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Unusual clinical course

Steroids are used as anti-inflammatory agents, administered for a variety of medical conditions, either as short-
or long-term treatment. Steroid use is associated with many adverse effects, including hyperglycemia, but keto-
acidosis is rare.

We present the case of a 53-year-old woman who developed diabetic ketoacidosis after administration of meth-
ylprednisolone during treatment of immune thrombocytopenic purpura. She did not have diabetes or a family
history of diabetes. Steroid-induced hyperglycemia with insulin resistance, lipolysis, and ketogenesis occurred
and were likely to have precipitated the ketoacidosis. Blood glucose, blood gases, and urine test results were
diagnostic for ketoacidosis.

The risk of ketoacidosis and hyperglycemia should be considered in the course of steroid therapy, even with-
out a diagnosis of diabetes, especially in patients who have risk factors for diabetes mellitus including obesity
and long-term use of steroids, so that early identification of diabetic ketoacidosis can prevent further morbid-
ity and mortality in chronic patients.

Diabetic Ketoacidosis ¢ Glucocorticoids * Hyperglycemia ¢ Purpura, Thrombocytopenic, Idiopathic ¢
Steroids
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Background

Steroids are considered the main treatment for many inflam-
matory, immunologic, allergic, and malignant diseases, and
they have numerous adverse effects on many organ systems,
ranging from mild (e.g., skin thinning and weight gain) to seri-
ous life-threatening conditions (e.g., serious infection, diabetes
ketoacidosis [DKA]). A major adverse effect is hyperglycemia,
which can worsen pre-existing diabetes or precipitate new di-
abetes (steroid-induced diabetes) [1, 2] through multifactorial
mechanisms, including increased levels of hepatic glucocorti-
coids, alteration of receptor function, glucose uptake inhibi-
tion in adipose tissue, and abnormal carbohydrate metabo-
lism, which lead to insulin resistance [1-4]. Steroid-induced
diabetes has been reported to occur in 1.5-27% of these pa-
tients. The huge variation in incidence may be due to differ-
ences in the studied populations, dose, and duration of steroid
use, and even the diabetes definition used [5-7]. The diabe-
togenic effect of steroids is usually affected by dose-volume,
duration of therapy, structure, and type of preparation [8,9],
older age (>65 years), high HbAlc (»6.0%), and low eGFR
(<40 ml/min/1.73 m?) [10]. Longer steroids use (usually more
than 21 days at a dose equivalent to > 20 mg of prednisolone
per day) increases risk of adverse effects, and patients with
short-term use of steroids usually have no adverse effects or
have only mild adverse effects [11].

Diabetes ketoacidosis (DKA) is an acute complication of hyper-
glycemia, with high rates of morbidity and mortality. It is typ-
ically characterized by serum glucose > 250 mg/dL, PH <7.3,
serum bicarbonate (HCO3) level <18 mEq/L, and elevated se-
rum ketone level (ketonemia) and in urine (ketonuria), elevat-
ed anion gap »10, and dehydration [12,13]. It is commonly as-
sociated with type 1 diabetes mellitus (TIDM) and it is less
common in type 2 diabetes mellitus (T2DM). It is more like-
ly to affect people with T2DM who are experiencing extreme
stress conditions like serious infection, myocardial infarctions,
trauma, or other emergencies, as well as those taking medica-
tions like atypical antipsychotics, glucagon, and steroids [12].
To the best of our knowledge, there are few reported cases of
steroid-induced DKA [14], and the present case report is in-
tended to fill this gap in the literature and to improve under-
standing and management of this condition.

