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Clinical Outcomes and Predictors for ESRD and
Mortality in Primary GN
Yu-Hsiang Chou,* Yu-Chung Lien,† Fu-Chang Hu,‡§ Wei-Chou Lin,| Chih-Chin Kao,¶ Chun-Fu Lai,¶ Wen-Chih Chiang,¶
Shuei-Liong Lin,¶ Tun-Jun Tsai,¶ Kwan-Dun Wu,¶ and Yung-Ming Chen*¶

Summary
Background and objectives Relatively little is known about the long-term outcomes of different histologic types of
primary glomerulonephritis in Asian populations.
Design, setting, participants, & measurements From 1993 to 2006, 987 patients undergoing renal biopsy were
studied, and 580 patients (mean age=44.4 years, male=58.5%) with the four most common forms of glomerulonephritis (membranous nephropathy, focal and segmental glomerulosclerosis, IgA nephropathy, and minimal change
disease) were selected for analysis. Median follow-up period was 5.9 (interquartile range=5.7) years.
Results The focal and segmental glomerulosclerosis group displayed the highest incidence of ESRD (25.8%) and
the fastest decline of estimated GFR (4.6 ml/min per 1.73 m2 per year). The IgA nephropathy group also had a
higher rate of ESRD than the membranous nephropathy patients (19.2% versus 4.3%, P,0.001). In contrast, the
membranous nephropathy group exhibited an overall death rate similar to the focal and segmental glomerulosclerosis group (17.2% versus 14.4%) but higher than the IgA nephropathy and minimal change disease patients
(4.6% and 3.7%, respectively, P,0.001). The most powerful predictor for ESRD was focal and segmental glomerulosclerosis, whereas the strongest predictor for all-cause mortality was membranous nephropathy with
higher proteinuria. Protectors against ESRD included male sex and higher hemoglobin.
Conclusions Most predictors for ESRD and overall mortality found in this ethnic Chinese cohort were similar to
other studies. However, some risk factors linked with distinct glomerular pathologies displayed differential
clinical outcomes.
Clin J Am Soc Nephrol 7: 1401–1408, 2012. doi: 10.2215/CJN.04500511

Introduction
The progressively increasing incidence and prevalence
of ESRD not only threatens public health but also
increases the ﬁnancial burden of healthcare in many
countries of the world (1,2). According to large renal
registries (3), glomerulonephritis (GN) remains one of
the most common etiologies of ESRD. Membranous
nephropathy (MN), focal segmental glomerulosclerosis
(FSGS), and IgA nephropathy (IgAN) are the most frequently diagnosed forms of GN prone to renal progression in adult patients. Idiopathic MN and primary FSGS
usually present with a nephrotic syndrome with or
without renal insufﬁciency, whereas IgAN often exhibits persistent hematuria and proteinuria (4). Although
many of these patients may beneﬁt from speciﬁc immunosuppressive therapies, a signiﬁcant proportion is
resistant to treatment, and eventually, they develop
ESRD (5–7). These three histologic types constitute the
majority of primary GN cases reported in industrialized
countries (6–10). Complementing the observations
made in Western countries, primary GN is also one of
the most common causes of ESRD in Asia (11–18),
including Taiwan, where CKD is prevalent and the incidence of ESRD is the highest in the world (19,20).
www.cjasn.org Vol 7 September, 2012

There are many reports showing regional epidemiologic and clinicopathological features pertaining to various glomerulopathies in Western countries (4,9,21–23).
By contrast, relatively little is known about the longterm outcomes of different histologic types of primary
GN in Asian populations. In this study, we describe in
detail the clinical outcomes and predictors for ESRD
and mortality in an ethnic Chinese cohort of primary
GN in Taiwan, and we explore the possible implications associated with these observations.

