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Abstract
Children with type 1 diabetes mellitus (T1DM) have an increased risk of developing kidney involvement. Part of the risk 
establishes at the beginning of T1DM. In fact, up to 65% of children during T1DM onset may experience an acute kidney 
injury (AKI) which predisposes to the development of a later chronic kidney disease (CKD). The other part of the risk 
establishes during the following course of T1DM and could be related to a poor glycemic control and the subsequent devel-
opment of diabetic kidney disease. In this review, we discuss the acute and chronic effects of T1DM on the kidneys, and the 
implications of these events on the long-term prognosis of kidney function.
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Introduction

Children with type 1 diabetes mellitus (T1DM) can present 
with kidney involvement both in the acute setting presenting 
with acute kidney injury (AKI), as well as tubular damage 
and in the chronic setting presenting with diabetic kidney 
disease (DKD) [1–6].

It has been shown that during the onset of T1DM, an 
AKI—associated or not with tubular damage biomarkers—
can occur in 43.8% of patients [1]. Moreover, separately 
evaluating patients with diabetic ketoacidosis (DKA), the 
prevalence of AKI significantly increases up to 65% [1, 
2]. A further increase of prevalence of AKI up to 81% has 
been observed in cases of recurrent DKA episodes [7, 8]. 
Although both AKI and tubular damage are reversible, they 
have been associated with an increased risk of future chronic 
kidney disease (CKD) [2].

Furthermore, patients with T1DM may eventually 
develop DKD in 15–20% of cases, which in susceptible 
patients begins soon after the disease onset and may accel-
erate during adolescence [4].

For these reasons, kidney health for children with T1DM 
must not be neglected at each step of illness in order to avoid 
the development of CKD and a possible future progression 
towards kidney failure.

In this review, we discuss the acute and chronic effects of 
T1DM on the kidneys, and the implications of these events 
on the long-term prognosis of kidney function.

Acute setting

According to the Kidney Disease/Improving Global Out-
come (KDIGO), AKI can be defined by an increase of the 
serum creatinine or a reduction of the urine output [9].

Since diabetic patients usually present polyuria and poly-
dipsia during the onset of the disease, the urine output cri-
terion seems to be less reliable for the diagnosis of AKI. In 
fact, only 15% of patients with AKI at T1DM onset met the 
urinary output KDIGO criteria [1].

Nevertheless, clinicians should keep in mind that serum 
creatinine measurement in DKA is challenging, as high ace-
toacetate, glucose, and HbA1c levels may lead to a falsely 
elevated measured creatinine by interference with its meas-
urement [10–13]. This effect is most pronounced with the 
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Jaffe method at low creatinine concentrations, but is still 
observed with other enzymatic assay testing [10, 11].

Pathophysiology of kidney damage

During the T1DM onset, the main pathophysiological 
mechanism is represented by hyperglycemia, which causes 
osmotic polyuria [1, 2]. The osmotic polyuria, in turn, leads 
to dehydration, hypovolemia, and kidney hypoperfusion, 
which causes tubular damage. This leads to an adaptive 
fall in glomerular filtration rate, due to the vasoconstriction 
which is an attempt to compensate the failure to reabsorb 
filtered solutes [14] with further deterioration of kidney per-
fusion [1, 2, 8]. A delayed therapeutic intervention may lead 
to the persistence of glomerular vasoconstriction, which may 
result in an acute tubular necrosis (described in about 30% 
of patients with T1DM onset [1]), thus shifting AKI from 
functional to intrinsic [15, 16]. For this reason, there has 
been a recent focus on the investigation of early tubular AKI 
biomarkers, in order to diagnose functional AKI in a timely 
manner, and to hopefully prevent the evolution to intrinsic 
AKI [3, 17].

When T1DM onset is complicated by DKA, acidosis 
could lead to further deterioration of tubular damage [1] 
with a further negative effect on kidney perfusion. Moreo-
ver, if impaired consciousness is present, the compensatory 
polydipsia disappears, which further deteriorates hydration 
status and kidney function.

Transient (< 48 h) AKI episodes are associated with bet-
ter outcomes than persistent (2–7 days) ones, but still are not 
without consequences compared to no AKI [18, 19].

