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A beginner’s guide to the clinical approach and 
key concepts of glomerular disease: a mini review
Suwasin Udomkarnjananun1,2,3,*, Talerngsak Kanjanabuch1, Dennis A. Hesselink4

Abstract

Glomerular disease is a common issue in nephrology, where prompt diagnosis and appropriate treatment are crucial 
to halting disease progression and preventing the development of chronic kidney disease or end-stage kidney disease. 
The initial approach and differential diagnosis remain essential clinical skills for ensuring timely investigation and 
management. In an era of advanced molecular diagnostics in histopathology and biologic therapies, there is a notable 
gap in the literature regarding a general introduction to the overarching concepts of glomerular disease. This article 
aims to serve as a guide for medical students and internists, offering an overview of the approach to glomerular disease, 
including differential diagnoses, the clinical features of nephritis and nephrotic syndrome, and common presentations 
that aid in diagnosis, such as foamy urine, hematuria, and proteinuria.
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Glomerular disease is a major entity in nephrology. Medical 
students, internists, and nephrology trainees often struggle with 
the differential diagnosis and clinical syndromes of glomerular 
disease. This difficulty can hinder their ability to pursue a deeper 
understanding of the field. While numerous articles provide 
comprehensive reviews of glomerular diseases, most focus on 
differential diagnosis through histopathology or advanced mole-
cular testing [1–6]. However, there is a lack of resources empha-
sizing clinical presentation and basic investigations alongside a 
conceptual framework for differentiating these diseases.

This article aims to serve as a practical guide for medical 
students and internists, offering a practical approach to glome-
rular diseases. It provides an introduction to the differential 
diagnosis of nephritic versus nephrotic syndromes, empha-
sizing clinical features and the use of basic investigations to 

refine the likelihood of specific glomerular pathologies before 
kidney biopsy. As this review is intended as a beginner’s 
guide, detailed discussions on pathophysiology, histopatho-
logy, treatment, and prognosis of individual glomerular disea-
ses will not be included. Readers seeking more comprehensive 
information on specific conditions are encouraged to refer to 
other excellent reviews [4–7].

Spectrum of glomerular disease

Glomerular diseases are commonly classified into 2 main syn-
dromes: nephritic syndrome and nephrotic syndrome [3, 4]. 
These 2 groups have distinct “classical” features that aid in 
identifying the underlying disease (Table 1).
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Patients with nephritic syndrome typically present with 
salt and fluid retention, leading to dependent edema (e.g., 
dorsum of the feet and pretibial edema) that may progress to 
generalized edema. This fluid retention often results in new-
onset hypertension or worsening of preexisting hypertension. 
The primary mechanism of edema in nephritic syndrome is 
increased intravascular hydrostatic pressure, which results 
from a decreased glomerular filtration rate (GFR) and activa-
tion of the renin-angiotensin-aldosterone system. In contrast, 
edema in nephrotic syndrome is believed to arise from hypoal-
buminemia and reduced oncotic pressure. It usually begins in 
areas with loose connective tissue, such as the eyelids, genita-
lia, or third spaces (e.g., pleural or peritoneal cavities), before 
spreading elsewhere. Notably, reduced oncotic pressure (i.e., 
the underfill hypothesis) does not fully explain edema in neph-
rotic syndrome. Instead, salt and water retention also signifi-
cantly contributes to its development (the overfill hypothesis). 
One proposed mechanism involves activation of epithelial 
sodium channels in the cortical collecting ducts, triggered 
by plasmin as a component of proteinuria [8, 9]. In advanced 
stages, edema becomes more generalized in both conditions, 
making differentiation challenging. However, the sequence 
and pattern of edema can still guide initial impressions. A tho-
rough history focusing on the site of initial edema can provide 
valuable insights for clinical diagnosis.

Nephrotic syndrome is often characterized by pleural 
effusion, ascites, hyperlipidemia (elevated cholesterol and tri-
glycerides), hypoalbuminemia, nephrotic-range proteinuria, 
and the presence of oval fat bodies in the urine. In contrast, 
features more common in nephritic syndrome include dysmor-
phic red blood cells (RBCs) in the urine and RBC casts. Pati-
ents with nephritic syndrome are also more likely to be present 
with elevated serum creatinine or acute kidney injury (AKI), 
typically resulting from glomerular occlusion or crescent 

formation. Table 1 summarizes the classical characteristics of 
nephritic and nephrotic syndromes, although overlapping fea-
tures can occur in some patients.

Foamy urine or increased bubbles in the urine are another 
potential indicator of proteinuria and glomerular disease. 
However, studies suggest that only 20%–30% of patients 
with foamy urine have significant proteinuria or albuminuria 
[10]. The foaming mechanism involves gas pockets trapped 
by amphiphilic surfactants, which can originate from proteins, 
amino acids, phospholipids (such as those in cell membranes), 
toilet cleaning chemicals, and certain urinary metabolites, 
including bile salts or fatty acid esters [11]. While foamy urine 
is often associated with proteinuria, it can also result from 
increased urinary metabolites with amphiphilic properties 
after meals. When assessing proteinuria, the type of protein 
is an important consideration. Dipstick tests detect only albu-
minuria, which is sufficient in most cases since 30%–60% 
of protein in glomerular diseases consists of albumin [12]. 
However, in certain conditions, such as multiple myeloma 
with cast nephropathy, the predominant proteins in urine are 
immunoglobulin (Ig) light chains rather than albumin, as the 
pathology is non-glomerular. In these cases, dipstick tests may 
yield a negative result for albuminuria (proteinuria-albumin-
uria discrepancy), potentially reducing suspicion of myeloma 
kidney if proteinuria is not specifically evaluated [13].

