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Diabetic kidney disease: pathophysiological changes and
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Background and Objective: Diabetic kidney disease (DKD) is a term used to identify the effect of
diabetes mellitus (DM) in the kidneys, and DKD is the most frequent and severe chronic complication of
DM. The major risk factors involved in the DKD pathogenesis are smoking, hypertension, hyperglycemia,
high protein diet and renal hyperfiltration. DKD constitute the leading cause of end-stage kidney disease
and occurs as a result of renal microvascular lesions causing distinct and progressive morphological changes
inducing albuminuria and progressive loss of kidney function. Either albuminuria or glomerular filtration rate
decline are DKD unspecific markers, then newer more specific markers for DKD are needed. In this narrative
review, we aimed to identify the urinalysis parameters and its possible contribution to DKD diagnosis.
Methods: We evaluated the information available in the English literature (articles published on PubMed
indexed journals and book chapters) related to DKD and urinalysis published between 1999 and 2021.

Key Content and Findings: This narrative review contains information on the urinary particles observed
or not in patients with DKD and non-diabetic kidney disease (NDKD) and their use on differential diagnosis
of these clinical conditions. Of note, in dipstick analysis, we address the parameters glucose and ketone
bodies, besides the protein (albumin).

Conclusions: The urine sediment is useful to differential diagnosis of DKD and NDKD, with
acanthocytes identifying NDKD, when observed in DM patients. In urine, the presence of podocytes may be
a useful marker of disease activity in DKD. The perspectives point to development of laboratory technologies
with the possibility of urine sediment cell identification and quantification, which could contribute to DKD

diagnosis.
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Introduction

Chronic kidney disease (CKD) occurs in individuals with
diabetes mellitus (DM) and is named diabetic kidney
disease (DKD). Approximately 40% of patients who
are diabetic develop DKD and it is the leading cause of
CKD; worldwide DKD is the leading cause of end-stage
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renal disease (ESRD) (1). In patients with DM, improved
understanding of the shared and distinct mechanisms
driving DKD and non-diabetic kidney disease (NDKD) is
likely to improve outcomes (2,3).

DKD can result from microvascular lesions (in
renal glomeruli and tubuli), or can be associated with
macrovascular atherosclerotic pathophysiological processes.
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Table 1 The search strategy summary
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ltems Specification

Date of Search (year) 2021
Databases and other sources searched

Search terms used

PubMed and Nephrology, Urine microscopy book chapters

“Diabetic kidney disease + urine sediment”; “Diabetic kidney disease + urinalysis”;

“Diabetic nephropaty and urine sediment”; “Diabetic nephropathy and urinalysis”

Timeframe

Inclusion and exclusion criteria
of the work

Selection process

Articles/Book chapters published between 1999 and 2021

Any type of study/book chapter published in English language related to the subjects

Selection process was conducted by one of the authors (JATP) and reviewed by the
other author (LNR)

DKD result from the effects of hyperglycemia on the
kidney of patients with DM [type 1 and type 2 (T1/
T2DM)], inducing to specific pathologic functional and
structural changes. DKD incidence is being increased
annually worldwide (4), and its prevalence varies between
regions of the same country, countries, and continents (5).
Smoking, hypertension, hyperglycemia, hyperfiltration
and high protein diet are the major risk factors in the
DKD pathogenesis, that can present a genetic component
(probably polygenic) (6). Indeed, the presence of a first-
degree relative with T1/T2DM and DKD, induces to
substantially more risk for developing DKD, compared to
those without an affected relative (7).

Many diverse causes are associated to the reduced kidney
function in DKD, such as the unresolved acute kidney
failure and hypertensive nephrosclerosis, resulting in clinical
presentation characterized by hypertension, proteinuria,
and progressive reduction in the kidney function (7).

CKD, regardless of etiology, is identified as a decrease
in kidney function and/or evidence of kidney damage.
Generally, a decrease in kidney function is described by
an estimated glomerular filtration rate (eGFR) <60 mL/
min/1.73 m’or persistently high urinary albumin-to-
creatinine ratio >30 mg/g (8). To diagnose DKD, several
tubular and glomerular damage markers have been recently
identified and is crucial for the health professionals to
understand the important information that these laboratory
tests convey, as well as their limitations (8).