Risk factors for AKI in children at T1DM onset 
and in those with known T1DM

AKI with DKA

AKI and DKA seem to be intriguingly interconnected. The 
more severe the DKA, the higher the probability of develop-
ing AKI [2, 7].

Lower bicarbonate [1, 2, 7, 20], higher heart rate (HR) 
[1, 2, 20], higher ketones [1], and higher chloride levels [21] 
(which are all factors related to DKA) [22–24] have been 
associated with AKI development at T1DM onset. Other fac-
tors associated with AKI in this setting are kidney length > 2 
standard deviation scores (SDS), Ht ≥ 45% [1], male gender 
[7], higher corrected serum Na [1, 2, 20, 25], higher blood 
urea nitrogen, higher serum  K+, and higher blood glucose 
levels [20]. These factors, however, do not present the same 
diagnostic value at all AKI stages. For example, ketones, 
HR > 2 SDS, Ht ≥ 45%, higher corrected serum Na levels, 
and kidney length > 2 SDS are associated with severe AKI 
but not with mild AKI [1].

Moreover, it has been shown that older age, recurrent 
DKA episodes, increased acidosis severity, increased time 
to anion gap normalization, and increased initial glucose are 
associated with a prolonged AKI recovery [7].

Patients with family history of T1DM have a significantly 
shorter duration of polyuria and polydipsia before T1DM 
diagnosis and lower prevalence of AKI when compared with 
those without T1DM family history [1]. This may reflect that 
their parents are aware of the signs and symptoms heralding 
T1DM [1]. This highlights that a prompt diagnosis might 
reduce the risk of developing AKI.

The evidence regarding the risks of developing AKI in 
patients with known T1DM is poor. Yang et al. found that 
longer duration of T1DM was an independent predictor of 
severe AKI in pediatric DKA with T1DM [8]. Moreover, 
we can assume that the patients with the greatest risk of 
developing AKI are those with recurrent DKA who, in turn, 
present a prolonged AKI recovery [7], itself associated with 
increased risk of CKD [26]. Therefore, in recurrent DKA, 
the risk of AKI could be higher because of (i) the higher 
T1DM duration and (ii) possible previous AKI episodes 
which could reduce the “functional reserve of the kidneys.”

AKI without DKA

The current literature principally focuses on the incidence 
of AKI during DKA, since during T1DM onset the develop-
ment of AKI is deeply related to DKA severity.

Nevertheless, as about one-fifth of patients with T1DM 
onset without DKA develops AKI [1], we want to highlight 
that it is extremely important to pay heed to kidney function 
and focus on a proper rehydration in this group of patients, 
who are generally considered at a lower risk of severe pres-
entation of diabetes and of severe complications of initial 
diabetes therapy.

The DiAKIdney is the only study in which this population 
is described, identifying serum chloride level as the most 
important risk factor for AKI in patients without DKA [1].

Prevalence and risk factors for tubular damage 
in children at T1DM onset and in those with known 
T1DM

No universal definition of tubular damage has been provided. 
The fractional excretion of sodium is an important and easily 
available marker to help identify the kind of kidney involve-
ment. On the other side, the tubular reabsorption of phos-
phate can be supportive in identifying a tubular involvement.

Piani et. al reported that DKA is characterized by mark-
ers of reversible tubular injury and that the degree of injury 
is associated with elevated copeptin and serum uric acid 
(SUA) levels in children with T1DM [3]. In fact, during 
the onset of T1DM, high levels of copeptin and SUA are 
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associated with the presence of tubular injury markers, such 
as neutrophil gelatin–associated lipocalin (NGAL), kidney 
injury molecule 1 (KIM-1), chitinase 3-like 1 (YKL-40), 
interleukin 18 (IL-18), and monocyte chemoattractant pro-
tein-1 (MCP-1) [3].

