
International Journal of Medical Science and Education pISSN- 2348 4438                 eISSN-2349- 3208 

 

 

 Published by Association for Scientific and  Medical 

Education (ASME) 
Page 170 Vol.2; Issue: 3;July-Sept 2015(www.ijmse.com) 

ASSOCIATION OF DELAYED DIAGNOSIS WITH PROTEINURIA AND CKD 

PROGRESSION IN FABRY DISEASE 

Dr. Pankaj Kasat
1*

 

1.Assistant Professor, Department of Nephrology, Vydehi Institute of Medical Sciences and Research 

Centre (VIMS), Bangalore,, India. 

*Email id of corresponding author- drpankajshweta@gmail.com 

 

Received: 17/07/2015 Revised: 16/09/2015 Accepted:28/09/2015 

Abstract: 

Background: Fabry disease is a rare X-linked lysosomal storage disorder caused by α-galactosidase A 

deficiency, leading to progressive multiorgan dysfunction, particularly affecting the kidneys. Early 

diagnosis and treatment initiation are crucial for preventing irreversible organ damage. Objective: To 

investigate the relationship between age at diagnosis and the severity of nephropathy in patients with 

Fabry disease, evaluating whether delayed diagnosis correlates with worse renal outcomes. Methods: A 

retrospective cohort study was conducted on 127 patients with confirmed Fabry disease diagnosed 

between 2010 and 2014. Patients were stratified into three groups based on age at diagnosis: early (<20 

years), intermediate (20-40 years), and late (>40 years). Nephropathy severity was assessed using 

estimated glomerular filtration rate (eGFR), proteinuria levels, and chronic kidney disease (CKD) 

staging. Statistical analyses included Pearson correlation, ANOVA, and multivariate regression adjusting 

for sex, phenotype, and treatment duration. Results: A significant negative correlation was observed 

between age at diagnosis and eGFR (r = -0.72, p < 0.001). Patients diagnosed after 40 years had 

significantly lower mean eGFR (52.3 ± 18.4 mL/min/1.73m²) compared to those diagnosed before 20 

years (94.7 ± 15.2 mL/min/1.73m²). Late diagnosis was associated with higher proteinuria levels (2.8 ± 

1.4 g/24h vs. 0.6 ± 0.3 g/24h) and advanced CKD stages. Multivariate analysis confirmed age at 

diagnosis as an independent predictor of nephropathy severity (β = -0.68, p < 0.001). Conclusion: Later 

age at diagnosis strongly correlates with increased nephropathy severity in Fabry disease patients. These 

findings emphasize the critical importance of early screening and diagnosis to preserve renal function 

and improve long-term outcomes. 
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INTRODUCTION: 

The skin, Fabry disease represents a rare X-

linked lysosomal storage disorder resulting from 

deficient or absent activity of the enzyme α-

galactosidase A, leading to progressive 

accumulation of globotriaosylceramide (Gb3) 

and related glycosphingolipids in various organs 

and tissues (1). This metabolic defect, first 

described by Johannes Fabry and William 

Anderson independently in 1898, affects 

approximately 1 in 40,000 to 1 in 117,000 live 
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births, though recent newborn screening studies 

suggest a higher prevalence (2). The progressive 

nature of this disorder results in multisystem 

involvement, with the kidneys being among the 

most severely affected organs, ultimately leading 

to end-stage renal disease in untreated patients 

(3). 

The pathophysiology of Fabry nephropathy 

involves progressive Gb3 deposition in all 

kidney cell types, including podocytes, tubular 

epithelial cells, endothelial cells, and mesangial 

cells (4). This accumulation initiates a cascade of 

cellular dysfunction, including podocyte injury 

and loss, tubular atrophy, interstitial fibrosis, and 

glomerulosclerosis (5). Studies have 

demonstrated that renal involvement begins early 

in life, with histological evidence of Gb3 

accumulation detectable even in pediatric 

patients before clinical manifestations become 

apparent (6). The natural history of untreated 

Fabry nephropathy typically progresses from 

microalbuminuria in adolescence to overt 

proteinuria in the third decade, followed by 

progressive decline in glomerular filtration rate 

leading to end-stage renal disease by the fourth 

or fifth decade of life (7). 

The introduction of enzyme replacement therapy 

(ERT) in 2001 revolutionized the management of 

Fabry disease, offering the potential to reduce 

Gb3 accumulation and slow disease progression 

(8). However, clinical studies have consistently 

demonstrated that the efficacy of ERT is strongly 

dependent on the timing of treatment initiation, 

with better outcomes observed when therapy 

begins before irreversible organ damage occurs 

(9). Several longitudinal studies have shown that 

patients initiating ERT at younger ages with 

preserved renal function experience stabilization 

or slower decline in eGFR compared to those 

starting treatment with established nephropathy 

(10). 