Currently, to identify patients, guide therapy, and
establish the prognosis of patients, the assessment of urinary
albumin excretion (UAE) and eGFR has been suggested in
patients with T1DM for >5 years, and annually in T2DM
patients (beginning at the diagnosis), and in TIDM/T2DM
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patients with concurrent arterial hypertension (4).

Urinalysis (dipstick evaluation coupled with urine sediment
analysis) is one of the most common tests performed in
the clinical laboratory to screen patients with suspected or
diagnosed kidney diseases. Information like proteinuria and
observation of elements in the urine sediment that appears
when the kidneys are injured are possible using this test.

The objective of this review work was to evaluate the
information available in the literature (articles published
on PubMed indexed journals and book chapters) related
to DKD pathophysiology changes and the urinalysis
contribution to the diagnosis of this clinical condition.
We present the following article in accordance with the
Narrative Review reporting checklist (available at https://
jlpm.amegroups.com/article/view/10.21037/jlpm-21-20/rc).

Methods

Literature review and evaluation of the information
available (articles published on PubMed indexed journals
and book chapters) related to DKD and urinalysis in the last
20 years approximately (1uble I).

Natural history of DKD

Five clinical stages of DKD are characterized in T1DM, that
are similar in T2DM patients: (I) time of initial diagnosis;
(II) the first decade (characterized by hyperfiltration and
renal hypertrophy); (III) the second decade in the absence
of clinical disease, with glomerulopathy [microalbuminuria
(MA)]; (IV) clinically detectable DKD (proteinuria,
hypertension, and a progressive decline in renal function);

(V) ESRD.
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Stage 1

Functional changes are experienced at the DM onset:
increased kidney size, MA (reverses with the control of
glycemia), and an increased GFR (in most patients it
decreases with initiation of insulin therapy).

Stage 11

An increase in GFR may occur predicting the later
development of nephropathy (it remains controversial). The
hyperfiltration may be partly caused by activation of the
renin-angiotensin-aldosterone system and hyperglycemia.
Glomerular basal membrane (GBM) thickening, within 1.5-
2.5 years, begins in nearly all patients. The GBM thickening
and clinical renal function do not present correlation, and
approximately 5 years after the onset of disease begins the
mesangial expansion.

Stage I11

Stage III is characterized by MA (the amount of albumin
excretion is below the level of sensitivity of the urine
dipstick). However, there are some new technologies added
by some manufacturers in automated systems like a reactive
area specific to albumin and a reactive area specific to
creatinine. The reactive area to albumin can detect levels
of albumin as low as 10 mg/dL (limit detection of dipstick
to protein is usually approximately 30 mg/dL). This kind
of new information can be useful in the identification of
patients with DKD if available in many laboratories (9).
In the first or second decade of DM, occurs a slightly
elevated UAE (thresholds ranging from 15 to 70 pg/min to
classify patients is a harbinger of the later development of
clinical DKD). MA, when it is progressive over time and is
associated with hypertension, best predicts DKD (3).

Stage IV

Stage IV is recognized by positive albuminuria at dipstick
(>300 mg/day) with a slow gradual decline in GFR (with a rate
of decline stated to be 1 mL/min/month and can be slowed by
antihypertensive therapy) that may result in ESRD.

Stage V

ESRD may develop in consequence to the continuous
decline of GFR. Diabetic patients often experience more
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uremic symptoms at higher GFR (15 mL/min) than
nondiabetic patients, because of associated cardiac disease
and autonomic neuropathy (10).

DKD

The histopathologic descriptor to DKD is the diabetic
glomerulosclerosis. Usually is not necessary a renal biopsy
(gold-standard for definitive diagnosis, treatment guidance
and prognosis for other types of nephropathies) to establish
DKD in T2DM patients since the risk of such intervention
is not justified due to the complicated clinical situation. This
occurs unless there is a need of an exclusive or differential
diagnosis (11).

