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Prevalence and predictors of stunting

in children and adolescents aged 1-18 years
with nephrotic syndrome attending Mulago
Hospital, Uganda
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Abstract

Background Nephrotic syndrome is the predominant glomerulopathy in children worldwide, particularly in low-
income countries. One of the key complications of nephrotic syndrome is stunting. Stunting is the most prevalent
form of undernutrition globally; which leads to early and long-term consequences. In this study, we determined
the prevalence and predictors of stunting among children and adolescents with nephrotic syndrome at a tertiary
nephrology clinic in Uganda.

Methods Between February and August 2022, we conducted a cross-sectional study that enrolled children and
adolescents aged 1 to 18 years with nephrotic syndrome. Participants had been undergoing steroid treatment for a
minimum of three months and were registered at the paediatric renal clinic of Mulago National Referral Hospital in
Kampala, Uganda. Medical history, physical examination and anthropometric assessment were conducted on the
enrolled children. The World Health Organisation (WHO) growth reference standards were used to evaluate stunting
in the enrolled children. Multivariable logistic regression analysis was performed to determine independent predictors
of stunting and a p-value <0.05 was considered statistically significant.

Results Ninety-four participants were enrolled, with a median age (IQR) at diagnosis of six years (IQR 3-9). Among
the participants, 48 (51.1%) were male. The prevalence of stunting was observed in 15 (15.9%) participants (95%
confidence interval [CI]: 15.88 — 16.04). Regarding severity, 12 (12.8%) participants were moderately stunted, and 3
(3.2%) were severely stunted. Participants with persistent proteinuria exhibited higher odds of stunting than those
without. (OR: 4.11,95% Cl: 1.05 — 15.98, p<0.041).

Conclusions There is a high prevalence of stunting among children with nephrotic syndrome, particularly among
those with on-going proteinuria. This underscores the importance of regular growth monitoring and screening for
early identification and eventual management of stunting among children receiving care for nephrotic syndrome.
Providing nutritional counselling and other interventions is thus crucial in addressing stunting among this specific
group of children and adolescents.
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Introduction

Nephrotic syndrome is one of the most common glo-
merular diseases in children [1]. It is a common kidney
disorder among children of all ages and has a global
prevalence of 2—7 per 100,000 cases worldwide with 5.6
per million children per year in Tropical Africa [2, 3]. In
Uganda, it is estimated that the incidence of proteinuric
kidney disease in children is estimated at 160 per million
population, which is at least eight times higher than the
incidence in the United Kingdom [4].

Steroids have been used to treat children with
nephrotic syndrome since 1950 [5]. Steroids are cur-
rently the first line and mainstay of treatment for chil-
dren and adolescents with nephrotic syndrome [6, 7].
The initial dosing of steroids lasts about three months,
with good outcomes and a low mortality rate of about 3%
[8, 9]. The majority of the children with nephrotic syn-
drome respond to steroids, although about 10-15% of the
children with nephrotic syndrome are steroid-resistant,
while 71.9% will experience an episode of relapse may
further expose them to steroid use [10, 11]. Children
who are steroid-resistant, steroid dependent or those
with frequently relapsing nephrotic syndrome are given
adjunctive medications which offers protection to these
children and adolescents from the detrimental effects of
long-term steroid use like stunting [12].

Growth stunting has long been linked with steroid
treatment in children with nephrotic syndrome [13].
Stunting is maximal in the first three months after diag-
nosis and the start of treatment and is commensurate
with the duration of therapy and frequency of relapses
[14]. In many cases, growth stunting can also be attrib-
uted to the severity of the underlying disease. Children
in sub-Saharan Africa and Asia aged 2-17 years with
nephrotic syndrome have a high prevalence of stunting of
11.5-50% as compared to their healthy counterparts who
have normal height with a maximum prevalence of stunt-
ing of 17.7% [15, 16, 17, 18]. Stunting is the most preva-
lent form of undernutrition globally [19]. It is associated
with several detrimental effects with both short and long-
term consequences; like difficulties in achieving physical
and cognitive development, increased risk of obesity and
other degenerative diseases, susceptibility to infectious
diseases due to a weak immune system among others.
Stunting in nephrotic syndrome can cause similar com-
plications [20]. Therefore, this study aimed to determine
the prevalence of stunting and associated factors among
children and adolescents with nephrotic syndrome
attending the renal clinic at Mulago Hospital.