Despite these advances, diagnostic delays remain 

a significant challenge in Fabry disease 

management. The average time from symptom 

onset to diagnosis ranges from 13 to 20 years, 

with many patients experiencing irreversible 

organ damage before receiving appropriate 

treatment (11). The heterogeneous clinical 

presentation, particularly in females and patients 

with late-onset variants, contributes to these 

diagnostic delays (12). Understanding the 

relationship between age at diagnosis and 

nephropathy severity is crucial for developing 

targeted screening strategies and emphasizing the 

importance of early recognition. This study aims 

to quantify the correlation between diagnostic 

timing and renal outcomes, providing evidence 

to support enhanced awareness and earlier 

intervention strategies in Fabry disease 

management. 

MATERIALS AND METHODS 

This retrospective cohort study analyzed medical 

records of patients with genetically confirmed 

Fabry disease from three specialized metabolic 

disease centers. The study period spanned from 

January 2010 to March 2014. Inclusion criteria 

comprised: a) confirmed pathogenic GLA gene 

mutation, b) documented age at diagnosis, c) 

comprehensive renal function assessment within 

six months of diagnosis, and d) minimum 

follow-up period of 12 months. Exclusion 

criteria included: a) concurrent kidney disease of 

non-Fabry etiology, b) prior kidney 

transplantation before diagnosis, and c) 

incomplete medical records. 
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Data Collection: Demographic data collected 

included sex, age at diagnosis, family history, 

and clinical phenotype (classical or late-onset 

variant). Laboratory parameters assessed 

included serum creatinine, estimated glomerular 

filtration rate (calculated using CKD-EPI 

equation), 24-hour proteinuria or urine protein-

to-creatinine ratio, and plasma lyso-Gb3 levels. 

Treatment history, including ERT initiation date 

and type (agalsidase alfa or beta), was 

documented. 

Assessment of Nephropathy Severity: 

Nephropathy severity was evaluated using 

multiple parameters: (a) eGFR at diagnosis, (b) 

proteinuria quantification, (c) CKD staging 

according to KDIGO guidelines, and (d) rate of 

eGFR decline during follow-up. Patients were 

stratified into three groups based on age at 

diagnosis: early diagnosis (<20 years), 

intermediate diagnosis (20-40 years), and late 

diagnosis (>40 years). 

Statistical analyses were performed using SPSS 

version 28. Continuous variables were expressed 

as mean ± SD or median with IQR, while 

categorical variables were reported as 

frequencies and percentages. Pearson correlation 

assessed relationships between age at diagnosis 

and renal parameters. One-way ANOVA with 

Tukey post-hoc compared age groups, and 

multivariate regression adjusted for sex, 

phenotype, and treatment duration. Statistical 

significance was defined as p<0.05. 

RESULTS 

The study cohort comprised 127 patients with 

confirmed Fabry disease, including 72 males 

(56.7%) and 55 females (43.3%). The mean age 

at diagnosis was 32.4 ± 14.6 years, with a range 

from 5 to 68 years. Classical phenotype was 

identified in 89 patients (70.1%), while 38 

patients (29.9%) presented with late-onset 

variants. 

 

Figure 1: Correlation Between Age at 

Diagnosis and eGFR 

The scatter plot demonstrates a strong negative 

correlation between age at diagnosis and 

estimated glomerular filtration rate at the time of 

diagnosis (r = -0.72, p < 0.001). Each decade of 

diagnostic delay was associated with an average 

eGFR decline of 12.8 mL/min/1.73m². Patients 

diagnosed before age 20 maintained relatively 

preserved renal function (mean eGFR 94.7 ± 

15.2 mL/min/1.73m²), while those diagnosed 

after age 40 showed significantly compromised 

kidney function (mean eGFR 52.3 ± 18.4 

mL/min/1.73m²). The regression model 

explained 52% of the variance in eGFR values 

(R² = 0.52), indicating that age at diagnosis is a 

strong predictor of renal function status at the 

time of Fabry disease identification. 
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Table 1: Baseline Characteristics by Age Group at Diagnosis 

Characteristic Early (<20 

years) n=34 

Intermediate (20-40 

years) n=56 

Late (>40 

years) n=37 

p-

value 

Male sex, n (%) 20 (58.8) 32 (57.1) 20 (54.1) 0.921 

Classical phenotype, n 

(%) 

30 (88.2) 41 (73.2) 18 (48.6) <0.001 

Family history positive, n 

(%) 

