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CASE REPORT

Steroid-induced diabetic
ketoacidosis in a 14-year-old boy
with steroid-sensitive nephrotic
syndrome: Case report and

literature review.

Abstract: In this report, we de-
scribed the case of a 14-year-old
boy with steroid-sensitive
nephrotic syndrome who devel-
oped hyperglycaemia and ulti-
mately, diabetic ketoacidosis,
following high-dose steroid ther-
apy for a primary renal disease.
The nephrotic syndrome was di-
agnosed based on generalized
oedema, massive proteinuria,
hypoalbuminaemia and hypercho-
lesterolaemia. Serum creatinine
and random blood glucose levels
were normal and there was no
glycosuria. He was commenced
on high dose prednisolone 40 mg
12 hourly and by the "8day on
prednisolone, he achieved remis-
sion and was discharged. How-
ever, four weeks later, he devel-
oped features of diabetic ketoaci-
dosis (DKA) which was con-
firmed by the presence of hyper-
glycaemia (random blood glu-
cosel9.4 mmol/L), acidosis
(serum bicarbonate 10 mmol/L)
and ketonuria (2+). The DKA was

managed with intravenous fluid
(0.9% sodium chloride), continu-
ous insulin infusion and antibiot-
ics. After resolution of the DKA,
he was switched to subcutaneous
soluble insulin and thereafter, pre-
mixed insulin twice daily with a
reduction in the dose of predniso-
lone and was discharged home
after 30 days on admission. Blood
glucose level has remained within
normal range one year after dis-
continuing insulin and he is still in
remission with regard to the
nephrotic syndrome at follow up.
Conclusion: The risk of diabetic
ketoacidosis should be considered
in the course of steroid therapy for
nephrotic syndrome. To avoid
missing of cases of steroid-induced
diabetes mellitus, and ultimately
DKA, both fasting and postpran-
dial blood glucose values should
be monitored.

Key words: Adolescence, diabe-
tes, ketoacidosis, nephrotic
syndrome, steroid therapy.

Introduction

Systemically-administered steroids are effectiva f

Steroid-induced hyperglycaemia and the resultamt- ne
onset diabetes mellitus (NODM) have been variously

reported. For instance, in the United Kingdom atitk

treating nephrotic syndrome but they can cause rhype USA (New Jersey Medicaid) the odd ratios for dee
glycaemia. The mechanisms by which steroids causeelopment of NODM were 1.36 and 2.23 respectifgly

hyperglycaemia are multifactorial but the predomina

In a prospective study of patients without diabdiat

one is reduced insulin sensitivity. Other purportedwith primary renal disease who were treated wién-s
mechanisms include increased hepatic gluconeogenesoid, 42% were found to have 2-hour postprandiabdl

and impaired peripheral utilization of glucés&he di-
agnosis of steroid-induced diabetes mellitus (SID#M)
based on the presence of either a fasting bloocbgé
level of 7.0 mmol/L (126 mg/dl) or greater or adam

glucose greater than 200 mg/dl but normal fastiogd
glucose valués With regard to the diagnosis of SIDM,
some experts have pointed out that if fasting blgld
cose values 126 mg/dl (7 mmol/L) or greater areduse

blood glucose level of 11.1 mmol/L (200 mg/dl) or for its diagnosis , many cases will be missed How-

greater on at least two separate occadions

Although SIDM is an important clinical problem whic
may warrant hospitalization, it continues to be emdl-
ued in terms of diagnosis, and particularly treatthe

ever, available reports indicate that occurrenceliaf
betic ketoacidosis associated with steroid therapy
raré"®. Recent studies indicate that even short-term
elevations in blood glucose level may be associaitdu
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renal cell damage, suggesting the need for gredten-
tion to be paid to this clinical entity in patientsth a
primary renal disead®

The purpose of this report is to describe the cdsan

adolescent boy with steroid-sensitive nephrotic -syn
drome who developed diabetic ketoacidosis after fou

weeks of steroid therapy.
Case report

A 14-year-old boy presented in the Nephrology Urfit
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within normal range for 12 months now.