In most patients with classic presentations, a clinical
DKD diagnosis is appropriate, but the maintaining clinical
suspicion for NDKD is necessary especially in patients
presenting DM with atypical features, such as concurrent
systemic disease, short diabetes duration, very high
proteinuria with sudden onset, rapid eGFR deterioration,
and/or urine sediment presenting erythrocytes and
leukocytes and/or cellular casts (12).

Family history, sex, age, and race/ethnicity, constitute
susceptibility factors to DKDj acute kidney injury (AKI)
and hyperglycemia are DKD initiation factor, while obesity,
diet and hypertension are progression factors associated to
the DKD. Among these, hypertension and hyperglycemia
are the most prominent factors (1,9,13). There are no other
options available for DKD treatment beyond the current
treatment to the optimal control of glycemia, lipemia,
hypertension, and lifestyle fitness.

In T1IDM and T2DM, the incidence of MA is around
30% and depends on the glycemia control (albuminuria
does not occur in the absence of hyperglycemia), but in
T2DM is usually associated with hypertension, being an
important risk factor for cardiovascular mortality (14,15).
MA is the earliest detectable clinical manifestation of
DKD, and approximately 50% of patients with established
MA will progress to macroalbuminuria, in the absence
of early intervention. The glycemia control is the main
determinant of progression to overt DKD and the
improving of HbAlc level can prevent progression to
ESRD in patients with proteinuria and T1DM (16,17). An
intensive glucose control intervention, especially in early
stages, targeting a HbA1C <7% reduced the 9-year risks of
developing macroalbuminuria and MA by 56% and 34%,
respectively, and induced 24% reduction in development
of microvascular complications in T2DM, including DKD,
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compared with standard (with 10 years of glycemic control)
(18,19). Macroalbuminuria presents tenfold higher risk of
ESRD progression than that of patients normoalbuminuric
(13,20). This “legacy effect/metabolic memory,” suggests
that early intensive glycemic control can prevent irreversible
damage, such as epigenetic alterations associated with
hyperglycemia (4). In T1DM, pancreas transplantation can
reverse diabetic glomerulosclerosis following 10 years of
normoglycemia (21).

Non-DKD

In patients with DM, CKD can be caused by diabetes-
independent factors, besides the modifiers of CKD related
to the diabetic milieu and aforementioned causes. In
T1DM many conditions can cause kidney injury precedent,
concomitant or subsequent, such as: immunoglobulin A
(IgA) nephropathy, genetic kidney disorders, secondary
focal segmental glomerulosclerosis, cholesterol embolism,
infection-related glomerulopathies and minimal change
disease, and all types of AKI (22-25).

CKD before the onset of diabetes

CKD before the onset of diabetes indicates that CKD is
a NDKD. It is most likely for patients with, for example,
early-onset genetic forms of CKD or CKD following an
episode of AKI. The susceptibility to T2DM, consequently
exacerbating pre-existing CKD, can increase in presence
of autoimmune and renal disease (renal vasculitis and lupus
nephritis, and in kidney transplant recipients) with a long-
term steroid use (22,26).

CKD present at the time of DM diagnosis

T2DM and CKD present at an unknown time of
development are often diagnosed together, with the DM
typically developing many years before the onset of CKD.
Most likely, the presence of NDKD is indicated when the
diagnosis of CKD (stages G3—GS5) occurs simultaneously at
the time of DM diagnosis (22,27).

Undiagnosed CKD at the time of DM diagnosis

Current approaches to the diagnosis of CKD, including
eGFR, urinalysis (secondary to normal serum creatinine
levels), and imaging studies, can be unspecific. Due to
the lack of specific symptoms, concern exists that certain
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forms of CKD remain unrecognized presenting absence
of urine abnormalities. A clinically relevant CKD stage
can be masked by a normal serum creatinine and eGFR is
inaccurate for initial CKD stages (G1 or G2). No urinary
abnormalities are observed in CKD presentation, associated
to kidney hypoplasia, previous AKI episodes, ageing
nephropathy or polycystic kidney disease. The “silent
CKD?” can be unmasked by the sudden increase in filtration
pressure and GFR induced by the onset of DM. Therefore,
such forms of precedent CKD are diagnosed only years
after the onset of DM—a series of events that increase the
likelihood of misdiagnosing NDKD as DKD (20,22,28,29).