Aminoaciduria can also be considered a marker of tubular 
dysfunction, since an increased excretion of amino acids has 
been reported during DKA [27–29]. Recently, Melena et al. 
demonstrated that DKA is associated with a profound ami-
noaciduria, suggestive of proximal tubular dysfunction, sim-
ilarly to Fanconi syndrome [17]. In fact, it has been hypoth-
esized that a proximal tubular injury and the consequent 
aminoaciduria may serve as a marker of early functional and 
structural damage in the kidney and may represent an early 
indicator of kidney disease development and progression 
in T1DM. In particular, during DKA, it was found that the 
concentration of urine histidine, threonine, tryptophan, and 
leucine per creatinine are higher at 0–8 h and then signifi-
cantly decrease over 3 months. Moreover, in patients with 
severe DKA, there is significantly elevated urinary excretion 
of leucine compared to those who experience mild DKA, 
who in turn have a lower excretion of tryptophan compared 
to those who have a moderate DKA [17].

However, a general tubular damage (either associated to 
subclinical or overt AKI) can be observed in up to 73.5% 
of patients at T1DM onset [1]. Indeed, high glucose states 
such as DKA have been shown to induce a proximal tubular 
degeneration [20]. Moreover, around 30% of patients with 
T1DM onset present with increased tubular biomarkers 
without a real kidney dysfunction (subclinical AKI) [30, 31] 
and, on the other hand, almost 12% of patients may have 
a functional loss that occurs in the absence of detectable 
kidney damage, based on biomarkers (hemodynamic AKI) 
[1, 31].

Many risk factors have been identified for each combina-
tion between kidney and tubular involvement. The highest 
serum creatinine at T1DM onset/basal creatinine (HC/BC) 
ratio indicating a more severe AKI was significantly associ-
ated with acute tubular necrosis [1]. Also, kidney length > 2 
SDS was significantly associated with hemodynamic AKI, 
while lower serum phosphorus levels and higher HC/BC 
ratio were significantly associated with subclinical AKI [1].

Lastly, although there is no study dealing with the inci-
dence of tubular damage in patients with known diabetes, 
we could assume that patients with recurrent DKA are at 
higher risk of developing tubular damage, such as already 
hypothesized for AKI risk.

Clinical management

The clinical management of DKA is fully described in 
the ISPAD 2018 guidelines [32]. Fluid replacement is of 

paramount importance, especially as we consider kidney 
health, and it should begin before starting insulin therapy.

As pointed out before, AKI can occur during the acute 
onset of T1DM, due to acidosis, dehydration, and hypov-
olemia. Considering that an episode of AKI is independently 
associated with an increased risk of CKD [1] and hyper-
tension [33], and that in turn hypertension is an important 
risk factor to develop DKD (that eventually leads to CKD), 
we can realize how important it is to quickly initiate a safe 
rehydration therapy during T1DM onset. Hence, we suggest 
that a “therapeutic compromise” between a too slow fluid 
replacement therapy (that could lead to an AKI and all of 
the further consequences described) and a too rapid replace-
ment (that on the other hand could lead to a cerebral edema) 
should be found. Laskin et al. suggested to give fluids to 
patients with AKI secondary to volume depletion while 
quickly shifting to more restrictive strategies in those who 
do not respond to volume and have decreasing urinary output 
[34]. The data deriving from the study of Kuppermann et al., 
however, are reassuring about the risk of neurologic out-
comes in patients with DKA [35]. In fact, neither the rate of 
administration nor the sodium content of intravenous fluids 
significantly influenced neurological outcomes in children 
with DKA [35]. Future expert panels should identify the best 
treatment modalities, taking into account the kidney health 
of patients with T1DM onset.

Chronic setting

In the past, chronic kidney involvement in patients with 
T1DM was defined as diabetic nephropathy. However, in 
2020, the KDIGO guidelines suggested avoiding the term 
diabetic nephropathy because there is still no consensus 
definition [36]. For this reason, and because the term dia-
betic nephropathy is technically a histopathological diag-
nosis [37], in this manuscript we use the term DKD which 
indicates the clinical syndrome related to a chronic kidney 
involvement in patients with T1DM [6]. Therefore, DKD 
can be considered a clinical manifestation of the histopatho-
logical anomalies of diabetic nephropathy and the previous 
definitions of diabetic nephropathy from a practical point of 
view are overlapping with the term DKD [4, 5].

