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Objective: Well-controlled glucose levels (ie, 70-180 mg/dL) have been associated with lower mortality
from COVID-19. The addition of dexamethasone to COVID-19 treatment protocols has raised concerns
about the potential negative consequences of dexamethasone-induced hyperglycemia.
Methods: We developed a protocol to guide the management of dexamethasone-induced hyperglycemia
in hospitalized patients with COVID-19. Two of the 4 medical teams managing patients with COVID-19 at
a tertiary center in Saudi Arabia used the protocol and the other 2 teams continued to manage hyper-
glycemia at the discretion of the treating physicians (protocol and control groups, respectively). The
glycemic control and clinical outcomes in 163 patients hospitalized with COVID-19 and dexamethasone-
induced hyperglycemia between July 5th and September 30th, 2020, were retrospectively compared
between the 2 groups.
Results: Compared to the control group, the protocol group had higher proportions of patients with well-
controlled glucose across all premeals and bedtime glucose readings throughout the hospital stay. The
differences in glycemic control between the 2 groups were statistically significant for fasting glucose on
days 4, 5, and the discharge day; prelunch glucose on the discharge day; predinner glucose on days 3, 5,
and the discharge day; and bedtime glucose on day 1 (all P < .05). After adjusting for age, sex, nationality,
body mass index, Charlson score, and diabetes status, patients in the protocol group were more likely to
have well-controlled glucose levels compared with those in the control group. Moreover, the in-hospital
mortality was significantly lower in the protocol group (12.93%) compared to the control group (29.93%)
(P < .01).
Conclusion: The implementation of a protocol to manage dexamethasone-induced hyperglycemia in
hospitalized patients with COVID-19 resulted in more patients achieving well-controlled glucose levels
and was associated with lower mortality from COVID-19.

© 2021 AACE. Published by Elsevier Inc. All rights reserved.
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Introduction

The global pandemic of the novel coronavirus has placed a
major burden on health care systems worldwide. The first case of
COVID-19 in Saudi Arabia was reported in March 2020. As of this
moment, the numbers of confirmed cases in Saudi Arabia have
surpassed 395 000, cases including more than 6700 deaths.1 The
factors associated with worse outcomes of COVID-19 include older
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age and the presence of underlying chronic diseases, such as dia-
betes, hypertension, obesity, and chronic respiratory diseases.2

Several studies hallmark diabetes and hyperglycemia as impor-
tant risk factors of morbidity and mortality from COVID-19.3e8

Moreover, early-onset hyperglycemia and hyperglycemia upon
presentation to the hospital, has been associated with increased
mortality from COVID-19 in patients with and without diabetes.9,10

After the promising results of the RECOVERY trial, dexametha-
sone emerged as a promising treatment of COVID-19, with a sig-
nificant reduction in mortality in hospitalized patients with
hypoxemia.11 The dexamethasone dose used in the trial was 6 mg
daily for 10 days; a dose approximately 6 to 8 times the physio-
logical equivalent of glucocorticoid production, and is associated
with a high risk of steroid-induced hyperglycemia and other
metabolic sequelae in patients with and without diabetes.12 This,
along with the deleterious effect of COVID-19 on insulin sensitivity
and beta-cell function (as a result of a cytokine storm) can lead to
severe hyperglycemia, and subsequently, may instigate acute gly-
cemic complications such as diabetic ketoacidosis and a hypergly-
cemic hyperosmolar state.13e17

Hyperglycemia on hospital admission, as well as during the first
few days of admission, has been linked to severe illness and death
among patients with COVID-19. 8,9,18 A study conducted in Wuhan,
China showed reduced mortality in patients admitted with COVID-
19 who had glucose levels between 70 and 180 mg/dL throughout
the hospital stay compared to those who had glucose levels >180
mg/dL.18 Achieving glucose level targets when managing hospi-
talized patients with COVID-19 has been a challenging task during
the pandemic. The shortage of staff and personal protective
equipment, along with the need to minimize staff exposure during
the outbreak, have hindered glycemic control in patients with
COVID-19. In addition, health care providers from various spe-
cialties, including those who may not be very familiar with glucose
management and steroid-induced hyperglycemia, have been called
to manage patients with COVID-19. As a result, many patients with
COVID-19 have had inadequate glycemic control during their hos-
pital stay, particularly after the addition of dexamethasone to
treatment protocols of severe COVID-19.19 In many instances, these
patients could have benefited from more aggressive glucose man-
agement to maintain glucose levels between 70 and 180 mg/dL.

Here, we present a simplified, yet comprehensive, protocol to
guide the management of dexamethasone-induced hyperglycemia
in patients hospitalizedwith COVID-19. In addition, we evaluate the
clinical effectiveness of this protocol in managing dexamethasone-
induced hyperglycemia during the peak of COVID-19 cases in a
tertiary center in Saudi Arabia.

