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ABSTRACT
Introduction: Corticosteroid induced diabetes mellitus (DM) is a well-recognized
complication in SLE patients receiving corticosteroids with a prevalence of 12.6% to 25.9%.
Methods: Cross-sectional study involving SLE patients attending outpatient clinics between
February and July 2014 who developed DM after treatment with corticosteroids. Their
demographic data, prescription and laboratory investigations were collated and medical
records reviewed. Results: 228 patients (207 female, 21 male), aged 40.48 ± 12.86 years with
SLE duration of 11.65 ± 6.46 years were recruited. Majority (87%) had lupus nephritis. Their
mean BMI was 25.03 ± 5.36 kg/m2. Twenty six (11.4%) patients aged 50.12 ± 11.84 years
had corticosteroid induced DM. Their SLE vintage and BMI were 14.38 ± 6.49 years and
22.07 ± 3.24 kg/m2 respectively. All patients received corticosteroid (7.92 ± 4.83 years) prior
to development of DM, with a prednisolone dose of 15.00 ± 9.87 mg/day at diagnosis. Their
duration of corticosteroid induced DM was 7.31 ± 6.46 years with HbA1c of 7.19 ± 1.95%.
We found diabetics to be older, obese and hypertensive. On multivariate analysis, the main
risk factors for corticosteroid induced DM were older age and higher BMI. Conclusion:
Corticosteroid induced DM is a common complication in SLE patients receiving
corticosteroids.
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into the study after informed consent. The
screening and enrolling period was from February
2014 to July 2014. This study was approved by the
Universiti Kebangsaan Malaysia Medical Centre
Ethics & Research Committee (FF-2014-050).

INTRODUCTION
Systemic Lupus Erythematosus (SLE) is an
autoimmune, connective tissue disease of unknown
aetiology that is characterized by heterogeneous
clinical and laboratory features.[1] SLE can affect
multiple organs and prognosis depends on the
organs involved and severity of disease. The
prevalence of SLE in Malaysia has been reported to
be 43/100,000 population.[2,3]

SLE patients are reviewed routinely every 3 to 4
months at our instituition unless clinical status
requires more frequent visits and those in long term
remission are reviewed on a six monthly basis. At
each visit, the patients’ urine is tested for glucose,
protein and blood. Fasting blood glucose is
routinely checked at every outpatient clinic visit.
All patients who consented were given two
questionnaires. The screening questionnaire was
used to collect demographic data and to screen for
patients who developed DM after treatment with
corticosteroids. Medical records of patients with
DM (either from the questionnaire or laboratory
investigations), was reviewed to gather more data
on DM. The information obtained included the
onset of DM (before or after diagnosis of SLE),
how DM was diagnosed, family history of DM and
compliance to medication. Clinical data such as
dose and duration of steroid at the time DM was
diagnosed, treatment received and complications of
DM were also collected. We also collected data on
concurrent use of hydroxychloroquine and other
immunosuppressive
medications
such
as
cyclosporine A, tacrolimus and mycophenolate
mofetil.

Corticosteroids are the mainstay of treatment in
SLE and dosage varies with the severity of SLE
and organ involved. Corticosteroids decrease proinflammatory cytokine synthesis and T-cell
function, thereby controlling inflammation and
lupus activity.[4,5] However, despite their benefits,
administration of corticosteroids may increase the
serum glucose in a patient without previously
diagnosed glucose intolerance as well as in those
who have impaired glucose tolerance or diabetes
mellitus (DM).[6] Other adverse effects of
corticosteroids include obesity and hypertension.
These together with corticosteroid induced DM can
increase the risk of SLE patients developing
premature coronary artery disease in addition to the
chronic inflammation cause by SLE. [7,8]
Although the mechanisms behind corticosteroid
induced DM are unclear, increased hepatic
gluconeogenesis, inhibition of glucose uptake and
metabolism in peripheral tissues and altered insulin
action have been postulated.[9] Furthermore,
approximately 30% of patients with SLE develop a
second or third autoimmune condition like DM.
[10] DM is highly prevalent in Malaysian adults
with a prevalence of 15.2% and has been projected
to rise to 21.6% by 2020.[11] Similarly, the
worldwide prevalence of DM is also increasing.