Dysmorphic RBC in the urine of nephritic patients result 
from multiple processes, including the passage of RBCs through 
the glomerular basement membrane (GBM) and osmotic 
injury during transit through hypotonic tubular segments. The 
average RBC diameter is 6–8 µm, whereas the endothelial 
fenestration diameter is only 0.06–0.08 µm [14]. Increased 
glomerular hydrostatic pressure and impaired GBM integrity 
in glomerulonephritis (GN) compromise the RBC memb-
rane during diapedesis, leading to poikilocytosis. Subsequent 

Table 1. Classical features of nephritic and nephrotic syndrome

Nephritic syndrome Nephrotic syndrome

Salt-water retention edema (increased hydrostatic pressure)
• � Starts in the dependent part (legs, ankles) Edema in other parts  

at a later stage

Loose part edema (decreased oncotic pressure edema)
• � Starts with loose tissue (upper eyelids, genitalia) Edema in  

dependent parts at a later stage

New onset or accelerated hypertension Pleural effusion, ascites, hyperlipidemia, hypoalbuminemia

Dysmorphic RBC in UA Usually, no RBC in UA, not dysmorphic if presented

RBC cast Oval fat body (degenerating tubular epithelial cells filled that contain 
refractile fat droplets)

Nephrotic or sub-nephrotic range proteinuria Nephrotic range proteinuria

Usually with elevated Cr/decreased eGFR Meet all the criteria of nephrotic syndrome
1.  Generalized edema
2.  Nephrotic range proteinuria (≥3.5 g/d)
3.  Hypoalbuminemia (<3.0–3.5 g/dL, depends on assay)

Cr, creatinine; eGFR, estimated glomerular filtration rate; RBC, red blood cell; UA, urinalysis.
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exposure to the hypotonic environment in the distal tubule con-
tributes to hypochromia and anisocytosis in dysmorphic RBC 
[14–17]. Dilute urine, such as in patients receiving diuretics, 
can selectively lyse dysmorphic RBCs, leaving only normal 
RBCs and potentially reducing the sensitivity of GN diagnosis 
[15, 16]. In clinical practice, the sensitivity and specificity of 
dysmorphic RBCs for diagnosing glomerular disease depend 
on the cutoff values used. For instance, a dysmorphic RBC 
proportion ≥20% provides 93.0% sensitivity and 34.0% speci-
ficity for GN, while a cutoff of ≥50% increases specificity to 
43.0% with comparable sensitivity [18]. Although dysmorphic 
RBCs can present with various morphological features (e.g., 
stomatocytes, schizocytes, codocytes, and echinocytes), acan-
thocytes (ring-shaped cells with vesicle-like protrusions) are 
the most characteristic of glomerular bleeding. Acanthocyturia 
≥5% shows a sensitivity of 28.0%–40.0% and specificity of 
95.0%–97.0% for GN [18–20]. The optimal method for eva-
luating dysmorphic RBCs is phase-contrast light microscopy 
[14]. However, 1 study found that using standard light micro-
scopy with the condenser lens lowered was equally effective 
for guiding hematuria evaluation [21].

Microscopic hematuria is relatively uncommon in patients 
with nephrotic syndrome, and dysmorphic RBCs are even rarer 
compared to those seen in nephritis. One study reported that at 
least 60.0% of patients with nephritis—such as pauci-immune 
GN, IgA nephropathy (IgAN), and lupus nephritis (LN)—had 
RBCs in their urine, with 20.0%–30.0% showing dysmorphic 
RBCs at proportions ≥25%. Interestingly, the same study found 
that 50.0% of patients with membranous nephropathy (MN), 
typically classified as nephrotic syndrome, had microscopic 
hematuria, and 20.0% of the overall patients exhibited dysmor-
phic RBCs at proportions of ≥25% [22]. However, it was not 
clearly specified whether these MN cases included LN class V.

AKI or abnormal serum creatinine levels can occur in 
patients with nephrotic syndrome but are generally less severe 
than in those with nephritis. The primary mechanism of AKI 
in nephrotic syndrome is decreased intravascular volume due 
to plasma leakage from hypoalbuminemia, leading to prere-
nal azotemia. Other potential mechanisms include renal vein 
thrombosis, resulting from urinary loss of anticoagulant pro-
teins, and concurrent interstitial or tubular inflammation, as 
observed in cases of non-steroidal anti-inflammatory drug 
(NSAID)-induced nephritis.

Dyslipidemia is common in nephrotic syndrome, although  
it is not required for diagnosis. Lipid abnormalities typically  
include elevated levels of cholesterol, triglycerides, low-density 
lipoprotein (LDL), intermediate-density lipoprotein (IDL), 
very low-density lipoprotein (VLDL), and lipoprotein(a) [23]. 
The activity of lipoprotein lipase (LPL) and hepatic lipase 
is reduced in nephrotic syndrome, contributing to increased 

levels of LDL, IDL, and VLDL, partly due to the loss of LPL 
activators [24]. However, impaired clearance alone does not 
fully explain the dyslipidemia; increased synthesis also plays 
a significant role. For instance, acetyl-CoA carboxylase and 
fatty acid synthase levels are elevated, as evidenced by increa-
sed hepatic gene expression in nephrotic rats [25]. These lipid 
abnormalities can lead to nephrotoxicity through inflamma-
tion and damage to glomerular endothelial and tubular epi-
thelial cells [24]. Additionally, plasma levels of proprotein 
convertase subtilisin/kexin type 9 (PCSK9) are elevated due 
to podocyte damage, making PCSK9 inhibitors a potential the-
rapeutic target in nephrotic syndrome [26]. High-density lipo-
protein (HDL) levels in nephrotic patients can vary, but the 
HDL cholesterol-to-total cholesterol ratio is typically reduced 
[27].

