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A b s t r a c t

Introduction: Chronic kidney disease and end-stage renal disease have been 
found to be caused by diabetes. More recently, the renal tubulointerstitium 
has been increasingly assumed to play a  role in the pathogenesis of dia-
betic nephropathy with prolonged exposure to a  variety of metabolic and 
haemodynamic injuring factors associated with sustained hyperglycaemia 
as contributing factors. This study aimed to investigate whether maternal 
diabetes could be the factor affecting kidney function in a newborn with the 
use of neutrophil gelatinase-associated lipocalin (NGAL) and kidney injury 
molecule-1 (KIM-1) – biomarkers of renal injury.
Material and methods: The study included 138 full-term newborns: 50 new-
borns from diabetic pregnancies and 88 healthy newborns. The concentra-
tions of NGAL and KIM-1 were determined in urine in the first or the second 
day of life with a commercially available ELISA kit.
Results: Considerably higher urine level of NGAL (25.7 (11.8–40.8)) and 
NGAL/cr. (29.1 (19.1–47.4)) in babies from diabetic pregnancies has been 
found when compared to the reference group (16.74 (9.9–27.5)) and (21.9 
(14.6–29.8)) (p = 0.01, p < 0.01) respectively. We also found a significantly 
higher urine level of NGAL (27.8 (13.6–44.2)), NGAL/cr. (31.9 (17.6–57.4)), 
and KIM-1/cr. (2.6 (1.6–5.5)) in babies of diabetic mothers treated with in-
sulin when compared to the reference group (16.7 (9.9–27.5)), (21.9 (14.6–
29.8)), (1.9 (0.8–3.2)), (p = 0.01, p = 0.02, p = 0.02), respectively.
Conclusions: Based on the results of this study, we indicate for the first time 
that maternal diabetes mellitus during pregnancy may be considered as the 
cause of tubular kidney damage in newborns.
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Introduction

Diabetes mellitus, a chronic metabolic disease, is believed to be the 
most common hormonal disease in the world [1]. It is estimated that 
diabetes can cause chronic kidney disease and end-stage renal disease 
[2]. It has also been increasingly assumed that the renal tubulointersti-
tium takes part in the pathogenesis of diabetic nephropathy with ex-
tended exposure to a variety of metabolic and haemodynamic injuring 
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factors associated with sustained hyperglycaemia 
as a contributing factor [3].

Diabetes mellitus (type 1 diabetes, type 2 di-
abetes, gestational diabetes)  is a frequent medi-
cal complication in pregnancy [4]. Not only is the 
mother adversely affected but also the child, caus-
ing early perinatal complications and long-term 
consequences. There is vast body of evidence 
that, regardless of diabetes and hyperglycaemia 
during pregnancy, the risk of adverse events in-
creases [5, 6].

Neutrophil gelatinase-associated lipocalin (NGAL) 
produced in epithelial cells and neutrophils in most 
tissues is a small (25-kD) protein. It is a marker of 
renal tubular damage [7]. Also, kidney injury mol-
ecule-1 (KIM-1), a transmembrane protein present 
only in the proximal tubules of injured human kid-
neys, can be considered as a marker of acute prox-
imal tubular kidney damage [8].

Until now, no study concerning the impact of 
diabetes during pregnancy on the functions of 
newborns’ kidneys has been conducted using ear-
ly biomarkers of kidney damage.

The purpose of the study was to test the differ-
ences in concentrations of urine NGAL and KIM-1 
between newborns exposed to maternal diabe-
tes during pregnancy and newborns from normal 
pregnancies. 

Material and methods

Patient recruitment and sample collection

In the prospective study 138 neonates were in-
cluded. They were born on time at the Department 
of Perinatology and hospitalised at the Depart-
ment of Neonatology and Intensive Care, Medical 
University of Bialystok, Poland at a  rooming-in 
ward. Fifty newborns were from pregnancies com-
plicated by diabetes mellitus (11 by type 1 dia-
betes, 17 by gestational diabetes requiring insu-
lin therapy, 22 by gestational diabetes requiring 
a  diet therapy, who were diagnosed using WHO 
2013 criteria [9]).

Eighty-eight healthy newborns resulted from 
normal pregnancies with no prenatal and peri-
natal complications. Newborns included in the 
study met the following criteria: normal physical 
examination and normal prenatal ultrasound ex-
amination of the kidney. Neonates with a history 
of any congenital anomaly, Apgar score lower than 
8 in the first minute of birth, respiratory disorders, 
heart illnesses, intrauterine infections, and higher 
markers of inflammation were not included in the 
analysis.

