.73 m2 99.92±17.21 84.06±8.2 0.000 

Albumin/Create Ratio, mg/g creatinine 14.56±7.584 211.62±95.19 0.020 

NGAL, pg/ml 1.56±1.31 10.43±18.71 0.006 

NGAL/create, pg/mg 4.40±4.30 27.62±7.22 0.010 

Table 1
�!�%����!�	��#����	%�#���#�	��#�	���	��#�!$#	Z)Z	��&�����&	���!&��%��"�	"����"���	

���	���!��#!� 	��#�
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A comparison between Groups 1 and 2 in 
terms of demographic, clinical, and laboratory 
data is shown in Table 1.

Baseline data of the studied participants. The 
two groups were matched for age (P=0.916). 
Age at presentation was significantly lower in 
Group 2 (P<0.001), and the frequency of DKA 
was significantly higher in Group 2 (P<0.001).

Anthropometric measurements of the studied 
participants. There were no significant diffe-
rences between the two groups regarding weight 
(P=0.753), weight percentiles (P=0.365), Height 

(P=0.339), height percentiles (P=0.661), and 
BMI (P=0.584).

Laboratory data results of the studied par-
ticipants. Patients of Group 2 showed signifi-
cantly higher levels of HbA1c (P<0.001), 
urea (P<0.001), and albumin/creatinine ratio 
(P=0.020). The eGFR levels were significantly 
lower in Group 2 (P<0.001).

Creatinine levels were comparable in the two 
groups (P=0.280).

Urinary NGAL results among studied patients. 
The mean urinary NGAL levels were signifi-

LV end diastolic, cm Pearson Correlation 0.239 0.170 

Sig. (2-tailed) 0.074 0.206 

LV end systolic, cm Pearson Correlation 0.154 0.237 

Sig. (2-tailed) 0.253 0.076 

Ejection Fraction (EF) Pearson Correlation 0.150 0.136 

Sig. (2-tailed) 0.265 0.312 

Mean overall SBP, % Pearson Correlation 0.327* 0.218 

Sig. (2-tailed) 0.013 0.103 

Mean overall DBP, % Pearson Correlation 0.002 0.071 

Sig. (2-tailed) 0.989 0.599 

Mean day SBP, % Pearson Correlation 0.349** 0.243 

Sig. (2-tailed) 0.008 0.069 

Mean day DBP, % Pearson Correlation 0.066 0.123 

Sig. (2-tailed) 0.624 0.363 

Mean night SBP, % Pearson Correlation 0.212 0.230 

Sig. (2-tailed) 0.113 0.085 

Mean night DBP, % Pearson Correlation 0.133 -0.063- 

Sig. (2-tailed) 0.324 0.641 

 

 

Parameters uNGAL/creatinine Albumin/Creatinine 
Ratio 

Age, years Pearson Correlation 0.297 0.105 

Sig. (2-tailed) 0.025 0.436 

Age at presentation Pearson Correlation 0.125 0.168 

Sig. (2-tailed) 0.355 0.211 

Attacks of DKA Pearson Correlation 0.567 0.486 

Sig. (2-tailed) 0.000 0.000 

HbA1c Pearson Correlation 0.335* 0.427** 

Sig. (2-tailed) 0.011 0.001 

Urea Pearson Correlation 0.441 0.357 

Sig. (2-tailed) 0.001 0.006 

Creatinine Pearson Correlation 0.055 0.042 

Sig. (2-tailed) 0.683 0.757 

eGFR Pearson Correlation 0.170 0.157 

Sig. (2-tailed) 0.206 0.244 

Albumin/Creatinine Ratio Pearson Correlation 0.484 1.0 

Sig. (2-tailed) 0.000 � 

Table 2
�!�����#�!��	��#����	����["���#�	���	���$���[����#�	���	!#���	\��������

Notes: Pearson correlation coefficients are shown; P<0.05 is statistically significant;* –  significant at P<0.05; ** –  significant at P<0.01.
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cantly higher in Group 2 compared to Group 1 
(P=0.006). Also, the mean urinary NAGL/Cre-
atinine levels were significantly higher in the 
Group 2 compared to the Group 1 (P=0.010). 
Patients in Subgroup 2A showed a signifi-
cantly higher uNAGL/Creatinine ratio (5.08±
±2.04 pg/mg) compared to patients in Subgroup 
2B (2.97±1.50 pg/mg) (P=0.02). 