The overall prevalence of glomerular diseases varies sig-
nificantly across regions and ethnicities. Table 2 highlights 
the prevalence of kidney biopsy pathological diagnoses in 
different regions, including the USA/Canada, Europe, Latin 
America, Japan, and Thailand [28–30].

Overview of nephritic syndrome

Nephritic syndrome, or GN, can be categorized into 5 primary 
types based on pathophysiology. Figure 1 provides an over-
view of these types: (1) immune complex-mediated GN, (2) 
anti-GBM disease, (3) pauci-immune GN, (4) complement-
mediated GN, and (5) inflamed deposition disease particularly 
monoclonal Ig-associated GN. This classification serves to 
enhance familiarity with nephritic diseases and is not intended 
to provide an exhaustive discussion of each. Although distinct 
features define these types, overlapping features can occur in 
atypical cases.

Before performing a kidney biopsy, evaluating comple-
ment levels (commonly C3 and C4) can provide essential 
diagnostic clues [31–33]. As depicted in Figure 1, nephritic 
syndromes with hypocomplementemia include immune com-
plex-mediated and complement-mediated GN. In contrast, 
complement levels in anti-GBM disease, pauci-immune GN, 
and monoclonal Ig-associated GN are typically normal. Some 
overlap between groups can occur. For instance, monoclonal 
Ig-associated GN may present with hypocomplementemia and 
pathological features resembling C3 GN, as monoclonal anti-
bodies can disrupt the alternative complement pathway [34]. 
In such cases, additional diagnostic steps, such as pronase 
treatment of paraffin-embedded tissue, may be necessary 
to identify monoclonal deposits in the glomeruli [35]. This 
scenario is particularly pertinent in patients >50 years old who 
present with features suggestive of C3 glomerulopathy [36].
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Table 2. Prevalence of kidney biopsy pathological diagnosis (top 10 most common) [28–30]

USA/Canada
(n = 23,391)
Survey 2012–2013

Europe
(n = 15,042)
Survey 2012–2013

Latin America
(n = 2,561)
Survey 2012–2013

Japan
(n = 28,728)
2007–2017

Thailand
(n = 5,893)
2000–2014

FSGS (19%) IgAN/HSP (22%) LN (38%) IgAN/HSP (33%) LN (32%)

DN (19%) FSGS (15%) FSGS (16%) MN (9%) IgAN/HSP (21%)

IgAN/HSP (12%) MN (13%) MN (11%) FSGS/NS (9%) MCD (8%)

MN (12%) LN (10%) MCD (7%) DN (6%) DN (8%)

LN (10%) Pauci-immune GN (8%) IgAN/HSP (6%) Pauci-immune GN (6%) FSGS (7%)

Pauci-immune GN (5%) DN (7%) Pauci-immune GN (5%) MCD (6%) MN (7%)

MCD (4%) MCD (6%) DN (4%) LN (5%) TI disease (4%)

Alport syndrome/TBM (3%) Amyloidosis (4%) MPGN (3%) TI disease (4%) Infection-related GN (3%)

TMA (3%) MPGN (4%) MesProlif GN (2%) Amyloidosis (2%) Pauci-immune GN (3%)

MPGN (3%) TMA (2%) Infection-related GN (2%) Alport syndrome/TBM (1%) MPGN (2%)

DN, diabetic nephropathy; FSGS, focal segmental glomerulosclerosis; GN, glomerulonephritis; HSP, Henoch-Schönlein purpura; IgAN; IgA 
nephropathy; LN, lupus nephritis; MCD, minimal change disease; MesProlif, mesangial proliferative; MN, membranous nephropathy; MPGN, 
membranoproliferative glomerulonephritis; NS, nephrosclerosis; TBM, thin basement membrane disease; TI, tubulointerstitial; TMA, thrombotic 
microangiopathy.