The Local Bioethics Committee of the Medical 
University of Bialystok approved the protocol of 
the study. We conducted the procedures according 
to the Helsinki Declaration. We received written 

informed consent from parents of all the new-
borns before the study.

Samples of urine using single-use sterile bags 
(UNIDEM, London) were taken from the study 
group. We collected urine and blood samples on 
the first or second day of life. The blood samples 
were drawn during routine practice in the unit, us-
ing S-Monovette 1.2 ml, Clotting Activator/Serum 
test tubes (Sarstedt AG & Co, Germany). The sam-
ples of serum and urine after centrifugation were 
kept in the fridge (4°C) for a maximum of 2 h and 
then frozen at –80°C. Repeated freeze-thaw cycles 
were avoided. 

Determination of urine NGAL

We measured the levels of urine NGAL using 
an ELISA kit (R&D Systems, Minneapolis, MN, USA 
& Canada), which is commercially available. We 
measured the levels according to the manufac-
turer’s instructions, with results in nanograms per 
millilitre. The detection limit was < 0.1 ng/ml. The 
mean intra- and inter-assay coefficients of varia-
tion (CV) for urine NGAL were 3.4 and 11.4%, re-
spectively.

Determination of urine KIM-1

We determined the urine concentrations of 
KIM-1 using an ELISA kit (R&D Systems, Minne-
apolis, MN, USA & Canada), which is commercially 
available. We measured the concentrations ac-
cording to the manufacturer’s instructions, with 
results in nanograms per millilitre (ng/ml). The 
limit of detection of KIM-1 levels was 0.07 ng/ml.

We normalised the urine concentrations of 
NGAL and KIM-1 for urine concentration of cre-
atinine measured by Jaffé’s method (uNGAL-1/cr., 
uKIM-1/cr.) to account for a potential confounding 
effect of urine dilution. It was expressed in nano-
grams per milligram of creatinine (ng/mg cr.). The 
level of serum creatinine was determined by Jaffe’s 
method and shown in milligrams per decilitre. We 
calculated the estimated glomerular filtration rate 
(GFR) according to Schwartz formula (eGFR = 0.45 
× L/Scr., where L is length in centimetres, and Scr. 
is serum creatinine in milligrams per decilitre).

Statistical analysis 

We analysed the results using Statistica 12.0 
package (StatSoft, USA). We showed discrete vari-
ables as counts (percentage), whereas continuous 
variables as median and quartiles (Q1–Q3). To 
determine the normal distribution, we used Sha-
piro-Wilk test, and if the data were not normally 
distributed, we used Mann-Whitney U-test for in-
tergroup comparisons of continuous variables. 

We compared the distributions of discrete vari-
ables with the c2 test. Spearman’s coefficients of 
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rank correlation measured the direction and the 
power of association between the concentrations 
of KIM-1 and other variables. We analysed the re-
sults of all the tests significant at p < 0.05.

Results 

In total, 138 full-term newborns were included 
in the study. Fifty neonates (33 boys, 17 girls) were 
exposed to maternal diabetes during pregnan-
cy (D). Eighty-eight healthy newborns (44 boys,  
44 girls) –the reference group (R) – were born from 
normal pregnancies with no prenatal and perina-
tal complications. Both groups were sex-matched 
(p > 0.05). We also divided the examined group 
(D) into two subgroups: babies born from diabet-
ic mothers treated only with a diet (D1) and with 
insulin therapy (D2). There were no complications 
in the pregnancies of mothers with diabetes. For-
ty mothers had glycated haemoglobin (HbA

1c)  
< 6.0% without hypoglycaemia. The rest of them 
(mothers with gestational diabetes treated with 
a  diet) reported that they had regularly mea-
sured blood glucose concentrations during the 
day and they were normal (fasting blood glucose 
levels < 5.3 mmol/l (95 mg/dl), 2 h after a meal  
< 6.7 mmol/l (120 mg/dl)). 

The serum glucose concentrations in all new-
borns were normal.

In Table I we present the patients’ demograph-
ics, median values, and interquartile range (IQR) 
of measured parameters. 