Many authors proposed their own definition of DKD, and 
almost all of them agreed with the ISPAD 2018 guidelines [5], 
in which the beginning of DKD is associated with the devel-
opment of microalbuminuria (albumin excretion rate between 
30 and 300 mg/24 h or 20 and 200 μg/min in a 24-h or timed 
urine collection). For example, in 2008, Bogdanovic stated 
that a clinically detectable DKD begins with the develop-
ment of microalbuminuria [4]. This definition was lately con-
firmed by Parkins et al. suggesting that DKD can be defined 
by the development of microalbuminuria or by loss in GFR 
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in patients affected by T1DM [38]. Particular attention should 
be paid to this latter criterion for the definition of DKD. In 
fact, a substantial proportion of patients with T1DM have a 
kidney function loss without an overt proteinuria or even with 
normo-albuminuria. This particular form of DKD is called 
nonproteinuric diabetic kidney disease and is defined by an 
eGFR < 60 mL/min/1.73  m2 and a urine albumin to creatinine 
ratio (Ua:CR) ≤ 300 mg/g creatinine [39].

We can finally summarize all these findings as we attempt 
to give a universal definition of DKD, which can be consid-
ered as a microvascular complication of the diabetes charac-
terized by the development of microalbuminuria/proteinuria 
or by the reduction of eGFR in patients with T1DM.

Pathophysiology of kidney damage

DKD is a dynamic process that can affect the kidney func-
tion and morphology over the years, and is sustained by a 
continuous exposure of the kidneys to high blood glucose 
levels [6, 40]. In fact, hyperglycemia causes an abnormal 
homeostasis in blood flow and a vascular permeability in 
the glomerulus. The increased blood flow and intracapil-
lary pressure eventually leads to a decreased nitric oxide 
production on the efferent side of the glomerular capillar-
ies, causing an increased sensitivity to angiotensin II with 
profibrotic effects. At the beginning, the increased perme-
ability can be reversible, but under the continuous trigger-
ing effect of hyperglycemia, the lesions become irreversible 
[41]. DKD determines changes in the kidney structure over 
years and is schematically divided in 5 stages.

1. Hyperfiltration: with the onset of diabetes hyperglycemia 
usually determines kidney hemodynamic changes that 
end up with the constriction of the efferent arteriole and 
a glomerular hypertension that eventually determine a 
glomerular hypertrophy. In fact, during this first phase, 
there is an increased kidney size and increase of the 
eGFR by 20–40% [42]. Microalbuminuria can be present 
during this phase, but it is usually reversible with insulin 
treatment and there is no evidence of histological lesions 
in glomeruli or vascular structure [4].

2. Silent: during this phase, there is a thickening of the 
glomerular basal membrane and a mesangial matrix 
expansion caused by the production of reactive oxygen 
species [42] that is typically related to the high glucose 
exposure of these tissues. In fact, microalbuminuria can 
be present in this stage, but only during the periods of 
poor metabolic control or with exercise.

3. Incipient: about 7–10 years after the diagnosis, microal-
buminuria appears in 1/3 of the patients. Microalbumi-
nuria is considered as the very first clinical sign of DKD 
and is often associated with established significant glo-
merular damage: during this phase there is an increase 

in blood pressure (BP) (about 3 mmHg/year), albeit still 
within the conventional age-corrected normal range. In 
fact, in adolescents, microalbuminuria can be preceded 
by an increase of the nocturnal systolic BP [43].

4. Overt: this stage is characterized by an overt proteinuria 
(> 0.5 g/24 h), a steady rise of BP, an increased albumin 
excretion rate and the decline of glomerular filtration rate 
(GFR) by about 10 ml/min year. This stage occurs 10 to 
15 years after T1DM onset and is highly predictive of sub-
sequent progress to kidney failure, if left untreated [41].

5. Kidney failure: the final stage is characterized by uremia 
and can occur in up to 40% of T1DM patients usually 
10 years after the appearance of proteinuria [4].

With a worse patient compliance to insulin therapy and 
higher blood glucose levels, the terminal phase (and the need 
of a kidney function replacement therapy) is reached more 
quickly.