Figure 1. Overview of nephritic syndrome, listing common causes of GN and their classical presentations. ANA, anti-nuclear antibody; ANCA, 
anti-neutrophil cytoplasmic antibodies; ASO, anti-streptolysin-O; DDD, dense deposition disease; DN, diabetic nephropathy; EGPA, eosinophilic 
granulomatosis polyangiitis; ENT, ear-nose-throat; FSGS, focal segmental glomerulosclerosis; GBM, glomerular basement membrane; GN, glome-
rulonephritis; GPA, granulomatosis polyangiitis; HBV, hepatitis B virus; HCDD; heavy chain deposition disease; HCV, hepatitis C virus; HIV, human 
immunodeficiency virus; HSP, Henoch-Schönlein purpura; IBD, inflammatory bowel disease; IE, infective endocarditis; Ig, immunoglobulin; IgAN, 
IgA nephropathy; LCDD, light chain deposition disease; LHCDD, light-heavy chain deposition disease; MCD, minimal change disease; MesProlif, 
mesangial proliferative; MN, membranous nephropathy; MPA, microscopic polyangiitis; MPGN, membranoproliferative glomerulonephritis; MPO, 
myeloperoxidase; NS, nephrosclerosis; PR3, proteinase-3; PSC, primary sclerosing cholangitis; RPGN, rapidly progressive glomerulonephritis; SLE, 
systemic lupus erythematosus; TBM, thin basement membrane disease; TI, tubulointerstitial; TMA, thrombotic microangiopathy.
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Table 3 summarizes complement levels across different 
GN types. It is important to recognize that non-primary glo-
merular conditions, such as atheroembolic disease, can also 
result in hypocomplementemia. Likewise, systemic condi-
tions like sepsis, malnutrition, or hepatic failure may lead to 
reduced complement levels even in the absence of glomeru-
lar disease. Although IgAN is an immune complex-mediated 
condition, complement levels are typically normal. The acti-
vation of the alternative and lectin complement pathways 
plays a key role in its pathogenesis. The exact mechanism 
underlying normocomplementemia in IgAN is not fully 
understood. Proposed mechanisms include localized comple-
ment activation in the glomeruli, as opposed to the systemic 
activation observed in other immune complex diseases [37, 
38] and IgA’s weaker ability to fix complement compared to 
IgG or IgM [39]. While uncommon, low C3 levels in pati-
ents with IgAN have been associated with a poorer prognosis 
[38], as well as a high serum IgA-to-C3 ratio [40]. Another 
immune complex disease, LN, encompasses multiple classes 
and often presents with hypocomplementemia, particularly 
in class III and IV (proliferative classes), which occur in 
70%–80% of cases. In contrast, class V LN (membranous 
type) is less likely to exhibit hypocomplementemia, with 
rates of 30%–50%) [41, 42].

From physical examination, one of the signs that can 
be detected during the physical examination is cutaneous 
vasculitis, which can accompany certain glomerular disea-
ses. These skin lesions typically present as palpable purpura 
or leukocytoclastic vasculitis, characterized by neutrophilic 
infiltration within and around the vessel wall, accompanied 
by fibrinoid necrosis and damage to the surrounding tissue 
[43]. Glomerular diseases associated with these small vessel 
vasculitides include antineutrophil cytoplasmic  antibodies  
(ANCA)-associated GN, IgA vasculitis (Henoch-Schönlein 

purpura), cryoglobulinemic vasculitis, and systemic lupus 
erythematosus [44]. Clinicians can use these additional diag-
nostic clues to help narrow down the differential diagnosis and 
prompt further investigations.

The details of each GN, beyond the key features listed in 
Figure 1, are beyond the scope of this review, which serves as 
an introduction to the concept of glomerular disease. However, 
to provide a clearer understanding of the disease’s natural 
history, Figure 2 illustrates the clinical phenotypes and onset 
of nephritis (and nephrotic) syndrome [45]. Some nephritic 
syndromes almost always present as acute GN or rapidly pro-
gressive glomerulonephritis (RPGN), characterized by a rapid 
decline in kidney function over days to weeks, often accompa-
nied by new-onset or accelerated hypertension. These include 
ANCA-associated GN and anti-GBM disease. Notably, these 
2 conditions typically lack significant proteinuria, such as 
nephrotic-range proteinuria, which is more commonly obser-
ved in immune complex-mediated diseases or monoclonal 
Ig-associated GN. Monoclonal Ig-associated GN usually has 
a more insidious onset, manifesting as chronic GN with a 
gradual decline in kidney function over several months. IgAN 
displays the broadest spectrum of clinical manifestations, 
ranging from asymptomatic hematuria, chronic GN, acute 
nephritis, or RPGN. Please note that Figure 2 presents only 
the usual or classic clinical presentations and does not aim to 
cover all aspects of each disease’s clinical manifestations. In 
addition, congenital nephritis syndromes, particularly Alport 
syndrome and its variants (caused by collagen type 4 (COL4)
A3, COL4A4, and COL4A5 mutations; previously referred to 
as thin basement membrane disease), should be considered 
in young patients presenting with hematuria (microscopic or 
gross), proteinuria, and extra-renal features, such as sensori-
neural hearing loss, with or without a family history of kidney 
disease [46].

GN can be mimicked by several conditions, such as acute 
tubular injury or interstitial nephritis, which present with AKI. 
However, these conditions should be excluded based on urine 
analysis and the specific clinical features of GN. One systemic 
condition that may mimic nephritis is thrombotic microangio-
pathy (TMA)-related vasculopathy [47]. Examples include 
atypical hemolytic uremic syndrome, anti-phospholipid syn-
drome, scleroderma renal crisis, medication-induced TMA, 
or malignant hypertension from various causes, all of which 
present severe or accelerated hypertension and deteriorating 
kidney function [47, 48]. These small-vessel vasculopathies 
often manifest as a GN-like syndrome (AKI with RBCs in the 
urine, usually non-dysmorphic); however, a thorough evalua-
tion of systemic clues and a peripheral blood smear can aid in 
the differential diagnosis. Additionally, preeclampsia or hemo-
lysis, elevated liver enzymes, and low platelet syndrome—a 

Table 3. Complement levels in GN with classical and alternative 
pathway

Pathway Disease C3 C4

Classical 
pathway

LN ↓ ↓↓

Mixed cryoglobulinemic GN ↓ or ↔ ↓↓

Alternative 
pathway

C3 GN ↓ or ↔ ↔

Infection-related GN ↓ ↓ or ↔

Atypical hemolytic-uremic 
syndrome

↓ ↔

Atheroembolic disease ↓ or ↔ ↓ or ↔

Other non-GN conditions that cause hypocomplementemia
•  Severe sepsis
•  Malnutrition
•  Hepatic failure

GN, glomerulonephritis; LN, lupus nephritis.



