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Nephrotic syndrome is one of the most common causes of 
kidney disease in paediatric patients, with disadvantaged 
populations suffering disproportionately from the disease and 
its complications.[1-3] Data on the clinical profile of paediatric 
nephrotic syndrome, a chronic condition characterised by 
proteinuria, hypoalbuminaemia, and oedema, are limited within 
sub-Saharan Africa (SSA).[4] Consequently, medical management 
and outcomes of paediatric patients with nephrotic syndrome 
across SSA are not well established, especially for cases of steroid-
resistant disease.

Early age at onset is associated with an increased prevalence of 
steroid-resistant nephrotic syndrome (SRNS) in children. Based on 
information collected from the PodoNet Consortium international 
registry including 1 655 paediatric patients, childhood-onset SRNS 
manifested before the age of 5 in 64% of patients.[5] Historically, 
more than 50% of these patients with steroid resistance had 
progressed to chronic kidney disease (CKD) and end-stage renal 
disease (ESRD) within five  years, particularly within resource-
limited settings.[6] Until the 1980s, quartan malaria nephropathy 
was prevalent in tropical regions of Africa, making corticosteroid-
resistant disease common throughout the region.[4] However, 
given improving access to healthcare for the treatment of malaria, 

nephrotic syndrome is now increasingly associated with other 
disease processes, including hepatitis B, HIV, sickle cell disease and 
systemic lupus erythematosus.[7-9]

Response to steroid therapy has also been reported to differ 
according to geography.[6,10] Studies concerning associations of 
SRNS with ethnicity present varying conclusions. Retrospective 
chart reviews reported higher rates of SRNS at institutions in the 
Democratic Republic of the Congo and Nigeria than those reported 
in Asian or Western countries (around 10%).[11-14] Conversely, two 
recent studies in Nigeria showed improved steroid-sensitivity 
in cohorts of children.[15,16] Moreover, studies from Zimbabwe, 
Malawi and South Africa show a continued predominance of focal-
segmental glomerulosclerosis (FSGS) and membranoproliferative 
glomerulonephritis (MPGN) in the region, a histopathologic 
diagnosis commonly associated with the steroid-resistant 
disease.[17-19] Considering the lack of a definitive association with 
SRNS  within current literature, further characterisation of the 
clinical profile of SRNS is needed.

The present study aims to address this gap by characterising the 
baseline clinical and demographic factors associated with steroid 
resistance in a cohort of Mozambican children with nephrotic 
syndrome.

Background. First-line treatment for paediatric nephrotic syndrome, a chronic disease characterised by proteinuria, hypoalbuminaemia 
and oedema, is corticosteroid therapy. An association between African ethnicity and steroid resistance has been reported, but published 
data from sub-Saharan Africa are limited and lack consensus on the prevalence of steroid-resistant disease.
Objective. We aimed to describe a cohort of paediatric patients with nephrotic syndrome, determine the frequency of steroid resistance, 
and investigate factors associated with steroid resistance at Hospital Central de Maputo, Mozambique.
Methods. A retrospective chart review was performed for paediatric patients (1 - 14 years old) admitted with nephrotic syndrome between 
2010 and 2015 with at least one follow-up visit by 31 March 2016. Patients with HIV or malaria were excluded. Descriptive statistics and 
frequencies disaggregated by treatment response were produced. Associations of treatment response with sociodemographic, clinical and 
laboratory variables were investigated by appropriate univariable statistical tests.
Results. Twenty-eight patients met inclusion criteria and were characterised as having steroid-sensitive or steroid-resistant nephrotic 
syndrome based on response to an initial corticosteroid regimen. There were 15 boys (53.6%) and 13 girls (46.4%), with a median age 
of 5.5  years. Fifteen (53.6%) were steroid-sensitive, and 13 (46.4%) were steroid-resistant. Steroid-resistant patients had significantly 
lower diastolic blood pressure (p=0.004), lower serum haemoglobin (p=0.003), lower serum albumin (p=0.03) and higher platelet counts 
(p=0.008) compared with sensitive cases. Only 4 (30.8%) steroid-resistant patients received a kidney biopsy.
Conclusion. Given the relatively high occurrence of steroid resistance in this study, expanding access to kidney biopsy and second-line 
medications for paediatric patients not in remission after an initial course of corticosteroid therapy is needed to meet the current standard 
of care. Factors associated with steroid resistance need to be studied prospectively in larger cohorts of Mozambican children.
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Methods
Study design and setting
This was a retrospective cohort study of children with nephrotic 
syndrome conducted at Hospital Central de Maputo (HCM), 
Mozambique’s largest referral hospital and the largest teaching hospital 
in the country. The Department of Paediatrics at HCM has a 
nephrology service with two paediatric nephrologists. HCM does 
have peritoneal and haemodialysis available, but children have limited 
access. Paediatric care is also constrained by limited laboratory and 
pathology capacity for renal disease diagnosis.