Immune thrombocytopenia (ITP) is an acquired autoimmune
disorder characterized by immune-mediated destruction of
platelets in asymptomatic adults. It typically presents with
isolated new-onset thrombocytopenia. It is defined as plate-
let count <100x10%/L due to destruction of platelets and in
the absence of other causes of thrombocytopenia. There are 2
types — primary (accounting for 80% of cases) without underly-
ing causes, and secondary. Diagnosis of ITP is made only after
other causes of thrombocytopenia are ruled out. There are no
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specific tests for ITP, and bone marrow biopsy sometimes pro-
vides only limited information [15]. Hyperthyroidism has been
reported among some patients with ITP (8-14%) [16,17], and
few cases have been reported as associated with TIDM [16,17]
with co-existing systemic autoimmune disease. In a study of
elderly ITP patients (age >60 years), 22.2% (P 0.61) were dia-
batic [18]. First-line therapies are corticosteroids (e.g., meth-
ylprednisolone 30 mg/kg/day IV for 5-7 days). Up to 85% of
patients respond within 5 days, and maintenance oral corti-
costeroids are required [19], along with IV immunoglobulins
(IVIG) 1 g/kg/day IV for 1-2 days [20]. There is a report of 10
patients with adverse events who had received multiple cycles
of pulsed high-dose dexamethasone (as first-line alternative
therapy for initial management of ITP), with severe vomiting,
transient hypertension, and steroid-induced diabetes [21] and
43.8% had to discontinue the steroid as ITP management due
to adverse effects [20]. We know of no case report of steroid-
induced DKA in ITP patients.

Case Report

A 53-year-old woman with immune thrombocytopenia (ITP)
presented to our Emergency Department with gum bleeding
occurring over the past 5 days. She had been discharged from
the hospital 3 months ago after ITP flare on prednisolone ta-
pering dose, but she discontinued the medication 1 month ago
due to oral thrush. This time she presented to us with insidi-
ous minimal self-limiting gum bleeding and epistaxis for the
last 5 days. She also described gradually progressive polyuria,
mainly nocturia, and polydipsia for 1 month. She reported she
had gained about 3 kg body weight in the last 3 months. She
reported no melena, vomiting, cough, headache, change in lev-
el of consciousness, dizziness, chest pain, ecchymosis, local-
ized weakness, fits, or hematuria/dysuria, and had no histo-
ry of trauma or falling.

Past medical and drug history: ITP has been diagnosed 11
months ago in our hospital after we excluded all other possible
causes. She had been admitted 2 times before, and this time
she was admitted with active-controlled bleeding with severe
thrombocytopenia. The last admission 3 months back was sim-
ilar to the present admission, with a platelet count of 12x10°/L.
Initial steroids was given and she was discharged on 4th day
with platelet count 25x10°/L and no complications during the
hospital coarse; 2 readings of RBS were within normal limit,
but HbAlc not done at that time. The discharge medication
was a tapering dose of prednisolone over 6 weeks and con-
tinue with a low dose until the next visit in 12 weeks, but she
stopped taking this 5 weeks before the presentation because
she had oral thrush and she missed the follow-up in the he-
matology clinic. She was not taking any medication for the last
4 weeks. She was not known to have diabetes, hypertension,
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Platelet count through hospital course

Figure 1. Platelet count results according to the
hospital course.

80
70

69

60 52

P

o

50

31 o~
0 ——
30

Platelet count

20 1.9/

10— el
0 —e—

Admission/  Day 1/DKA  Day2/ICU Day3/DKA  Day4 Day 5
methylprednisolone resolved
started

Day 6
discharged

or cardiac disease. She gave a history of check-up visits at an
eye clinic 6 months ago, at which a full eye examination includ-
ing fundoscopy was done and showed no evidence of acute
or chronic problems (no retinopathy).

Family History: No significant family history of diabetes.

In the ER, she was fully conscious, oriented, not distressed, and
appeared dehydrated. Her BMI was 35 kg/m?, with blood pres-
sure 129/64 mmHg, pulse 110 beat/minute, respiration rate
22 rates/min, 02 saturation 95% on ambient air, and temper-
ature 36.9°C. Her oral cavity was moist, with no signs of ac-
tive oozing, bleeding, or thrush. The chest was clear with equal
air entry bilaterally. The abdomen was soft, lax, and without
tenderness. No edema, swelling, redness, or tenderness were
noted in the lower limbs.