Newborns from normal and those from diabet-
ic pregnancies were born on time; however, the 

gestational age of neonates in group D was lower 
(p < 0.01). There were no significant differences 
between the parameters of physical development 
(birth weight, length, head and chest circumfer-
ence). Significantly higher concentrations of NGAL 
and NGAL/cr. in urine were found in newborns 
from diabetic pregnancies comparing to the ref-
erence group (R) (p < 0.02; p < 0.01, respectively). 
Also, urine KIM-1 was higher in group D compared 
to the reference group (R), but the differences did 
not differ considerably. No significant differences 
in the concentration of creatinine and the esti-
mated GFR in serum were found.

In Table II we compared measured parameters 
in subgroups on a diet (D1) and on insulin thera-
py (D2) with the reference group (R). Comparing 
the parameters between group D1 and R we only 
found that the gestational age in group D1 was 
lower than in group R (p < 0.05). No statistically 
relevant differences were observed in the concen-
trations of NGAL and KIM-1 between groups D1 
and R. However, when comparing the subgroup on 
insulin therapy (D2) with group R, more statisti-
cal discrepancies were found between the groups 
than when the whole diabetic group (D) was com-
pared with the reference group (R). In subgroup 
D2 the gestational age was significantly lower  
(p < 0.01). There was considerably higher concen-
tration of NGAL, and also NGAL/cr. in the urine was 
significantly higher, in group D2 compared to group 
R (p < 0.02 and p < 0.03, respectively) (Figure 1).

Statistically relevant differences were also 
found in the KIM/cr. ratio between these two 
groups. The median concentrations of KIM-1 were 

Table I. Characteristics of the study population – newborns from diabetic (D) and normal pregnancies (R)

Parameter Diabetes (D) (n = 50) Reference group (R) (n = 88) P-value

Median (Q1–Q3)

Gestational age [weeks] 39 (38–39) 39 (39–40) 0.0002

Gender (boys/girls) 33/17 44/44 0.069

Birth weight [g] 3400 (3000–3860) 3450 (3165–3800) NS

Length [cm] 56 (54–58) 56 (54–57) NS

Head circuit [cm] 34 (33–35) 34 (33–35) NS

Chest circuit [cm] 33 (32–35) 34 (33–35) NS

uNGAL [ng/ml] 25.74 (11.84–40.81) 16.74 (9.99–27.47) 0.015

uNGAL/creatinine [ng/mg cr.] 29.12 (19.12–47.41) 21.91 (14.57–29.77) 0.007

uKIM-1 [ng/ml] 1.43 (0.80–4.64) 1.29 (0.63–2.52) NS

uKIM-1/creatinine [ng/mg cr.] 2.23 (1.09–4.09) 1.87 (0.84–3.26) NS

Serum creatinine [mg/dl] 0.67 (0.56–0.83) 0.61 (0.54–0.70) NS

eGFR [ml/min/1.73 m2] 37.85 (29.30–43.60) 40.15 (35.00–46.70) NS

uNGAL – urine neutrophil gelatinase-associated lipocalin, uKIM-1 – urine kidney injury molecule-1, cr. – creatinine, eGFR – estimated 
glomerular filtration rate, p – diabetes – reference group.
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higher in group D2 compared to the reference 
group R, but these differences were not statisti-
cally significant. 

Because the groups were sex-matched, the 
association between female gender and higher 
concentrations of NGAL and also NGAL/cr. in the 
urine was found both in the whole group of neo-
nates taking part in the study (p < 0.001) and in 
the group of neonates from diabetic pregnancies 
(p < 0.01) (Figure 2). The concentration of KIM-1 
did not depend on sex. 

There were negative correlations between the 
urine NGAL/cr. and the week of pregnancy (R = 
–0.196, p = 0.02), birth weight (R = –0.381, p < 
0.001), head circumference (R = –0.333, p < 0.001), 
and chest circumference (R = –0.330, p < 0.001). 
These correlations were not found in KIM-1/cr.

Newborns from normal and from diabetic preg-
nancies were born on time; however, the gesta-
tional age of newborns from group D was lower  
(p < 0.01). Newborns from pregnancies complicat-
ed by diabetes were born in our hospital a  little 

Table II. Comparison of examined parameters in subgroups on diet (D1) and on insulin therapy (D2) with the 
reference group (R)

Parameter Diabetes (D1)  
(n = 22)

Diabetes (D2)  
(n = 28)

Reference(R)  
(n = 44)

P-value1 P-value2

Median (Q1–Q3)