Prevalence and risk factors for diabetic kidney 
disease

Approximately 20 to 30% of people with T1DM have micro-
albuminuria (and consequently DKD) after a mean diabetes 
duration of 15 years and the overall incidence of kidney fail-
ure is reported to be 4 to 17% at 20 to 30 years from T1DM 
diagnosis [41].

Many risk factors are related to the development of DKD 
and they can be divided in non-modifiable and modifiable 
risk factors as well as in factors predisposing to progression 
to CKD (Fig. 1) [4, 44]. The long-term glycemic control is 
the most important factor for the development and severity 
of complications in T1DM. A causal relationship between 
chronic hyperglycemia and diabetic microvascular complica-
tions has been demonstrated [4].

The level of albuminuria instead has been shown to pre-
dict the progression to CKD stage 5 [45, 46], and it is associ-
ated with an increased risk of macrovascular disease [47].

Translating the evidence about the relationship between 
AKI and CKD, in our opinion AKI itself could be con-
sidered a risk factor for DKD. The results of the study by 
Huang et al. [48] reinforce our hypothesis. They, indeed, 
demonstrated how each episode of AKI during DKA can 
be associated with a hazard ratio of 1.56 for development of 
microalbuminuria that can increase by more than fivefold if 
four or more episodes of AKI occur [48].

In addition to the AKI-related CKD risk, it has been 
proven that an AKI is independently associated with a 22% 
increase of the odds of developing hypertension which is in 
turn related to DKD [33]. DKD, in turn, eventually leads to 
CKD (Fig. 2). In fact, high BP and alterations in circadian 
rhythm have been associated with the risk of developing 
nephropathy and retinopathy in youth with T1DM [49].
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Clinical management

Screening for DKD should begin at 11 years with 2–5 years 
diabetes duration [5]. A regular annual follow-up is impor-
tant to identify a rapid or slow progression to microalbumi-
nuria, as well as cases of regression to normo-albuminuria.

Furthermore, longitudinal follow-up of albumin excre-
tion is also important to identify patients with progressive 
small increases of the urinary albumin excretion within the 
normal range, which might be a prelude to the development 
of microalbuminuria.

Patients with DKD eventually develop hypertension, in 
fact 10 years after the onset of the disease an increase of 
BP can occur [4]. The relationship between hypertension 
and DKD can be explained by the retention of concentrated 
sodium and subsidiary blood vessel resistance [50].

Various pediatric diabetes clinical practice guidelines 
suggest measuring BP at least annually or twice-yearly for 
children with T1DM [51]. As indicated in the current pedi-
atric hypertension guidelines [52], oscillometric devices 
may be used for BP screening in children and adolescents. 
If elevated BP is reported by the oscillometric readings, con-
firmatory measurements should be obtained by auscultation. 
An appropriately sized cuff should be used for accurate BP 
measurement and if the initial BP is elevated (≥  90th percen-
tile), two additional oscillometric or auscultatory BP meas-
urements should be performed at the same visit and averaged 
[52]. To confirm the diagnosis of hypertension according 
to casual BP measurements, a subsequent ambulatory BP 
monitoring (ABPM) should be performed [52].

Considering that even a mild episode of AKI stage 1 can 
double the risk of CKD [53], an anticipation of the need for 
screening for DKD and a closer follow-up for this cohort of 

T1DM 
ONSET

AKI

CKD
NON-MODIFIABLE RISK 

FACTORS
MODIFIABLE RISK FACTORS PROGRESSION FACTORS

Gene�c and ethnic factors Hyperglycemia and altered glycemic trend Modifiable and unmodifiable factors 
(Gene�c, ethnicity, obesity, smoking 

etc.)
Dura�on of diabetes and age Hypertension Increased HbA1c

Age at the onset Smoking Elevated albumin excre�on rate
Female sex Obesity and hyperlipidemia Tubular disfunc�on