Methods

Study design setting

This cross-sectional study was conducted at the outpa-
tient paediatric renal clinic at Mulago Hospital between
February and August 2022.

Mulago Hospital is one of Uganda’s national refer-
ral hospitals. The renal clinic is open once a week (every
Monday). This clinic has about 120 children and adoles-
cents with nephrotic syndrome. It has an attendance of
about 45 patients with kidney disease per month and an
average of 20 patients with nephrotic syndrome weekly.
The clinic is run by two Paediatric nephrologists, one
paediatric resident, one intern doctor and a nurse.

Study participants

In this study, the inclusion criteria included all children
and adolescents aged 1 to 18years who were selected by
consecutive sampling. These children and adolescents
had been attending the outpatient Paediatric Renal clinic
during the study period and had been on steroids for at
least three months. For all children aged 1 to 17years,
informed consent from parents or caregivers was pro-
vided before study enrolment, while adolescents aged 18
years provided informed consent. Additionally, children
aged 8 to 17 years were included if they provided assent.
Individuals who were too unwell to undergo the study
procedure were excluded.

During data management, the principal investigator
reviewed all questionnaires for consistency and miss-
ing data. Children and adolescents with the missing data
were cleaned and if data were not able to be traced, they
were dropped. Only cleaned data was considered for the
analysis.

Sample size calculation

To determine the prevalence of stunting in children and
adolescents 1 year- 18 years with nephrotic syndrome
attending the renal clinic at Mulago Hospital.

This sample size calculation was based on previous
study by Njugunah, E et al,, 2012 who found out that
24.4% of children with nephrotic syndrome on steroids
were stunted.

Assuming 95% confidence interval and error within
5% and using Kish Leslie [21] sample size formula; n=
(Z%'p(1-p)/d> Where Z is the Z value at 95% confidence
interval, corresponding to 1.96; p=24.4% represent-
ing the proportion of children with nephrotic syndrome
with stunting; and d represents the sampling error which
is 0.05. Even though the sample size was 283, since we
have a finite population of about 120 children attend-
ing the renal clinic with nephrotic syndrome, we further
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adjusted for the sample size using Cochran’s formula [22]
for determining sample size for a finite population using
the formula;

Final samplesize =S/ (14 (S — 1) /N, where; S =sam-
ple size calculated = 283,

N =population size which is 120. Using the formula
above, we got a sample size of 85 children.

Adjusting for 10% non-response, our final sample size
was 94 children.

Study measurements

Anthropometry

To measure the length of children less than two years, a
measuring board with a headboard and sliding foot piece
(Seca 213 Stadiometer) was used. The measuring board
was laid flat, on a stable and level table. A thin cloth was
used to cover the board to avoid causing discomfort.
For length, the child was positioned on his/her back on
the measuring board, supporting the head and placing
it against the headboard. The occiput, shoulder blades,
gluteus muscle, cuffs and heels touched the board. The
length was measured to the last completed 0.1 cm and
recorded immediately.

For children two years and above, height was mea-
sured using an Ayrton Models 100 stadiometer. The thick
socks and shoes of a child were removed. A child stood
with his/her back against the measuring surface with feet
together flat on the floor, arms at the side and knees and
back straight. The head, heels, buttocks and shoulder
blades of a child touched the measuring surface. A child
was told to look straight ahead; then the headboard was
slid gently down to the head of the child, compressing the
hair. Hair ornaments or braid buns were removed. When
the measurer’s eye level met with the indicator, the height
of the child was read. Then, the procedure was repeated
twice and the average of the three was considered the
correct value. Height-for-Age Z-score (HAZ), was calcu-
lated using the World Health Organisation Multicentre
Growth Reference Standard [23]. One research assistant
took the 3 height measurements. The child was classi-
fied as stunted if his/her Z score was less than -2 stan-
dard deviation for moderate stunting while less than -3
standard deviation was considered for severe stunting
and not stunted if Z score was >-2SD. If a diagnosis of
stunting was made the child was referred to the endo-
crinology clinic/nutritionist for counselling and further
management.

Tanner staging
This was done for all children aged 10-18 years. Those
with delayed puberty were linked to the endocrinology
clinic for care.
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Sphygmomanometry

Blood pressure was taken three times, at least five min-
utes apart and the average measurement was recorded
[24].