Study participants
Paediatric patients with nephrotic syndrome who were either active 
in care or who had previously received care with the paediatric 
nephrology service at HCM were identified through a review of 
inpatient and outpatient registers. All children from 1 - 14  years 
of age at initial presentation, seen between 1 January 2010 and 
31 December 2015, with at least one follow-up visit up to 31 March 
2016 and an initial course of treatment with corticosteroids were 
eligible for inclusion in the study. Patients less than one year of age, 
who probably had a congenital form of nephrotic syndrome, as well 
as patients who were positive for HIV or malaria on admission, were 
excluded, given the potential differences in aetiology.[20]

Data collection
Patient charts were retrieved from the hospital archives and reviewed 
by members of the study team. Demographic and clinical data were 
extracted from the charts by study investigators onto paper data 
collection forms which were later entered into a Microsoft Excel 
(Microsoft Corp., USA) database.

Definition of terms
In accordance with the hospital’s corticosteroid protocol, patients 
initially received 60 mg/m2/day or 2 mg/kg/day of prednisolone with 
tapering initiated at 6 - 8 weeks. Response to corticosteroid therapy 
was defined using Kidney Disease Improving Global Outcomes 
(KDIGO)[21] standards which were adapted, given the availability of 
data for our cohort:

1.	Steroid-sensitive nephrotic syndrome (SSNS): Complete 
remission, <1+ proteinuria at the time point closest to, but not 
exceeding, 12 weeks (was not possible to confirm 3 consecutive 
days of <1+ proteinuria).

2.	Steroid-resistant nephrotic syndrome (SRNS): >2+ proteinuria 
and/or oedema at the time point closest to, but not exceeding, 
12 weeks.

Hypertension was defined as systolic or diastolic blood pressure 
greater than the 95th percentile for age and sex, as designated in 
the Fourth Report of the National High Blood Pressure Education 
Program.[22] The 50th percentile was used for height, as this 
information was not routinely available in hospital charts. All 
measurements were taken manually with an appropriate cuff size. 
Owing to inconsistent documentation in patient charts, blood 
pressure measurements were based only on the initial blood pressure 
measurement recorded at the time of admission.

Data analysis
Descriptive statistics were produced reporting means for normally 
distributed continuous variables and medians for abnormally 
distributed continuous variables. Relative frequencies were 
determined for categorical variables disaggregated by treatment 
response. Categories of continuous laboratory variables were 

produced using normal reference ranges. For the two laboratory 
variables where all patients had abnormal results (serum albumin 
and cholesterol), the categories were formed by choosing a cut-off 
value which resulted in groups of approximately the same size. 
For analysis of factors associated with treatment response, Fisher’s 
exact test was used for independent categorical variables, t-test 
for continuous normally distributed variables and the Wilcoxon-
Mann-Whitney test for continuous variables not normally 
distributed. Normal distribution of the variables was determined 
by the Shapiro-Wilk test. All analyses were performed with Stata 
software.