On the other hand, the uNAGL was high-
er in the Subgroups 2A (1.68±0.7 pg/ml) com-
pared to the Subgroups 2B (1.06±0.63 pg/ml) 
but with no significant differences (P=0.16). 
The NGAL/creatinine significantly correlated 
to the number of attacks of DKA (P=0.000), 
HbA1c (P=0.011), urea (P=0.001), albumin/
creatinine ratio (P=0.000), mean overall SBP 
(P=0.013), and mean day SBP (P=0.008). The 
albumin/creatinine ratio significantly correlated 
with the number of attacks of DKA (P=0.000), 

HbA1c (P=0.001), and urea (P=0.006) (Table 2). 
To investigate the predictive role of uNAGL, 
uNAGL/Creatinine ratio, and Albumin/Creat-
inine ratio in the prediction of the progression 
to DKD, the ROC curve analysis showed that 
uNAGL had a significant role in the prediction 
of DKD at a cutoff value >2.5 pg/ml with sen-
sitivity 86.96%, Specificity 97.06% and AUC 
(Area Under the Curve) 0.909. Also, the uNA-
GL/Creatinine ratio significantly predicted 
DKD at a cutoff value >10 pg/mg with a sensi-
tivity of 73.91%, Specificity of 88.24%, and AUC 
of 0.836. The Albumin/Create ratio significant-
ly predicted DKD at a cutoff value >29 with a 
sensitivity of 91.30%, Specificity of 100.0%, and 
AUC of 0.980.

Blood pressure measurements of the studied 
participants (Tables 3 and 4). The overall SBP 
and their percentiles were significantly higher 

Parameters Group 1 (N=36) Group 2 (N=21) P-value 
Mean overall SBP 101.36±6.634 109.33±6.102 <0.001 

Mean overall SBP, percentiles 53.89±8.028 67.38±12.002 <0.001 

Mean-day SBP 103.89±5.859 112.62±5.792 <0.001 

Mean-day SBP, percentiles 55.56±9.085 75.71±10.552 <0.001 

Mean night SBP 95.47±5.146 99.52±3.907 0.003 

Mean night SBP, percentiles 50.00±0.000 52.86±9.562 0.077 

Mean overall DBP 62.44±7.157 67.71±6.908 0.009 

Mean overall DBP, percentiles 61.92±11.819 70.00±16.279 0.035 

Mean-day DBP 64.06±7.123 72.14±7.337 <0.001 

Mean-day DBP, percentiles 64.94±10.746 76.57±14.959 0.001 

Mean night DBP 56.61±6.271 60.29±7.623 0.054 

Mean night DBP, percentiles 51.67±5.606 58.05±11.664 0.007 

Dipping BP 11.39 ±.5.83 8.02±3.41 0.008 

Table 3
�!�%����!�	��#����	%�#���#�	��#�	���	��#�!$#	Z)Z	��&�����&	� �#!��"	

���	����#!��"	��!!�	%����$���	�]
Z

Parameters < 50th 50�90th 90�95th 95�99th P-value 
Overall SBP, % Non-DKD 29 (80.6%) 7 (19.4%) 0 (0.0%) 0 (0.0%) <0.001 

DKD 5 (23.8%) 14 (66.7%) 1 (4.8%) 1 (4.8%) 

Mean day SBP Non-DKD 26 (72.2%) 10 (27.8%) 0 (0.0%) 0 (0.0%) <0.001 
DKD 0 (0.0%) 16 (76.2%) 5 (23.8%) 0 (0.0%) 