Asian Biomed (Res Rev News) 2025; 19(6):374-382 � Approach to glomerular disease    379

vasculopathy that pathologically demonstrates glomerular 
endotheliosis—should also be considered in the differential 
diagnosis for pregnant patients with suspected glomerular 
disease [49].

Overview of nephrotic syndrome

The cardinal features of nephrotic syndrome include neph-
rotic-range proteinuria, hypoalbuminemia, and generalized 
edema (Table 1). Each disease can be categorized by its patho-
physiology, and the onset of disease often provides valuable 
diagnostic clues.

Podocytopathies are diseases in which podocytes are 
directly affected, including minimal change disease (MCD) 
and focal segmental glomerulosclerosis (FSGS). These con-
ditions typically present with a rapid onset of edema or foamy 
urine, leading to a hospital visit within days to weeks. In con-
trast, MN has a more insidious onset, which can be explained 
by the slower immune complex formation in its pathophysio-
logy. Deposition diseases and diabetic nephropathy (DN) tend 
to have a longer time from onset to hospital visit, usually due 
to their slow progression, ranging from months to even years. 
Figure 2 illustrates the spectrum of nephrotic (and nephritic) 
syndromes, highlighting the different onset times for various 
diseases.

The overview of each distinct nephrotic syndrome is 
illustrated in Figure 3. A few key points should be noted. 
First, the list highlights the typical or classical presenta-
tions of these diseases and does not encompass all possi-
ble manifestations. Second, particular attention should be 
given to the clinical heterogeneity of FSGS. FSGS can be 

classified etiologically into primary (formerly termed “idio-
pathic”) FSGS, genetic FSGS, secondary FSGS (caused by 
viral infections, drug use, or adaptive changes), and FSGS of 
undetermined cause (FSGS-UC) [7]. Unlike other forms of 
FSGS, adaptive (or “secondary”) FSGS (commonly linked 
to chronic hypertension or obesity) and FSGS-UC often do 
not present with overt nephrotic syndrome. Instead, these 
patients typically exhibit nephrotic-range or subnephrotic-
range proteinuria, borderline hypoalbuminemia or normal 
serum albumin levels, and mild or absent pedal edema [3, 7]. 
Pathologically, FSGS is further classified into 5 morphologi-
cal variants per the Columbia classification: collapsing, tip, 
cellular, perihilar, and not otherwise specified (NOS) [50]. 
Adaptive FSGS is usually observed as the perihilar or NOS 
variant on biopsy, often displaying significantly fewer clini-
cal features of full-blown nephrotic syndrome [51]. Unlike 
other variants, which indicate direct podocyte injury, adap-
tive FSGS and perihilar/NOS variants are associated with 
more chronic processes, often secondary to systemic condi-
tions that contribute to chronic kidney disease (CKD). Clini-
cians should recognize that FSGS is a heterogeneous entity, 
with variations in its clinical, pathological, and etiological 
presentations.

DN is a well-defined pathological condition prima-
rily affecting the glomeruli, characterized by a progressive 
process with 4 stages, in which albuminuria is a key feature. 
In contrast, diabetic kidney disease (DKD) is a broader term 
that refers to CKD in patients with diabetes mellitus, encom-
passing damage to not only the glomeruli but also the renal 
vasculature and tubulointerstitial structures [52, 53]. The dia-
gnosis of DKD is typically based on clinical criteria, such as 
a decline in GFR and/or the presence of albuminuria, without 

Figure 2. Overview of glomerular diseases according to their typical onset and clinical phenotypes. Brown represents diseases with predomi-
nantly nephritic features, while blue represents diseases with predominantly nephrotic features. (Adapted with permission from Dr. Ali Poyan 
Mehr) [45]. AKI, acute kidney injury; DN, diabetic nephropathy; FSGS, focal segmental glomerulosclerosis; GBM, glomerular basement membrane; 
GN, glomerulonephritis; MCD, minimal change disease; MN, membranous nephropathy; RBC, red blood cell.
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the need for a kidney biopsy. Notably, non-albuminuric DKD 
is an emerging entity with a generally better prognosis compa-
red to albuminuric DKD [54, 55]. It is crucial to recognize that 
not all patients diagnosed with DKD manifest with nephrotic 
syndrome or exhibit nephrotic-range proteinuria. The presence 
and extent of proteinuria are generally influenced by the stage 
of disease at presentation, the duration of diabetes mellitus, 
and the therapeutic interventions administered. Advances in 
DKD treatment—including renin-angiotensin system inhibi-
tors, sodium-glucose cotransporter 2 inhibitors, non-steroidal 
mineralocorticoid antagonists, and glucagon-like peptide-1 
receptor agonists—have significantly reduced progression to 
full-blown nephrotic syndrome in patients receiving timely 
and adequate treatment. However, it is crucial to recognize 
that not all diabetes mellitus patients with proteinuria or albu-
minuria have DKD. Certain red flags should prompt conside-
ration of alternative diagnoses, including rapid decline in GFR  
(>5 mL/min/year), absence of diabetic retinopathy, type 1 dia-
betes mellitus duration of <5 years, sudden or rapid onset of 
albuminuria, active urinary sediment (e.g., dysmorphic RBCs, 
white blood cells, or casts), and clinical signs of other sys-
temic autoimmune diseases [56, 57]. In such cases, a kidney 
biopsy is warranted to exclude non-DKDs.