Methods

Study Design

The study was conducted at King Saud Universiy (KSU) Medical
City, a tertiary center in Saudi Arabia that was designated to
manage patients with COVID-19 during the pandemic. We devel-
oped a protocol on how to manage dexamethasone-induced hy-
perglycemia as a quality improvement project that was approved
by the institutional review board at KSU (Fig. 1). The protocol was
disseminated to 2 of the 4 medical teams that were managing
hospitalized patients with COVID-19 in a non-intensive care unit
(ICU) setting between July 5, 2020, and September 30, 2020. We
retrospectively reviewed the electronic medical records and
glucose levels of all adult patients with COVID-19 whowere treated
with dexamethasone as part of the COVID-19 treatment protocol,
and who were managed by one of the 4 medical teams at our
hospital during the study period. Of these patients, we excluded
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those without diabetes and maintained glucose levels <180 mg/dL
throughout the hospitalization period, as well as those who
required intravenous (IV) insulin infusion within the first 3 days of
hospitalization. We only included patients with COVID-19 who
were treated with dexamethasone and had any of the following:
known history of diabetes, previously undiagnosed diabetes
(defined as having an A1C� 6.5 on admission), and no diabetes, but
developed hyperglycemia after the initiation of dexamethasone
(defined as having �1 glucose level(s) >180 mg/dL). In this study,
we refer to all 3 groups as patients with dexamethasone-induced
hyperglycemia.

Protocol Description

The protocol guides health care professionals through all the
steps needed to manage dexamethasone-induced hyperglycemia;
from the time of admission (ie, in the emergency room) to the time
of discharge and/or discontinuation of dexamethasone. This pro-
tocol is activated upon the initiation of dexamethasone in patients
with COVID-19 and starts by determining the diabetes status,
estimated glomerular filtration rate, weight, and age of the patient;
to decide the frequency of point-of-care testing and dose intensity
of the insulin correctional scale. Basal insulin is recommended for
those who use insulin at home. Otherwise, patients who do not use
insulin at home (including those without a prior history of dia-
betes) are managed with insulin corrections only and are initiated
on basal insulin therapy if the daily requirement of insulin cor-
rections exceeds 10 units. Linagliptin requires no renal dose
adjustment and is the only dipeptidyl peptidase-4 inhibitor avail-
able in our hospital; therefore, our protocol offers the continuation
of linagliptin in the inpatient setting as an option for patients who
have no contraindications. In addition, this protocol guides health
care professionals through the daily assessment of glycemic pat-
terns and how to titrate basal, nutritional, and correctional insulin
doses accordingly. The last section of this protocol provides general
guidelines for a safe discharge process to avoid hypoglycemia after
the discontinuation of dexamethasone, and to ensure a close
follow-up plan (Fig. 1).20

Study Groups

The protocol group included patients admitted under the care of
the 2 medical teams that had received and implemented the pro-
tocol for the management of dexamethasone-induced hypergly-
cemia. The control group included patients admitted under the care
of the other 2 medical teams that had not received nor imple-
mented the protocol. Dexamethasone-induced hyperglycemia in
the control group was managed according to the usual care and at
the discretion of the treating physicians. The 4 COVID-19 medical
teams at our institution were comparable in the number and level
of training of their members, as well as the acuity of patients
admitted to each team. They were run by medical specialists only
and each team consisted of a medical attending, a senior medical
resident or registrar, and 3 junior medical residents. The senior
medical residents and registrars were responsible for the protocol
implementation in the 2 teams assigned to use the protocol. The
other 2 medical teams continued to manage dexamethasone-
induced hyperglycemia according to the usual care at the discre-
tion of the treating physicians and without using the protocol.

Outcomes and Covariates

We collected data from the electronic medical records including
age, sex, nationality, body mass index (BMI); vital signs, comor-
bidities (diabetes, hypertension, dyslipidemia, chronic lung disease,



On Admission (ER & first 24 hrs)

Hospital Course (Day 2 until Dexamethasone is discontinued)

No Yes

Order the following for ALL patients initiated on Dexamethasone to treat COVID-19:
- Hemoglobin A1c 
- POC Glucocheck (Frequency according to the following algorithm)
- Customized Insulin Correctional Sliding Scale (dosing intensity as per page 2)
- Serum glucose, venous pH, Bicarbonate, ketones (For DKA/HSS cases, follow the DKA protocol)

POC frequency to:
pre-dinner only 

until Dexamethasone 
is discontinued

• Discontinue oral glucose-lowering agents2

• Order basal Insulin (Glargine): same home 
dose OR (0.1units/kg/day)3

• Proceed to STEP 3B

STEP 1:
Known history of 

Diabetes 
OR

HbA1c > 6.5?