Mean night SBP Non-DKD 36 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.169 

DKD 19 (90.5%) 1 (4.8%) 1 (4.8%) 0 (0.0%) 

Overall DBP, % Non-DKD 16 (44.4%) 19 (52.8%) 0 (0.0%) 1 (2.8%) 0.018 
DKD 6 (28.6%) 10 (47.6%) 5 (23.8%) 0 (0.0%) 

Mean day DBP Non-DKD 10 (27.8%) 24 (66.7%) 1 (2.8%) 1 (2.8%) 0.029 

DKD 2 (9.5%) 12 (57.1%) 5 (23.8%) 2 (9.5%) 

Mean night DBP 
Non-DKD 33 (91.7%) 3 (8.3%) 0 (0.0%) 0 (0.0%) 0.016 

DKD 13 (61.9%) 6 (28.6%) 2 (9.5%) 0 (0.0%) 
 

Table 4
�!�%����!�	��#����	%�#���#�	��#�	���	��#�!$#	Z)Z	��&�����&	��YY����#	� �#!��"	

��!!�	%����$��	%��"��#����
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in the Group 2 (P<0.001). Also, the mean day 
SBP and its percentiles were significantly hig-
her in Group 2 (P<0.001). In addition, the mean 
night SBP was significantly higher in Group 2 
(P=0.003). The mean night SBP percentiles were 
comparable in the two groups (P=0.077).

The overall diastolic BP (DBP) and its percen-
tiles were significantly higher in Group 2 (P=0.009 
and P=0.035, respectively). Also, the mean day 
DBP and its percentiles were significantly high-
er in Group 2 (P<0.001 and P<0.001, respec-
tively). While the mean night DBP showed 
non-significant differences between the two 
groups (P=0.054), the mean night DBP per-
centiles were significantly higher in Group 2 
(P=0.007).

The 50–90th overall SBP percentiles were 
significantly more frequent in Group 2. Regard-
ing the mean day SBP, the 50–90th and 90–
95th percentiles were more frequent in the DKD 
than in Group 1. The two groups had no signif-
icant differences regarding the mean night SBP 
percentiles. The 90–95th overall DBP percen-
tiles were significantly more frequent in Group 
2. Regarding the mean day DBP, the 50–90th 
and 90–95th percentiles were more frequent in 
Group 2 than in Group 1. Also, the 50–90th 
and 90–95th percentiles were more frequent in 
Group 2 than in Group 1 regarding the mean 
night DBP.

Patients in Group 2 showed a significant-
ly lower dipping BP (8.02±3.41) compared to 
Group 1 (11.39±.5.83) (P-value 0.008). On the 
other hand, loss of BP dipping was reported.

Echocardiography findings of the studied par-
ticipants (Table 5). LVSD was significantly low-
er in Group 2 (P=0.008). At the same time, there 
were no significant differences between the two 
groups regarding the LVEDD (P=0.447) and 
Echocardiography findings (EF) (P=0.992).

Discussion
This study aimed to assess early diabetic ne-

phropathy in children with type 1 diabetes by 
measuring uNGAL and evaluating cardiovas-
cular risk through ABPM and echocardiogra-

phy. Our results demonstrate that HbA1c le-
vels, urea, and albumin/creatinine ratio were 
significantly higher in the DKD group, whereas 
the eGFR was significantly lower in this group. 
Similarly, H. Li et al. (2022) reported that pa-
tients with DKD exhibited higher HbA1c va-
lues than those without DKD [18]. Consistent 
findings were also reported in more recent re-
search showing that the coexistence of diabe-
tes and chronic kidney disease increases HbA1c 
levels, which contributes to CKD progression 
and remains an independent risk factor for ad-
verse renal outcomes [19]. In agreement with 
these observations, Y. Lin et al. (2023) also not-
ed that patients with non-albuminuric DKD 
tend to have lower rates of achieving adequate 
HbA1c targets [19].