Figure 3. Overview of nephrotic syndrome, listing common causes of GN and their classical presentations. AKI, acute kidney injury; CMV, 
cytomegalovirus; CNI, calcineurin inhibitor; DKD, diabetic kidney disease; eGFR, estimated glomerular filtration rate; FSGS, focal segmental 
glomerulosclerosis; GN, glomerulonephritis; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; LN, lupus nephritis; 
LVH, left ventricular hypertrophy; MCTD, mixed connective tissue disease; MN, membranous nephropathy; mTORi, mammalian target of rapa-
mycin inhibitor; NSAID, non-steroidal anti-inflammatory drug; PLA2R, phospholipase A2 receptor; RBC, red blood cell; SARS-COV-2, severe acute 
respiratory syndrome coronavirus 2; WBC, white blood cell.

Summary and considerations for 
differential diagnosis

In summary, when patients present with foamy urine, gene-
ralized edema, or other symptoms suggestive of glomerular 
disease, the initial step is to confirm whether they have a 
glomerular disorder and determine if it is nephritic or neph-
rotic syndrome. Differential diagnoses should also include 
other causes of AKI, such as acute interstitial nephritis, acute 
tubular injury, or small vessel thrombosis (e.g., TMA). These 
figures outline the typical presentations of nephritic and neph-
rotic syndromes, which are primarily associated with immune-
mediated diseases. However, clinicians should also consider 
indirect immune-mediated glomerular diseases, such as adap-
tive FSGS secondary to chronic hypertension or DN, particu-
larly when the clinical presentation does not align fully with 
nephritic or nephrotic syndrome in proteinuric patients.

Author contributions. SU wrote the first draft of the ma
nuscript and critically reviewed data. TK involved with 
manuscript review and edit. DAH reviewed and edited 
the manuscript review.



Asian Biomed (Res Rev News) 2025; 19(6):374-382 � Approach to glomerular disease    381

Acknowledgments. The writing of this paper was supported 
by the National Research Council of Thailand (Grant for New 
Researcher), Grant/Award Number: N42A661041. The authors 
would like to thank Dr. Ali Poyan Mehr and the GlomCon Foun-
dation for their support in writing this manuscript, including 
granting permission to modify the original image in Figure 2.

Conflict of interest disclosure. The authors declare that the 
research was conducted in the absence of any commercial or 
financial relationships that could be construed as a potential 
conflict of interest.

Data sharing statement. This review is based on the refe-
rences cited. All data generated or analyzed during the study 
are included in this published article and the citations herein. 
Further details, opinions, and interpretations are available 
from the corresponding author on reasonable request.

References

[1]	 Madaio MP, Harrington JT. The diagnosis of glomerular diseases: 
acute glomerulonephritis and the nephrotic syndrome. Arch Intern 
Med. 2001; 161:25–34.

[2]	 Hebert LA, Parikh S, Prosek J, Nadasdy T, Rovin BH. Differential 
diagnosis of glomerular disease: a systematic and inclusive 
approach. Am J Nephrol. 2013; 38:253–66.

[3]	 Ahn W, Bomback AS. Approach to diagnosis and management of 
primary glomerular diseases due to podocytopathies in adults: core 
curriculum 2020. Am J Kidney Dis. 2020; 75:955–64.

[4]	 Sethi S, De Vriese AS, Fervenza FC. Acute glomerulonephritis. 
Lancet. 2022; 399:1646–63.

[5]	 Kronbichler A, Bajema I, Geetha D, Säemann M. Novel aspects in 
the pathophysiology and diagnosis of glomerular diseases. Ann 
Rheum Dis. 2023; 82:585–93.

[6]	 Windpessl M, Odler B, Bajema IM, Geetha D, Säemann M, Lee 
JM, et al. Glomerular diseases across lifespan: key differences in 
diagnostic and therapeutic approaches. Semin Nephrol. 2023; 
43:151435. doi: 10.1016/j.semnephrol.2023.151435

[7]	 Kidney Disease: Improving Global Outcomes (KDIGO) 
Glomerular Diseases Work Group. KDIGO 2021 clinical practice 
guideline for the management of glomerular diseases. Kidney Int. 
2021; 100:S1–S276.

[8]	 Rondon-Berrios H. New insights into the pathophysiology of 
oedema in nephrotic syndrome. Nefrologia. 2011; 31:148–54.

[9]	 Siddall EC, Radhakrishnan J. The pathophysiology of edema 
formation in the nephrotic syndrome. Kidney Int. 2012; 82:635–42.

[10]	 Kang KK, Choi JR, Song JY, Han SW, Park SH, Yoo WS, et al. 
Clinical significance of subjective foamy urine. Chonnam Med J. 
2012; 48:164–8.

[11]	 Khitan ZJ, Glassock RJ. Foamy urine: is this a sign of kidney 
disease? Clin J Am Soc Nephrol. 2019; 14:1664–6.

[12]	 Sumida K, Nadkarni GN, Grams ME, Sang Y, Ballew SH, Coresh J, 
et al. Conversion of urine protein-creatinine ratio or urine dipstick 

protein to urine albumin-creatinine ratio for use in chronic kidney 
disease screening and prognosis: an individual participant-based 
meta-analysis. Ann Intern Med. 2020; 173:426–35.