Her laboratory data at that time were: WBCs 9x10°/L, Hb
12.6 g/L, platelets 1x10°/L, peripheral blood film showed sever
thrombocytopenia, INR 1.05, PT 12 Secs, aPTT 30.2 Secs, Sodium
135 mmol/L, potassium 4.2 mmol/L, chloride 92 mmol/L, cal-
cium 8.9 mg/dL, RBS 551 mg/dL, phosphorus 4.5 mg/dL, mag-
nesium 1.65 mg/dL, creatinine 1.26 mg/dL, urea 34.24 mg/dL,
uric acid 6.1 mg/dL, total bilirubin 0.5 mg/dL, direct bilirubin
0.32 mg/dL, albumin 3.7 g/dL, AST 17 U/L, ALT 6 U/L, pH 7.48,
pCO2 35, and HCO3 26.5. Urine analysis showed the following:
glucose ++++, ketones +, and pus cells 2-5. The lipid profile
was: cholesterol 158 mg/dL, HDL 36 mg/dL, LDL 98 mg/dL, tri-
glyceride 118 mg/dL, and HbA1c 14.7. The thyroid profile was:
TSH 0.21 mU/L, FT4 14.6 mU/L, FT3 3.24 mU/L, HBV NON-React,
HCV NON-React, and HIV NON-React. An ECG showed sinus
tachycardia, normal axis deviation, and no ischemic changes.
A CT brain was normal study.

She was admitted to the regular ward as a case of ITP flare with
newly diagnosed of T2DM, and a plan for glucocorticoids, IVIG,
and platelets transfusion for the ITP and insulin basal and slid-
ing scale subcutaneous based on RBS reading for the diabetes.
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She received a total of 6 units of platelets transfusion, IV im-
munoglobulin (IVIG), and methylprednisolone 1 g IV daily for
5 days.

On day 1 she was evaluated by the primary team and was
found to be anxious, vomiting, experiencing abdominal pain,
confused, and looking ill. A random blood sugar was 465 mg/dL
and venous blood gas was pH 7.26, pCO2 16, and HCO3 7.2.
The platelet count was 7x10°/L. Troponin was normal and an
ECG showed sinus tachycardia. A CT brain was repeated and
showed no evidence of bleeding. Up to this time she had re-
ceived the first dose of methylprednisolone. The Endocrine
Team was consulted, and bolus IV fluids were started. Urine
analysis showed glucose ++++ and ketones ++. In 1-hour the
VBG was repeated, showing pH 7.1, HC3 3.2, anion gap (AG)
27, and RBS 570. The DKA hospital protocol was initiated and
the patient was moved to the ICU.

On day 3, while she was in the ICU, she was found to be clini-
cally stable, with improved conscious level and no active prob-
lems. She had pH 7.31, pCO2 31.5, HCO3 16.5, and anion gap
(AG) 10, so her DKA was resolved and she was moved back to
the ward. Her platelet count was 32x10%/L.

On day 6, she was discharged, as she was clinically improved,
with no more bleeding since admission, and with platelet
count 69x10°%/L (Figure 1) and RBS 185 mg/dL, pH 7.4, pCO2
36, and HCO3 22.7.

The discharge prescription was insulin glargine 26 units sub-
cutaneous once daily, insulin glulisine 12 units subcutane-
ous 3 times before meals, and metformin 500 mg TID to start
with 500 mg daily for the first week and increase weekly to
reach 1.5 gm once a day. She was followed up by Hematology,
Endocrine, and the Diabetes Center.

The patient was on close follow-up with the endocrinologist,
and was evaluated 3 months after discharge. At that time,
she was clinically stable, with improved general condition. Her
platelet count was 132x10°%/L and HbA1lc was 9.3, although

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]



she was not strictly compliant with her medication. She was
on the same management plan, but with more intense life-
style modification and continued close follow-up. At 6-month
post-discharge follow-up, the patient stated she had improved
adherence to medication, with better glucose readings at
home, weight reduction of 6 kg, and new BMI=27 kg/m? and
HbA1c=6.9. A new plan was made to hold the insulin regimen
and to continue metformin. During this time the patient was
stable, with no active bleeding, no steroids, and no hospital
admission, with baseline platelet count 100x10°/L.