Presence of re�nopathy Oxida�ve stress Male sex
Family history of diabe�c complica�ons Subclinical inflamma�on Simultaneous presence of other 

microvascular complica�ons
Puberty Elevated levels of albuminuria

Glomerular Hypertension

Fig. 1  Risk factors for development of diabetic kidney disease. The 
development of diabetic kidney disease is a dynamic process and is 
the result of cumulative kidney insults. Classically, non-modifiable 

and modifiable risk factors and progression factors can be identified. 
In addition, recent evidence indicates the importance of the potential 
kidney damage as consequence of the severity of T1DM onset

HT

CKD

DKDAKI

Fig. 2  The relationship between AKI, hypertension, diabetic kid-
ney disease, and chronic kidney disease. AKI, while it can be totally 
reversible, may also lead to subclinical damage which predisposes to 
hypertension (HT), diabetic kidney disease (DKD), and chronic kid-
ney disease (CKD). HT itself could determine progression toward 
DKD or CKD
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patients, especially in the case of recurrent DKA, could be 
required. In fact, according to the KDIGO guidelines, after 
an AKI episode a follow-up is necessary in order to detect 
the development of proteinuria and hypertension which her-
ald CKD [9].

Urine albumin–creatinine ratio (Ua:CR) measured after 
AKI is a strong and potentially modifiable risk factor for 
more rapid loss of kidney function [54]. Stoumpos et al. 
reported that even among patients who had severe AKI 
requiring dialysis, those who had a post-AKI eGFR level 
greater than 60 mL/min/1.73  m2 had a low risk of accel-
erated loss of kidney function [55]. However, Hsu et al. 
showed that proteinuria is more significantly associated with 
a subsequent loss of kidney function than post-AKI eGFR 
level [54]. This, in our opinion, underlines the importance 
of an adequate proteinuria monitoring.

It has been recommended that patients with AKI should 
be monitored through the evaluation of:

• BP and Ua:CR, (on the first urine of the morning taken 
on rising) 12 months after AKI.

• Annual BP and Ua:CR for life.
• Serum creatinine if previous measurement elevated or if 

proteinuria or raised BP develops [14].

The clinical management of DKD is fully described in 
the ISPAD 2018 guidelines [5]. In summary, management is 
focused on achieving excellent glycemic management with 
HbA1c 7% or less [4]. Lifestyle modifications in the form of 
weight loss, dietary changes, and increased physical activity 
are not only useful for glycemic management, but they also 
aid in preventing the development of hypertension and treat-
ing existing hypertension. When hypertension is confirmed, 
pharmacologic treatment should be considered in addition 
to lifestyle modification.

Moreover, antiproteinuric drugs represent a pivotal treat-
ment in cases of microalbuminuria, and renin–angioten-
sin–aldosterone system (RAAS) inhibitors are considered 
the mainstay of treatment for DKD. In fact, pharmacological 
renoprotective treatment with angiotensin-converting enzyme 
inhibitors (ACE-I) is indicated for all patients with persistent 
microalbuminuria regardless of BP measurements [56–58].

The principal mechanism of kidney protection by RAAS 
inhibitors is to reduce intraglomerular pressure and glomeru-
lar hyperfiltration [59, 60], and in addition to ameliorate 
angiotensin II-induced oxidative stress, inflammation, and 
fibrosis [61].

ACE-I are recommended for use in children and adolescents 
with hypertension and microalbuminuria [5]. Therapy with 
ACE-I is known to reduce the progression to overt nephropa-
thy by 62% and increase the regression to normo-albuminuria 
three-fold compared with placebo [58]. Many studies have also 

confirmed that treatment with ACE-I may lead to the reduction 
[62, 63] or normalization [64, 65] of microalbuminuria and the 
preservation of normal GFR [66].

If this drug is not tolerated (e.g., due to cough), an angio-
tensin receptor blocker (ARB) can be used; indeed, this 
latter class is considered to have similar effects on lowering 
BP and decreasing albuminuria [67].

Many studies completed in hypertensive children showed that 
ACE-I (such as enalapril [68], lisinopril [69], and ramipril [70]) 
and ARBs (such as irbesartan [71], telmisartan [72], valsartan 
[73], candesartan [74], and losartan [75]) had few adverse effects.

