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Background: Focal segmental glomerulosclerosis (FSGS) 
is a component of childhood nephrotic syndrome occurring in 
10%-20% of all cases. Over time, 25%-50% of children with 
FSGS develop kidney failure disease. We followed a cohort 
of children with FSGS in order to delineate the risk profile of 
progression to kidney failure (KF). 

Methods: We evaluated patient data collected from 
1977 to 2002 at a regional mid-Atlantic nephrology center 
in the United States. KF was defined primarily for those 
patients whose serum creatinine (SCr) value doubled 
compared with the SCr value from a previous visit. Patients 
who received dialysis or a kidney transplant were also 
defined as having KF. We analyzed patient data for those 
who had at least two visits with SCr values recorded. 
Various baseline characteristics of patients who had 
developed KF and those with no kidney failure (NKF) 
were compared. Hazard ratios and correlation were used 
to further investigate potential risk factors of the kidney 
failure. We also compared the inverse SCr trend for KF and 
NKF patients using weighted linear regression.

Results:  Thirty-four of 43 FSGS patients had 
adequate follow-up data. About 60% of the patients 
developed KF over the study period. The average age of 
the KF patients at diagnosis of FSGS was 9 years, and 
that of NKF patients 12 years (P=0.05). FSGS patients 
with KF had a significantly higher mean diastolic blood 
pressure (DBP) at baseline, compared to those with NKF 
(P<0.0001). Other baseline characteristics including 
race, body mass index (BMI), systolic blood pressure, 

total cholesterol, urinary protein/creatinine ratio and 
calculated glomerular filtration rate (cGFR) were not 
significantly different. Baseline DBP was a significant risk 
factor in progression to KF (HR: 1.03; 95%CI: 1.01-1.06). 
Inverse SCr values were significantly decreased over time 
in KF patients (P=0.01).

Conclusions:  The data of this study indicate that children 
diagnosed with FSGS who are younger than 10 years and 
have elevated baseline DBP are more likely to develop kidney 
failure. The non-significant hazard ratios for other baseline 
characteristics including gender, race, and BMI are not 
instrumental risk factors. These results may help understand 
what may affect progression towards kidney failure in children 
with FSGS.
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Introduction

Focal segmental glomerulosclerosis (FSGS) is 
the second most common pathological diagnosis 
of primary childhood nephrotic syndrome.[1] In 

previous reports on children with FSGS, characteristics at 
presentation including age, gender, ethnicity, and obesity 
have been suggested as risk factors for developing end-
stage kidney failure (KF).[2-4] However, follow-up periods 
are limited and conclusions about outcomes over time 
could not be extrapolated. To improve these findings, 
we conducted a cohort study to examine these and 
other variables including systolic blood pressure (SBP), 
diastolic blood pressure (DBP), serum total cholesterol, 
severity of proteinuria, and glomerular filtration rate in 
a longitudinal setting. In our previous study on FSGS 
in children with nephrotic syndrome,[5] we noted a 
high incidence of elevated DBP. We hypothesized that 
elevated DBP may be an unrecognized risk predictor in 
progression to end-stage KF.

Risk profiles of progression in primary focal segmental 
glomerulosclerosis
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Methods
Patients
We tested our hypothesis using a database that included 
patient records from 25 years of clinical practice. 
Clinical and laboratory data were collected at the 
point of care and recorded on standard forms used 
throughout the follow-up period (July 1977-June 2002) 
for 43 biopsy-proven FSGS patients. The patients were 
not on anti-hypertensive medications at presentation. 
Details describing inclusion and exclusion criteria 
and treatment protocol for our study were previously 
reported.[5] We accessed these forms to retrieve the 
variables of interest. Patients with a doubling of 
serum creatinine (SCr) value at a follow-up visit and/
or those who had dialysis or kidney transplantation 
were classified as having KF. We compared baseline 
characteristics of patients with KF to those with no 
kidney failure (NKF).

Informed consent authorization from study 
participants (and their parents) was waived because we 
performed analyses using pre-existing, de-identified 
data. The Institutional Review Board exempted this 
research project from review according to US Federal 
Regulation 45 CFR 46.101 (b) (2) (i) (ii). 