YesNo

Continue Insulin 
Correctional Sliding 

Scale

Abbreviations: POC: Point of care. BG: Blood glucose. FBG: Fasting blood glucose. DM: diabetes mellitus 
1. These algorithms provide general guidance only and should not replace clinical judgment. 
2. Linagliptin (Tradjenta) can be continued. Recommend discontinuation if contraindicated and in cases of acute pancreatitis. 
3. To convert from premixed insulin to Glargine: Calculate total daily dose (TDD) of insulin from premixed insulin & give 50% of TDD as the glargine dose
4. If already on nutritional “fixed” insulin, increase the dose by 10-20% if BG remains >10mmol/L throughout the day. Primary effect of dexamethasone is 
on glucose levels after meals. Therefore, we titrate insulin to give 70% of TDD as nutritional “fixed” Insulin (Aspart) and only 30% of TDD as basal Insulin 

POC frequency to: 

pre-meals &
bedtime

Order Insulin Sliding Scale (x2/day):

(Pre-breakfast & Pre-dinner)
* If NPO: q6 hr sliding scale

both basal &
nutritional 
“fixed” insulin by 
20%
• May switch to 
lower intensity
insulin
correctional 
sliding scale
• Consider DM 
consult

Add nutritional 
“fixed” insulin with 

meals or enteral 
feed boluses

(0.1unit/kg/MEAL)4

OR

basal Insulin by 
20% for NPO 

patients

Add nutritional 
“fixed” Insulin 

(0.1unit/kg/MEAL)4

No change

All BG 
readings 

6-10
mmol/L

FBG (6-10 
mmol/L) but BG 
throughout the 
day >10mmol/L

FBG >10mmol 
and BG 

throughout the 
day >10mmol/L

Any BG reading 
<4mmol/L

STEP 3B:
Assess Daily Glycemic 

Patterns4

Start basal Insulin 
Glargine 

(0.1units/kg/day)

Inpatient Glucose Management: COVID-19 Patients on Dexamethasone (With and Without Diabetes)1

If any POC is
≥10mmol/L

All POCs are 
consistently 
<10mmol/L 
for 48 hours

STEP 3A:
>10 units correctional 

insulin required within 24 
hours?

Order Insulin Sliding Scale (x4/day): 

(Pre-meals & bedtime)
* If NPO: q6 hr sliding scale

STEP 2B
On insulin at home?

YesNo

• Discontinue oral glucose-lowering  
agents2

• Monitor insulin requirement
• Proceed to STEP 3A below

STEP 2A
Assess POC & insulin 

requirement?

Fig. 1. Protocol to manage dexamethasone-induced hyperglycemia among patients with COVID-19.
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chronic kidney disease, ischemic heart disease, and heart failure),
calculated Charlson, quick sequential organ failure assessment,
confusion, urea, respiratory rate, blood pressure, and �65 years of
1234
age scores, clinical outcomes (including rates of in-hospital mor-
tality, length of hospital stay, need for invasive and noninvasive
ventilation, need for IV insulin infusion, and rates of 30-day and 6-



BG level (mmol) Low Dose Medium Dose High Dose
10 - 11.9 0 1U 2U
12 - 13.9 1U 2U 4U
14 - 15.9 2U 3U 6U
16 - 17.9 3U 4U 8U
18 - 19.9 4U 5U 10U

> 20 5U + Notify physician 6U + Notify physician 12U + Notify physician

General Guidelines of which correctional insulin dosing intensity to choose:

� Low dose for patients with ANY of the following: eGFR<60, Weight <50kg, Age >70 years and TDD of Insulin <40U
� High dose for patients with ALL the following: eGFR>60, Weight >100kg, Age <70 years and TDD of Insulin >80U

*Medium dose for whoever does not meet the criteria for low- or high-dose scale. 
*When in doubt, choose the lower dose scale to minimize risk of hypoglycaemia. 

General Guidance on Discharging Patients (off dexamethasone)5

YesNo
ANY of the following:
� Known T1DM or T2DM on insulin at home
� Or Newly diagnosed, or suspected, T1DM
� Or Requiring >20 units of Insulin/day during admission
� Or HbA1c > 9 during this admission

• No glucose-lowering therapy is required
• Educate the patient about home BG testing few  

times a week (fasting or random)
• Follow up with PCP with glucose readings in 3-4 

weeks to decide if a diabetes medication is needed

• Discharge on oral agents if no contraindications7

• May continue basal Insulin if there is contraindication to oral 
agents (if glargine was given in the hospital)
• Educate the patient about hypoglycemia6 and home BG testing 

(Pre-meals & bedtime)
• Follow up with PCP with glucose readings in 3-4 weeks

• Educate patient about hypoglycemia6 and BG testing (pre-meals & bedtime)
• Follow up with PCP with glucose readings in 2-3 weeks

• Discharge medications:
- If known T1DM or T2DM on Insulin from prior to this admission:

*Go back to the previous home doses of insulin (starting 24 hours after the last  
dose of dexamethasone).