Definition of Diabetes Mellitus: The diagnosis of
DM was based on the 2010 American Diabetes
Association's criteria whereby DM is defined by a
fasting plasma glucose of ≥ 7 mmol/L or two hours
post prandial glucose of ≥ 11.1 mmol/L, or current
use of anti-diabetic agents. [16] Corticosteroid
induced DM was defined as a fasting glucose
concentration ≥ 7.0 mmol/l or a random glucose
concentration ≥ 11.1 mmol/l on two occasions after
treatment with high dose corticosteroids
(prednisolone ≥ 30mg/day for two weeks or more
than two weeks regardless the dose). [16]

The prevalence of corticosteroid induced DM has
been reported to be between 12.6 to 25.9% and
varies on the patient population and treatment
protocols.[12,13] Most of the reported data comes
from transplant patients.[14,15] Corticosteroid
induced DM after transplantation is associated with
adverse outcomes on organ survival and patient
morbidity.[16] We therefore wanted to review the
prevalence of corticosteroid induced DM in our
SLE patients and the risk factors associated with it.

Statistical analysis: Data was analyzed using the
SPSS version 22.0 (SPSS Inc, Chicago, IL, USA).
All data was tested for normality. Normally
distributed numerical data are expressed as mean ±
standard deviation. Non-normally distributed data
are reported as median with interquartile range
(IQR).

MATERIALS AND METHODS
We used chi–square test to compare between
categorical variables between those with and
without corticosteroid induced DM and Student’s t
test to compare continuous variables. We used
logistic regression analysis to find the independent
predictors of corticosteroid induced DM.

Patients: This was a cross sectional study
involving all SLE patients attending the nephrology
clinic at Universiti Kebangsaan Malaysia Medical
Centre. All SLE patients who received treatment
with corticosteroids were screened and recruited
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In all tests, a p-value < 0.05 was considered
significant. To power the study at 90%, our
calculated sample size was 220 patients.

cells which secrete insulin reduce, but also the beta
cell vitality decreases thereby, resulting in lower
insulin secretion and predisposing them to
DM.[20]

RESULTS
In the general population obesity is a wellrecognised risk factor for the development of DM
and studies have shown that the threshold BMI for
Asians to develop DM is lower than their
Caucasian counterparts. We found our patients with
corticosteroid induced DM had a higher BMI and
studies in post-transplant patients have shown the
association between obesity and corticosteroid
induced DM .[21-23] It is believed that adiponectin
reduces with increasing adiposity and new onset of
DM after transplantation has been associated with
reduced adiponectin.[24] It is difficult to conclude
whether the higher BMI was due to the effects of
the corticosteroids or whether these patients were
just obese and would have eventually developed
DM and the use of corticosteroids hastened the
process of them developing DM. However,
Simmons et al believe otherwise, and suggested
that corticosteroids primarily precipitate diabetes in
a group of individuals that otherwise have less risk
factors for diabetes.[25]

We enrolled a total 228 patients and their
demographics and clinical characteristics are
shown in Table 1. Twenty six patients (11.4%)
with SLE were diagnosed with corticosteroid
induced DM. Table 2 shows the comparison
between those with and without corticosteroid
induced DM. We found that the patients with
corticosteroid induced DM were older with a
higher BMI. They also had higher systolic blood
pressure. The patients with corticosteroid induced
DM had higher complement levels. Table 3 shows
the demographic and laboratory characteristics of
patients with corticosteroid induced DM. Eight
patients developed complications of DM such as
diabetic nephropathy, diabetic retinopathy, stroke,
peripheral neuropathy and cranial nerve palsy. The
patients with corticosteroid induced DM had high
serum lipid profile.
Of the 26 patients who developed corticosteroid
induced DM, 12 were either treated previously or
were on a calcineurin inhibitor (CNI) at the time of
developing corticosteroid induced DM. However,
when we compared those treated with and without
CNI, we found no significant risk of developing
corticosteroid induced DM with CNI use.