Discussion

We present the case of a 53-year-old woman who present-
ed with persistent primary ITP that probably developed 3-12
months before diagnosis. She responded to therapy, with no
bleeding and platelet count >30x10°/L. She had at least dou-
bling of baseline platelet count measured on 2 occasions >7
days [15] and no evidence of previous history of chronic di-
abetes before using the steroids, as she was asymptomatic
2 months ago), and 2 readings of RBS within normal range
(3 months ago). The eye examination results were normal
(6 months ago). The absence of retinopathy in such a patient
with steroid-induced diabetes suggests there had not been long
periods of hyperglycemia [22]. Unfortunately, there were no
previous HbA1c results for this patient for comparison, which
could be considered a limitation. Steroid-induced hyperglyce-
mia is common in diabetic and non-diabetic patients. More
and more reported cases of steroid-induced diabetes have
odds ratios of 1.5-2.5, and this ratio can reach 10.34, with a
hydrocortisone equivalent of > 120 mg/day. High dosage and
longer duration of steroids are strong predictors of diabetes.
Also, other risk factors should be considered, such as age, over-
weight, and sedentary lifestyle [23]. The occurrence of DKA af-
ter receiving steroids therapy is less common.

The effects of systemic steroids on glucose metabolism are
multifactorial and still not completely understood. The main
mechanisms include increased glucose production via hepatic
gluconeogenesis and glycogenolysis, and more insulin resistance
by reducing peripheral uptake at adipose and muscle level via
inhibition of GLUT4 translocation [24,25]. The acute effects of
steroids are more distinct on glucose tolerance than is long-
term use, and there is more risk of acute events of hypergly-
cemia like DKA [25]. Also, the pre-exposure status of patients
with impaired glucose tolerance, especially those with high-
risk factors of diabetes, is more pronounced to new-onset ste-
roid-induced diabetes in such patients [3].
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Our patient had been on low-dose corticosteroid therapy as
she was persistently ITP. During those times she developed
steroid adverse effects (oral thrush, most likely candida in-
fection) and stopped taking the medication. She started to
have symptoms of hyperglycemia and was incidentally dis-
covered in the ER to have diabetes with acute ITP. She was
stable and non-critical, with uncontrolled hyperglycemia, so
she was started on basal and sliding-scale insulin. Although
she received a single dose of pulsed steroids, she developed
acute DKA. Symptoms of hyperglycemia and elevated HbA1lc
means that the patient had previously experienced long peri-
ods of hyperglycemia for at least 3 months. Although she did
not have a significant family history of diabetes, confounding
factors of obesity, genetics, and environmental factors may
have played a role, along with the previous long-term use of
steroids at her initial presentation of diabetes, which might
have been triggered by the steroid therapy.

Poor pre-discharge counseling about possible adverse effects
of steroids in a patient receiving steroids for the first time, in
addition to poor follow-up from the primary physician while
a patient is on long-term steroids as an outpatient, are im-
portant factors that contribute to adverse effects of steroids,
demonstrating the need for more patient-centered care. Early
detection and rapid intense management are crucial in acute
DKA, especially in such a patient who needs close observa-
tion, as the rapid deterioration in this case happened in a mat-
ter of hours to days.

Conclusions

Steroids-induced hyperglycemia is quite common. Our case
report emphasizes that DKA can be triggered by steroid ther-
apy and extra attention is needed when steroids are initiated
for ITP or chronic disorders. Patients with high-risk factors of
diabetes, including obesity, family history of diabetes, chron-
ic use of steroids, prediabetes, and other factors, should be
even more concerning. Early detection and treatment can pre-
vent further morbidity and mortality due to DKA.
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