Ethical considerations
The protocol was approved by the HCM Scientific Directorate, the 
University of California Los Angeles Institutional Review Board 
(ref. no. IRB#17-000154) and the Institutional Review Board of 
Universidade Eduardo Mondlane/Hospital Central de Maputo (ref. 
no. CIBS  FM&HCM/22/2016). Informed consent from patients or 
caregivers was not required.

Results
There were 39 patients with nephrotic syndrome identified from 
the registers during the time period of study eligibility. Charts 
were successfully located for 34, of whom 28 patients met inclusion 
criteria after review. Of the excluded patients, two patients received 
initial corticosteroid treatment prior to transfer to HCM, one 
patient had an incomplete chart with an extensive history of 
hospitalisations for nephrotic syndrome-related complications 
prior to the study beginning, one patient was less than one year of 
age at diagnosis, one patient was HIV-positive, and one patient had 
malaria on admission. The final cohort included 28 patients; 
15 (53.6%) were sensitive to prednisolone treatment and 13 
(46.4%) were resistant (Fig. 1).

The demographic and clinical profile of the cohort as categorical 
variables is detailed in Table 1. The study cohort was 53.6% male 

Patients with NS identi�ed 
in paediatric nephrology 
service registries, n=39 

Patients with NS whose charts 
were located for review, 

n=34

Eligible patients, 
n=28

Classi�ed 
as SSNS, 
n=16

Classi�ed 
as SRNS, 
n=12

Previous treatment with 
corticosteroids, n=2

Incomplete chart, previous 
admission for NS 

complications, n=1

Age <1 year, n=1

HIV or malaria diagnosis 
on admission, n=2

 
 

Fig.  1. Study inclusion and steroid response classifications. (NS = nephrotic 
syndrome; SSNS = steroid-sensitive nephrotic syndrome; SRNS = steroid-
resistant nephrotic syndrome.)
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and 42.9% of patients were <5  years of age. Median age was 
5.5 years (interquartile range (IQR) 3.7 - 7.9). Regarding ethnicity, 
there were 27 black patients and one Asian patient. Screening for 
viral hepatitis was limited, with one patient tested for hepatitis 
A, five patients tested for hepatitis B, and three patients tested 
for hepatitis C, all having negative results. Clinically, 27 patients 
(96.4%) presented with generalised oedema, and of the 26 patients 
with documented blood pressure, 12 (42.9%) were classified as 
hypertensive.

Urinalysis at presentation revealed 3+/4+ proteinuria in 
13 patients (46.4%) and haematuria in 14 patients (50.0%). 

Haematology (full blood count) tests revealed a median (IQR) 
white blood cell count of 12.7 × 103/mL (8.7 - 15.2), mean (standard 
deviation (SD)) haemoglobin of 10.8 g/dL (2.1), and mean platelet 
count of 514 × 103/mL (no patients had thrombocytopenia). On 
serum biochemistry tests, median (creatinine was 36.3 µmol/L 
(IQR 25.1 - 59.2), median (IQR) urea was 4.8 mmol/L (2.6 - 
7.5), mean (SD) albumin was 19.1 (5.9) g/L, and median  (IQR)
cholesterol was 11.6 mmol/L (9.9 - 15.3). All patients had elevated 
cholesterol and low albumin.