- If newly diagnosed or suspected T1DM:
*Discharge on basal + bolus Insulin (recommend lowering insulin doses starting 
24 hours from last dose of dexamethasone)

- All other patients:
*Discharge on basal Insulin PLUS (oral agents7 OR bolus insulin)

Admission 
HbA1c?

<7% 7 - 9%

Abbreviations: TDD: Total daily dose. T1DM: Type 1 diabetes mellitus. T2DM: Type 2 diabetes. BG: Blood glucose. PCP: Primary Care Physician.
5. This algorithm provides general guidance only and should not replace clinical judgment. Dexamethasone is discontinued in almost all COVID-19 
cases on discharge. If your patient is being discharged on dexamethasone, use your clinical judgment or consult DM team. 
6. Educate patients on how to recognize & treat hypoglycaemia (for glucose <70mg/dl, take ½ cup orange juice OR 1 tablespoon of sugar)
7. Consider contraindications to various oral glucose-lowering agents (low eGFR, abnormal LFTs, heart failure, pancreatitis, … etc)
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month hospital readmission), and point-of-care glucose levels
(premeals and bedtime) during the first 5 days of hospitalization, as
well as on the day of discharge for those hospitalized for longer
than 5 days. Well-controlled glucose levels were defined as having
1235
point-of-care glucose levels between 70 and 180 mg/dL throughout
the day.8,18 Mild hypoglycemia was defined as a glucose level be-
tween 54 and 70 mg/dL, whereas severe hypoglycemia was defined
as a glucose level of �54 mg/dL.
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Statistical Analysis

All significance testing was 2-tailed with a of .05, and data were
analyzed using Stata Statistical Software (release 15). Variables dis-
tributions were examined for normality using the Shapiro-Wilk test
and visual examination of histograms. The nonnormally distributed
variables of BMI, maximum temperature, respiratory rate, and
Charlson score are presented as medians with interquartile ranges.
Baseline characteristics and differences in glycemic control measures
and clinical outcomes were compared by use of protocol using the t
test for continuous and normally distributed data, Kruskal-Wallis
test for continuous and nonnormally distributed data, and c2 test
of homogeneity for categorical variables. Logistic regression analysis
was used to examine the association between the use of protocol and
achieving well-controlled glucose levels in patients with
dexamethasone-induced hyperglycemia before and after adjusting
for age, sex, nationality, BMI, Charlson score, and diabetes status.

Results

Population Characteristics

The study included 163 patients with COVID-19 and
dexamethasone-induced hyperglycemia, of whom 116 were
managed using the protocol (protocol group), and 47 were
managed without using the protocol at the discretion of the
treating physician (control group). Upon admission, there were no
significant differences in age, sex, BMI, the prevalence of diabetes,
nationality, quick sequential organ failure assessment, confusion,
urea, respiratory rate, blood pressure, and �65 years of age score,
Table 1
Characteristics of Study Participants by Protocol Use

Variable All (N ¼ 163)

Age, mean (SD), y 56.3 (15.8)
Saudi, % 87 (53.37)
Female, % 51 (31.29)
BMI, median (25th, 75th), kg/m2 29 (25.77, 33.33)
Vital signs on admission
Tmax, median (25th, 75th), �C 37.5 (36.9, 38.3)
Oxygen saturation on RA, mean (SD), % 85.03 (9.74)
HR, mean (SD) 98 (17.19)
RR, median (25th, 75th) 26 (22, 32)
SBP, mean (SD), mm Hg 126 (23.59)
DBP, mean (SD), mm Hg 73 (17.97)
Oxygen delivery upon admission, n (%)
Room air 16 (9.82)
Noninvasive ventilation 146 (89.57)
Invasive ventilation (intubation) 1 (0.61)
Comorbidities, n (%)
DM 62 (38.04)
HTN 64 (39.26)
DLP 29 (17.79)
Respiratory disease 20 (12.27)
CKD 12 (7.36)
IHD 6 (3.68)
Laboratory results on admission
CRP, median (25th, 75th), (n ¼ 157), mg/L 101 (56, 169)
Procalcitonin, median (25th, 75th), (n ¼ 134), ng/mL 0.15 (0.06, 0.35)
ESR, median (25th, 75th), (n ¼ 104), mm/h 70 (47, 92)
Serum glucose, mean (SD), mg/dL
Patients with diabetes (n ¼ 62) 231 (105)
Patients without diabetes (n ¼ 101) 135 (69)

Disease severity scores
qSOFA score, median (25th, 75th) 1 (1, 1)
CURB-65 score, median (25th, 75th) 1 (0, 2)
Charlson score, median (25th, 75th) 2 (1, 4)

Abbreviations: BMI¼ bodymass index; CKD¼ chronic kidney disease; CRP¼ C-reactive p
age; DBP ¼ diastolic blood pressure; DLP ¼ dyslipidemia; DM ¼ diabetes mellitus; ESR
ischemic heart disease; NC ¼ nasal cannula; qSOFA ¼ quick sequential organ failure asses
maximum temperature.
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and Charlson score between the protocol and control groups (all P >
.05) (Table 1).