Since RAAS inhibition has been shown to improve the 
prognosis in patients with DKD [76], we agree that persis-
tent microalbuminuria should be treated regardless of BP 
measurements, using the lowest effective dose for the treat-
ment progressively increased up to a maximum safe dose 
until the regression of microalbuminuria is achieved. This 
latter was defined by a reduction of 50% or more in the albu-
min excretion rate from one 2-year period to the next [77].

The combination of ACE-I and ARBs has been shown 
to have additional renal protective effects in albuminuric 
adults with diabetes [78], even if it is not recommended in 
pediatric DKD, partly because of the increased risk of acute-
on-chronic kidney impairment and hyperkalaemia [79].

Lastly, we can summarize the three main targets of man-
agement in the chronic setting:

• To obtain the best glycemic control maintaining HbA1c 
levels at 7% or less

• To maintain BP in the normal range, defined by systolic 
and diastolic BP values < 90th percentile (on the basis of 
age, sex, and height percentiles)

• To detect microalbuminuria early on and achieve regres-
sion of microalbuminuria.

Conclusions: kidney health in T1DM 
patients, an integrated overview

Part of the future risk of developing CKD in T1DM is estab-
lished at the onset of diabetes. Indeed, up to 65% of the 
patients at T1DM onset can develop AKI, which in turn is 
associated with an increased risk of CKD. The more severe 
the AKI episode, the higher the associated risk of develop-
ing CKD and kidney failure [53].

As a preventive measure, a higher parental awareness to 
the red flags of T1DM should be provided by Pediatricians 
in order to facilitate an early diagnosis of T1DM reducing 
the risk of AKI at T1DM onset and then of later CKD [1].

In addition to the “first hit” to kidneys at T1DM onset, 
during the years of the illness additional hits can further 
deteriorate the kidney function such as recurrent DKA with 
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recurrent concomitant AKI. AKI, however, can also develop 
in non-diabetes-related conditions such as acute gastroen-
teritis or community acquired pneumonia [80, 81]. There-
fore, T1DM patients should be carefully informed about the 
importance of dehydration prevention by adequate hydration 
in case of the common acute illnesses of childhood.

Moreover, poor glycemic control predisposes to DKD 
development with subsequent risk of CKD, indicating the 
importance of an adequate compliance to T1DM treatment.

Finally, in patients with T1DM regular follow-up visits are 
important to identify the possible onset of microalbuminuria or 
hypertension to start a timely and adequate treatment. These con-
ditions, in fact, can facilitate both onset and progression of CKD.

Key summary points

1. At T1DM onset, AKI occurs in 1/5 of patients without 
DKA and 2/3 of patients with DKA.

2. With more severe onset of T1DM, there is higher risk of 
AKI and subsequent increased risk of CKD.

3. DKD is a microvascular chronic complication of T1DM. 
It can occur in almost 1/5 of patients.

4. Poor glycemic control and previous AKI episodes 
increase the risk of developing DKD.

5. Regular T1DM follow-up visits are important to identify 
the possible onset of microalbuminuria or hypertension. 
Timely and adequate treatment with renin–angiotensin–
aldosterone system inhibitors should be considered.

Multiple Choice Questions (answers can be found 
following the reference list)

1 Acute kidney injury in children at T1DM onset…

a) … could manifest in about 2/3 of children with DKA
b) … is extremely rare
c) … is usually not reversible
d) … could manifest in about of 2/3 of children without 

DKA

2 In AKI pathophysiology for patients at the onset of 
T1DM, all of the following factors are involved with 
the exception of

a) osmotic polyuria
b) delayed T1DM diagnosis
c) acidosis
d) older age at T1DM onset

3 The presence of diabetic kidney disease may be indicated 
by all the following parameters with the exception of:

a) urine albumin to creatinine ratio > 30 mg/g creatinine
b) eGFR < 60 mL/min/1.73 m.2

c) urine albumin to creatinine ratio > 300 mg/g creatinine
d) glycosuria

4 The first-choice pharmacological treatment for hyperten-
sion in children with T1DM is

a) angiotensin-converting enzyme inhibitors
b) calcium channel blockers
c) diuretics
d) beta-blockers

5 The risk of developing DKD increases in case of:

a) poor glycemic control
b) previous AKI episode
c) untreated hypertension
d) all of the above
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