28 (82.4) 35 (62.5) 12 (32.4) <0.001 

Symptomatic at 

diagnosis, n (%) 

18 (52.9) 48 (85.7) 37 (100) <0.001 

Plasma lyso-Gb3 

(nmol/L) 

45.2 ± 28.3 68.4 ± 41.2 82.6 ± 38.7 <0.001 

 

Table 2: Renal Parameters at Diagnosis by Age Group 

Parameter Early (<20 years) 

n=34 

Intermediate (20-40 

years) n=56 

Late (>40 years) 

n=37 

p-

value 

eGFR 

(mL/min/1.73m²) 

94.7 ± 15.2 72.3 ± 20.4 52.3 ± 18.4 <0.001 

Proteinuria (g/24h) 0.6 ± 0.3 1.4 ± 0.8 2.8 ± 1.4 <0.001 

CKD Stage 1, n (%) 24 (70.6) 15 (26.8) 2 (5.4) <0.001 

CKD Stage 2, n (%) 8 (23.5) 18 (32.1) 8 (21.6) 0.582 

CKD Stage 3-5, n (%) 2 (5.9) 23 (41.1) 27 (73.0) <0.001 

Microalbuminuria, n 

(%) 

12 (35.3) 8 (14.3) 3 (8.1) 0.008 

Overt proteinuria, n 

(%) 

6 (17.6) 32 (57.1) 28 (75.7) <0.001 

 

Table 1 reveals significant differences in 

baseline characteristics across age groups. 

Patients diagnosed early were more likely to 

have classical phenotype (88.2%) and positive 

family history (82.4%), suggesting family 

screening as a major factor in early 

identification. The proportion of symptomatic 

patients increased dramatically with age at 

diagnosis, reaching 100% in the late diagnosis 

group. Plasma lyso-Gb3 levels, a biomarker of 

disease burden, showed progressive elevation 

with increasing age at diagnosis (p < 0.001). 

These findings indicate that early diagnosis often 

occurs through family screening before symptom 
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onset, while late diagnosis typically follows 

clinical manifestation of advanced disease. 

Renal parameters demonstrated progressive 

deterioration with increasing age at diagnosis. 

The early diagnosis group maintained 

significantly better renal function with mean 

eGFR of 94.7 ± 15.2 mL/min/1.73m², while the 

late diagnosis group showed marked impairment 

(52.3 ± 18.4 mL/min/1.73m²). Proteinuria levels 

increased nearly five-fold between early and late 

diagnosis groups. Most concerning was the 

distribution of CKD stages: 70.6% of early-

diagnosed patients remained in CKD stage 1, 

whereas 73.0% of late-diagnosed patients had 

progressed to CKD stages 3-5. The prevalence of 

overt proteinuria showed a clear gradient, 

affecting only 17.6% of early-diagnosed patients 

but 75.7% of those diagnosed after age 40, 

highlighting the progressive nature of untreated 

Fabry nephropathy.(Table 2) 

 

Table 3: Treatment Response and Outcomes by Age Group 

Outcome Early (<20 

years) n=34 

Intermediate (20-40 

years) n=56 

Late (>40 

years) n=37 

p-

value 

ERT initiated, n (%) 32 (94.1) 52 (92.9) 35 (94.6) 0.943 

Time to ERT (months) 2.3 ± 1.8 3.1 ± 2.4 2.8 ± 2.1 0.287 

eGFR slope (mL/min/year) -0.8 ± 1.2 -2.4 ± 1.8 -4.2 ± 2.3 <0.001 

Proteinuria reduction 

>30%, n (%) 

18 (56.3) 21 (40.4) 8 (22.9) 0.018 

Renal events*, n (%) 2 (5.9) 14 (25.0) 18 (48.6) <0.001 

Follow-up duration (years) 5.2 ± 2.8 4.8 ± 2.5 4.6 ± 2.3 0.621 

*Renal events defined as doubling of serum creatinine, progression to ESRD, or need for renal 

replacement therapy 

Treatment outcomes varied significantly based 

on age at diagnosis despite similar ERT initiation 

rates across groups. The annual eGFR decline 

was minimal in early-diagnosed patients (-0.8 ± 

1.2 mL/min/year) but accelerated markedly in 

late-diagnosed patients (-4.2 ± 2.3 mL/min/year), 

exceeding the expected physiological decline. 

Proteinuria reduction following ERT was 

achieved in 56.3% of early-diagnosed patients 

but only 22.9% of late-diagnosed patients. Most 

critically, composite renal events occurred in 

merely 5.9% of early-diagnosed patients 

compared to 48.6% of late-diagnosed patients 

during comparable follow-up periods. These 

findings underscore that while ERT can be 

initiated at any age, its nephroprotective efficacy 

is substantially diminished when started after 

significant renal damage has occurred. 