Inpatient Glucose Level Control by Use of Protocol

Fasting, prelunch, predinner, and bedtime point-of-care glucose
level readings were compared between the protocol and control
groups throughout the first 5 days of admission and on the day of
discharge. Fasting glucose level readings on the first day were
discarded, as it was unknown if the patients were fasting at time of
admission. The protocol group had significantly lower fasting
glucose levels than the control group on day 3 (135 mg/dL vs 160.2
mg/dL, respectively; P < .05), day 4 (134.1 mg/dL vs 203.4 mg/dL,
respectively; P < .01), day 5 (129.6 mg/dL vs 206.1 mg/dL, respec-
tively; P < .01) and on the day of discharge (133.2 mg/dL vs 186.3
mg/dL, respectively; P < .01). Prelunch glucose levels were also
significantly lower in the protocol group compared to the control
group on day 4 (183.6 mg/dL vs 243 mg/dL, respectively; P < .05),
day 5 (162 mg/dL vs 212.4 mg/dL, respectively; P < .05), and on the
day of discharge (145.8mg/dL vs 246.6mg/dL, respectively; P< .01).
Similarly, predinner glucose levels on day 3, day 5, and bedtime
glucose level on day 1 were all significantly lower in patients in the
protocol group compared to patients the control group (all P < .05)
(Table 2).

Patients in the protocol group were more likely to have well-
controlled glucose levels (ie, 70-180 mg/dL) across all premeal
and bedtime values, and throughout the study period compared
with patients in the control group. These differences were statis-
tically significant for fasting glucose level on days 4, 5, and the day
of discharge; prelunch glucose level on the day of discharge,
Protocol (n ¼ 116) Control (n ¼ 47) P value

56.27 (16.19) 56.38 (14.94) .97
66 (56.9) 21 (44.68) .16
37 (31.9) 14 (29.79) .79
29 (25.95, 33.62) 27 (25.77, 32.27) .47

37.45 (36.9, 38.15) 37.8 (37, 38.5) .15
85.80 (9.67) 83.11 (9.75) .11

97 (17.62) 101 (16.02) .26
25 (22, 30) 27 (23, 35) .05

127 (24.45) 122 (21.14) .22
74 (19.6) 69 (12.66) .12

14 (12.07) 2 (4.26) .25
101 (87.07) 45 (95.74)

1 (0.86) 0 (0)

41 (35.34) 21 (44.68) .27
43 (37.07) 21 (44.68) .37
18 (15.52) 11 (23.4) .23
18 (15.52) 2 (4.26) .05
10 (8.62) 2 (4.26) .4
4 (3.45) 2 (4.26) .8

102 (61, 154) 99.5 (53, 180) .78
0.15 (0.07, 0.34) 0.17 (0.06, 0.4) .66
68 (42.5, 92) 71.5 (52, 95) .52

228 (113) 237 (89) .75
128 (67) 157 (73) .06

1 (1, 1) 1 (1, 2) .18
1 (0, 2) 1 (1, 2) .19
2 (0.5, 4) 2 (1, 3) .62

rotein; CURB-65¼ confusion, urea, respiratory rate, blood pressure, and�65 years of
¼ erythrocyte sedimentation rate; HR ¼ heart rate; HTN ¼ hypertension; IHD ¼

sment; RA ¼ room air; RR ¼ respiratory rate; SBP ¼ systolic blood pressure; Tmax ¼
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predinner glucose level on days 3, 5, and the day of discharge; and
bedtime glucose level on day 1 (all P < .05) (Fig. 2). A sensitivity
analysis showed no major differences in the performance of the
protocol among patients with diabetes versus patients without
diabetes (data not shown).

Clinical Outcomes by Use of Protocol

The protocol group had a significantly lower in-hospital mor-
tality than the control group (12.93% vs 29.93%, respectively; P ¼
.01). Moreover, patients in the protocol group were less likely to
require ICU admission, IV insulin infusion, or mechanical ventila-
tion compared to those in the control groupdalthough none of
these differences were statistically significant. Likewise, there were
no statistically significant differences in the numbers of patients
who developed �1 event of mild or severe inpatient hypoglycemia
between the protocol and the control groups, although a slightly
higher number of patients in the protocol group developed hypo-
glycemia during the first 5 days of hospitalization (ie, insulin
titration period), and a slightly higher number of patients in the
control group developed hypoglycemia after day 5 of hospitaliza-
tion (Table 3).

