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Corticosteroids and obesity in steroid-sensitive and 
steroid-resistant nephrotic syndrome
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Abstract
Background Children with nephrotic syndrome need high-dose 
corticosteroids to achieve remission. Studies have estimated 
a 35-43% risk of obesity in these patients after corticosteroid 
treatment.
Objective To determine the prevalence of obesity in children 
who received corticosteroids for nephrotic syndrome, and to 
compare the risk of obesity in children with steroid-sensitive 
nephrotic syndrome (SSNS) and steroid-resistant nephrotic 
syndrome (SRNS).
Methods We performed a retrospective cohort study in 50 
children with SSNS or SRNS who received corticosteroid 
treatment. Obesity was defined to be a BMI-for-age Z-score above 
+2.0 SD, according to the WHO Growth Reference 2007. Central 
obesity was defined to be a waist-to-height ratio > 0.50.
Results The overall prevalence of obesity was 22%, with 29% 
and 14% in the SSNS and SRNS groups, respectively. The overall 
prevalence of central obesity was 50%, with 54% and 46% in the 
SSNS and SRNS groups, respectively. The cumulative steroid 
doses in this study were not significantly different between the 
SSNS and SRNS groups. There were also no significant differences 
between groups for risk of obesity (RR 2.53; 95%CI 0.58 to 10.99) 
or central obesity (RR 1.39; 95%CI 0.45 to 4.25).
Conclusion In children with nephrotic syndrome who received 
corticosteroids, the prevalence of obesity is 22% and of central 
obesity is 50%. In a comparison of SSNS and SRNS groups, 
cumulative steroid dose as well as risks of obesity and central 
obesity do not significantly differ between groups. [Paediatr 
Indones. 2015;55:194-8].
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Nephrotic syndrome (NS) is a chronic 
glomerular disease that mostly occurs 
in children. The incidence of nephrotic 
syndrome is 2-7 per 100,000 children 

per year. Indonesia was reported to have 6 cases per 
100,000 children per year. Children with nephrotic 
syndrome receive a corticosteroid regimen to achieve 
and maintain remission. Of the potential side effects 
of corticosteroid, obesity is one of the most common. 
Previous studies estimated a 35-43% risk of obesity 
after treatment with corticosteroids.1-5

A significantly increased risk of obesity in 
children with steroid sensitive nephrotic syndrome 
(SSNS) has been reported.5-6 However, previous 
studies did not consider the effect of the regimen of 
steroids, cumulative corticosteroid dose, cumulative 
steroid-free period, physical activity or calorie intake.5

In addition, there have been few studies on the 
association between nephrotic syndrome (NS) and 
the incidence of central obesity in children.6
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Steroid sensitive nephrotic syndrome (SSNS) 
patients receive frequent steroid treatment because 
of recurrent relapses, while steroid resistant nephrotic 
syndrome (SRNS) patients receive fewer repeated 
doses, due to the use of steroid-sparing agents. We 
aimed to evaluate the risks for obesity and central 
obesity in SSNS and SRNS children.

Methods

We conducted a retrospective study involving a cohort 
of children with NS who visited the Outpatient 
Clinic of the Pediatric Nephrology Department of Dr. 
Sardjito Hospital from September 1, 2012 to October 
31, 2013. The cohort comprised of 50 children with 
NS who were born between 1995 and 2010. 

We reviewed medical records to determine the 
type of NS, based on the corticosteroid regimen, 
i.e., SSNS or SRNS. The following information 
was also obtained: age at diagnosis of NS, response 
to steroid treatment, type of corticosteroid used, 
number of full initial dose, cumulative corticosteroid 
dose, cumulative steroid-free period, and the time 
lapsed between the last steroid use and the day of 
measurement. We did not assess subjects’ obesity 
status before the start of steroid treatment, because 
all of them had anasarca.

Inclusion criteria were children with NS, aged 
3-18 years, in remission with negative or minimal 
proteinuria, who were either undergoing low-dose 

using steroids. Exclusion criteria were patients with 
edema or other chronic diseases that affected growth 
or body composition.