Blood tests

Blood samples were collected for measurement of kid-
ney function and electrolyte test (creatinine, sodium,
potassium and urea) and the Human Immunodeficiency
virus (HIV) test was conducted for all enrolled children.
Chronic kidney disease (CKD) is defined according to the
KDIGO guidelines 2024 as abnormalities of kidney struc-
ture or function, present for a minimum of 3 months,
with implications for health. However, in our study, a
low GFR of <60 ml/min/1.73m? was used as a marker of
CKD.

Urinalysis

A urine sample was collected for a urine dipstick and
submitted for analysis at the Mulago National Referral
Hospital clinical chemistry laboratory.

Statistical analysis

Data was analysed using Stata 14.0. Continuous variables
were summarised using median (interquartile range) and
means (standard deviations). The prevalence of stunting
was calculated as the proportion of children and adoles-
cents with stunting among all those enrolled in the study.
Logistic regression was used to determine the factors
associated with stunting. Multivariate logistic regres-
sion was used to perform all variables found to have a
p-value<0.2 at bivariate analysis. A p-value<0.05 was
considered statistically significant.

Results

Enrolment

Ninety-four study participants were enrolled in the study
between February and August 2022 and majority of the
were male (n=48, 51.5%).

Of the ninety-four participants, the median age (IQR)
at diagnosis of nephrotic syndrome was six [3, 4, 5, 6, 7,
8, 9] years. Most participants (n=57, 60.6%) resided in
urban areas (Kampala and Wakiso districts). The major-
ity of the caregivers were mothers (1=65, 69.2%) who
had attained secondary and tertiary education. (Table 1)

Among the children with nephrotic syndrome, 2 (2.1%)
had hepatitis B infection and almost half suffered relapses
(44.9%). The median duration of steroid treatment was
181.1 days (3-]

31.5) months.
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Table 1 Baseline characteristics of participants and caregivers

Variables Frequency (%)
Age of the child

Under 5 years 16 (17.1)
5-9 years 33 (35.1)
10-17 years 45 (47.8)
Median age at diagnosis, median (IQR), years 6 (3-9)
Sex

Male 48(51.1)
Female 46 (48.9)
District of residence

Kampala 26 (27.7)
Wakiso 31(32.9)
Others 37(394)
Religion

Christian 74 (78.7)
Muslim 21(21.3)
Primary caregiver

Mother 65 (69.2)
Father 20 (21.3)
Siblings 101.1)
Grandparents 6(6.3)
Others 2(2.1)
Education level of care giver

None 5(.3)
Primary 44 (46.8)
Secondary 27 (28.8)
Tertiary and above 18 (19.1)
Classification of nephrotic syndrome

Primary 92 (97.9)
Chronic Hepatitis B infection 2(2.1)
Tanner stage

Stage | 22 (44.9)
Stage II-V 72 (76.6)
Urine protein

Yes 28 (29.8)
No 56 (70.2)
**BMI for age Z scores

>-2to <+1 (Normal) 49 (68.1%)
Z>+1 (Overweight) 19 (29.7%)
Z>+2 (Obese) 11 (17.2%)
*Weight for age (WAZ) scores

Z>3 (Obese) 1(6.1%)
>-2to <+2 (Normal) 15 (93.7%)

**BMI for participants aged 5 to 18 years
*WAZ scores for participants 1 to 4 years

Prevalence of stunting among children and adolescents
with nephrotic syndrome

Stunting was observed in 15 (15.9%) participants, (95%
confidence interval [CI]: 15.88 — 16.04%). Regarding
severity, 12 (12.8%) participants were moderately stunted,
and 3 (3.2%) participants were severely stunted. Most
participants who were stunted were above five years of
age (Fig. 1).
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Factors associated with stunting among children and
adolescents with nephrotic syndrome
Using bivariate analysis, steroid-resistant nephrotic syn-
drome, chronic kidney disease, presence of oedema, hav-
ing been on tacrolimus and ongoing proteinuria were
associated with stunting.

However, at multivariable analysis, only persistent
proteinuria was independently associated with stunting
(aOR: 4.11, 95% CI: 1.05 — 15.98, p<0.041). (Table 2)

Discussion

In this study, the prevalence of stunting among children
and adolescents with nephrotic syndrome was found to
be about 16%, with 12.8% being moderately stunted and
3.2% being severely stunted. This prevalence of stunt-
ing in our study is comparable to other prevalence rates
reported from studies in Kenya, Nigeria, Iran and India
and these range from 11.5-50% [3, 16, 17, 18].