[13]	 Hundemer GL, Imsirovic H, Visram A, McCurdy A, Knoll G, 
Biyani M, et al. The association between the urine protein-
to-albumin gap and the diagnosis of multiple myeloma: a 
population-based retrospective cohort study. Am J Kidney Dis. 
2023; 81:732–4.

[14]	 Saha MK, Massicotte-Azarniouch D, Reynolds ML, Mottl AK, Falk 
RJ, Jennette JC, et al. Glomerular hematuria and the utility of urine 
microscopy: a review. Am J Kidney Dis. 2022; 80:383–92.

[15]	 Schuetz E, Schaefer RM, Heidbreder E, Heidland A. Effect of 
diuresis on urinary erythrocyte morphology in glomerulonephritis. 
Klin Wochenschr. 1985; 63:575–7.

[16]	 Rath B, Turner C, Hartley B, Chantler C. What makes red cells 
dysmorphic in glomerular haematuria? Pediatr Nephrol. 1992; 
6:424–7.

[17]	 Daza JL, De Rosa M, De Rosa G. Dysmorphic red blood cell 
formation. Cleve Clin J Med. 2018; 85:12–3.

[18]	 Zaman Z, Proesmans W. Dysmorphic erythrocytes and G1 cells  
as markers of glomerular hematuria. Pediatr Nephrol. 2000; 
14:980–4.

[19]	 Köhler H, Wandel E, Brunck B. Acanthocyturia – a characteristic 
marker for glomerular bleeding. Kidney Int. 1991; 40:115–20.

[20]	 Heine GH, Sester U, Girndt M, Köhler H. Acanthocytes in the 
urine: useful tool to differentiate diabetic nephropathy from 
glomerulonephritis? Diabetes Care. 2004; 27:190–4.

[21]	 Barros Silva GE, Costa RS, Ravinal RC. Saraiva e Silva J, Dantas 
M, Coimbra TM. Evaluation of erythrocyte dysmorphism by light 
microscopy with lowering of the condenser lens: a simple and 
efficient method. Nephrology (Carlton). 2010; 15:171–7.

[22]	 Hamadah AM, Gharaibeh K, Mara KC, Thompson KA, Lieske JC, 
Said S, et al. Urinalysis for the diagnosis of glomerulonephritis: 
role of dysmorphic red blood cells. Nephrol Dial Transplant. 2018; 
33:1397–403.

[23]	 Vaziri ND. Disorders of lipid metabolism in nephrotic syndrome: 
mechanisms and consequences. Kidney Int. 2016; 90:41–52.

[24]	 Agrawal S, Zaritsky JJ, Fornoni A, Smoyer WE. Dyslipidaemia in 
nephrotic syndrome: mechanisms and treatment. Nat Rev Nephrol. 
2018; 14:57–70.

[25]	 Zhou Y, Zhang X, Chen L, Wu J, Dang H, Wei M, et al. Expression 
profiling of hepatic genes associated with lipid metabolism in 
nephrotic rats. Am J Physiol Renal Physiol. 2008; 295:F662–71.

[26]	 Haas ME, Levenson AE, Sun X, Liao WH, Rutkowski JM, de 
Ferranti SD, et al. The role of proprotein convertase subtilisin/kexin 
type 9 in nephrotic syndrome-associated hypercholesterolemia. 
Circulation. 2016; 134:61–72.

[27]	 Gherardi E, Rota E, Calandra S, Genova R, Tamborino A. 
Relationship among the concentrations of serum lipoproteins and 
changes in their chemical composition in patients with untreated 
nephrotic syndrome. Eur J Clin Invest. 1977; 7:563–70.

[28]	 O’Shaughnessy MM, Hogan SL, Thompson BD, Coppo R, Fogo 
AB, Jennette JC. Glomerular disease frequencies by race, sex 
and region: results from the International kidney biopsy survey. 
Nephrol Dial Transplant. 2018; 33:661–9.

[29]	 Goto K, Imaizumi T, Hamada R, Ishikura K, Kosugi T, Narita I,  
et al. Renal pathology in adult and paediatric population of Japan: 
review of the Japan renal biopsy registry database from 2007 to 
2017. J Nephrol. 2023; 36:2257–67.



382    Udomkarnjananun et al.

[30]	 Kanjanabuch T, Isaranuwatchai S, Nopsopon T, Thammathiwat 
T, Pooprasert T, Puapatanakul P, et al. Exploring hospital practice 
types and their impact on glomerular pathologic patterns: insights 
from the largest kidney biopsy cohort in Thailand. Nephrology 
(Carlton). 2023; 28(Suppl 1):24–34.

[31]	 Thurman JM. Complement in kidney disease: core curriculum 
2015. Am J Kidney Dis. 2015; 65:156–68.

[32]	 Zipfel PF, Wiech T, Gröne HJ, Skerka C. Complement catalyzing 
glomerular diseases. Cell Tissue Res. 2021; 385:355–70.

[33]	 Johnson RJ, Feehally J, Floege J Jr. Comprehensive clinical nephrology. 
Philadelphia, PA: Elsevier/Saunders; 2015. Available from: https://www.
clinicalkey.com/dura/browse/bookChapter/3-s2.0-C20120000294

[34]	 Zand L, Kattah A, Fervenza FC, Smith RJ, Nasr SH, Zhang Y, et al. 
C3 glomerulonephritis associated with monoclonal gammopathy: a 
case series. Am J Kidney Dis. 2013; 62:506–14.