Variable definitions 
Our primary outcome was KF. If a patient was coded as 
having both a doubling of SCr value and dialysis or a 
transplant at their follow-up visit, the earlier date of these 
events was recorded as the event date. Body mass index 
(BMI) was obtained by applying the standard formula: 
weight (kg) divided by the square of the height (m2). The 
calculated glomerular filtration rate (cGFR) was obtained 
from the Schwartz formula:[6] K multiplied by the length 
(cm) and divided by SCr (mg/dl), with a K of 0.41. 

Statistical analysis 
Baseline differences between the KF and NKF groups 
were tested using Students' t test and Fisher's exact 
test for continuous and categorical measures. We 
estimated hazard ratios for kidney failure, with baseline 
univariate predictors, using the Cox proportional hazard 
regression. The Spearman's rank-order correlation 
coefficient was used to determine linear associations of 
DBP with other continuous measures at baseline.

We plotted the average inverse SCr values for 
KF and NKF patients to inspect the five-year trend. 
The data displayed were selected from the patients' 
nearest visit (within 3 months) to each year from their 
baseline visit. Weighted linear regression was used to 
determine the difference in slopes. Because DBP levels 
less than 80 mmHg are considered to be normal, we 
compared overall averages for KF and NKF patients 

using dichotomous cutoffs of less than or equal to 75 and 
80 mmHg. All significance tests were based on an error 
rate of 0.05. All statistical analyses were performed using 
SAS 9.1.3 software package (Cary, North Carolina).

Results
Of the 43 patients previously studied (reported 
earlier),[5] 9 were excluded from the analysis because 
there were baseline data only (n=5) or no record of a 
follow-up measure on serum creatinine (n=4). In the 
remaining 34 patients, 20 developed KF and 14 had 
no kidney failure. Of the 20 patients with KF, 17 had 
a doubling of SCr value at a follow-up visit and 3 had 
dialysis during the follow-up even though they never 
had a SCr doubled value. In our cohort, 75% of the 
patients who developed KF had aggressive disease 
progression since the event occurred within three years 
of their baseline visit. The average follow-up time for 
the patients with KF was 2 years, with a maximum 
time to failure around 7.5 years. The average follow-
up time for the patients with NKF was 3.5 years, with a 
maximum of 11 years.

Baseline characteristics
The patients with KF at presentation of biopsy-proven 
FSGS had an average age of 9 years and the patients 
with NKF had an average age of 12 years. The difference 
in age was borderline significant (P=0.05). The patients 
with KF were primarily males, but the distribution of 
their gender compared to the patients with NKF was 
not significantly different. The average baseline SBP 
was not different between the KF and NKF patients, 
but the average baseline DBP (85.4 and 71.6 mmHg 
respectively) was significantly different (P<0.001). 
The other baseline characteristics including race, BMI, 
weight group, serum creatinine, total cholesterol, urine 
protein/creatinine and glomerular filtration rate were not 
statistically different (Table).

Predictors
Hazard ratios were used to further examine potential 
baseline predictors for risk of KF. Although some point 
estimates such as race and urine protein/creatinine 
ratio indicated a possible increased risk of KF, most 
confidence intervals were not significant. The hazard 
ratio for DBP at baseline had a significant confidence 
interval (HR: 1.03; 95% CI: 1.01-1.06). For a 10 unit 
increase in DBP the risk for kidney failure increased 
by an average of 34% and could increase up to 80%. 
Other baseline measures such as BMI and cGFR with 
a hazard ratio of 1.0 revealed no evidence of increased 
risk of KF.
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Fig. 1. Average inverse serum creatinine five-year trend.
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Correlation
Among the variables correlated with DBP, no linear 
relationship was found for age, BMI, cholesterol, 
proteinuria, and cGFR. As expected, SBP was highly 
correlated with DBP (r=0 46, P=0.01). Besides, SCr 
had a positive, significant linear association with DBP 
(r=0.36, P=0.04).