According to the Uganda Nutrition Profile 2021, the
prevalence of stunting decreases with increasing levels
of the mother’s education. About 4 in 10 children born
to mothers with no education (37% ) are stunted as com-
pared with 1 in 10 children born to mothers with more
than a secondary education (10%) [25]. In this study,
most of the caretakers were mothers who had attained at
least secondary or tertiary education status, which could
explain the lower prevalence of stunting.

Compared with other developing countries, this preva-
lence of stunting in our study was reported in a similar
study conducted in Nigeria [17]. Solarin and colleagues
found a prevalence of stunting among children with
nephrotic syndrome of 11.5% [17]. However, a smaller
sample size of 61 subjects was used which could have
been responsible for the slightly lower prevalence com-
pared to the current study. Another study carried out in
Kenya showed the prevalence of stunting among children
with nephrotic syndrome to be at 24.4% [16] This diver-
gence is probably due to the better management and fol-
low-up of children and adolescents in the Mulago Renal
Clinic, nutritional counselling started early, where a high
protein diet is advised as affected children and adoles-
cents are encouraged to take boiled eggs to counter the
effect of protein loss in urine. The relatively earlier ini-
tiation of steroid sparing agents in Mulago Renal Clinic
could also have led to a lower prevalence of stunting as
seen in our study.

In this study, children and adolescents above five years
were more likely to be stunted than those below five
years. The majority of the studies done show that stunt-
ing is more prevalent in subjects below five years [19].
However, this was different for our study. The possible
explanation of this is that children and adolescents above
five years could have had prolonged exposure to steroid
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Fig. 1 Distribution of stunting by age

treatment than those below five years especially if the
diagnosis of nephrotic syndrome was made earlier in life.
Our study also found 22 children in Tanner stage 1,
with only 1 male participant above 14 years and 4 female
participants above 13 years which correlates with delayed
puberty. Delayed puberty causes stunting, and this could
have been responsible for stunting in these adolescents.
However, our study did not set out to check for hormonal
levels and therefore, this cause could not be ascertained.
Using multivariable analysis, only urine protein (pro-
teinuria) was found to have a significant association
with stunting. Children who presented with persistent
proteinuria had a four-fold higher odds of being stunted
compared to those who had no proteinuria. The possible
explanation could be proteins are among osteotrophic
nutrients and play an important role in bone develop-
ment thereby influencing peak bone mass; hence their
deficiency will impair bone health and growth, causing
stunting. The proteinuria was mainly manifested in chil-
dren and adolescents with steroid-resistant nephrotic
syndrome, non-responsive to steroid sparing agents as
well as those who were lost to follow-up and had been
off treatment for a long time. This might have led to pro-
longed periods of protein loss as well as prolonged expo-
sure to steroids in some subjects hence the stunting seen
in this group of children and adolescents. Furthermore,
children and adolescents with a low GFR of <60 ml/
min/1.73m? which was used as a marker of chronic kid-
ney disease in our study also presented with proteinuria,
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yet chronic kidney disease affects bone mineralisation
which further predisposes these children and adolescents
to stunting. It is also important to note that majority of
the participants who had an estimated GFR<60 had
SRNS (77.8%). SRNS is the most severe form of child-
hood nephrotic syndrome and has an increased risk of
progressing to chronic kidney disease. Children with
SRNS have a prolonged nephrotic state characterized by
proteinuria, which is an independent risk factor for the
progression to CKD in children hence stunting in these
children and adolescents.

Findings like the duration of steroid therapy did not
affect stunting in our study yet prolonged use of steroids
is associated with stunting [8]. Children and adolescents
who required prolonged use of steroids like those have
steroid-resistant nephrotic syndrome, steroid dependent
nephrotic syndrome and those with frequently relapsing
nephrotic syndrome are given adjunctive medications
soon after diagnosis which reduces steroid exposure
hence stunting. Finally, about 30% of the participants
were obese and this could be attributed to steroid use.