Univariate and Multivariate Logistic Regression Analyses

The results of univariate and multivariate logistic regression
analyses, examining the relationship between the use of inpatient
management protocol of dexamethasone-induced hyperglycemia
and having a well-controlled glucose level (ie, 70-180 mg/dL)
among patients with COVID-19, are shown in Table 4. Compared to
patients in the control group, those who were managed using the
protocol were 2- to 4- times more likely to have well-controlled
fasting glucose levels on days 3, 4, 5, and the day of discharge in
the unadjusted model (odds ratio [OR] [95% CI]: 2.17 (1.05, 4.51);
3.70 (1.71, 8.00); 4.74 (2.11, 10.64); 3.63 (1.70, 7.71), respectively).
After adjusting for age, sex, nationality, BMI, Charlson score, and
diabetes status, the odds of having fasting glucose levels within the
target value remained significantly higher in the protocol group
compared to the control group on days 4, 5, and the day of
discharge (OR [95% CI]: 7.17 (2.4, 21.45); 6.95 (2.34, 20.66); 3.84
(1.67, 8.82), respectively). Prelunch glucose levels were more than
twice as likely to be within target in the protocol group compared
to the control group on day 5 and the day of discharge in the
adjusted model (OR [95% CI]; 4.02 (1.19, 13.63); 6.02 (1.89, 19.18),
respectively). Similarly, patients managed using the protocol were
more likely to have predinner and bedtime glucose level readings
within the target value throughout the study period compared to
control (Table 4).

Discussion

Our study highlights the clinical effectiveness of a simple, yet
comprehensive, protocol developed during the peak period of
COVID-19 cases in Saudi Arabia to guide the management of
dexamethasone-induced hyperglycemia among hospitalized pa-
tients with severe COVID-19. Patients who were managed using
this protocol were more likely to attain glucose levels between 70
and 180 mg/dL throughout the hospital stay; a glucose level range
that has been previously linked to lower mortality of COVID-19
among hospitalized patients.18 The most prominent improvement
in glucose level control using our protocol was noted in the fasting
and predinner glucose levels. This is likely explained by the rela-
tively early initiation of basal insulin in the protocol group, as
recommended by our protocol, compared to standard practice. In
addition, dexamethasone exerts its peak effect on glucose levels



Fig. 2. Proportion of patients with well-controlled glucose levels (ie, 70-180 mg/dL) throughout the hospital stay (control vs protocol) (N ¼ 163).

A.A. Asiri, A.M. Alguwaihes, A.A. Jammah et al. Endocrine Practice 27 (2021) 1232e1241
approximately 9 to 12 hours after the dose administration.21,22 It is
our facility’s practice to administer most medications, including
dexamethasone, at around 9 AM; the effect of dexamethasone on
glucose level control appears to peak around the predinner time (ie,
approximately 6 PM). This is evident in the control group, which had
a progressive worsening of glucose level control throughout the
hospital stay; particularly, at the predinner time. In contrast, the
protocol group had a continuous improvement of glucose level
control throughout their hospital stay, including at predinner time.

The association between hyperglycemia upon admission, as well
as during the hospital stay, poor outcomes of COVID-19, and mor-
tality has been shown in multiple studies.3e10 In our study, patients
who were managed using the protocol had significantly lower in-
Table 3
Outcomes in Hospitalized Patients With COVID-19 and Dexamethasone-Induced Hyperg

Variable All

Discharged alive, n (%) 1
In-hospital mortality, n (%)
Length of hospital stay, mean (SD), d
Mechanical ventilation (intubation), n (%)
ICU admission, n (%)
Length of hospital stay, mean (SD), d 16.
30-day hospital readmission, n (%)a

6-month hospital readmission, n (%)a

Glucose related outcomes
Required IV insulin infusion, n (%)b

Mild hypoglycemia event within the first 5 days of hospitalization, n (%)c

Severe hypoglycemia within the first 5 days of hospitalization, n (%)c

Mild hypoglycemia after day 5 of hospitalization, n (%)c

Severe hypoglycemia after day 5 of hospitalization, n (%)c

Abbreviations: ICU ¼ intensive care unit; IV ¼ intravenous.
a Analysis was limited to patients who were discharged from the hospital.
b Required IV insulin therapy after day 3 of admission. Those who were started on IV
c Number of patients with�1 inpatient hypoglycemia event (mild hypoglycemia is defi

glucose level of �54 mg/dL).
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hospital mortality compared to those managed using the stan-
dard practice. Moreover, the protocol group trended toward a lower
risk of ICU admission, initiation of IV insulin infusion, and need for
mechanical ventilation. Whether hyperglycemia is an independent
predictor of severe COVID-19 and mortality or is simply a marker of
severe illness in hospitalized patients with COVID-19, remains
largely unknown. Previous randomized controlled studies, albeit in
non-COVID-19 patients, have shown a strong association between
better glycemic control during the first days of hospitalization and
better outcomes in patients admitted to the ICU, surgical, or med-
ical wards.23e25 A recent study examined the temporality of the
association between poor glucose level control upon admission,
and throughout the first few days of hospitalization and the
lycemia (Protocol vs Control)

