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Female, 70-year-old

Diabetes mellitus type 2 ¢ pancreatic adenocarcinoma
Hyperglycemia

Insulin ¢ Dexamethasone

Continuous glucose monitoring (CGM)

Endocrinology ¢ Diabetes and Metabolism

Unusual clinical course

Intravenous (IV) dexamethasone is widely used in critical illness, chemotherapy, or severe COVID-19. Although
glucocorticoid-induced hyperglycemia (GCIH) is well-known, there is no report describing the glycemic profile
following a single dose of IV dexamethasone as captured on continuous glucose monitoring (CGM) in a patient
with diabetes treated with insulin.

A 70-year-old woman with diabetes and pancreatic adenocarcinoma was treated with chemotherapy contain-
ing dexamethasone every other week. CGM data of 23 cycles revealed a reproducible triphasic glycemic pat-
tern consisting of a constant hyperglycemia period, followed by a transient improvement, and ending with an-
other hyperglycemic plateau. Given this recurrent pattern, basal insulin and correction insulin were adjusted
with subsequent GCIH attenuation.

This is the first report of CGM glycemic profile following recurring doses of IV dexamethasone in a patient with
diabetes treated with basal-bolus insulin. The understanding of triphasic glycemic pattern allows optimal gly-
cemic management.

Blood Glucose ¢ Continuous Glucose Monitoring ¢ Dexamethasone ¢ Diabetes Mellitus
Glucocorticoids ¢ Hyperglycemia ¢ Insulin

IV - intravenous; GCIH — glucocorticoid-induced hyperglycemia; CGM — continuous glucose monitoring;
ISF — insulin sensitivity factor
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Background

Glucocorticoids are widely used for their anti-inflammatory and
immunosuppressive properties, in addition to their adjuvant
effects in chemotherapy [1]. Dexamethasone, a potent long-
acting glucocorticoid, is also commonly used for critically ill
patients and was recently found to lower the mortality rate of
patients with severe COVID-19 pneumonia [2]. One of the ma-
jor adverse effects of glucocorticoids is hyperglycemia, which
is challenging to manage in patients with diabetes and comor-
bidities. Steroid-induced hyperglycemia is common in patients
treated for cancer, and glycemic control is crucial since hyper-
glycemia worsens morbidity and mortality [3-5]. Numerous ef-
forts have been made to identify the empirically and theoret-
ically optimal regimen for GCIH based on the typical glycemic
profiles [6-10]. However, the actual glucose trending pattern
following 1 dose of IV dexamethasone is unclear [6].

The increased availability of CGM allowed a detailed descrip-
tion of glycemic fluctuations. Several studies investigated hy-
perglycemia following more than 3 days of daily dose dexa-
methasone treatment [11-13], but no report documented the
CGM pattern following a single dose of IV dexamethasone in
a patient with diabetes mellitus (DM) on insulin. We observed
the daily glycemic profiles of a patient with DM and CGM for
23 cycles of biweekly chemotherapy containing 1 dose of IV
dexamethasone for more than 1 year [14]. A reproducible tri-
phasic glycemic pattern was discovered and the insulin regi-
men was tailored accordingly. This finding provides informa-
tion to predict glucose trends and enable optimal glycemic
control for patients requiring IV dexamethasone treatment.