In contrast, S. Roy et al. (2021) found no sig-
nificant difference between groups; HbA1c levels 
were slightly lower in individuals with DKD than 
in those without DKD (7.1% vs. 7.2%), although 
this difference did not reach statistical significance 
[29]. The relatively small cohort size in our study 
may partially explain the absence of statistical sig-
nificance among some variables that otherwise re-
flect a greater diabetes burden. 

Because not all children with diabetes who 
have micro- or macroalbuminuria will also have 
a decline in kidney function, albuminuria has 
limitations as a biomarker for predicting and 
diagnosing DKD. Fever, illness, nutrition, hy-
dration status, hemodynamics, stress, exercise, 
menstruation, and hyperglycemia can all influ-
ence albuminuria, UACR, and eGFR. In addi-
tion, strict control of blood glucose and blood 
pressure can normalize albuminuria in many pa-
tients with microalbuminuria (up to 40%) [19].

Another study by H. Li et al. showed that 
patients in the DKD group had lower eGFR 
levels and persistently higher serum creatinine 
and blood urea nitrogen compared to the non-
DKD group, which is consistent with our data 
[18]. Similarly, Y. Lin et al. found that urea le-
vels were higher in individuals with DKD com-
pared to those without DKD [19]. S. Roy et al. 
also reported that most individuals with DKD 

Parameters Group 1 (N=36) Group 2 (N=21) P-value 
LVEDD, cm 4.69±0.577 4.57±0.598 0.447 

LVSD, cm 3.33±0.756 2.76±0.768 0.008 

EF, % 57.75±4.481 57.76±3.463 0.992 

Table 5
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exhibited UACR values in the microalbumin-
uria range (67.2%) [29].

In our study, urine ACR levels were signifi-
cantly higher in children with type 1 diabetes – 
approximately one-third of participants – com-
pared with controls. Supporting our findings, 
microalbuminuria was detected in 25% of chil-
dren with type 1 diabetes, while macroalbumin-
uria was found in 3.5% of cases. Additionally, 
3.5% (7 out of 199) of children developed mi-
croalbuminuria within two years of diabetes di-
agnosis, and in two cases it appeared as early as 
7 months after diagnosis [38].

S. Chen et al. demonstrated that patients 
with DKD had a higher likelihood of experi-
encing a �50% decline in eGFR, highlighting 
the prognostic value of dynamic proteinuria mo-
nitoring for identifying high-risk CKD patients 
[5]. Our results also showed that NGAL and the 
NGAL/creatinine ratio were significantly high-
er in the DKD group and positively correlat-
ed with HbA1c, urea, albumin/creatinine ratio, 
mean overall systolic BP, and mean daytime 
systolic BP. These findings align with those of 
S. Duan et al., who reported markedly elevated 
urinary NGAL/creatinine ratios in DKD com-
pared with non-DKD patients [9].

NGAL is produced by renal tubular epitheli-
al cells in response to injury and is considered 
a sensitive marker of tubular damage. In diabet-
ic nephropathy, increased tubular secretion of 
NGAL correlates with worsening renal function 
[12]. Urinary NGAL has also been shown to be 
useful in assessing progression and severity of 
renal impairment from various causes, including 
its utility as the NGAL/creatinine ratio [4,7,24]. 

Furthermore, before a decline in GFR be-
comes detectable, studies have demonstrated 
that injured renal tubular cells begin producing 
NGAL early in the course of acute kidney in-
jury [23]. In addition, urinary NGAL has been 
shown to serve as an early biomarker of diabetic 
nephropathy [3]. Consistent with this, F. Pia-
ni et al. reported that NGAL is associated with 
tubular damage, AKI-related changes, and pro-
ximal tubular dysfunction in the early stages of 
DKD [27].