Gestational age [weeks] 39 (38–40) 38 (37.5–39) 39 (39–40) 0.045 0.0002

Gender (boys/girls) 14/8 19/9 44/44 0.251 0.098

Birth weight [g] 3300 (3020–3750) 3520 (3000–3865) 3450 (3165–3800) NS NS

Length [cm] 56 (54–58) 56 (54–57.5) 56 (54–57) NS NS

Head circuit [cm] 34 (32–35) 33.5 (33–35) 34 (33–35) NS NS

Chest circuit [cm] 33.5 (32–35) 33 (32–35) 34 (33–35) NS NS

uNGAL [ng/ml] 25.15 (11.61–39.54) 27.78 (13.58–44.27) 16.74 (9.99–27.47) NS 0.010

uNGAL/creatinine [ng/mg cr.] 26.30 (20.22–44.34) 31.88 (17.63–57.42) 21.91 (14.57–29.77) NS 0.022

uKIM-1 [ng/ml] 1.08 (0.57–2.08) 1.758 (0.88–5.66) 1.289 (0.63–2.52) NS NS

uKIM-1/creatinine [ng/mg cr.] 1.41 (1.03–2.99) 2.64 (1.58–5.56) 1.87 (0.84–3.26) NS 0.019

Serum creatinine [mg/dl] 0.64 (0.51–0.71) 0.70 (0.60–0.90) 0.61 (0.54–0.70) NS NS

eGFR [ml/min/1.73 m2] 41.30 (36.80–49.70) 36.30 (27.75–41.90) 40.15 (35.00–46.70) NS NS

uNGAL – urine neutrophil gelatinase-associated lipocalin, uKIM-1 – urine kidney injury molecule-1, cr. – creatinine, eGFR – estimated 
glomerular filtration rate, p

1 
– diabetes (D1) – reference group, p

2 
–diabetes (D2) – reference group.

 Male Female

Gender

 Median          25–75%          Min.–max.

Figure 2. Urine NGAL/cr. depending on gender in 
the whole study population – newborns from dia-
betic (D) and normal pregnancies (R)

uNGAL – urine neutrophil gelatinase-associated lipocalin, 
cr. – creatinine.
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Figure 1. Urine NGAL/cr. depending on type of dia-
betes treatment

uNGAL – urine neutrophil gelatinase-associated lipocalin, 
cr. – creatinine, D1 – subgroup on diet therapy, D2 – 
subgroup on insulin therapy, R – reference group.
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earlier than normal pregnancies. After observa-
tion, we came to the conclusion that only urine 
NGAL/cr. correlated negatively with the week of 
pregnancy.

We used the factors that were found to have 
had a significant correlation with the urine NGAL/
cr. ratio as explanatory variables to create multiple 
regression models. Some correlated variables were 
removed to reduce the impact of multicollineari-
ty. In this model the remaining three parameters 
(gestational age, birth weight, male gender) com-
prised over 22% of the variations in the NGAL/cr. 
ratio level (R = 0.4754, R2 = 0.2261, p < 0.01). 

Discussion

Nowadays, diabetes is more often regarded 
as the main cause of chronic renal failure, with 
many patients progressing to end-stage renal ill-
ness needing dialysis or transplantation [10]. The 
damage affects not only the glomerulus but also 
the renal tubules [11]. Histological studies show 
that proximal tubular basement membrane width 
is already thickened in normoalbuminuric dia-
betic patients compared to healthy controls [12]. 
Fioretto et al. observed that in microalbuminuric 
diabetic patients with similar GFR only 29% of pa-
tients had typical histological glomerular features 
of diabetic nephropathy, whereas 42% had severe 
tubulointerstitial lesions disproportional to mild 
glomerular involvement [13].

Not only are the early perinatal, diabetes- 
caused complications further complications of 
pregnancy, but they also have long-term conse-
quences. The study by Nelson et al. provided ev-
idence that maternal hyperglycaemia may lead 
to adult disease in offspring [14]. They concluded 
that the risk of elevated urine albumin excretion in 
diabetic Pima Indians is increased by exposure to 
a diabetic intrauterine environment [14]. Yan et al.  
observed early renal dysfunction of male new-
borns born by mothers with diabetes and moder-
ate hyperglycaemia [15]. Also, in the urine of new-
borns born from diabetic mothers the presence of 
N-acetyl-b-D-glucosaminidase, an enzyme which 
reflects the degree of proximal tuber necrosis, was 
affected [15].