Case Report

The patent was a 70-year-old woman with a 19-year history
of type 2 DM complicated by retinopathy, peripheral neuropa-
thy, coronary artery disease, and metastatic pancreatic adeno-
carcinoma. Her diabetes was previously fairly controlled with
HA1C 7.4% on metformin 1000 mg twice daily, repaglinide 2
mg before meals, pioglitazone 15 mg daily, and long-acting in-
sulin detemir 50 units every 12 h. Upon diagnosis of pancreat-
ic adenocarcinoma metastasis to the lungs and omentum, she
experienced significant weight loss, poor appetite and hypo-
glycemia episodes. Positron emission tomography-computed
tomography (PET-CT) revealed a 2-cm focal uptake in the pan-
creatic body, some ill-defined density on the omentum, sub-
pleural nodules, and multiple pulmonary nodules. The detemir
dose was decreased to 50 units in the AM and 30 units in the
PM, with no more hypoglycemia episodes. Prandial insulin lis-
pro 5 units was added while metformin and repaglinide were
discontinued at the beginning of chemotherapy, which con-
sisted of gemcitabine 2200 mg IV, paclitaxel 220 mg IV, and
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dexamethasone 8 mg IV on every other Wednesday. Freestyle
Libre (Abbott Laboratories) CGM was started and prandial lispro
insulin was increased to 15 units with an additional 2 units for
every 50 mg/dL glucose above the target glucose as a correc-
tion using an insulin sensitivity factor (ISF) of 1: 25. Based on
the CGM reports, a higher insulin regimen was prescribed on
her chemotherapy day, with detemir 50 units in the morning
and 40 units at night, and a correction lispro scale of 3 units
for every 50 mg/dL glucose above 200 mg/dl on the first and
second day following chemotherapy. Her chemotherapy regi-
men was changed to fluorouracil 2700 mg and a higher-dose
IV dexamethasone 12 mg. Subsequent CGM showed a fairly
controlled glucose level on days off steroids, but significant
hyperglycemia following the chemotherapy, despite usage of
a higher-insulin regimen. HA1C level increased to 8.7% with
normal liver function, renal function (creatinine 0.8 mg/dL),
hemoglobin level, and stable body weight.

A closer look at CGM reports revealed a reproducible triphasic
glycemic pattern following IV dexamethasone, consisting of a
steady state of hyperglycemia reached within 3 h and lasting
around 23-35 h until the afternoon of the next day (Figure 1).
Unlike the known postprandial hyperglycemia exacerbation with
steroids, CGM demonstrated steady hyperglycemia unrelated to
meals. A subsequent transient blood glucose (BG) improvement
for 14-21 h was followed by another hyperglycemic plateau of
7-13 h on day 3 after chemotherapy, with less amplitude than
on the first 2 days but a higher glucose level compared to her
usual days. BG gradually trended down back to normal after 3
days (Figure 2). The pattern and amplitude of hyperglycemia
were strikingly similar after different biweekly doses of dexa-
methasone therapy over several months. Given this recurrent
pattern, the bedtime detemir insulin was increased from 30 to
45 units on the chemotherapy day and 40 units on the follow-
ing night. Her correction insulin ISF was increased from 1: 25
to 1: 18 on both days. CGM showed subsequent attenuation
and shortening of GCIH. The timeline of insulin dose adjustment
was correlated with the chemotherapy and HA1C level (Table 1).

Discussion

Glucocorticoids are used to treat a wide range of inflam-
matory disease, critical illnesses, and neoplastic conditions.
Dexamethasone 6 mg IV once daily was also found to lower
mortality in hospitalized COVID-19 patients [2]. One of the com-
mon adverse effects of glucocorticoid is hyperglycemia, which
occurs in 20-50% of patients without a previous history of di-
abetes and 46-100% of diabetic patients due to more severe
beta cell defect and greater impairment of postprandial insulin
release [15-17]. Uncontrolled hyperglycemia is associated with
infection, prolonged length of hospital stays, increased mortality,
chemotoxicity, and poor clinical outcome in malignancies [11].
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Figure 1. The triphasic glycemic pattern following chemotherapy which contained IV Dexamethasone (arrow). (A) Four days CGM

NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

showed a steady state of hyperglycemia reached within 3 h and lasting around 23-35 h, with no association to meal intake,
followed by a transient BG improvement for 14-21 h, and ending with another hyperglycemic plateau of 7-13 h on day 3
after chemotherapy. (B) Average glucose tracing of CGM from 23 cycles showed the average glucose tracing and standard
deviation. (* Normal/low glucose between 2 hyperglycemia phases; ** hyperglycemia plateau shape similar to the baseline.)
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Figure 2. The 10 days CGM glycemia profile of 23 cycles following chemotherapy which contained one dose of IV Dexamethasone
(arrow). It demonstrated a triphasic glycemic pattern gradually returns to baseline after 3 days. (Lighter lines are standard
deviation) (* Normal glucose phase between 2 hyperglycemia phases; ** hyperglycemia plateau shape similar to the

baseline.)