Outcome data, i.e., anthropometric measure-
ments, were obtained when the subjects visited the 
clinic. Weights were measured with an electronic 
digital scale to the nearest 0.1 kg, while height were 
measured with a stadiometer to the nearest 0.1 cm. 
Data on weight and height were converted into body 
mass index (BMI) by dividing weight in kg by height 
in meters-squared (kg/m2). Obesity was defined as a 
BMI-for-age Z-score above +2.0 SD, according to the 
WHO Growth Reference 2007.  Waist circumferences 
were measured with a non-stretchable measuring tape 
passing the umbilicus, to the nearest 0.1 cm. Central 
obesity was defined as a waist-to-height ratio > 0.50.

Data taken from medical records were age at 
NS diagnosis, response to steroid treatment, type 
of corticosteroid used, number of full initial dose, 
cumulative corticosteroid dose, cumulative steroid-
free period, and the time lapsed between the last 
steroid use and the day of measurement. 

Diet was assessed using a 24-hour dietary 
recall method. Subjects, parents, or caregivers were 
interviewed to recall foods that were consumed by the 
subjects in the 24 hours prior to the interview. This 
information was completed by the following: how the 
food was cooked and served, food brand, number, and 
portion size of the food.7

Physical activity was measured using the Physical 
Activity Questionnaire for Older Children (PAQ-C) and 
Physical Activity Questionnaire for Adolescents (PAQ-A).8

These questionnaires were used to assess the subjects’ 
physical activity during the seven days prior. 

Data were analyzed using Chi-square and 
Fisher’s test with a 95% confidence level (CI),  of 5%, 
and power of 80% with 20% , at a significance level 
of P < 0.05. The risk for obesity and central obesity 
was calculated using relative risk (RR) with 95%CI. 
Pearson’s correlation was used to assess for associations 
between cumulative corticosteroid dose, cumulative 
steroid-free period, and time lapsed between last 
steroid use and the day of measurement, and BMI 
Z-scores and waist-to-height ratios. This study was 
approved by the Ethics Committee for Research at 
Gadjah Mada University. 

Results

Fifty children were included as subjects of the study. 
The subjects’ characteristics are presented in Table 
1. The overall prevalence of obesity was 22%, 8/28 
in SSNS group and 3/23 in SRSS group. The overall 
prevalence of central obesity was 50%, 15/28 in 
SSNS group and 10/22 in  SRNS group. There were 
no significant differences between the SSNS and the 
SRNS groups in terms of risks of obesity (RR 2.53; 
95%CI 0.58 to 10.99) or central obesity (RR 1.39; 
95%CI 0.45 to 4.25) (Table 2 and Table 3).

The three patients who had stopped receiving 
steroids for more than six months had neither 
obesity nor central obesity. Although not statistically 
significant, receiving more than one full initial dose 
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increased the risk of central obesity (RR 1.76; 95%CI 
0.99 to 3.13). The prevalence of central obesity was 
17/27 in those who received more than one full initial 
dose, but only 8/23 in those who received one initial 
dose. Similar findings were observed for cumulative 
doses, with patients who received a higher total 
cumulative dose (>7,200 mg) tending to have more 

central obesity; but this result was not statistically 
significant (RR 1.76; 95%CI 0.99 to 3.13).

There were no significant correlations between 
cumulative corticosteroid dose, cumulative steroid-
free period, or the time lapsed between last steroid 
use and the day of measurement, and BMI Z-scores 
or waist-to-height ratio (Table 3).

Table 1. Baseline characteristics of subjects

Characteristics SNSS group
(n= 28)

SRNS group
(n = 22)

P value

Gender, n 
    Male
    Female

  24 
    4 

  13 
    9 

0.03

Mean age at diagnosis (SD), years     7.07 (4.11)     7.29 (4.63) 0.96b

Type of corticosteroid, n
    Prednisone
    Methylprednisolone

  25 
    3 

  16
    6 

0.16a

Full initial dose, c n
    1 time
    >1 times

    8 
  20 

  15 
    7 

0.01

Mean cumulative corticosteroid dose (SD), mg/kg BW 219.58 (127.31) 298.91 (219.99) 0.12b

Mean steroid-free duration (SD), months   18.64 (30.99)   12.09 (21.56) 0.02b

Mean time lapsed between last dose of steroid
     until the study visit (SD), months 