In our study, we identified a negative cor-
relation between uNGAL and the uNGAL/cre-
atinine ratio. We also observed that uNGAL and 
uNGAL/creatinine were higher in the non-dip-
ping non-DKD group. Furthermore, the albu-
min/creatinine ratio was positively correlated 

with the number of DKA episodes, HbA1c, urea 
levels, and NGAL/creatinine ratio.

Regression of microalbuminuria over a 2-year 
period was significantly associated with lower 
baseline tubular injury markers, as reported by 
V.S. Vaidya et al. [35]. Additionally, mild ele-
vations in urinary NGAL may occur due to im-
paired tubular reabsorption even within the nor-
moalbuminuria range [13]. A meta-analysis in 
children also concluded that urinary NGAL is 
a useful biomarker, particularly in the normoal-
buminuric stage of diabetic nephropathy, where 
both glomerular and tubular injury contribute 
to disease progression. Importantly, evidence 
shows that tubular dysfunction may appear ear-
lier than glomerular injury or microalbuminuria, 
even when glomerular proteinuria is not yet de-
tectable [30].

The positive association between urinary 
NGAL and ACR observed in our study further 
supports the potential of urinary NGAL as an 
early marker of diabetic tubulopathy in children 
with type 1 diabetes, even before overt glome-
rular damage becomes clinically evident. Our 
study found that the mean daytime and overall 
systolic and diastolic blood pressure (SBP and 
DBP), as well as their percentiles, were signifi-
cantly higher in the DKD group. Although mean 
nocturnal SBP percentiles were comparable be-
tween groups, the mean nocturnal DBP percen-
tiles were significantly higher in children with 
DKD. We also observed a higher frequency of 
loss of nocturnal BP dipping in the DKD group. 
These findings are consistent with a large study 
of 3,529 children and adolescents with type 1 
diabetes, which demonstrated altered BP regu-
lation characterized by elevated SBP, reduced 
systolic dipping, increased nocturnal DBP, and 
elevated mean arterial pressure [8]. 

In children with type 1 diabetes, Lurbe et 
al. demonstrated that nocturnal systolic blood 
pressure (SBP) elevation occurs before the de-
velopment of microalbuminuria, highlighting the 
importance of early BP profiling in this popula-
tion [20]. Similarly, F. Rohani et al. identified 
hypertension as a modifiable risk factor for the 
development of diabetic kidney disease (DKD) 
[28]. Abnormal BP dipping has been linked to 
both microvascular and macrovascular compli-
cations in individuals with diabetes [2,17]. Con-
sistent with this, L. Mamilly et al. reported that 
abnormal nocturnal BP patterns were common 
among children with type 1 diabetes, even in 
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early stages of nephropathy [21]. Furthermore, 
Muntean and colleagues emphasized that BP ab-
normalities serve as key indicators of early dia-
betic nephropathy [28], and current recommen-
dations advise measuring BP at diagnosis and an-
nually thereafter in children with diabetes [11].

Arterial hypertension greatly increases the 
risk of cardiovascular disease in children and 
adolescents with type 1 diabetes [28]. Supporting 
this, N.M. Shalaby and N.M. Shalaby demonstra-
ted abnormal SBP and DBP patterns, including 
significant loss of nocturnal dipping, in diabe-
tic children [31]. Patients with type 1 diabetes 
who develop microalbuminuria are more likely 
to exhibit non-dipping BP patterns. Large cli-
nical data involving 3,529 children and adoles-
cents further confirmed that poor BP regulation 
manifested by elevated SBP, higher nocturnal 
DBP, increased mean arterial pressure, reduced 
systolic dipping, and altered diastolic dipping is 
a consistent marker of impaired BP control in 
type 1 diabetes [8].