The knowledge of the glycemic pattern of GCIH is crucial to al-
low a tailored insulin regimen. CGM measures interstitial glu-
cose concentration with a short time lag and provides glycemic
profile, especially nocturnal and postprandial glycemia, which
are usually unchecked by standard point-of-care glucose test-
ing. No previous studies have described detailed CGM hyper-
glycemia profiles following 1 dose dexamethasone IV treat-
ment in patients with DM on insulin. We report for the first
time a consistent triphasic glycemic pattern revealed by CGM
following 23 cycles chemotherapy containing dexamethasone.

Risks for GCIH include abdominal adiposity, genetic predispo-
sition to diabetes, age, high body mass index, higher glucocor-
ticoid doses, treatment duration, and systemic inflammation
marked by CRP level [16,18]. The mechanisms of steroid-induced
hyperglycemia were found to be associated with increased
peripheral insulin resistance and hepatic glucose production,
suppressed pancreatic beta cell insulin production, enhanced
glucagon effect, and stimulated protein catabolism generat-
ing amino acids as precursors for gluconeogenesis [15,19]. The
impaired glucose uptake in peripheral tissues, such as a post-
receptor effect of glucose transport and glycogen synthesis in
muscle and adipose tissue, was deemed as the major underly-
ing pathophysiology of glucocorticoid-induced postprandial hy-
perglycemia. The reduction of insulin secretion was observed
at higher doses or with long-acting glucocorticoid due to in-
creased intracellular calcium concentration [20].

Many studies have investigated GCIH management based on the
steroid type, dosage, duration, and severity of hyperglycemia.
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GCIH usually occurs 3-4 h following administration of inter-
mediate-acting glucocorticoid, with a half-life of 12-16 h, such
as prednisone, prednisolone and methylprednisolone, and
peaks at approximately 4-6 h, with typical postprandial glyce-
mic excursions lasting 12-16 h [1,16]. If oral prednisone is ad-
ministered in the morning to mimic the physiological diurnal
rhythm, hyperglycemia, characterized as predominantly post-
prandial, occurs in the afternoon, and gradually wears off at
bedtime, with fasting glucose remaining normal or slightly el-
evated the next morning, similar to the postprandial hyper-
glycemia in Cushing’s syndrome. Therefore, the glucose-low-
ering therapy should target the time after lunch and dinner.
However, the long-acting glucocorticoid, dexamethasone, is
more potent and lasts longer, with hyperglycemia starting in
about 3 h, peaking around 9-10 h, and remitting 48 h after
discontinuation [7].

Our patient’s CGM data showed a reproducible triphasic gly-
cemic pattern following IV dexamethasone, consisting of a
steady state of hyperglycemia reached within 3 h and last-
ing around 23-35 h, followed by a transient BG improvement
for 14-21 h, and ending with another hyperglycemic plateau
of 7-13 h on day 3 after chemotherapy, with no association
to meal intake (Figure 1A). The prolonged hyperglycemia dur-
ing the first 30 h may reflect the persistent insulin resistance
throughout the day rather than only a postprandial defect
[7]. The second hyperglycemia phase is most likely related to
the impaired glucose uptake in peripheral tissues and insulin
secretion related postprandial hyperglycemia shown by the
similar glycemic pattern between day 3 and other days of the
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Table 1. Timeline of the insulin dose adjustment and HA1C level.

Diabetes regimens

Detemir 50 units in AM and 50 units in PM, Metformin 1000 mg twice daily, Repaglinide 2 mg

Date HA1C
Baseline 7.3
before meals, Pioglitazone 15 mg daily
Cancer diagnosed 7.4

Detemir 50 units in AM and 30 units in PM without hypoglycemia episodes. Prandial insulin

lispro 5 units was added. Metformin and Repaglinide were discontinued at the beginning of

chemotherapy

Detemir 50 units in AM and 30 units in PM. Prandial lispro insulin was increased to 15 units
with correction lispro ISF 1: 25. CGM was started

Detemir 50 units in AM and 40 units in PM with correction lispro ISF 1: 18 on the first and
second days following chemotherapy

Detemir 50 units in AM and 45 units in PM on the chemotherapy day and 40 units on the
following night. ISF 1: 18 on both days

3 months after cancer 7.5
diagnosis

6 months after cancer 8.7
diagnosis

10 months after 8.5
cancer diagnosis

ISF — insulin sensitivity factor; CGM — continuous glucose monitoring.

patient’s usual state (Figure 2). The transient improvement
of hypoglycemia between the 2 hyperglycemia phases may
be due to the inhibited endogenous glucocorticoids secretion
along with the dampened dexamethasone effects, with a half-
life of 20-36 h [1] and apparently intentional reduction of car-
bohydrates intake by the patient in response to initial hyper-
glycemia. It indicates a higher risk of nocturnal hypoglycemia
by long-acting basal insulin (Figure 1B). Further investigation
of the underlying mechanism will provide insights for future
management targets.