Study strengths and limitations

In this study, we did not assess the mid-parental height as
we only relied on the current child’s height on the day of
evaluation. Mid-parental height should have been calcu-
lated to determine the relationship of the child’s current
height to the parent’s height. Equally, bone age was not
assessed mainly due to financial limitations. The sample
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Table 2 ; factors associated with stunting at bivariate and multivariate analysis

Variable No stunting Stunting Odds Ratio (95% P-value Adjusted Odds  P-
79 (84%) 15 (16%) cl) Ratio (95% CI value
Age of the child
Under 5 years 13(16.4) 3(20.0) 1.00
Above 5 years 66(83.5) 12(80.0) 1.27(0.31,5.14) 0.738
Sex
Female 40(50.6) 6(40.0) 1.00
Male 39(49.4) 9(60.0) 1.54(0.50,4.73) 0452
Education level of care giver
Primary and below* 40(50.6) 9(60.0) 1.46(0.47,449) 0.507
Secondary and above 39(49.4) 6(40.0) 1.00
Distance to the health facility
<5km 9(11.4) 16.7) 1.00
>5km 70(88.6) 14(93.3) 1.80(0.21,15.36) 0.591
Relapses
No 43(54.4) 9(60.0) 1.00
Yes 36(45.6) 6(40.0) 0.79(0.25,2.45) 0.691
Steroid resistant nephrotic syndrome
No 65(82.3) 8(53.3) 1.00 1.00
Yes 14(17.7) 7(46.7) 4.06 (1.26,13.05) 0.019 1.53(0.25,9.39) 0.648
Steroid dependent nephrotic
syndrome
No 47(59.5) 9(60.0) 1.00
Yes 32(40.5) 6(40.0) 0.97(0.32,3.02) 0971
Estimated GFR
>60 ml/min/1.73m? 69(88.5) 9(60.0) 1.00 1.00
<60 ml/min/1.73m? 9(11.5) 6(40.0) 5.11(1.47,17.75) 0.010 2.05(0.44,9.43) 0.358
Dietary diversity score
>4 food groups 5(6.3) 1(6.7) 1.00
<4 food groups 74(93.7) 14(93.3) 0.95(0.10.8.72) 0.961
Oedema
No 71(89.9) 10(66.7) 1.00 1.00
Yes 8(10.1) 5(333) 4.44(1.12,16.26) 0.025 3.48(0.81,14.99) 0.091
Tacrolimus
No 71(89.9) 10(66.7) 1.00 1.00
Yes 8(10.1) 5(33.3) 4.44(1.21,16.26) 0.025 1.34(0.19,9.67) 0.769
Urine protein
Nil 61(77.2) 5(333) 100 1.00
Present 18(22.8) 10(66.7) 6.78 (2.05,22.39) 0.002 4.11(1.05,15.98) 0.041
Steroid therapy duration 19.8(14.5-21.1) 14.7(3.7-25.6) 0.98(0.96,1.02) 0422
Cumulative dose 400.1(255.5-544.6) 266.5(107.9-425.1) 0.99(0.99,1.01) 0427

size was small hence this may have affected our ability to
evaluate associations. Hormonal levels were not done yet
hormones like thyroid hormones, growth hormones and
androgens further influence the growth of children above
three years. However, this is the first study to describe the
prevalence of stunting among Ugandan children and ado-
lescents with nephrotic syndrome in a hospital setting.
This study was conducted at a national referral hospital
receiving patients from different areas of the country;
therefore, the study population was diverse, and the find-
ings may be generalised to other children and adolescents
with nephrotic syndrome in a hospital setting.

Conclusions

In this study, nearly one in every six children with
nephrotic syndrome experienced stunting, particularly
among those with persistent proteinuria. There is a need
to have routine growth monitoring for children and ado-
lescents with nephrotic syndrome and plotting of stan-
dard WHO growth charts. In management of children
with persistent proteinuria, there is need for nutritional
counselling and support for children who are stunted.
Further studies with a relatively bigger sample size,
assessing mid-parental height and bone age are recom-
mended. Finally, it is important to note that height is a
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dynamic parameter and cannot be captured in a cross-
sectional study. A prospective cohort study would be
ideal to assess stunting in children with a chronic disease.