(N ¼ 163) Protocol (n ¼ 116) Control (n ¼ 47) P value

33 (81.61) 100 (86.21) 33 (70.21) .02
29 (17.79) 15 (12.93) 14 (29.93) .01
17 (23) 16 (25) 17 (17) .80
32 (19.63) 19 (16.38) 13 (27.66) .10
71 (43.56) 47 (40.52) 24 (51.06) .22
71 (22.50) 16.41 (24.56) 17.43 (16.57) .80
10 (7.52) 8 (8.00) 2 (6.06) .71
15 (11.28) 12 (12.00) 3 (9.09) .65

25 (15.34) 15 (12.93) 10 (21.28) .18
4 (2.45) 4 (3.45) 0 (0) .20
7 (4.29) 7 (6.03) 0 (0) .09

16 (9.82) 10 (8.62) 6 (12.77) .42
14 (8.59) 7 (6.03) 7 (14.89) .07

insulin within the first 3 days of hospitalization were excluded from the study.
ned as a glucose level between 54-70 mg/dL and severe hypoglycemia is defined as a



Table 4
Logistic Regression Analysis of the Relationship Between the Use of the Protocol and HavingWell-Controlled Glucose Levels (ie, 70-180mg/dL) Among PatientsWith COVID-19
(N ¼ 163)

Unadjusted model Adjusted modela

OR (95% CI) P value OR (95% CI) P value

FBG
Day 2 FBG
Control group Reference Reference
Protocol group 2.06 (0.98, 4.34) .06 1.74 (0.64, 4.72) .28

Day 3 FBG
Control group Reference Reference
Protocol group 2.17 (1.05, 4.51) .04 2.29 (0.90, 5.84) .08

Day 4 FBG
Control group Reference Reference
Protocol group 3.70 (1.71, 8.00) <.01 7.17 (2.40, 21.45) <.01

Day 5 FBG
Control group Reference Reference
Protocol group 4.74 (2.11, 10.64) <.01 6.95 (2.34, 20.66) <.01

Discharge day FBG
Control group Reference Reference
Protocol group 3.63 (1.70, 7.71) <.01 3.84 (1.67, 8.82) <.01

PLBG
Day 1 PLBG
Control group Reference Reference
Protocol group 1.96 (0.65, 5.89) .23 2.29 (0.67, 7.78) .19

Day 2 PLBG
Control group Reference Reference
Protocol group 1.32 (0.53, 3.30) .55 1.10 (0.41, 2.98) .85

Day 3 PLBG
Control group Reference Reference
Protocol group 1.03 (0.41, 2.63) .94 0.88 (0.28, 2.75) .83

Day 4 PLBG
Control group Reference Reference
Protocol group 2.65 (0.96, 7.32) .06 2.18 (0.67, 7.08) .20

Day 5 PLBG
Control group Reference Reference
Protocol group 2.55 (0.91, 7.13) .08 4.02 (1.19, 13.63) .03

Discharge day PLBG
Control group Reference Reference
Protocol group 5.01 (1.85, 13.61) <.01 6.02 (1.89, 19.18) <.01

PDBG
Day 1 PDBG
Control group Reference Reference
Protocol group 1.75 (0.68, 4.55) .25 2.56 (0.74, 8.81) .14

Day 2 PDBG
Control group Reference Reference
Protocol group 1.70 (0.66, 4.33) .27 1.52 (0.54, 4.30) .43

Day 3 PDBG
Control group Reference Reference
Protocol group 3.09 (1.18, 8.10) .02 3.67 (1.21, 11.12) .02

Day 4 PDBG
Control group Reference Reference
Protocol group 1.20 (0.48, 3.01) .69 0.88 (0.28, 2.75) .82

Day 5 PDBG
Control group Reference Reference
Protocol group 5.82 (2.07, 16.42) <.01 13.80 (3.04, 62.63) <.01

Discharge day PDBG
Control group Reference Reference
Protocol group 2.73 (0.65, 11.40) .17 4.04 (0.61, 26.84) .15

BTBG
Day 1 BTBG
Control group Reference Reference
Protocol group 4.74 (1.49, 15.06) <.01 4.97 (1.10, 22.57) .04

Day 2 BTBG
Control group Reference Reference
Protocol group 1.65 (0.60, 4.50) .33 1.35 (0.43, 4.17) .61

Day 3 BTBG
Control group Reference Reference
Protocol group 1.1 (0.39, 3.14) .86 1.07 (0.33, 3.39) .91

Day 4 BTBG
Control group Reference Reference
Protocol group 2.55 (0.79, 8.21) .12 1.87 (0.49, 7.16) .36