Materials and Methods
Study Population and Data Collection
This retrospective observational study was approved by the Research Ethics Committee of National
Taiwan University Hospital (No. 200810046R). The
hospital is a major medical center located in northern
Taiwan that serves as a referral center for more than 5
million residents of the metropolitan Taipei area. In
addition, many patients all over Taiwan are referred
to this hospital for evaluation of kidney diseases,
including sonography-guided renal biopsy. From
1993 to 2006, a total of 987 patients older than 18
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years underwent native kidney biopsy at the Renal Division of this hospital for nephrotic syndrome, unexplained
renal failure, or less commonly, persistent urinary abnormalities such as subnephrotic proteinuria or hematuria.
After screening, we excluded patients with membranoproliferative glomerulonephritis and mesangioproliferative
glomerulonephritis because of the relatively fewer number
of cases for analysis, and patients with secondary glomerulonephritis or other renal pathologies, such as diabetic
nephropathy, lupus nephritis, rapid progress glomerulonephritis, acute tubular necrosis, and tubulointerstitial
nephritis. We also excluded three patients from this study
because of incomplete laboratory data. In total, 580 patients
with the four most common glomerulopathies were chosen
for analysis, which included minimal change disease
(MCD), MN, FSGS, and IgAN. Figure 1 shows the enrollment process of this observational cohort.
The demographic characteristics and laboratory data of
these patients at presentation or before renal biopsy were
recorded. These data included parameters such as age, sex,
diabetes, hypertension, immunosuppressants treatment,
BUN, serum creatinine, albumin, hemoglobin, total cho-

lesterol, triglycerides, and urine protein. The magnitude of
urinary protein excretion (either 24-hour urine quantitation or single-voided urine dipstick) was performed by
the Department of Laboratory Medicine of this hospital.
Patient survival was determined through the databank of
the National Health Insurance Research Database, which
contains healthcare data from .99% of the entire population of 23.74 million in Taiwan, and it covers all inpatient
and outpatient medical beneﬁt claims. We also crosslinked
our study population with the nationwide Taiwan Society
of Nephrology registry of 2008, which receives data reports of all dialysis patients every 3 months. All subjects
were followed until 2008 for occurrence of primary endpoints, such as death from any cause or ESRD requiring
renal transplantation or long-term dialysis. GFR was estimated using the simpliﬁed Modiﬁcation of Diet in Renal
Disease (MDRD) formula to calculate the rate of renal progression of the different cohorts (24). Decline of estimated
GFR (eGFR) was computed by calculating the differences
of eGFR normalized by intervals between the time at biopsy and the time at the last clinic visit before occurrence
of primary endpoints or end of 2008.

Figure 1. | Flowchart of the participants in the cohort. ATN, acute tubular necrosis; DMN, diabetic nephropathy; FSGS, focal and segmental
glomerulosclerosis; IgAN, IgA nephropathy; MCD, minimal change disease; MesPGN, mesangioproliferative glomerulonephritis; MN,
membranous nephropathy; MPGN, membranoproliferative glomerulonephritis; RPGN, rapidly progressive glomerulonephritis; TIN, tubulointerstitial nephritis.
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Statistical Analyses
Statistical analyses were performed using SAS version
9.1.3 (SAS Institute Inc., Cary, NC), and R version 2.9.2
(Free Software Foundation, Inc., Boston, MA) statistical
software. In statistical testing, a two-sided P value #0.05
was considered statistically signiﬁcant, and 0.05,P value
#0.10 was considered borderline statistically signiﬁcant.
Continuous data were expressed as mean 6 SD unless
otherwise speciﬁed. Frequencies and percentages were calculated for categorical variables. The one-way ANOVA
was used to compare the means of continuous data among
groups, whereas the chi-squared or Fisher exact test was
used to analyze categorical proportions. In addition to univariate analysis, Cox proportional hazards models were
used to identify independent predictors for dialysis dependence and mortality. In multivariate analysis for mortality,
we used time to dialysis, which was the time of dialysis to
the time at which a death of any cause occurred. This time
was computed for each subject and then included in the
Cox proportional hazards model of mortality as a timedependent covariate to clarify the relationship between dialysis and mortality. For patients who did not need dialysis
at the time when death from any cause occurred, the time
duration was set to zero. Finally, Kaplan–Meier estimates of
survival curves with log-rank testing results were drawn to
express the differences of patient survival and dialysis dependence between the MCD, MN, FSGS, and IgAN groups.
Our regression analyses proceeded in two steps. First, we
conducted regression analysis within each GN subgroup to
explore the potential heterogeneity in the covariates’ effects
across those four GN subgroups. Next, we added the interaction terms between the covariates with potential heterogeneous effects and the three dummy variables
representing the four GN subgroups into the regression
analysis of the pulled data from the four GN subgroups
to increase the testing power and estimation efﬁciency.
The goal of regression analysis was to ﬁnd one or more
parsimonious regression models that ﬁtted the observed
data well for outcome prediction or effect estimation. To
ensure the quality of analysis results, basic model-ﬁtting
techniques for (1) variable selection, (2) goodness-of-ﬁt
(GOF) assessment, and (3) regression diagnostics were
used in our regression analyses. Speciﬁcally, the stepwise
variable selection procedure (with iterations between the
forward and backward steps) was applied to obtain the
ﬁnal candidate regression model. All univariates, including the demographic characteristics and laboratory data,
and signiﬁcant and nonsigniﬁcant relevant covariates were
considered, and the signiﬁcance levels for entry and stay
were set to 0.15 or larger. Then, the best ﬁnal regression
model was identiﬁed manually by reducing the signiﬁcance levels to 0.05 corresponding to the chosen a-level.
Any discrepancy between the results of univariate analysis
and multivariate analysis was likely caused by the confounding effects of the uncontrolled covariates in the univariate analysis. Both the adjusted generalized R2 and the
Grønnesby–Borgan GOF test were examined to assess the
GOF of the ﬁtted Cox proportional hazards model. However, the value of the adjusted generalized R2 for the Cox
proportional hazards model is usually low. Larger P values of the Grønnesby–Borgan GOF test indicate better ﬁts.
Generalized additive models were applied to detect
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nonlinear effects of continuous covariates if needed,
and statistical tools for regression diagnostics, such as
veriﬁcation of proportional hazards assumption, residual
analysis, detection of inﬂuential cases, and check for
multicollinearity, were used to discover model or data
problems.