Patients with diabetes have elevated concen-
trations of urine NGAL and KIM-1, even if albu-
minuria is not observed [16–18]. The values of 
urine NGAL and KIM-1 in newborns born from 
pregnancies complicated by diabetes mellitus 
have been determined for the first time in this 
prospective study. Babies born by mothers with 
diabetes are exposed to permanent or periodic (in 
the case of balanced diabetes) hyperglycaemia. In 
the study on foetuses with exposure to maternal 
diabetes during pregnancy, Taricco et al. made 
a  similar observation. These babies had higher 

concentrations of umbilical glucose, even if ma-
ternal glucose levels were normal, as well as the 
reduction in oxygen saturation and oxygen con-
tent with higher lactate concentration. It showed 
altered foetal metabolism [19]. Hyperglycaemia 
inducing the production of reactive oxygen spe-
cies, leading to the accumulation of advanced gly-
cosylated end-products and activation of protein 
kinase C, can in turn lead to tissue injury not only 
to the glomerulus, in particular podocytes, but 
also to the tubulointerstitium [20–22]. There are 
structural changes in the proximal tubules, such 
as tubular atrophy, interstitial fibrosis, and peritu-
bular capillary rarefaction [19].

Unfortunately, there are no data on the levels 
of NGAL and KIM-1 in babies from pregnancies 
complicated by diabetes in the literature. Higher 
excretion of urine NGAL was, however, found in 
early-stage diabetes, e.g. type 1 in children [17, 
23]. Taking into consideration the fact that urine 
N-acetyl-b-D-glucosaminidase is a  marker of re-
nal tubular damage, the observation made by Yan  
et al., who found an increase in excretion of this 
enzyme in the offspring of diabetic rats, may prove 
the importance of looking for markers of the coils’ 
damage in the group of newborns of mothers with 
diabetes [15]. In the study, we observed that the 
median urine NGAL and urine NGAL/cr. levels were 
significantly higher in newborns born by mothers 
with diabetes (p < 0.02; p < 0.01), and that the 
difference of urine NGAL concentration was even 
more significant between group D2 and the ref-
erence group (p = 0.01) and similar for NGAL/cr.  
(p < 0.02). We observed higher excretion of urine 
only in the group of babies from pregnancies com-
plicated by diabetes treated with insulin compared 
to the reference group. It was probably associat-
ed with a higher risk of hyperglycaemia in type 1  
diabetes compared to gestational diabetes. Ana-
lysing the results, we assumed at NGAL is a more 
sensitive and early marker of tubular damage 
than KIM-1. Other authors also found such results. 
The studies in newborns with AKI confirmed that 
NGAL was an important early biomarker of AKI, 
but data on KIM-1 were not conclusive [24–29]. 
Some authors indicated its statistically significant 
role as an early AKI biomarker [25], while others 
did not [26, 27]. In some publications the level 
of NGAL elevated rapidly after the activation of 
a damaging factor, whereas the increase in KIM-1 
concentration was associated with the occurrence 
of proteinuria [28, 29].

It should also be mentioned that the level of 
NGAL depends on gender and is much lower in 
boys, which was proved in studies involving both 
children and adults [30, 31]. During our study, we 
found that urine NGAL concentration depended 
on sex and was higher in female gender both in 
the D and R groups. These differences were not 
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found in KIM-1 concentrations. Multifactorial re-
gression also confirmed our observation, in which 
we showed that gender had the biggest impact on 
the value of NGAL/cr. 

It is also worth emphasising the fact that ba-
bies qualified for the study were born from preg-
nancies complicated by diabetes but properly 
compensated. Newborns were born on time, and 
no features of diabetic fetopathy were observed. 
Therefore, it should be assumed that changes in 
the kidney tubules might not be very advanced. 
We should note that in children from group D, we 
did not observe hyperfiltration, and there were no 
differences in the eGFR between them and healthy 
controls. We found a negative correlation between 
NGAL and KIM-1, but it was not statistically signif-
icant. It was probably because diabetic changes in 
the kidneys were not advanced.

We are planning a  further multicentre study, 
in which we will analyse markers of tubular 
damage in babies born with large birth weight 
because of hyperglycaemia caused by diabetes 
in pregnancy. 

In conclusion, urine NGAL/cr. is statistically 
significantly higher in newborns exposed to ma-
ternal diabetes during pregnancy compared to 
babies from normal pregnancies. It may suggest 
subclinical tubular dysfunction in these babies. 
Urine NGAL is a more sensitive marker than KIM-1  
in these newborns. The level of urine NGAL is 
higher in female babies than in male newborns. In 
children with normal birth weight born from dia-
betic pregnancies, eGFR is normal and we do not 
observe hyperfiltration.
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