Management of hyperglycemia in diabetic patients with he-
matologic malignancies during dexamethasone therapy for
3 days (IV 8-12 mg/day or oral 40 mg/day) was studied by
Gosmanov et al [11]. They found that a basal and bolus insu-
lin (BBI) regimen is a more effective and safer approach com-
pared with sliding-scale regular insulin (SSI). Interestingly, the
glycemic trend and outcome were identical in both the IV and
oral groups among the 40 patients, suggesting that high-dose
dexamethasone has equal hyperglycemic effects, independent
of dose and route of administration [11]. Unfortunately, the
precise glucose profile was unknown since the data were ob-
tained from daily average glucose levels. In our case, CGM re-
vealed the GCIH pattern and confirmed that the dose of dexa-
methasone (8 mg or 12 mg) has no differential effect on the
amplitude of hyperglycemia.

Kishimoto et al reported a case of CGM in a diabetic patient
treated with 20 mg dexamethasone as a part of therapy for
multiple myeloma [21]. Similar to our observation, CGM showed
hyperglycemia mainly in the afternoon and lasting to the fol-
lowing day for approximately 30 h without wearing off over-
night, even after being treated with regular insulin 4-10 units
every 6 h. In contrast with our case, that patient’s diabetes
had required therapy with only oral agents and not insulin.
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This would explain why only mildly higher glucose levels were
observed on the third day compared to the baseline, where-
as the elevation was much more dramatic in our patient, who
required insulin, based on more extended insulin insensitivity
or metabolism defect. A basal-bolus insulin regimen was used
in our case instead of regular insulin as per current guidelines.
Furthermore, our observation of CGM in multiple cycles pro-
vided reproducible data sufficient to demonstrate the glyce-
mic pattern. HA1C increased from 7.4% to 8.7% after starting
chemotherapy due to GCIH by dexamethasone. After adjust-
ing the insulin dose based on the CGM pattern, HA1C started
slowly trending down to 8.5% (Table 1).

It is recommended to treat GCIH with basal-bolus insulin
regimen with starting dosage of 0.3 to 0.5 U/kg daily [15].
Correctional insulin regimens based on different steroid types,
doses, and body weight were proposed to be used in conjunc-
tion with basal-bolus insulin to match the different glycemic
profiles associated with the glucocorticoid administered [7].
Isophane insulin (NPH) is recommended for prednisolone-in-
duced hyperglycemia based on its pharmacokinetic pattern
that matches the distinct circadian pattern of hyperglycemia
predominantly in the afternoon and evening [6]. The distribu-
tion of preprandial insulin boluses was also adjusted to less
for breakfast and more for lunch and afternoon snack [8].
Regular insulin is more suitable for use with a short-acting
steroid, hydrocortisone, due to similar peak in 2 h, whereas
for the prolonged steady hyperglycemia induced by the twice-
daily prednisolone or dexamethasone, a long-acting basal in-
sulin, glargine or detemir, has a better match based on the
flatter insulin profile [1,7].

CGM was used in several studies to investigate the efficacy
and safety of hypoglycemic regimen for different types of glu-
cocorticoids [22-24]. Table 2 provides a summary of studies
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Author, year