Results
Demographic Characteristics and Laboratory Data
There were 580 patients entered into the ﬁnal analysis.
Their mean age was 44.4 years, with 58.5% being male. By
December of 2008, the median follow-up period was 5.9
(interquartile range=5.7) years. The most common GN was
MN (n=209) followed by FSGS (n=132), IgAN (n=130), and
MCD (n=109). As shown in Table 1, patients with MN
were older, and together with patients with MCD, they
were mostly male. Diabetes was most prevalent in patients
with MN, and hypertension occurred more frequently in
patients with FSGS.
MN patients had the highest mean urine protein and
lowest mean serum albumin. MCD patients had the highest
mean hemoglobin and total cholesterol. BUN and serum
creatinine were higher in FSGS and IgAN groups. Serum
triglyceride of IgAN patients was lower compared with
other groups.
Patient Outcomes
There were signiﬁcant differences in the use of corticosteroids (Table 1). Patients with MN and MCD received
corticosteroid treatment more frequently than the other
two groups that had less severe proteinuria and higher
serum creatinine. At the end of follow-up period, 69
(11.9%) patients developed ESRD, and 65 (11.2%) patients
died from any cause (Table 2). By Kaplan–Meier survival
analysis, we found that patients with FSGS developed
ESRD more rapidly than the other three groups (Figure 2).
The proportion of ESRD was signiﬁcantly higher in the
FSGS (25.8%) and IgAN (19.2%) groups (P,0.001) (Table
2). By contrast, patients with MN reached death most rapidly (Figure 3), and the proportion of overall death was
signiﬁcantly higher in the MN (17.2%) and FSGS (14.4%)
groups (P,0.001) (Table 2). To know the renal progression
of the different cohorts over the observation period, we
were able to calculate the decline rates of eGFR in 417
(72%) patients who were followed up in this center after
the biopsy (Table 3). Patients who developed ESRD
exhibited a signiﬁcantly faster renal progression than
those patients who did not (10.6 versus 2.1 ml/min per
1.73 m2 per year, P,0.001). Overall, patients with FSGS,
MN, and IgAN did not differ signiﬁcantly in renal progression, but all displayed a faster decline rate of eGFR
than those patients with MCD.
Predictors for Dialysis Dependence and Overall Mortality
A stepwise likelihood ratio model of the Cox proportional hazards method was used to identify independent
predictors for dialysis dependence and all-cause mortality.
Table 4 shows predictors for ESRD, including the FSGS
group (hazard ratio [HR]=34.64, 95% conﬁdence interval
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Table 1. Baseline demographic characteristics and laboratory data in patients with different types of primary glomerulonephritis