[35]	 Ravindran A, Fervenza FC, Smith RJH, Sethi S. C3 glomerulopathy 
associated with monoclonal Ig is a distinct subtype. Kidney Int. 
2018; 94:178–86.

[36]	 Smith RJH, Appel GB, Blom AM, Cook HT, D’Agati VD, Fakhouri 
F, et al. C3 glomerulopathy – understanding a rare complement-
driven renal disease. Nat Rev Nephrol. 2019; 15:129–43.

[37]	 Medjeral-Thomas NR, Cook HT, Pickering MC. Complement 
activation in IgA nephropathy. Semin Immunopathol. 2021; 43:679–90.

[38]	 Tringali E, Vetrano D, Tondolo F, Maritati F, Fabbrizio B, 
Pasquinelli G, et al. Role of serum complement C3 and C4 on 
kidney outcomes in IgA nephropathy. Sci Rep. 2024; 14:16224. doi: 
10.1038/s41598-024-65857-w

[39]	 Russell MW, Mansa B. Complement-fixing properties of human 
IgA antibodies. Alternative pathway complement activation 
by plastic-bound, but not specific antigen-bound, IgA. Scand J 
Immunol. 1989; 30:175–83.

[40]	 Maillard N, Wyatt RJ, Julian BA, Kiryluk K, Gharavi A, Fremeaux-
Bacchi V, et al. Current understanding of the role of complement in 
IgA nephropathy. J Am Soc Nephrol. 2015; 26:1503–12.

[41]	 Bao L, Cunningham PN, Quigg RJ. Complement in lupus nephritis: 
new perspectives. Kidney Dis (Basel). 2015; 1:91–9.

[42]	 Kharouf F, Li Q, Whittall Garcia LP, Jauhal A, Gladman DD, 
Touma Z. Short- and long-term outcomes of patients with pure 
membranous lupus nephritis compared with patients with 
proliferative disease. Rheumatology (Oxford). 2025; 64:1912–22.

[43]	 Fraticelli P, Benfaremo D, Gabrielli A. Diagnosis and management 
of leukocytoclastic vasculitis. Intern Emerg Med. 2021; 16:831–41.

[44]	 Esson GA, Hussain AB, Meggitt SJ, Reynolds NJ, Sayer JA. 
Cutaneous manifestations of acute kidney injury. Clin Kidney J. 
2022; 15:855–64.

[45]	 Poyan Mehr A, Jonasdottir A. GlomCon Pubs (accessed on 
27 February 2025). Available from: https://pubs.glomcon.org/
measuring-outcomes-in-glomerular-diseases/

[46]	 Kashtan CE, Ding J, Garosi G, Heidet L, Massella L, Nakanishi K,  
et al. Alport Syndrome: a unified classification of genetic disorders 
of collagen IV α345: a position paper of the Alport Syndrome 
Classification Working Group. Kidney Int. 2018; 93:1045–51.

[47]	 Leisring J, Brodsky SV, Parikh SV. Clinical evaluation and 
management of thrombotic microangiopathy. Arthritis Rheumatol. 
2024; 76:153–65.

[48]	 Udomkarnjananun S, Townamchai N, Virojanawat M, 
Avihingsanon Y, Praditpornsilpa K. An unusual manifestation 
of calcineurin inhibitor-induced pain syndrome in kidney 
transplantation: a case report and literature review. Am J Case  
Rep. 2018; 19:442–6.

[49]	 Moghaddas Sani H, Zununi Vahed S, Ardalan M. Preeclampsia: 
a close look at renal dysfunction. Biomed Pharmacother. 2019; 
109:408–16.

[50]	 D’Agati VD, Fogo AB, Bruijn JA, Jennette JC. Pathologic classi-
fication of focal segmental glomerulosclerosis: a working proposal. 
Am J Kidney Dis. 2004; 43:368–82.

[51]	 Deegens JK, Steenbergen EJ, Borm GF, Wetzels JF. Pathological 
variants of focal segmental glomerulosclerosis in an adult Dutch 
population – epidemiology and outcome. Nephrol Dial Transplant. 
2008; 23:186–92.

[52]	 Umanath K, Lewis JB. Update on diabetic nephropathy: core 
curriculum 2018. Am J Kidney Dis. 2018; 71:884–95.

[53]	 Samsu N. Diabetic nephropathy: challenges in pathogenesis, 
diagnosis, and treatment. Biomed Res Int. 2021; 2021:1497449. doi: 
10.1155/2021/1497449

[54]	 Shi S, Ni L, Gao L, Wu X. Comparison of nonalbuminuric  
and albuminuric diabetic kidney disease among patients with  
type 2 diabetes: a systematic review and meta-analysis. 
Front Endocrinol (Lausanne). 2022; 13:871272. doi: 10.3389/
fendo.2022.871272

[55]	 Scilletta S, Di Marco M, Miano N, Filippello A, Di Mauro S, 
Scamporrino A, et al. Update on diabetic kidney disease (DKD): 
focus on non-albuminuric DKD and cardiovascular risk. 
Biomolecules. 2023; 13:752. doi: 10.3390/biom13050752

[56]	 Di Vincenzo A, Bettini S, Russo L, Mazzocut S, Mauer M,  
Fioretto P. Renal structure in type 2 diabetes: facts and miscon-
ceptions. J Nephrol. 2020; 33:901–7.

[57]	 Selby NM, Taal MW. An updated overview of diabetic 
nephropathy: diagnosis, prognosis, treatment goals and latest 
guidelines. Diabetes Obes Metab. 2020; 22(Suppl 1):3–15.