Steroid

Study design

Patients
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Conclusion

Burt, Prednisolone oral at ~ Cross-sectional 60 patients with 24 h CGM showed Prednisolone
2011 [12] least 20 mg daily study COPD including 7 postprandial predominantly cause
patients T2DM hyperglycemia begin at  hyperglycemia in the
3 h, peak occurs after afternoon and evening.
5-8 h with 20% higher
glucose, and wears off
overnight
Ruiz de Methylprednisolone  Randomized 53 patients with 24 h CGM showed Insulin glargine and NPH
Adana, (>40 mg/d) or clinical trial T2DM treated for postprandial are equally effective in
2015 [18] deflazacort (>60 respiratory disease  hyperglycemia begins a basal-bolus insulin
mg/d) more than at3 h, peak occur after protocol.
once daily 5-8 h with 20% higher
glucose, and wears off
overnight
Kishimoto, Dexamethasone 20  Case Report A non-insulin 4 days CGM showed Dexamethasone
2015 [17] mg once a week as a treated T2DM postprandial induced postprandial
part of treatment for 76-year-old hyperglycemia lasting to hyperglycemia mainly in
multiple myeloma woman, on the next day, although the afternoon, persisted
glimepiride, received regular the next day, and
miglitol, alogliptin  insulin 6 units every attenuated one day later
HA1C 7.9% 6 h for 2 days after
dexamethasone
Gerards, Prednisone Randomized 26 patients with 24 h CGM showed Once-daily IMI results in
2016 [9] equivalent >12.5 crossover study T2DM or previous hyperglycemia starting better glycemic control
mg for 3-10 days GID treated with from 8 h and steady than SSI
with chemotherapy antineoplastic high more than 24 h.
(median dose 50 mg, chemotherapy IMI resulted in a higher
dexamethasone 8 proportion of glucose
mg) values within target
range than SSI
Yata, Prednisolone 25 mg  Retrospective 11 patients with 24 h CGM showed DPP-4 inhibitors
2017 [19] to 60 mg oral once study GID and CKD postprandial can reduce glucose
or twice daily without pre- hyperglycemia after 3 variability for GID
existing DM meals, they were all
improved after starting
DPP-4 inhibitors
Lyall, Dexamethasone Prospective 16 patients 5 days CGM showed All patient developed
2018 [10] 4 mg twice daily study without pre- hyperglycemia hyperglycemia. The
(with the first dose existing DM throughout the 24 h severity and duration
20 mg) for totally period, predominantly are independently
4 days, combined in the afternoon and associated with HA1C.
chemotherapy for evening
gynecological cancer
Tanaka, Methylprednisolone  Crossover 5 patients without 3 days CGM showed All patient developed
2018 [20] 500 mg IV daily for study pre-existing DM postprandial GID. Repaglinide

3 days (the weekly
cycle repeated for 3
cycles)

treated for thyroid
ophthalmopathy

hyperglycemia
developedin2to 3 h
and sustained for 12 h

has better control

of postprandial
hyperglycemia compared
with mitiglinide

IV — intravenous; CGM — continuous glucose monitoring; COPD — chronic obstructive pulmonary disease; GID — glucocorticoid-induced
diabetes; IMI — intermediate-acting insulin; SSI — short-acting sliding-scale insulin; T2DM — type 2 diabetes; CKD — chronic kidney
disease; DPP-4 — dipeptidyl peptidase 4; NPH — neutral protamine hagedorn; Ref — reference.
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using CGM for GCIH. However, the glycemic pattern and insu-
lin doses required in dexamethasone-treated patient have not
been well described. Our report is applicable to a single-injec-
tion dexamethasone regimen. The glucose dynamics may be
different in patients receiving multiple doses of dexametha-
sone. Although in our patient the pancreatic lesion was only 2
c¢m on PET-CT, there could be a potential impact of pancreat-
ic cancer on the endogenous beta cell function and glucagon
response to hypoglycemia. Therefore, patients with other ma-
lignancies might require different insulin dosing strategies to
control blood glucose levels, but their patterns of dexameth-
asone-induced hyperglycemia might be very similar. Further
studies can expand on the findings of our study. Ultimately, a
good knowledge of the glycemic profile is crucial to success-
fully treat the patient with the appropriate insulin regimen.

Conclusions

Our case is the first report of a reproducible triphasic gly-
cemic pattern following a single dose of IV dexamethasone
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documented by CGM in a patient with diabetes treated with
insulin. The CGM data from 23 cycles of chemotherapy con-
taining dexamethasone revealed a steady state of hyperglyce-
mia reached within 3 h and lasting around 29 h, followed by a
transient BG improvement, and ending with another hypergly-
cemic plateau before trending back to normal on the third day
following dexamethasone administration. Understanding the
precise glycemic profiles of GCIH in patients with diabetes en-
ables tailoring an insulin regimen for optimal glycemic control.
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