Demography and Biochemistry
Age (years)
Male (%)
Diabetes (%)
Hypertension (%)
Serum albumin (g/dl)
Hemoglobin (g/dl)
BUN (mg/dl)
Serum creatinine (mg/dl)
eGFR (ml/min per 1.73 m2)
$90 (%)
60–89 (%)
30–59 (%)
15–29 (%)
,15 (%)
Serum cholesterol (mg/dl)
Serum triglyceride (mg/dl)
Proteinuria
mild (1+ or 2+; %)
severe (.3.5g/d or $3+; %)
Steroid treatment alone (%)
Other cytotoxic agents alone (%)
Combined treatment of steroid
and cytotoxic agents (%)
Intervals between onset of
disease and date of biopsy (days)

Total
(n=580)

FSGS
(n=132)

IgAN
(n=130)

MCD
(n=109)

MN
(n=209)

P
Valuea

44.4616.8
58.5
7.9
32.5
3.061.0
13.062.2
22.9617.6
1.561.3
70.4633.8
27.6
34.1
25.5
8.8
4.0
3116151
2236161

44.3615.1
57.6
8.3
48.5
3.261.0
12.862.1
30.1620.3
1.861.3
56.8633.7
13.5
25.6
39.9
16.5
4.5
2886159
2456172

34.5612.1
46.9
2.3
25.4
3.960.7
12.562.3
24.2622.2
1.861.7
63.4632.7
17.7
35.4
29.2
8.5
9.2
217678
133672

35.7615.9
63.3
4.6
21.1
2.761.2
14.261.9
19.7613.0
1.260.9
87.3634.0
48.6
33.1
11.9
4.6
1.8
4146198
2466152

55.2614.3
63.6
13.9
33.0
2.560.7
12.762.1
19.0612.3
1.361.2
74.6629.6
31.6
39.7
21.1
6.2
1.4
3286109
2526178

,0.001
0.02
0.002
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001

28.7
71.3
42.0
1
18.1

31.1
68.9
19.7
1
30.0

56.3
43.7
30.0
0
6.2

25.9
74.1
64.2
0
8.3

11.6
88.4
52.2
1
23.0

,0.001
,0.001
,0.001
,0.001

12.7

10.3

10.7

12.8

15.4

,0.001

FSGS, focal and segmental glomerulosclerosis; IgAN, IgA nephropathy; MCD, minimal change disease; MN, membranous nephropathy; eGFR, estimated GFR as calculated by the simpliﬁed Modiﬁcation of Diet in Renal Disease formula: 1863(creatinine [mg/
dl])21.1543(age [years])20.20330.742 (if female).
a
All P values were obtained from one-way ANOVA for testing the equality in population means among the FSGS, IgAN, MCD, and MN
groups of patients.

Table 2. Dialysis dependency and overall mortality in patients with different types of primary glomerulonephritis

Outcome

Total
(n=580)

FSGS
(n=132)

IgAN
(n=130)

MCD
(n=109)

MN
(n=209)

P Valuea

Dialysis dependency number (%)
Overall mortality number (%)

69 (11.9)
65 (11.2)

34 (25.8)
19 (14.4)

25 (19.2)
6 (4.6)

1 (0.9)
4 (3.7)

9 (4.3)
36 (17.2)

,0.001
,0.001

FSGS, focal and segmental glomerulosclerosis; IgAN, IgA nephropathy; MCD, minimal change disease; MN, membranous nephropathy.
a
The P values were obtained from the chi-squared tests for testing the equality in population proportions among the FSGS, IgAN, MCD,
and MN groups of patients.