E. Lurbe et al. also reported that rises in noc-
turnal SBP precede microalbuminuria, suggesting 
that BP dysregulation may appear before renal 
biochemical abnormalities [20]. The non-dipping 
pattern is one of the earliest BP abnormalities 
observed in youths with type 1 diabetes, and it 
represents a significant risk factor for renal mor-
phological changes and glomerular hyperfiltra-
tion. Hypertension accelerates microvascular 
complications, including nephropathy [28]. Hy-
pertension is also increasingly recognized as a 
risk factor for progression to DKD, and its pre-
valence is rising among diabetic youth, especial-
ly in type 2 diabetes, where obesity contributes 
to treatment-resistant hypertension [32,34].

Current clinical guidelines recommend initi-
ating antihypertensive treatment promptly when 
BP exceeds the 95th percentile, along with life-
style modification. For diabetic patients, angio-
tensin-converting enzyme inhibitors (ACE inhi-
bitors) or angiotensin receptor blockers (ARBs) 
are preferred, with reproductive counseling pro-
vided for adolescent girls. Target BP should re-
main below the 90th percentile to optimize renal 
and cardiovascular outcomes [11]. 

One of the earliest abnormalities in the blood 
pressure profile of children with type 1 diabetes 
is the loss of nocturnal systolic dipping, which 
L. Mamilly et al. (2021) reported to be asso-
ciated with elevated urinary NGAL levels. Their 
findings further demonstrated that the NGAL/

creatinine ratio correlates with albumin excretion 
even when the urine microalbumin/creatinine ra-
tio remains within normal limits, emphasizing the 
value of this inflammatory biomarker for detec-
ting diabetic nephropathy before the microalbu-
minuric phase [21].

In our study, the LV end-systolic diame-
ter was significantly higher in the DKD group, 
while LV end-diastolic diameter and EF did not 
differ significantly. These findings align with 
X. Wang et al. (2023), who identified urine al-
bumin as a sensitive marker for early renal im-
pairment and cardiovascular risk in patients 
with diabetes and hypertension [37]. Previous 
evidence has linked albuminuria to LVH; how-
ever, confirmation from large multi-center pro-
spective studies is needed, as most earlier in-
vestigations were retrospective and single-center 
[1]. Additional research has shown that micro-
albuminuria is generally associated with reduced 
LV diastolic function, whereas significant albu-
minuria is linked with impairment of both dia-
stolic and systolic function, with LV mass index 
increasing as urinary albumin rises [26]. Similar-
ly, S. Chillawar et al. (2017) demonstrated that 
both micro- and macroalbuminuria are associat-
ed with LVH [6].

X. Wang et al. (2023) further demonstrat-
ed that increasing proteinuria is an independent 
predictor of LVH in DKD [37]. Our findings 
suggest that subtle LV longitudinal myocardial 
systolic dysfunction – rather than diastolic dys-
function – may represent an early indicator of 
preclinical diabetic cardiomyopathy in patients 
with preserved EF and no clinical signs of heart 
failure, which is consistent with mechanistic 
insights described by G. Jia et al. (2018) and 
J. Mehta et al. (2021) [15,22]. Differences in 
diastolic function between DKD and non-DKD 
etiologies may reflect distinct underlying patho-
physiological processes. J. Miyazato et al. (2005) 
reported that individuals with diabetic nephro-
pathy demonstrate more pronounced impair-
ments in LV diastolic function compared to those 
with chronic glomerulonephritis [25]. This may 
be attributed to diabetes-related mechanisms, in-
cluding oxidative stress, increased pro-inflamma-
tory and profibrotic cytokine activity, and ac-
cumulation of advanced glycation end products 
[10]. The early stage of DKD in our study po-
pulation may explain why our findings dif-
fer from studies conducted in populations with 
more advanced disease.
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Our research highlights the importance of 

NGAL as a predictor of diabetic nephropathy 
and an early indicator of the condition. In ad-
dition, the significantly higher SBP and DBP 
with loss of dipping, along with left ventri-
cular systolic dysfunction in the DKD groups, 
highlight the importance of AMBP and echo-

cardiography in the assessment and follow-up 
of DM type 1 for early detection and control 
of DKD.
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