The development of corticosteroid induced DM in
SLE patients has been associated with dose and
duration of corticosteroids at the time of diagnosis
and family history of diabetes. [13, 26-28] A
higher dose and a longer duration of corticosteroids
were important factors in contributing to
corticosteroid
induced
DM
among SLE
patients.[13] Our patients developed corticosteroid
induced DM at a higher doses (8.7 ± 4.7 mg/day)
compared to Ha et al, (6.0 ± 6.3 mg/day), who
demonstrated Koreans were receiving a lower dose
of steroids at diagnosis of DM.[12] Furthermore,
our patients had been on a longer duration of
corticosteroids by the time they developed
corticosteroid induced DM compared to Ha et
al.[12] The exact mechanism of how
corticosteroids raise blood glucose levels has not
yet been identified. However, it is believed that
corticosteroid increase hepatic gluconeogenesis,
reduced the peripheral glucose utilization and alter
the functions of insulin receptor and post receptor.
[29] Corticosteroids increase insulin resistance by
directly interfering with glucose transporter type 4
in the muscle cells. [30] 30

DISCUSSION AND CONCLUSION
Our prevalence of corticosteroid induced DM was
similar to the reported literature whereby Kim et al
reported a prevalence of 12.6% and Yeganeh et al
reported a higher prevalence of 25.9%. [13,17]
Both these studies reported in Asian patients who
have a higher risk of developing DM compared to
their Caucasian counterparts. We believe the reason
for the slightly lower prevalence in our patients is
the relatively lower doses of corticosteroid used at
our institution for the treatment of lupus nephritis.
Risk factors associated with corticosteroid induced
DM include cumulative dose and duration of
steroids, ethnicity, older age, high BMI and the use
of CNI especially tacrolimus. [13, 17,18] Our study
revealed that the development of corticosteroid
induced DM was significantly associated with
older age and consistent with other studies in both
SLE and post-transplant patients.[12-15,19] The
mean age of our SLE patients that developed
corticosteroid induced DM was 50.15 ± 11.84 years
and more or less consistent with Yeganeh et al
where their mean age was 47.00 ± 13.7 years. [17]
As one gets older, not only does the number of beta

Majority of our patients (57.7%) had a family
history of DM. Genetic predisposition and
hereditary factors are important risk factors for
corticosteroid induced DM.[31] Patients with a
family history of DM are at a higher risk of getting
DM and the administration of corticosteroids just
3
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increases their risk of developing DM. Therefore,
extra precautions should be considered when
prescribing corticosteroids to patients at higher risk
of developing DM.

We demonstrated elevated complement 3 and 4 in
our corticosteroid induced DM patients. The role of
complement activation in diabetes has not been
fully explored but there is emerging data
demonstrating elevated complement 3 with insulin
resistance and type 2 DM.[33-35]

Development of corticosteroid induced DM among
SLE patients may increase the possibility of
cardiovascular comorbidity, such as hypertension.
We found that only 19.2% had hypertension.
However, the systolic blood pressure in our
corticosteroid induced DM cohort was significantly
higher than those without DM. This could be
confounded by the fact that the corticosteroid
induced DM patients were older and increasing age
is associated with systolic hypertension. Others
have shown that an elevated systolic blood pressure
is present in almost all individuals with newly
diagnosed diabetes. [32]

In conclusion, corticosteroid induced DM is
common in SLE patients receiving corticosteroids
with older patients and obese patients at highest
risk. Clinicians should be aware and take these
factors into consideration when prescribing
corticosteroids and screen for the development of
corticosteroid induced DM during follow up visits.
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