    3.22 (9.17)     1.0 (2.20) 0.01b

Physical activity,d n 
    Low (score 1-3)
    High (score 4-5)

 27 
   1

 22 
   0

1.00a

Mean daily energy intake (SD),e % RDA  70.18 (22.39)  74.51 (23.28) 0.51
Mean waist circumference (SD), cm  66.98 (10.71)  64.36 (12.87) 0.29b

Mean hip circumference (SD), cm  72.21 (12.43)  71.41 (12.56) 0.82
Mean arm circumference (SD), cm  21.25 (3.93)  20.77 (5.07) 0.44b

Mean waist-to-height ratio (SD)    0.52 (0.08)    0.51 (0.08) 0.82b

Mean BMI Z-score (SD)    0.70 (1.58)    0.44 (1.25) 0.53

SSNS: steroid-sensitive nephrotic syndrome, SRNS: steroid-resistant nephrotic syndrome, BMI: body mass index. 
a Fisher’s Exact Test
b Mann-Whitney Test
c standard full corticosteroid treatment for initial episode of NS 
d measured with physical activity questionnaire for older children and adolescents
e measured with a 24-hour-recall diet

Table 2. Association between SSNS or SRNS and obesity or central obesity

Type of obesity SSNS group
(n=28)

SRNS group
(n=22)

RR (95%CI) P value

Obesity,a n
     Yes  8  3   2.53 (0.58 to 10.99) 0.31c

     No 20 19

Central obesity,b n
     Yes 15 10 1.39 (0.45 to 4.25) 0.57
     No 13 12

a BMI-for-age z-scores above +2.0 according to the WHO Growth Reference 2007
b waist-to-height ratio > 0.50
c Fisher’s exact test
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Discussion

Because of differences in clinical response, SSNS 
patients were more likely to receive only one initial 
dose. They also had longer cumulative steroid-free 
periods and longer time lapsed between last steroid 
use and the day of measurement. Of the three patients 
who had stopped using steroids for more than six 
months, all were from the SSNS group. Because of 
partial responses and frequent relapses, it is more 
difficult to stop treatment in SRNS patients.9-12

The average ratio of waist circumference to 
height was 0.52 in SSNS patients and 0.51 in SRNS 
patients. Children with ratios>0.50 are considered 
to have central obesity. Using this parameter, half 
of our subjects had central obesity. However, using 
a BMI-for-age Z-score cut off >+2.0 SD, less than 
one-fourth of our subjects had obesity. 

Central or abdominal obesity is a better predictor 
of cardiovascular risk than BMI. One of the limitations 
of BMI in diagnosing obesity, is that it does not take 
into account the presence of abdominal obesity, 
which is strongly related to cardiovascular disease 
and diabetes mellitus. Therefore, the ratio of waist 
circumference to height is the best proxy for central 
obesity in children.6,13-15

The prevalence of obesity was 29% in the SSNS 
group. Compared to SRNS, SSNS was not a risk factor 
for childhood obesity. A study in Cipto Mangunkusumo 
Hospital, Jakarta, Indonesia observed a 23% prevalence 
of obesity in SSNS patients.9 Both studies in Indonesia 
showed lower prevalence of obesity in SSNS patients 
than in the US.4,6,9 The use of high-dose and long-
term steroids leads to increased food intake and 
inhibited energy expenditure through stimulation of 
neuropeptide-Y and inhibited release of corticotrophin 
hormone. The process triggers an anabolic process and 
leads to obesity. Excessive glucocorticoids also increase 
the activity of 11  - HSD1 isozyme and glucocorticoid 

receptor in omental adipose tissue, resulting in central 
and visceral obesity.6,16-18

A previous study showed an association between 
higher cumulative dose and risk of obesity. Liu et 
al. observed a 4 to 8% weight gain with 5 to 10 
mg/day prednisone for more than 2 years, with an 
average cumulative dose of 7,200 mg.19 Although not 
statistically significant, we observed a higher risk of 
central obesity in those who received more than 7,200 
mg of prednisone. 

In conclusion, we find  no significant association 
between steroid regimen and the risk of obesity 
or central obesity in children with nephrotic 
syndrome.
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