Trend
Fig. 1 shows the average inverse (1/SCr) values over 
5 years at baseline in KF and NKF patients. Using 
the inverse of serum creatinine over time as a clinical 
indication of renal function, we found a decline in 
values over time for the patients with KF and an upward 
trend for the patients with NKF. The two weighted 
regression slopes were statistically different (P=0.01).

Fig. 2 shows the mean DBP over time for both KF 
and NKF patients. The patients with KF had a higher 

average DBP at baseline (t=0) and appeared to be 
higher for the first year visit. However, the trend varied 
in other years and it is unclear whether the patients 
maintained a lower average DBP. We found most (85%) 
of the patients with NKF had an average follow-up 
DBP value less than or equal to 80 mmHg, versus only 
65% of the KF patients.

Discussion
Collection of data from patients over 25 years has 
offerred a unique opportunity to evaluate the validity 
of clinical markers for kidney failure disease in a 
longitudinal setting. A recent and ongoing NIH funded 
interventional clinical trial is designed to treat FSGS 
children with a combination of new medications 
http://clinicaltrials.gov/ct2/show/NCT00135811. In 
addition, this trial will use urinary molecular markers 

Table. Baseline characteristics of patients with focal segmental glomerulosclerosis
Characteristics Kidney failure (n=20) No kidney failure (n=14) Hazard ratio (95% CI)
Age, mean (SD)     9.3 (3.9)   12.1 (4.7) 1.01 (0.92, 1.12)
Gender, n (%)
    Male      13 (65.0)        4 (28.6) 1.00 (reference)
    Female        7 (35.0)      10 (71.4) 0.76 (0.30, 1.92)
Race, n (%)
    Non-black        6 (30.0)        5 (35.7) 1.00 (reference)
    Black      14 (70.0)        9 (64.3) 1.33 (0.50, 3.52)
BMI,* mean (SD)   24.1 (9.8)   24.4 (7.2) 1.00 (0.95, 1.04)
Weight*, n (%)
    Normal        8 (42.1)        7 (50.0) 1.00 (reference)
    Overweight        4 (21.1)        3 (21.4) 1.37 (0.42, 4.53)
    Obese BMI        7 (36.8)        4 (28.6) 1.24 (0.45, 3.39)
Systolic blood pressure,* mean (SD) mmHg 129.6 (16.4) 131.1 (26.3) 1.01 (0.99, 1.03)
Diastolic blood pressure,* mean (SD) mmHg   85.4 (14.0)   71.6 (11.6) 1.03 (1.01, 1.06)
Serum creatinine, mean (SD) mg/dl     2.6 (4.4)     1.1 (0.5) 1.10 (0.99, 1.21)
Total cholesterol,* mean (SD) mg/dl 259.2 (64.4) 258.5 (13.4) 1.01 (1.00, 1.02)
Urine protein/creatinine,* mean (SD) mg/mg     1.6 (1.7)     1.4 (2.2) 1.20 (0.89, 1.61)
Glomerular filtration rate,* mean (SD) ml/min/1.73 m2   72.3 (46.9)   67.4 (27.2) 1.00 (0.99, 1.01)
*: missing data: n=1 for BMI, weight, and glomerular filtration rate; n=2 for diastolic and systolic blood pressure; n=21 for total cholesterol; n=9 for 
urine protein/creatinine.

Fig. 2. Average diastolic blood pressure five-year trend.
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of greater precision and specificity to identify kidney 
disease progression. This long-term study is in the early 
stages of implementation and is expected to continue 
to follow up patients over many years. However, 
until this study is completed, identifying patients with 
higher risk of progression to kidney failure is still 
dependent on clinical markers, such as gender, age at 
time of presentation, BMI, obesity, blood pressure and 
cholesterol. These conventional risk factors of higher 
likelihood of progression to end-stage kidney disease 
have been evaluated previously in a cross-sectional 
setting. Thus we compare the findings with ours.

Compared to other studies,[7] more males developed 
kidney failure disease than females in this study. 
However this is not a key driver of risk when compared 
to the patients with NKF because gender proportions 
were not statistically different. As shown by the 
epidemiology of this disease, more blacks developed 
kidney failure. [8] Again, the proportions in our 
categories of race were essentially the same for the KF 
and NKF patients. This result suggests that race does 
not play a role as a risk factor in kidney failure from 
FSGS.