[CI]=2.68–447.38, P=0.007), IgAN patients with hypertension (HR=6.92, 95% CI=1.83–26.22, P=0.004), IgAN
patients with higher proteinuria (HR=3.05, 95% CI=1.68–
5.54, P,0.001), MN patients with higher proteinuria
(HR=2.98, 95% CI=1.62–5.47, P,0.001), FSGS patients
with higher proteinuria (HR=1.80, 95% CI=1.18–2.73,
P=0.006), patients higher serum albumin (HR=1.74, 95%
CI=1.17–2.60, P=0.007), patients higher serum creatinine
(HR=1.49, 95% CI=1.25–1.78, P,0.001), and patients
higher serum triglycerides (HR=1.003, 95% CI=1.001–
1.004, P,0.001). By contrast, predictors against ESRD

were male sex (HR=0.49, 95% CI=0.25–0.92, P=0.03) and
higher hemoglobin (HR=0.64, 95% CI=0.54–0.77, P,0.001).
For overall mortality (Table 5), MN with higher proteinuria (HR=1.69, 95% CI=1.24–2.32, P=0.001), FSGS with
higher serum creatinine (HR=1.46, 95% CI=1.19–1.80,
P,0.001), and older age (HR=1.08, 95% CI=1.06–1.10,
P,0.001) were independent predictors, whereas MN
with high serum albumin (HR=0.54, 95% CI=0.33–0.08,
P=0.01) was a strong protector. A longer time to dialysis
(HR=1.21, 95% CI=0.99–1.48, P=0.06) and IgAN with hypertension (HR=2.81, 95% CI=0.88–9.05, P=0.08) were
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Figure 2. | Renal survival in patients with the four most common types of primary glomerulonephritis. FSGS, focal and segmental glomerulosclerosis; IgAN, IgA nephropathy; MCD, minimal change disease; MN, membranous nephropathy.

Figure 3. | Patient survival in patients with the four most common types of primary glomerulonephritis. FSGS, focal and segmental glomerulosclerosis; IgAN, IgA nephropathy; MCD, minimal change disease; MN, membranous nephropathy.

marginally signiﬁcant risk factors for death from any
cause. Finally, the average interval between onset of renal
abnormalities and date of renal biopsy was obtained in 562
(97%) patients (Table 1) and used as a parameter in a separate set of multivariate analysis. The results showed that
it was not an independent predictor for overall clinical
outcomes (data not shown).

Discussion

This study is the ﬁrst to provide the long-term outcomes
of patients with primary GN in an ethnic Chinese population in Taiwan. In many Asian countries, GN remains
one, if not the most, common cause of ESRD (11–13,15–
18,20,22). In Taiwan, where CKD is endemic and the incidence of ESRD is the highest in the world, chronic GN is
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Table 3. Renal progression in patients with different types of primary glomerulonephritis

eGFR Decline Rate

Total
(n=417)

FSGS
(n=106)

IgAN
(n=94)

MCD
(n=69)

MN
(n=148)

P Value

Total (ml/min per 1.73 m2 per year)
Dialysis dependent patients
(ml/min per 1.73 m2 per year)
Non-dialysis dependent patients
(ml/min per 1.73 m2 per year)

3.1617.8
10.6619.8
(n=50)
2.1617.3
(n=367)

4.6617.6
11.3620.3
(n=26)
2.5616.3
(n=80)

3.1615.5
8.8614.7
(n=19)
1.7615.4
(n=75)

0.5617.5
7.0
(n=1)
0.4617.6
(n=68)

3.2619.4
16.0640.6
(n=4)
2.9618.7
(n=144)

0.003
0.88
0.01

eGFR, estimated GFR; FSGS, focal and segmental glomerulosclerosis; IgAN, IgA nephropathy; MCD, minimal change disease; MN,
membranous nephropathy.