Table 1. Demographic and clinical characteristics of cohort
Variable N=28, n (%)
Age, years

<5 12 (42.9)
>5 16 (57.1)

Sex
Male 15 (53.6)
Female 13 (46.4)

Oedema
Localised 1 (3.6)
Generalised 27 (96.4)

Blood pressure classification
Normal 14 (50.0)
High 12 (42.9)
Missing 2 (7.1)

Proteinuria
1+/2+ 15 (53.6)
3+/4+ 13 (46.4)

Haematuria
No 14 (50.0)
Yes 14 (50.0)

Serum WBC, ×103/mL
<11 13 (46.4)
>11 15 (53.6)

Haemoglobin, g/dL
>12 6 (21.4)
<12 22 (78.6)

Platelets, ×1 000/L 
<400 7 (25.0)
>400 21 (75.0)

Urea, mmol/L 
<7.2 21 (75.0)
>7.2 7 (25.0)

Creatinine, µmol/L
<113 25 (89.3)
>113 2 (7.1)
Missing 1 (3.6)

Albumin, g/L†

<35 28 (100)
>35 0 (0)

Cholesterol, mmol/L†

<5 0 (0)
>5 27 (96.4)
Missing 1 (3.6)

Table 2. Steroid response by categorical variables

Variable

Steroid-
sensitive, 

n (%)

Steroid-
resistant, 

n (%) p-value*
Age

0.445<5 years 5 (41.7) 7 (58.3)
>5 years 10 (62.5) 6 (37.5)

Sex
0.476Male 7 (46.7) 8 (53.3)

Female 8 (61.5) 5 (38.5)
Blood pressure classification

0.130
Normal 6 (42.9) 8 (57.1)
High 9 (75.0) 3 (25.0)
Missing 0 (0) 2 (100)

Proteinuria
0.4761+/2+ 7 (46.7) 8 (53.3)

3+/4+ 8 (61.5) 5 (38.5)
Haematuria

1.000No 8 (61.5) 6 (38.5)
Yes 7 (46.7) 7 (53.3)

Serum WBC, ×103/mL
0.151<11 9 (69.2) 4 (30.8)

>11 6 (40.0) 9 (60.0)
Haemoglobin, g/dL

0.173>12 5 (83.3) 1 (16.7)
<12 10 (45.5) 12 (54.5)

Platelets, ×1 000/L 
0.084<400 6 (85.7) 1 (14.3)

>400 9 (42.9) 12 (57.1)
Urea, mmol/L 

1.000<7.2 11 (52.4) 10 (47.6)
>7.2 4 (57.1) 3 (42.9)

Creatinine, µmol/L

0.722
<113 14 (56.0) 11 (44.0)
>113 1 (50.0) 1 (50.0)
Missing 0 1 (100)

Albumin, g/L†

0.449<18 6 (42.9) 8 (57.1)
>18 9 (64.3) 5 (35.7)

Cholesterol, mmol/L†

0.843
<12 8 (57.1) 6 (42.9)
>12 7 (53.8) 6 (46.2)
Missing 0 1 (100)

*Fisher’s exact test.
**Adjusted categorical variables with ranges determined by 
distribution of cohort results rather than normal laboratory values 
(all patients with abnormal results).
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Response to initial steroid therapy by categorical variables is 
presented in Table 2. There were no significant differences between 
the steroid-sensitive and steroid-resistant patients. Analysis of 
clinical and demographic variables in continuous form was also 
performed (Table 3). Lower diastolic blood pressure (p=0.004), lower 
serum haemoglobin (p=0.003), higher platelet counts (p=0.008), 
lower serum urea (p=0.05), and lower serum albumin (p=0.03) were 
all significantly higher in patients with steroid resistance.

Discussion
Steroid responsiveness remains the most important predictive 
factor for patient outcomes in childhood nephrotic syndrome.[23] 
Increased cost of healthcare services, inadequate access to long-
term dialysis and limited renal transplant capacity all contribute to 
the increased mortality rate among patients with steroid-resistant 
disease.[15] Among the 28 patients in our relatively homogenous 
cohort of black Mozambican children, 13 (46.4%) had no response 
to corticosteroid treatment, a relatively high rate of steroid-resistant 
disease. Conversely, a recent study in Nigeria found the frequency 
of steroid resistance to be 17.2% among patients with idiopathic 
nephrotic syndrome, adding to the growing evidence of geographical 
or ethnic differences in the steroid response pattern of children with 
nephrotic syndrome.[4,15,24]