Table 1: Summary of laboratory findings at point of admissio
for nephrotic syndrome and diabetic ketoacidosipeetively.
At point of admission for nephrotic syndrome

Variables Results Comments

Proteinuria Positive (4+) aséive proteinuria
Haematuria Negative cémsonance with MCNS
Glycosuria Negative Ne-existing diabetes mellitus

24-hour urine protein 3.4g lsige proteinuria

the Department of Child Health, University of Benin Spot urinary protein-

Teaching Hospital complaining of generalized body

swelling of 5 weeks duration. Physical examinatien
vealed an adolescent boy with facial puffinessatbral

Serum cholesterol 598 mg/dI Hypetesterolaemia
Serum albumin 1.7 g/ dgtbuminaemia
to-creatinine ratio 21.7[500/23] Madkeelevated
Serum creatinine 0.6 mg/dl Nakm

At point of admission for diabetic ketoacidosis

pitting pedal/ankle oedema, scrotal oedema , asaitel  Variables Results Comments

BMI =17.8 kg/rﬁ'. BIOOQ pressure was .130/80 mmHg. Serum sodium 136 mmol/L Withiormal range

H!S sexual maturity rating was appropriate for &ie.  serum potassium 3.9 mmol/L Witharmal range

His urea and electrolyte profile was unremarka®le. Serum bicarbonate 5 mmol/L Seveidasis

clinical diagnosis of nephrotic syndrome was made  Serum chloride 94 mmol/L Withiormal range

laboratory findings confirmed the diagnosis (Tambje  Blood Urea 26 mo/d ithih normal range

. Serum creatinine 1.0 mg/dI Withormal range

He was commenced on oral prednisolone 60 rfigay Urinalysis

(40 mg 12 hourly). He achieved remission eightsday pH 6 Acidic

after the commencement of prednisolone and wassubs élemnes EOS!I!VE §+ g!gﬂigcant kletonuria
; ; ucose ositive 2+  Significant glycosuria

quently discharge home. Four weeks after dischédrge Protein Trace Within normal range

presented in our Children’s Emergency Unit withis h
tory of vomiting, poor appetite, generalized bodyak-

ness, and restlessness. Further history reveadihs
been having polyuria, polydipsia and nocturia foe t
preceding two weeks.
mellitus. The patient was not placed on any othedim

Packed cell volume  48% Withormal range

No family history of diabetes

MCNS= Minimal change nephrotic syndrome

cation other than prednisolone and he was not gn anDiscussion

herbal remedies.

Before commencement of predniso-

lone, the random blood glucose was normal (5.3 thmolIn this patient, the clinical diagnosis of nephrasyn-
|_) and urine was negative for g|ucose and ketomek a drome as well as diabetic ketoacidosis (DKA) wasg no

remained normal until he achieved remission onghe
day of treatment. Physical examination revealed a
severely dehydrated, restless, male adolescepspira-
tory distress (acidotic breathing). The laboratéind-

difficult. In both conditions, their clinical presgtions
as well as laboratory findings were consistent gitich
of the diagnoses. However, some clinical featunehis
patient need consideration. The patient achievedsre

ings were hyperglycaemia (blood glucose 19.4 mmol/sion by the eight day on high-dose prednisolone; su

L), severe acidosis (serum bicarbonate 10 mmodhj
ketonuria 2+; all consistent with diabetic ketoasid
(DKA).

gesting a steroid-sensitive nephrotic syndrome i(rrah
change nephrotic syndrome). This is not surprisie@0

Steroid-induced diabetic ketoacidosis in an -30% of adolescents with nephrotic syndrome has be

adolescent with steroid-sensitive nephrotic syndrom reported to have minimal change disease and remiss

was therefore considered. Other laboratory finsliag
presentation with DKA are summarized in table 1.

could be achieved within 14 ddy$> Absence of gly-
cosuria and the presence of euglycaemia at the dime
diagnosis of nephrotic syndrome indicate that thigept

He was managed with intravenous fluid (09% Sodiumdid not have diabetic mellitus prior to initiatiarf ster-

chloride), continuous insulin infusion and intraves
antibiotics. After resolution of the DKA, he was
switched to subcutaneous soluble insulin and tlierea
premixed insulin 18 units in the morning and nimets
in the evening. He was discharged after 30 dayadsn
mission. A clinical review at follow-up visit rested
that he was still in remission with regard to tleglrotic

oid therapy. Steroid-induced diabetes mellitus lgua
resolves after cessation of steroid use, as exéetpln

this case. The blood glucose values have remained
within normal limits with absence of glycosuria, 12
months after stoppage of insulin therapy. Thisifigds

not surprising as it is consistent with the repafrtan
earlier study. Whether or not the steroid-induced diabe-

syndrome and his blood glucose values have remainetes mellitus experienced by this patient is a nafee

within normal range with no proteinuria or glycasur

the onset of diabetes mellitus in adulthood is kmmtwn

He has been off prednisolone for 18 months now andVith certainty. In that regard, we plan to followrhup

last urinalysis revealed no proteinuria. His insulas

to full adulthood. Although a high body mass index

discontinued and the blood glucose was checkedyever(BMI) has been reported as a risk factor for steroi