still the most common cause of prevalent ESRD and the
second most common cause of newly diagnosed ESRD
(19,20). As shown in Table 2, patients with MCD, as expected (25,26), fared the best in terms of renal outcome and
patient survival, which was apparently because of the benign nature of this disease (i.e., good response to corticosteroids and young age). Patients with FSGS had the worst
renal survival, which might be because of more renal insufﬁciency and hypertension at presentation. This observation is comparable with previous reports that have
shown that 50% of FSGS patients develop ESRD within 8
years (27,28) and that the overall renal survival of FSGS is
around 50%–80% (7). Nevertheless, our patients with FSGS
had a better 5-year renal survival compared with Western
countries (29,30).
Patients with FSGS were more prone to develop ESRD in
the face of a relatively poor patient survival, suggesting
that ESRD and death may not be competing outcomes in
this disease entity. Also, many of our patients with IgAN
lived to develop ESRD. These observations were consistent
with the idea that most CKD patients in Asia tend to
develop ESRD before dying from any cause (22,31,32).
However, the outcomes of our patients with MN were
similar to their Western counterparts, with more patients
dying than developing ESRD (33,34).
In this cohort, MN patients were older and had more
comorbidities such as diabetes and hypertension, which
might contribute to the highest mortality rate. Conversely,
patients with IgAN were younger and had fewer comorbidities. These characteristics might explain, at least in part, why
the IgAN patients took longer to develop ESRD as opposed
to their MN or FSGS counterparts. Furthermore, age was
found to be a signiﬁcant risk factor for overall death in this
cohort. This ﬁnding could partially explain the observations
that MN with higher proteinuria and lower serum albumin
and FSGS with renal insufﬁciency were independent predictors for death from any cause given the relatively older
age of the patients with these two types of GN.
Heavy proteinuria, renal insufﬁciency and hypertension
are well known risk factors for the subsequent development of ESRD in patients with primary GN (5). Previous
studies have reported that predictors for ESRD in IgAN
consist of elevated serum creatinine, hypertension, and
higher urine protein (35,36). In FSGS, severe anemia and
poor treatment response (37,38) are predictors along with
the above-mentioned factors, and in MN, advanced glomerular histopathology (stages III and IV), male sex, older

Table 4. Multivariate analyses of predictors for time to dialysis

Variablea
Male
FSGS versus
others
Baseline serum
albumin
Baseline serum
triglyceride
Baseline
hemoglobin
Baseline serum
Cre
IgAN 3 HTN
FSGS 3 Upro
IgAN 3 Upro
MN 3 Upro

P
Value

Hazard
Ratio

95% CI

0.49
34.64

0.25–0.92
2.68–447.37

0.03
0.007

1.74

1.17–2.60

0.007

1.003

1.001–1.004

,0.001

0.64

0.54–0.77

,0.001

1.49

1.25–1.78

,0.001

6.92
1.81
3.05
2.99

1.83–26.22
1.18–2.73
1.68–5.54
1.62–5.47

0.004
0.006
,0.001
,0.001

CI, conﬁdence interval; FSGS, focal and segmental glomerulosclerosis; Cre, creatinine; IgAN, IgA nephropathy; HTN, hypertension; Upro, urine protein; MN, membranous nephropathy.
a
The symbol 3 indicates the interaction between two covariates, which could be literally interpreted as and or times in
this table (for example, FSGS 3 Upro means FSGS times the
amount of urine protein).

age, nephrotic syndrome, hypertension, reduced GFR at
presentation, and poor treatment response are predictors
along with the above-mentioned factors (39,40). Our multivariate analysis also found that most of these factors
were associated with the outcomes of primary GN across
all histologic types, speciﬁcally renal insufﬁciency in FSGS,
hypertension or higher proteinuria in IgAN, and higher
proteinuria in MN. Additionally, diabetes and anemia
have been considered as predictors for renal progression
in primary MN, FSGS, and IgAN (7). However, in this
study, we did not ﬁnd diabetes to be a risk factor for
ESRD, although we did notice that higher hemoglobin at
diagnosis protected against the development of ESRD
across all GN types.
Apart from the traditional risk factors, high serum
albumin at diagnosis was identiﬁed as a novel predictor
for ESRD in this study. Obviously, indications for renal
biopsy in patients with high serum albumin could not be
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Table 5. Multivariate analyses of predictors for time to death

Variablea

Hazard
Ratio

95% CI

P
Value

Age (years)
FSGS 3 baseline
serum Cre
MN 3 Upro
MN 3 baseline serum
albumin
IgAN 3 HTN
Time to dialysis (days)

1.08
1.46

1.06–1.10
1.19–1.80

,0.001
,0.001

1.69
0.54

1.24–2.32
0.33–0.08

0.001
0.01

2.81
1.21

0.88–9.05
0.99–1.48

0.08
0.06

CI, conﬁdence interval; FSGS, focal and segmental glomerulosclerosis; Cre, creatinine; MN, membranous nephropathy; Upro,
urine protein; IgAN, IgA nephropathy; HTN, hypertension.
a
The symbol 3 indicates the interaction between two covariates, which could be literally interpreted as and or times in
this table (for example, FSGS 3 serum Cre means FSGS times
the amount of serum creatinine).