Despite this difference in the frequency of steroid resistance, the 
age profile of patients with steroid-resistant disease reflects that 
of other cohorts. There was a non-significant association (p=0.08) 
between young age (when analysed as a continuous variable) and 
steroid-resistance. Of the patients with steroid resistance in this 
study, 53.8% were under the age of five, comparable to the 64% 
of steroid-resistant patients under the age of five in the PodoNet 
Consortium international registry.[5] These findings can likely be 
explained by the fact that most forms of nephrotic syndrome 
resulting from genetic mutations, which commonly result in steroid 
resistance, present early in the life of a child.[5]

There was a significant association between normal diastolic 
blood pressure (when analysed as a continuous variable) and steroid 
resistance in this cohort, which was an unexpected finding and not 
consistent with other literature reporting an association between 
hypertension and steroid resistance.[25] Given the modified approach 
we had to use for blood pressure classifications, these results should 
be interpreted with caution.

The lower haemoglobin seen in patients with steroid resistance is 
likely due to excessive urinary losses of substrates needed for red 
cell production. These include iron, transferrin, erythropoietin and 
transcobalamin.[26] We hypothesise that the lower serum albumin 
seen in patients with steroid-resistant nephrotic syndrome is from 
the excessive urinary protein loss encountered in these patients. 
However, the degree of protein loss could not be quantitated, as this 
study did not assess a urine protein to creatinine ratio but relied on 
dipstick measurements, which is a semiquantitative measure at best.

When analysed as a continuous variable, higher platelet counts 
were associated with steroid resistance. A study in Turkey similarly 
found higher mean platelet counts in a group of patients with steroid-
resistant FSGS compared with a group with steroid-sensitive disease 
– suggesting a possible association of elevated platelet counts with 
disease activity.[27] It has been suggested that the extent of endothelial 
damage in patients with nephrotic syndrome may be the trigger for 
thrombocytosis.[28] Another mechanism suggested involves pituitary 
adenylate cyclase-activating polypeptide (PCAP) – an inhibitor 
of megakaryopoiesis and platelet aggregability. With urinary loss 
of PCAP, thrombocytosis and platelet hyperaggregability result.[29] 
Regardless, our findings of low to normal blood pressure and high 
platelet count in patients with SRNS compared with SSNS, require 
further investigation with a larger cohort of patients. One or both of 
these unique findings could be a prognostic marker for development 
of steroid-resistant nephrotic syndrome in the future.

Historically, infectious agents have been associated with the 
development of childhood nephrotic syndrome. The paradigm 
of a ‘tropical nephrotic syndrome,’ believed to be induced by 
quartan malaria nephropathy, was introduced in the mid-1970s.[24] 
However, as access to healthcare services improved in many regions, 
nephrotic syndrome associated with malaria became increasingly 
rare in malaria-endemic areas.[30] Mozambique is a malaria-endemic 
country, but we only had to exclude one nephrotic syndrome patient 
who tested positive for malaria on admission from our analysis.

However, infectious agents continue to be tied to the development 
of childhood nephrotic syndrome, with evidence supporting a strong 
association with hepatitis B.[8,31] A study in South Africa showed 
that the frequency of HLA-Bw21, a set of genes associated with 
susceptibility to the development of membranous nephropathy in 
response to HBsAg infection, was increased in black patients.[32] There 
were no patients with a positive HBsAg test in our study; however, 
only 5 of the 27 patients were tested, which is a limitation of the 
study. On the other hand, HIV screening was routinely completed 
in patients admitted for nephrotic syndrome (and one HIV-positive 
patient was excluded). In our setting, we recommend that all patients 
with steroid resistance disease undergo testing for hepatitis B and 
HIV. 