Pathophysiology of DKD

Alterations in the structure of kidney compartments
contribute to DKD development. The thickening of
glomerular basement membrane is the earliest consistent
change (apparent within 1.5-2 years of T1DM diagnosis)
and of capillary and tubular basement membrane (30),
associated to loss of podocytes with effacement of foot
processes, endothelial fenestration, and mesangial matrix
expansion.

Indeed, extracellular matrix deposition occurs (primarily
in the mesangium), proliferative changes, and tubular
atrophy, resulting in glomerulosclerosis (the final common
pathway of many kidney diseases) and interstitial fibrosis.
Within 5-7 years after TIDM diagnosis, mesangial volume
expansion is detectable (31) and with DM progression is
observed the segmental mesangiolysis, Kimmelstiel-Wilson
nodules and microaneurysms (32). In T1DM, hypertension,
low GFR and albuminuria are somewhat less strongly
associated with glomerular basement membrane width
and are strongly correlated with mesangial expansion. In
T2DM the renal structure changes are similar to those in
T1DM, but they are less predictably associated with clinical
presentations and more heterogeneous (4,31).

The DKD and ESRD pathophysiology shows that the
diabetic milieu leads to the generation and circulation
of growth factors and advanced glycation end-products,
and hemodynamic and hormonal changes that release
inflammatory mediators and reactive oxygen species (7).
Oxidative stress (OS) is strongly involved in the renal
damage onset and progression. An important factor to the
development of nephropathy is the polyol pathway, which is
increased in persistent hyperglycemia. The hyperglycemia
increases the glomerular lipid peroxidation, and hydrogen
peroxide production among mesangial cells leading
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towards OS and the ultimate depletion of hydrogen sulfide.
Upstream of these major pathways, hyperglycemia is the
major driving force of the progression to ESRD from DKD
(6,33,34).

Different presentation of DKD in T2DM involve factors
underlying that include the impairment of older population,
the unreliable timing of T2DM onset (with longer
hyperglycemia before diagnosis) compared with T1DM,
and a higher burden of atherosclerosis (4).

Albuminuria is not a linearly progressive process; it is a
fluctuating and dynamic condition. Then, the low eGFR
or a reduction/lack of albuminuria may not necessarily
preclude structural DKD. The natural history shows that
the classic pattern of DKD not necessarily has an orderly
evolution characterized by glomerular hyperfiltration
progressing to persistent albuminuria associated with
declining GFR and hypertension (35).

In an autopsy study it was observed a considerably higher
prevalence of DKD diagnosed histologically (106/168
T1DM/T2DM patients) compared with that indicated by
clinical laboratory testing: albuminuria or lower GFR was
absent in 20% (20/106) of TIDM/T2DM throughout life.
Therefore, all histopathologic classes of DKD presented
structural changes highly variable (36).

Both kidney- and non-kidney-related DKD complications
develop as GFR declines in DKD later stages, while in the
earlier stages bone and mineral metabolism disorders are
observed, besides the anemia (erythropoietin deficiency) (4).
Critical metabolic changes as hyperglycemia and
hyperaminoacidemia (a promoter of glomerular hyperfiltration
and hyperperfusion) alter kidney hemodynamics and
promote inflammation and fibrosis in early diabetes. In
T2DM, obesity and systemic hypertension contributes
to glomerular hyperfiltration via mechanisms, such as
glomerular enlargement and high transmitted systemic
blood pressure (37).

This additional hyperfiltration cannot be accommodated
resulting in intraglomerular hypertension and rapid
progression to macroproteinuria, leading to glomerulosclerosis,

podocyte loss, and accelerated CKD progression (17,22,38-43).