Abbreviations

ARF Acute Renal Failure

CKD Chronic Kidney Disease

FRNS Frequently Relapsing Nephrotic Syndrome

FSGS Focal Segmental Glomerulosclerosis

ICF International Classification of Functioning, Disability and Health
KDIGO  The Kidney Disease Improving Global Outcomes

MN Membranous Nephropathy

MCNS Minimal Change Nephrotic Syndrome

NS Nephrotic Syndrome

SDNS Steroid Dependent Nephrotic Syndrome

SRNS Steroid Resistant Nephrotic Syndrome
SSNS Steroid Sensitive Nephrotic Syndrome
UBOS Uganda Bureau of Statistics

UNFPA  United Nations Population Fund

Acknowledgements
We acknowledge all the caretakers and the children who participated in this
study and the staff at pediatric outpatient renal clinic.

Author contributions

All authors significantly contributed to the conceptualization of this research
article throughout proposal development, data collection, analysis of the data
as well as in preparation and reviewing of this manuscript.

Funding

This study was funded by the Fogarty International Centre of the National
Institutes of Health under award number 1R25TW011213. The content is solely
the responsibility of the authors and doesn't necessarily represent the official
views of the National Institutes of Health.

Data availability

Data that supports the findings of this study has been deposited in the
Makerere University Institutional Repository-School of Medicine (Sch. of Med.)
Collections under the URI-http://hdl.handle.net/10570/11174.

Declarations

Ethics approval and consent to participate

The School of Medicine Research Ethics Committee of Makerere University
provided approval for this study (MAK-SOMREC 2021 —192) and administrative
clearance was got from Mulago Hospital. Caregivers provided written
informed consent and all children aged 8 years and above provided assent

on addition to the written informed consent provided by their caretakers, The
study adhered to the ethical principles outlined in the Declaration of Helsinki.

Consent for publication
The consent for publication was not required by IRB or ethics committee.

Competing interests
The authors declare no competing interests.

Author details
'Department of Paediatrics and Child Health, School of Medicine, College
of Health Sciences, Makerere University, PO. Box 7072, Kampala, Uganda

Received: 31 May 2024 / Accepted: 18 February 2025
Published online: 03 March 2025

References

1. Nandlal L, Naicker T, Bhimma R. Nephrotic syndrome in South African
children: changing perspectives in the new millennium. Kidney Int Rep.
2019;4(4):522-34.

Page 7 of 7

2. BanhTH, Hussain-Shamsy N, Patel V, Vasilevska-Ristovska J, Borges K, Sibbald
C, et al. Ethnic differences in incidence and outcomes of childhood nephrotic
syndrome. Clin J Am Soc Nephrol. 2016;11(10):1760-8.

3. Olowu WA, Ademola A, Ajite AB, Saad YM. Childhood nephrotic syndrome in
tropical Africa: then and now. Paediatrics Int Child Health. 2017;37(4):259-68.

4. Odiit A. Common childhood kidney diseases in Uganda and their prevention.
Afr Health Sci. 2017;17(4):1126-9.

5. Hahn D, Samuel SM, Willis NS, Craig JC, Hodson EM. Corticosteroid therapy for
nephrotic syndrome in children. Cochrane Database Syst Reviews. 2020,8(8).

6. HungY-T, Yang L-Y. Follow-up of linear growth of body height in children
with nephrotic syndrome. Journal of microbiology, immunology, and infec-
tion=wei Mian Yu Gan Ran Za Zhi. 2006;39(5):422-5.

7. Mohan K, Kanitkar M. Growth in children with steroid sensitive nephrotic
syndrome. Med J Armed Forces India. 2009;65(1):4-6.

8. Madani A, Umar S-u, Taghaodi R, Hajizadeh N, Rabbani A, Z-Mehrjardi H. The
effect of long-term steroid therapy on linear growth of nephrotic children.
Iran J Pediatr. 2011,21(1):21.

9. Zagury A, Oliveira ALd, Montalvao JAA, Novaes RHL, S VMd M, CAPd, et
al. Steroid-resistant idiopathic nephrotic syndrome in children: long-term
follow-up and risk factors for end-stage renal disease. Brazilian J Nephrol.
2013;35(3):191-9.

10. Veltkamp F, Rensma LR, Bouts AH. Incidence and relapse of idiopathic
nephrotic syndrome: meta-analysis. Pediatrics. 2021;148(1).

11. Trautmann A, Lipska-Zietkiewicz BS, Schaefer F. Exploring the clinical and
genetic spectrum of steroid resistant nephrotic syndrome: the podonet
registry. Front Pead. 2018;6:200.