month for six months initially, and thereafter, pve

induced diabetes, the BMI of the index patient was

three months. The blood glucose values have remhaineWithin normal limitg, suggesting that other unidentified

risk factors might be involved. Although simultanso
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onset of steroid-sensitive nephrotic syndrome gpd i with ketoacidosis. The occurrence DKA might be
diabetes has been reported, it is rare and thmastil  related to steroid-induced insulin resistance,vatitn
frequency is one case in every 3,300,000 inhalsitant  of lipolysis in the periphery and ketogenesis.
risk2 In their report, polyuria, polydipsia, hyperglyeae
mia, ketonuria and glycosuria occurred three wesdics A review of the literature revealed that controiess
commencement of prednisolone. Two months lateir, the still exist mainly with regard to treatment of stigl
patient while on insulin relapsed with diabetic daati- induced new-onset diabetes mellitus (SINODM). lirsul
dosis following an upper respiratory tract infeatidn administration is the mainstay of therapy of SINODM
contrast, our patient have not relapsed despifgpatge  In general, two approaches have been suggestedhgith
of insulin administration for 12 months, suggestthgt  first, focusing on prandial insulin therapy and tez-
the ketoacidosis was steroid-therapy induced amstga ond, on basal insulin therapy. The prandial insthier-
the simultaneous co-existence of steroid-sensitiveapy approach is based on the observation thatamitie
nephrotic syndrome and type 1 diabetes. daily dose of steroid, fasting blood glucose gpécally
normal but rise steadily after breakfast and tluech,
The results of the fasting and postprandial bloodase  declining towards normal overnight. This rise inadse
values in our patient need consideration. Eighsdster  level throughout the day is believed to be adente
the commencement of prednisolone, urinalysis reeeal of a specific defect in postprandial insulin seoret
glycosuria with random blood glucose of 14.2 mmol/L which should be amenable to prandial insulin therap
The fasting blood glucose was 6.5 mmol/L the nextConcerning the basal insulin therapy approach,eClor
morning. This discrepancy between the random asid fa et af recommended the use of NPH for patients on pred-
ing blood glucose values is not surprising as @assis-  nisolone based on the pharmacokinetics of thisister
tent with the observation in other studies. Fotanse, = The recommended dose in basal insulin therapy ap-
in a prospective study of patients without diabdies  proach is 0.4 U/kg. However, it should be noted this
with primary renal disease who were treated widr-st recommendation is not based on randomized triad, an
oid, 42% were found to have 2-hour postprandiab®lo so, there is no clear cut recommendation on inguén-
glucose greater than 11.1 mmol/L (200 mg/dl) but no agement of SINODM. Therapy should, therefore, be
mal fasting blood glucose valfeg\ similar observation individualized. The index case was managed with th
was reported by lwamoto et*3lamong patients with standard protocol for the treatment of diabetio&et-
neurological diseases treated with steroid. Thacall dosis and then switched to twice daily premixetb(s
implication for the diagnosis of steroid-inducedfiBtes  acting plus intermediate acting)insulin after tagon
mellitus is that if fasting blood glucose values 10 of DKA, The insulin therapy has been discontinued
mmol/L (126 mg/dl) or greater is used as the omitee = about 12 months ago and blood glucose values have
ria for its diagnosis, many cases will be midséd pa- remained with normal limits, representing a furtbei-
tients with primary renal disease on high-doseosller dence that steroid-induced diabetes mellitus resolv
therapy, both the random and fasting blood glua@de  with discontinuation of steroid administration (st
ues should be monitored to avoid missing the disigno therapy was discontinued 18 months ago). Therenis n
of steroid-induced diabetes mellitus. In this relgain recurrence of DKA.
one of the studies in Japan, it was specificallyone-
mended that the monitoring of blood glucose vatues
hours after lunch should be performed in all pasien
high-dose steroid therapy because of the six sampli Conclusion
points, the highest value was obtained two houtsr af
lunch'®. They further stated that fasting blood glucoseln conclusion, in adolescents with steroid-sensitiv
values did not contribute to detecting steroid-wetl  nephrotic syndrome, the risk of steroid-induceddia
diabetes mellitus. ketoacidosis should be considered in the courssenf
oid therapy. Both fasting and postprandial bloastgke
This patient presented in our Children’s Emergencyvalues should be monitored to prevent missing sésa
Unit with diabetic ketoacidosis. As reported in eith of steroid-induced diabetes mellitus and ultimately
studies, it is uncommon for patients with steraidticed  DKA.
diabetes mellitus to present with ketoacidbsir in-
stance, none of the 25 patients on high-dose dténer- | Conflict of Interest: None
apy reported by lwamoto etain their study presented |Funding: None
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