Diagnosis of DKD

Measurement of eGFR and albuminuria, along with
clinical features (DM duration, presence of clinical signs)
are the basis to the clinical diagnosis of DKD (10). The
hypertension and albuminuria are clinical manifestations
secondary to some factors that collectively result in
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glomerular hypertension and hyperfiltration, renal
hypertrophy, and altered glomerular composition (44).
Usually, the diagnosis is based on a clinical composite of
persistently high UAE (45). The earliest marker of DKD
is MA, and it has traditionally been considered the primary
predictive marker for progression to the advanced stages of
CKD (4). However, some limitations exist associated to it,
that depends on the health care professional interventions
or several patient-related factors. Until now, albuminuria
must continue to be used as a marker of kidney damage in
DM, but it must be also carefully assessed and monitored
for a reasonable period before setting the DKD diagnostic.
Indeed, at normoalbuminuric stage, the renal impairment
could also occur (46).

MA occurs when the UAE rate reaches 20-200 pg/min
or 30-300 mg/24 h, while macroalbuminuria occurs when
the UAE rate >300 mg/24 h. MA is considered persistent
when confirmed on at least two occasions (3—6 months
apart) being able to be transient and reversible. MA heralds
macroalbuminuria (proteinuria) and ESRD. Besides the
detection of MA, the patient with DM duration of 7-10 years
usually presents at least diabetic retinopathy, and the
urinalysis is relatively little expressive (4,47).

Screening for albuminuria can be better performed in
a random spot urine collection, using urinary albumin-to-
creatinine ratio (UACR), that is defined as >30 mg/g (48).
Some factors may give false-positive values: exercise within
24 h, infection, congestive heart failure, menstruation,
increased body temperature, continuous hyperglycemia,
and arterial hypertension. In the absence of prescribed
renin-angiotensin-system blockers, the combination
normoalbuminuria and low eGFR is noted (48).

Urinary findings on patients with diabetes/DKD

Urine sediment analysis usually is performed coupled with
dipstick test. The dipstick evaluation has two valuable
information related specifically to DM—glucose and ketone
bodies.

Glucose

Glucose at urine dipstick test

When the tubular reabsorption of glucose in the kidneys
(the renal threshold: 150-180 mg/dL or 8.3-10 mmol/L) is
exceeded, glucosuria is observed. It is frequent in diabetic
patients and the renal threshold is on a higher average, as
well as in older people or in DM for many years, compared
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to healthy person. The degree of glucose excretion
depends on the severity of the metabolic disturbance and
on the individual renal threshold. Therefore, glucosuria
identification presents significance for early DM detection,
self-monitoring and control.

Renal glucosuria

If a lowering in the renal threshold occurs, with a reduced
renal tubular glucose reabsorption, glucosuria increases,
even if glycemia is within the reference interval. In 5-10%
of pregnancies, glucosuria is due to the renal threshold
lowering, and is no longer observed after the woman has
given birth (49).

Glucosuria in the presence of kidney damage
Symptomatic renal glucosuria occurs when kidney function
<30% of normal renal performance. In acute renal failure
the renal DM is also observed (49).

Ketone bodies

Ketone bodies at dipstick test

Relative or absolute insulin deficiency causes reduced
glucose utilization in fat and muscle and increased lipolysis
with consequent increased breakdown of free fatty acid
and excess of acetyl-coenzyme A formation, promoting the
synthesis of acetoacetic acid which is partly transformed
into P-hydroxybutyric acid and a smaller degree into
acetone, that will appear in urine.

Ketonuria in DM
For checking metabolic decompensation in DM, ketonuria
detection (acetoacetic acid and acetone) is particularly
important, because the ketoacidosis invariably accompanies
the precomatose and comatose states (except for
hyperosmolar coma) and is characterized by ketone and
glucose excretion in urine. Diabetic coma, a life-threatening
event, results from the serum ketone bodies accumulation,
associated to pathophysiological changes of the dysregulated
metabolism, such as electrolyte shifts and dehydration.
Ketonuria is an early symptom of the metabolic
disequilibrium and frequently occurs when the diabetic
patient is not adequately managed with insulin. Therefore,
when coma may develop within a few hours, as in juvenile
and insulin-dependent DM, a check for glucosuria and
ketonuria should form part of self-monitoring.