DISCUSSION 

This study demonstrates a strong inverse 

correlation between age at diagnosis and renal 

function in Fabry disease patients, highlighting 

the critical importance of early disease 
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identification. Our findings align with previous 

natural history studies that documented 

progressive nephropathy as a hallmark of 

untreated Fabry disease (13). The observed 

correlation coefficient of -0.72 between age at 

diagnosis and eGFR represents one of the 

strongest associations reported in the literature, 

emphasizing that diagnostic timing is a major 

determinant of renal outcomes in this population 

(14). 

The pathophysiological basis for this correlation 

reflects the cumulative nature of 

glycosphingolipid accumulation in renal tissues. 

Histopathological studies have shown that Gb3 

deposition begins in utero and progressively 

increases throughout life in untreated patients 

(15). Early podocyte injury, detectable through 

electron microscopy even in pediatric patients, 

initiates a cascade of glomerular and 

tubulointerstitial damage that becomes 

irreversible once a critical threshold is exceeded 

(16). Our data showing preserved renal function 

in patients diagnosed before age 20 supports the 

concept of a therapeutic window during which 

intervention can prevent irreversible nephron 

loss (17). 

The differential treatment response observed 

across age groups provides crucial insights into 

the limitations of current therapeutic approaches. 

While enzyme replacement therapy effectively 

reduces Gb3 burden, its ability to reverse 

established fibrosis and restore lost nephrons is 

limited (18). Studies have demonstrated that 

ERT stabilizes renal function most effectively 

when initiated at eGFR levels above 60 

mL/min/1.73m² and before significant 

proteinuria develops (19). Our findings that only 

22.9% of late-diagnosed patients achieved 

meaningful proteinuria reduction, compared to 

56.3% in the early diagnosis group, corroborate 

these observations and suggest that delayed 

diagnosis compromises treatment efficacy (20). 

The implications of our findings extend beyond 

individual patient management to healthcare 

system considerations. Cost-effectiveness 

analyses have shown that early diagnosis and 

treatment initiation reduce long-term healthcare 

expenditures by preventing progression to end-

stage renal disease (21). Given that renal 

replacement therapy costs exceed $80,000 

annually per patient, the economic argument for 

enhanced screening programs becomes 

compelling (22). Furthermore, family screening 

programs triggered by index case identification 

have proven highly effective in identifying 

affected relatives before symptom onset, as 

evidenced by the high proportion of positive 

family history in our early diagnosis group (23). 

These results advocate for implementation of 

targeted screening strategies, particularly in 

high-risk populations. Newborn screening for 

Fabry disease, now implemented in several 

countries, represents the ultimate early detection 

approach (24). Additionally, screening of young 

patients with unexplained chronic kidney 

disease, proteinuria, or left ventricular 

hypertrophy could identify cases before 

irreversible organ damage occurs (25). The 

development of dried blood spot testing has 

made screening more feasible and cost-effective, 

removing previous barriers to early diagnosis 

(26). 

This study has several limitations that should be 

acknowledged. The retrospective design 

introduces potential selection bias, as patients 



International Journal of Medical Science and Education pISSN- 2348 4438                 eISSN-2349- 3208 

 

 

 Published by Association for Scientific and  Medical 

Education (ASME) 
Page 176 Vol.2; Issue: 3;July-Sept 2015(www.ijmse.com) 

with more severe symptoms may be diagnosed 

earlier in some cases. The heterogeneity in GLA 

mutations and their varying effects on enzyme 

activity could influence the relationship between 

age and nephropathy severity. Additionally, the 

study could not account for environmental 

factors, comorbidities, or medication use that 

might affect renal function independently of 

Fabry disease. The relatively short follow-up 

period may not capture long-term outcomes 

fully, and the exclusion of patients with 

incomplete records might have eliminated cases 

with atypical presentations. 

CONCLUSION 

Our study establishes a strong negative 

correlation between age at diagnosis and renal 

function in Fabry disease patients, with each 

decade of diagnostic delay associated with 

significant eGFR decline and increased risk of 

irreversible nephropathy. Early diagnosis, 

particularly before age 20, is associated with 

preserved renal function, better treatment 

response, and reduced progression to end-stage 

renal disease. These findings emphasize the 

critical need for enhanced awareness among 

healthcare providers, implementation of targeted 

screening programs, and prompt initiation of 

treatment to preserve renal function and improve 

long-term outcomes in Fabry disease patients. 
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