Apart from gender and race, obesity has been 
implicated in hyperperfusion-induced kidney damage 
and development of FSGS in adults.[9] Reports in 
pediatrics by Adelman et al[2] have shown that severe 
obesity with BMI in the range of 46±11 is associated 
with FSGS and kidney failure. The BMI values of our 
patients, irrespective of kidney failure, were much 
lower than that reported by Adelman et al. In our study 
of FSGS children, BMI is not a risk factor for disease 
progression. Even when we grouped BMI percentiles 
into normal, overweight and obese, we found no 
associated risk.

Often related to weight, unsuccessful control of 
hypertension has been considered to be a definite risk 
factor for kidney injury and progression to failure.[9] The 
finding of higher DBP at baseline in the KF patients is 
an under-recognized risk factor when considering other 
published reports. The vital importance of maintaining 
a normal DBP in children with FSGS is highly 
encouraged.

As we define our primary event as a measure of 
SCr, higher SCr concentrations at the time of FSGS 
presentation would indicate severe kidney damage. 
Since the majority of our patients were diagnosed 
early in their disease process, it is likely that the initial 
SCr value does not suffice as a prognostic index. This 
conclusion comes from our finding that the risk of 
kidney failure (SCr doubling) does not depend on the 
magnitude of SCr at baseline, only on the increased 
value of SCr over time.

Often, proteinuria in a spot urine sample is elevated 

to above 2.0 mg/mg in children at onset of nephrotic 
syndrome or at relapse.[1,4] It is a long-standing belief 
that reversal of proteinuria by any therapeutic regimen 
indicates healing of the kidney lesion. By extension, 
the severity of proteinuria is considered an index of 
severity of kidney injury.[10,11] The results of our study 
suggest the opposite. Thus a moderate severity of 
proteinuria has minimal utility in kidney failure risk 
profile. The finding may be due to marginally good 
baseline renal functions of our patients, as shown by the 
mean glomerular filtration rate (Table).

Hazard ratios can confirm the risk of kidney failure 
in FSGS patients. Because the point estimate for DBP is 
statistically significant, we recommend that controlling 
and lowering blood pressure may aid in slowing the 
progression of kidney failure. Although total serum 
cholesterol concentrations in KF and NKF patients are 
not statistically different, the hazard ratio is of some value 
in monitoring total cholesterol, yet it may not be a strong 
risk factor as higher DBP levels in children with FSGS.

Since baseline DBP is a predictor for kidney failure 
risk, other measures correlated with DBP could affect 
the management of DBP in FSGS patients. We found 
that most measures were not linearly associated with 
DBP. It can be argued that efforts to lower BMI or 
cholesterol in children with FSGS will not necessarily 
affect changes in DBP. Finding a linear relationship 
between SCr and DBP values highlights how integral 
elevated DBP may be, over time, in the progression 
of kidney failure disease. We believe that focusing on 
monitoring and managing normal ranges of DBP is an 
important conclusion from this study.

Over time, inverse serum creatinine has been 
shown to approximate the rate of decline or treatment-
induced improvement in renal functions in patients 
with chronic kidney disease.[12] Patients with kidney 
failure, based on decreasing inverse SCr (increasing 
SCr) have declining renal function. Our results indicate 
that significant decline of renal function in patients with 
KF can be anticipated, yet the improvement of inverse 
SCr for patients with NKF may result from response 
to the treatment protocol as we described earlier. 
Another plausible explanation could be related to better 
management of DBP. Although both KF and NKF 
patients in our study reduced their average DBP over 
time, the patients with NKF had maintained an overall 
lower DBP on average.

There are limitations in our study. Although we 
collected and analyzed data in a longer period of time 
than other studies, we recognize our sample size was 
small. This is primarily because FSGS in children with 
nephrotic syndrome is a relatively rare condition. Our 
study design was not as powerful as a randomized 
clinical trial with a predetermined study sample size. 
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Having a larger group of patients might lead to finding 
additional significant factors in the development 
of kidney failure. We also note that some data of 
patient follow-up visit were incomplete. This limited 
our ability to analyze all of the follow-up measures. 
Additionally, while serum albumin measures were 
originally collected, we did not have the data available 
for our analysis. In spite of these potential sources for 
bias, we add evidence for enhancing treatment protocol 
for children with FSGS in order to limit progression to 
kidney failure.