Dipstick test has also a reactive area to detect protein. This
particular reactive area can be useful in the identification of
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kidney diseases (49).

Protein

Protein at dipstick test

Proteinuria is a non-specific frequent symptom in renal
diseases, and should always be followed by differential
diagnostics.

Renal proteinuria

A pathological process leads to an increase in the
permeability of the glomerular capillaries with the
development of renal proteinuria, that can be persistent
and observed in both daytime and nocturnal urine.
The range of 200-300 mg/dL of protein is observed in
glomerulonephritis, but when it is accompanied with
few symptoms, lower values must be reckoned. This
proteinuria is usually accompanied by microhematuria.
Tubular proteinuria occurs because of disturbance of the
tubular uptake of proteins from glomerular filtrate, and/
or lesions of the tubular cells, being encountered e.g., in
pyelonephritis, cystic kidneys, and gouty kidneys (49).

In the early stage of DKD, only MA is observed. The
detection of protein necessitates the use of specific methods
such as immunochemical assays utilizing anti-albumin
antibodies, high performance liquid chromatography, or
appropriate dipsticks. In advanced stages, non-selective
proteinuria develops (50).

Urine sediment

In DKD, the urinary sediment is usually defined as
unremarkable, occasionally being observed some few
erythrocytes. However, studies have shown that microscopic
hematuria is not uncommon in DKD, being found in
12.5% to 35% of patients with T1DM clinically diagnosed
DKD, and in 15% to 35% of patients with biopsy-proven
DKD associated with T2DM. Microscopic hematuria
(=8 erythrocytes/pL) was found in 62% of clinically
diagnosed DKD patients, a prevalence which increased
to 82% when three consecutive samples from the same
patient were analyzed. Interestingly, >5% acanthocyturia,
a marker of glomerular bleeding, was found in only 4%
of diabetic patients, in contrast with 75% of patients with
glomerulonephritis (50-57).

Besides microscopic hematuria, it should be remembered
that the appearance of an active urine sediment with many
erythrocytes, leukocytes and pleomorphic cylindruria in a
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diabetic patient should always be considered as a possible sign
of superimposed proliferative and active glomerulonephritis
such as IgA nephropathy, acute post-infectious
glomerulonephritis, or extracapillary glomerulonephritis.
Leukocyturia and bacteriuria, are suggestive of urinary tract
infection, which is frequent in DM and may be associated
to the passage of gas into the urine (i.e., pneumaturia),
frequently due to bacteria such as Enterobacter aerogenes
and Escherichia coli. Another complication of urinary tract
infection in diabetics is septic papillary necrosis, which
can present with flank pain, gross hematuria, and papillary
fragments in the urine. Candida is also frequently found in
the urine of diabetic patients (50-57).

Nakamura et /. [2000] evaluated podocytes occurrence
in the urine sediment of adult patients with and without
nephropathy. In DM patients with normoalbuminuria
or chronic renal failure, and in healthy controls urinary
podocytes were not observed. Podocytes were detected
in the urine of eight (53%) and 12 (80%) DM patients
with MA and macroalbuminuria, respectively, with a
lower number of urinary podocytes in patients with MA,
than with macroalbuminuria. There was no relationship
between urinary podocytes and albuminuria however, the
number of urinary podocytes correlated with the plasma
metalloproteinase-9 concentration. It may suggest that
podocytes in urine could be a marker of disease activity in
DKD (58).

To clarify the role of acanthocytes in DKD, Heine et 4.
[2004] observed that hematuria was found in 62%, 84%
and 20% of patients with the clinical diagnosis of DKD,
glomerulonephritis, and in healthy control subjects upon a
single urine examination, respectively. Indeed, 4% patients
with DKD showed glomerular hematuria, while it was
observed in 40% of patients with glomerulonephritis. In
contrast to hematuria, acanthocyturia is uncommon in
patients with clinical diagnosis of DKD. In DM patients
with proteinuria, acanthocyturia can point to nondiabetic
glomerulopathies, and renal biopsy should be considered (55).