Day 5 BTBG
Control group Reference Reference
Protocol group 2.99 (0.96, 9.28) .06 3.27 (0.79, 13.53) .10

Abbreviations: BTBG ¼ bedtime blood glucose; FBG ¼ fasting blood glucose; OR ¼ odds ratio; PDBG ¼ predinner blood glucose; PLBG ¼ prelunch blood glucose.
a Logistic regression analysis adjusted for age, sex, nationality, diabetes status, and the Charlson score.
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outcomes of COVID-19, and found a 7-fold increase in mortality risk
in patients with COVID-19 and severe hyperglycemia.26 These
findings highlight the importance of maintaining well-controlled
glucose levels in patients with COVID-19. This calls for the imple-
mentation of glucose level management protocols, such as ours, to
help health care providers caring for patients with COVID-19 and
dexamethasone-induced hyperglycemia accomplish this goal as
early as possible during the patient’s hospital stay.

To account for the severity of chronic medical conditions upon
admission as a potential confounder, we adjusted for the Charlson
score in the model; examining the association between the use of
protocol and achieving well-controlled glucose levels, and the
findings remained the same. Our protocol is designed to improve
the patients’ glycemic control without compromising the patients’
or health care providers’ safety. It is designed to improve the pa-
tients’ glucose level control without significantly increasing the risk
of insulin-induced hypoglycemia. As we were developing the pro-
tocol, we took into consideration staff shortages, the need to
minimize nurses’ exposure to patients with COVID-19, and the fact
that patients with COVID-19were less frequently checked upon due
to the low nurse-to-patient ratios during the pandemic. Minimizing
the risk of hypoglycemia was a priority in our protocol, particularly
when managing patients who were unable to express symptoms of
hypoglycemia due to severe respiratory illness, altered mental
status, sedation, or other factors. Therefore, we recommend a
relatively low dose of 0.1 units per kilogram per day as the starting
dose of basal insulin, with a gradual titration based on glucose
levels afterward. The conservative nature of the protocol may
explain why it took 2 days for the differences in glucose levels
between the protocol and control groups to become statistically
significant. For a more rapid improvement in glycemic control, it
might be reasonable to start with a basal insulin dose of 0.2 units
per kilogram per day in patients who are deemed low-risk of
hypoglycemia.

To the best of our knowledge, this is the first study to examine
the effectiveness of a steroid-induced hyperglycemia management
protocol among hospitalized patients with COVID-19. The strengths
of our study include the simplicity and comprehensiveness of our
protocol, which makes it easy to implement and more likely to be
adhered to in most health care facilities that care for patients with
COVID-19 and steroid-induced hyperglycemia. Our findings have
clinical implications during ordinary times and in times of disaster
when the shortage of staff is a major limiting factor to achieving
inpatient target glucose levels. Moreover, we were able to assess
the severity of COVID-19 in our study participants using the
Charlson score, a comorbidity index that predicts the 10-year sur-
vival in patients with multiple comorbidities, and adjusting for any
potential confounding effect of illness severity on the association
between use of the protocol and glycemic control. Our findings are
limited to patients admitted to a non-ICU medical setting. This,
alongwith the fact that the studywas carried out in a single tertiary
center in Saudi Arabia, limits the generalizability of our findings.
The retrospective nature of our analysis may have resulted in a
selection bias with “healthier” patients being more likely to be
managed by their physicians using our protocol. However, this
seems to have not been the case, as both study groups had com-
parable quick sequential organ failure assessment scores and other
markers of disease severity at baseline. Moreover, the limited
number of point-of-care glucose level readings at certain time
points may have contributed to the lack of significant differences in
glycemic control between the protocol and control groups at those
time points. This can be addressed with the use of continuous
glucose level monitors in an inpatient setting for future studies. In
addition, our hospital has no standardized protocols for the inpa-
tient management of diabetes, which may have negatively
1240
impacted the glycemic control in the control group. Finally, we do
not have data to confirm that the use of our protocol resulted in less
exposure of staff to patients with COVID-19. However, we believe
that it did so through offering the option of 2 point-of-care glucose
level checks per day when appropriate, minimizing the risk of
frequent hyper- and/or hypoglycemia that often prompt a glucose
level check with or without the administration of correctional in-
sulin or dextrose; and minimizing the rates of IV insulin initiation
to manage hyperglycemia in the protocol group.

In conclusion, the implementation of a simplified protocol for
the management of dexamethasone-induced hyperglycemia in
hospitalized patients with COVID-19 resulted in better glycemic
control and was associated with better clinical outcomes and lower
mortality of COVID-19. Future randomized controlled studies are
needed to compare the inpatient glycemic control, preferably using
continuous glucose level monitors, and mortality among patients
with steroid-induced hyperglycemia treated with our protocol
versus a control group treated with a standardized protocol for the
management of inpatient hyperglycemia.
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