full-blown nephrotic syndrome but conditions such as renal
insufﬁciency or persistent urinary abnormalities, both of
which are strong predictors for renal progression (7,30,31).
Indeed, the level of serum albumin was the highest in
patients with IgAN who had ESRD rates that were the second highest in this cohort. However, hypertriglyceridemia
was also a predictor for ESRD in our study. The impact of
hypertriglyceridemia on the development of ESRD in GN
patients has seldom been documented before (41). Hypertriglyceridemia is one of the components of metabolic
syndrome. Previous studies in CKD patients have shown
that, as the components of metabolic syndrome increase,
the risk of ESRD rises proportionately (42,43). Whether this
causal relationship found in CKD can be applied to primary
GN awaits additional studies.
The inﬂuence of sex on GN progression remains uncertain. The work by Moranne et al. (7) found no association between sex and progression of GN, whereas the
work by Cattran et al. (10) reported that women in North
America with MN and FSGS but not IgAN had a better
renal survival than their male counterparts. This sex beneﬁt in outcome could be attributed to lower proteinuria
and BP at presentation and throughout follow-up. In our
cohort, we found that male patients were less prone to
develop ESRD than women, suggesting that the impact
of sex on GN outcome might vary by geography or ethnicity. Alternatively, because more men were diagnosed
with MCD and MN, with rates of ESRD that were lower
than the rates in men diagnosed with FSGS and IgAN, we
could not exclude the existence of bias arising from overrepresentation of MCD and MN.
This study is unique in that it identiﬁes predictors for
clinical outcomes among a pool of the four most important
and common types of primary GN. This study allowed for
comparisons of the relative impact of such risk factors as
proteinuria and hypertension on distinct glomerular pathologies, and it can help to decide the intensity of therapy
targeting these risk factors according to speciﬁc histologic
variants. However, the results accrued from this study are
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limited by the retrospective nature of the design and its
location at a single medical center. Furthermore, there
might exist two types of lead time bias in this study. One
bias was the lead time bias from different timing of biopsy.
However, most patients in this study received a renal
biopsy within 2 weeks, when clinically signiﬁcant manifestations (i.e., moderate to heavy proteinuria and renal
insufﬁciency) were found. Also, we chose date of biopsy
as our starting time point to minimize recall errors, and
we found that intervals between onset of disease and date
of biopsy did not predict overall outcomes. The other type
of lead time bias arose from different timing of initiation
of dialysis. In this study, the endpoint of ESRD was decided by the time of application for a Major Catastrophic
Illness issued by the Bureau of National Health Insurance
in Taiwan, which to our knowledge, is quite stringent (7)
and meets the current international recommendations
(8,9). Thus, the lead time bias was a potential limitation
of our study, but its impact might be low. Another limitation was that renal tubular handling of creatinine is altered in patients with nephrotic syndrome (10), and
therefore, any creatinine-based eGFR formula may not
be as valid in patients with nephrotic syndrome. For example, the MDRD4 formula (simpliﬁed MDRD with four
variables: creatinine, age, sex, and race), which was used
in the study, tends to overestimate GFR as measured by
inulin clearance in patients with nephrotic syndrome (44).
Nevertheless, this uncertainty does not interfere with the
predictive power of baseline creatinine for time to dialysis;
more patients in our MCD and MN groups exhibited heavy
proteinuria and hypoalbuminuria (and their eGFR might
be falsely high), but their renal outcome still fared better
than either the IgAN or FSGS group. Future multicenter,
prospective cohort studies are needed to evaluate the external validity of this study and investigate whether therapeutic interventions targeting the predictors identiﬁed here
can be of help in reducing ESRD and overall death.
In conclusion, we found that patients with FSGS and IgAN
were more prone to develop ESRD than death from any
cause. Most predictors for ESRD and overall mortality found
in this ethnic Chinese cohort were similar to other studies.
However, some risk factors linked with distinct glomerular
pathologies displayed differential clinical outcomes. Thus,
greater therapeutic efforts should be focused particularly on
patients presenting with these clinicopathological features.
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