In conclusion, our study showed that patients with 
presentation of FSGS at less than 10 years of age and 
those with elevated DBP at baseline, even borderline 
elevations, should be identified as having a higher risk 
for progression to kidney failure compared with older 
FSGS patients and those who are within a normal 
range of DBP. An important conclusion from our 
analyses is the necessity to monitor and manage DBP 
levels for children with FSGS. We also found in our 
baseline data, BMI, total cholesterol, urinary protein/
creatinine ratio, and steadily reduced cGFR were not 
strong predictors of progression to kidney failure. Our 
results help to understand what risks are associated with 
characteristics of children diagnosed with FSGS as they 
progress to kidney failure. We recommend that future 
studies involving FSGS patients are designed to analyze 
various subgroups within treatment protocol in order 
to obtain additional evidence on effective management 
of FSGS, ultimately reducing kidney failure rates. 
Finally, on completion of its follow-up phase, the NIH 
supported clinical trial will provide recommendations 
on new therapeutics in FSGS in children and young 
adults (http://www.fsgs trial.org/).

Funding: This study was supported by grants of the National 
Institutes of Health: DK50419, DK07761.
Ethical approval: The Institutional Review Board exempted this 
research project from review according to US federal regulation 45 

CFR 46.101 (b) (2) (i) (ii). Informed consent from study subjects 
were waived, because the data analyses were from spread sheets.
Competing interest: None.
Contributors: Chan JCM and Travis L proposed the project and 
wrote the paper. Chan JCM is the guarantor.

References
1 Roth KS, Amaker BH, Chan JC. Nephrotic syndrome: 

pathogenesis and management. Pediatr Rev 2002;23:237-248. 
2 Adelman RD, Restaino IG, Alon US, Blowey DL. Proteinuria 

in focal segmental glomerulosclerosis in severely obese 
adolescents. J Pediatr 2001;138:481-485.

3 Srivastava T, Simon SD, Alon US. High incidence of focal 
segmental glomerulosclerosis in nephrotic syndrome of 
childhood. Pediatr Nephrol 1999;13:13-18.

4 Niaudet P. Steroid resistant idiopathic nephrotic syndrome in 
children. In: Avner ED, Harmon WE, Niaudet P, eds. Pediatric 
Nephrology. Philadelphia: Lippincott Williams and Wilkins, 
2004: 557-573.

5 Chan JC. Focal segmental glomerulosclerosis: a single center 
study over two decades. World J Pediatr 2007;3:260-264.

6 Schwartz G, Munoz A, Mak R, Kaskel F, Warady B, Furth S. 
New equations to estimate glomerular filtration rate in children 
with chronic kidney disease. J Am Soc Nephrol 2009;20:629-
638.

7 Boyer O, Moulder JK, Somers MJ. Focal and segmental 
glomerulosclerosis in children: a longitudinal assessment. 
Pediatr Nephrol 2007;22:1159-1166.

8 Adhikari M, Bhimma R, Coovadia HM. Focal segmental 
glomerulosclerosis in children from KwaZulu/Natal, South 
Africa. Clin Nephrol 2001;55:16-24.

9 Kitiyakara C, Kopp JB, Eggers P. Trends in the epidemiology 
of focal segmental glomerulosclerosis. Semin Nephrol 
2003;23:172-182.

10 Bakris GL. Slowing nephropathy progression: focus on 
proteinuria reduction. Clin J Am Soc Nephrol 2008:3:S3-10.

11 C h a n  J C .  O x i d a t i v e  i n j u r y  i n  f o c a l  s e g m e n t a l 
glomerulosclerosis. Asian Biomed 2008;2:19-26.

12 Mitch WE, Buffington GA, Lemann J, Walser M. A simple 
method of estimating progression of chronic renal failure. 
Lancet 1976;2:1326-1328.

Received September 9, 2009
Accepted after revision February 9, 2010