Indeed, Dong er al. [2016] studied the predictive value
of dysmorphic erythrocytes in T2DM patients with non-
diabetic renal disease and influences on hematuria. There
was a difference between the DKD group and the non-
diabetic renal disease group (cutoff point 10 RBCs/ high
power field). When the urinary erythrocyte morphology
defined the hematuria, a marked difference was observed
and glomerular hematuria showed high positive predictive
value and specificity in non-diabetic renal disease.
Nephrotic syndrome was significantly associated with
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hematuria and an independent risk factor for it, and the
presence of dysmorphic erythrocytes were superior to
hematuria for indicating NDKD in T2DM (59).

Morcos er al. [2002] observed that renal tubular epithelial
cells (RTECs) were found in the urine of 20 of 100 T2DM
patients but in none of the healthy control subjects. The
presence of RT'ECs in the urine sediment showed a strong
correlation to the degree of albuminuria (60). Broad waxy
and finely granular casts can also be observed. However,
these findings are not observed in early stages of DKD (10).

According to the very few literatures available, and,
despite the report of RT'ECs and broad waxy and finely
granular casts, albuminuria is the key information during
routine urinalysis on patients with DKD (especially talking
on early-stage diagnosis of DKD). The lack of urine
sediment findings can be understood when we look on the
natural history of DKD. From stage 1 to stage 3 (a period
that can be observed during the 1* and 2™ decades after DM
diagnosis) the unique finding observed is MA. On stage 2
usually kidney biopsies performed presents normal findings
(with normal biopsies is virtually impossible to identify
particles in the urine sediment originated in the kidneys—
what supports the lack of findings in the urine sediment
in early stages of DKD). Also, the glomerular basement
membrane thickening begins within 1.5-2.5 years, while
the mesangial expansion occurs approximately 5 years after
the onset of disease. These parts of the glomerulus do not
correspond to any particle detectable in the urine sediment.
Only on stage 4 the amount of protein starts to become
higher (>300 mg/day) and consequently detectable by urine
dipstick (10).

However, the urine sediment can be useful to
differentiate DKD from NDKD using the identification of
acanthocytes as a marker of NDKD.

Future perspectives of urinalysis on patients
with diabetes

The most recent publication on this subject was produced
by Abedini et al. [2021] where the urinary single-cell
profiling of the kidneys demonstrated that almost all kidney
cell types can be identified in urine: cells from the proximal
tubule, from the loop of Henle, and from the collecting duct,
in addition to bladder cells, lymphocytes, macrophages and
the podocytes. The urinary cell-type composition was subject
specific and reasonably stable (according to different urine
collection methods and over time). Gene expression analyses
in urinary cells clustered with kidney and bladder cells (such
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as kidney and urinary podocytes) permitted to observe the
similarity of the urinary cells, and principal cells of the kidney
and urine, generating a reference dataset for cells in human
urine. Single-cell transcriptomics can detect and quantify
almost all types of cells in the kidney and urinary tract (61).

This study coupled with the identification of podocytes,
albumin, and the use of dysmorphic erythrocytes for
differential diagnosis of DKD from NDKD can be a future
perspective to the urine sediment findings to help in the
identification of DKD.

Conclusions

At this moment, the urine sediment findings (at least the
particles usually observed during routine urinalysis) does not
shows evidence of any particular structure or any urinary
profile to be used on the identification of DKD. However,
the literature is presenting clarification on the findings and
showing the potential use of some urine sediment structures
(podocytes—only identifiable securely in the urine sediment
using immunological tests—could be a useful marker of
disease activity in DKD).

As an already available information to any laboratory, the
urine sediment can be helpful in the differential diagnosis of
DKD from NDKD, with acanthocytes (when observed in
patients with DM) identifying NDKD.

The advance in the development of laboratory technologies
points to the perspective of urine cell identification, which
will contribute to the DKD diagnosis, in association with
the other parameters and with the clinical manifestation of
disease.
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