Four study patients underwent renal biopsies at outside hospitals. 
The histological finding for 3 of the patients was FSGS, 2 of whom 
had steroid-resistant disease. The fourth biopsy showed minimal 
change disease (MCD) in a patient who had a complete response 
to steroids. With respect to the histopathology profile of nephrotic 
syndrome within southern Africa, the occurrence of steroid-sensitive 
minimal change disease is relatively uncommon. This rise in the 
incidence of FSGS has been documented in a systematic review 
of childhood nephrotic syndrome in SSA, including studies from 
Nigeria, Ghana, the DRC and South Africa, as well as in studies from 
paediatric patients within the United States.[12-15,24,33-37] In fact, within 
a South African paediatric cohort, FSGS was the most common 
lesion among patients with steroid-resistant disease.[38] NPHS2 V260E 
mutations were found to predict steroid resistance in a cohort of 
South African children with FSGS and, in a genetic study of European 

Table 3. Steroid response by continuous variables

Variable
Difference
(SRNS – SSNS patients) p-value

Age* –2.2 0.084
Systolic blood pressure† –14.4 0.059
Diastolic blood pressure* –20.0 0.004
Serum white blood cells* 4.7 0.084
Haemoglobin† –2.1 0.004
Platelets† 165.1 0.008
Urea* –3.1 0.048
Creatinine* –16.7 0.205
Albumin† –4.7 0.031
Cholesterol* 1.4 0.510

SRNS = steroid-resistant nephrotic syndrome; SSNS = steroid-sensitive 
nephrotic syndrome.
*Difference of medians for abnormally distributed variables (Wilcoxon-Mann-
Whitney test).
†Difference of means for normally distributed variables (t-test).
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patients with African ancestry, mutations in the APOL1  G1 and 
G2 alleles were seen at a higher frequency in patients with FSGS 
pathology, suggesting associations between genetic makeup and 
histopathological diagnosis.[39-41] In light of these associations and the 
steroid resistance levels at HCM, we recommend expanding capacity 
for kidney biopsy in those patients who do not have an initial response 
to corticosteroid therapy.

Study limitations
There are limitations to our study. It comprised a relatively small 
cohort of patients which limited power to detect clinical and 
demographic characteristics associated with steroid resistance. This 
was also a single-site cohort, and HCM’s role as Mozambique’s 
main referral hospital also introduces a potential sampling bias, 
whereby more complicated cases which were more likely to be 
steroid-resistant were represented. As this study was retrospective, 
certain study variables were missing for some included patients, 
and if not clearly documented in the HCM charts, prior treatment 
with corticosteroids at outside hospitals before transfer to HCM 
was missed. Also, owing to limited retrospective data, we had to 
use a modified approach to blood pressure classifications based 
on initial inpatient measurements, and as discussed above, our 
finding of a significant association between normal blood pressure 
classification and steroid resistance should be interpreted with 
caution. Furthermore, owing to limited diagnostic capacity in 
our setting, histopathology and genetic testing were not routinely 
available, and dipstick urine testing was used instead of the more 
reliable protein to creatinine ratio to define steroid response.

Despite these limitations, our results add to the evidence base 
on steroid responsiveness in paediatric nephrotic syndrome within 
southern Africa and will be a helpful tool to advocate for improved 
diagnostics and therapeutics in Mozambique.

Conclusion
In this study, there was relatively low rate of complete response to 
initial corticosteroid treatment for paediatric nephrotic syndrome 
compared with other reports from SSA. As early recognition, 
assessment, and treatment of steroid resistance are important to 
prevent or delay the onset of CKD and ESRD, HCM needs improved 
renal laboratory testing, and increased access to kidney biopsy and 
second-line drugs (cyclophosphamide and calcineurin inhibitors). 
Future prospective studies should be developed to explore the 
frequency of relapses after prednisolone treatment, as well as the 
histopathological diagnosis of children with steroid-resistant disease.
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