12. Levin A, Stevens PE, Bilous RW, Coresh J, De Francisco AL, De Jong PE, et al.
Kidney disease: improving global outcomes (KDIGO) CKD work group. KDIGO
2012 clinical practice guideline for the evaluation and management of
chronic kidney disease. Kidney Int Supplements. 2013;3(1):1-150.

13. EmmaF, Sesto A, Rizzoni G. Long-term linear growth of children with severe
steroid-responsive nephrotic syndrome. Pediatr Nephrol. 2003;18(8):783-8.

14.  Constantinescu A, Maruntelu S, Velis E, Bizerea-Moga T, Almaguer M.
Strategies to minimize growth retardation in children with steroid-sensitive
nephrotic syndrome. J Clin Exp Nephrol. 2019;4(2):06-13.

15. Mushtag T, Ahmed S.The impact of corticosteroids on growth and bone
health. Arch Dis Child. 2002;87(2):93-6.

16. Njugunah E. Prevalence of stunting in patients on treatment for nephrotic
syndrome at the Kenyatta National. Hospital Renal clinic: University of Nai-
robi, Kenya; 2012.

17. Solarin AU, Adekunle MO, Olutekunbi OA, Lamina OM, Aremu OE, Animasa-
hun AB, et al. Nutritional assessment of children with nephrotic syndrome
in a tertiary institution: a case controlled study: nutritional assessment in
children with nephrotic syndrome. Trop J Nephrol. 2018;13(2):97-103.

18. lllalu S, Venkatareddy VS, Fattepur SR. Study of prevalence of vitamin D
deficiency in nephrotic syndrome. Int J Contemp Pediatr. 2019;6(2):288-94.

19.  De Onis M, Branca F. Childhood stunting: a global perspective. Matern Child
Nutr. 2016;12:12-26.

20. Soliman A, De SanctisV, Alaaraj N, Ahmed S, Alyafei F, Hamed N et al. Early
and long-term consequences of nutritional stunting: from childhood to
adulthood. Acta Bio Medica: Atenei Parmensis. 2021;92(1).

21. Wang X, Ji X. Sample size estimation in clinical research: from randomized
controlled trials to observational studies. Chest. 2020;158(1):512-20.

22. Woolson RF, Bean JA, Rojas PB. Sample size for case-control studies using
Cochran’s statistic. Biometrics. 1986:927-32.

23, Charts WG, WHO growth charts. Diettitians of Canada Web Site Available
online: https://www.dietitians.ca/Dietitians-Views/Prenatal-and-Infant/W
HO-Growth-Charts/WHO-Growth-Charts-Set-1.aspx Updated March 2014
(accessed on 1 May 2018). 2014.

24.  Flynn JT, Kaelber DC, Baker-Smith CM, Blowey D, Carroll AE, Daniels SR, et
al. Clinical practice guideline for screening and management of high blood
pressure in children and adolescents. Pediatrics. 2017;140(3).

25. StmegiV, Haszon |, Bereczki C, Papp F, Turi S. Long-term follow-up after
cyclophosphamide and cyclosporine-A therapy in steroid-dependent and-
resistant nephrotic syndrome. Pediatric Nephrology. 2008;23:1085-92.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


http://hdl.handle.net/10570/11174
https://www.dietitians.ca/Dietitians-Views/Prenatal-and-Infant/WHO-Growth-Charts/WHO-Growth-Charts-Set-1.aspx
https://www.dietitians.ca/Dietitians-Views/Prenatal-and-Infant/WHO-Growth-Charts/WHO-Growth-Charts-Set-1.aspx

	﻿Prevalence and predictors of stunting in children and adolescents aged 1-18 years with nephrotic syndrome attending Mulago Hospital, Uganda
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design setting
	﻿Study participants
	﻿Sample size calculation
	﻿Study measurements
	﻿Anthropometry
	﻿Tanner staging
	﻿Sphygmomanometry
	﻿Blood tests
	﻿Urinalysis


	﻿Statistical analysis
	﻿Results
	﻿Enrolment
	﻿Prevalence of stunting among children and adolescents with nephrotic syndrome
	﻿Factors associated with stunting among children and adolescents with nephrotic syndrome

	﻿Discussion
	﻿Study strengths and limitations

	﻿Conclusions
	﻿References


