
SAGE Open Medicine

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons  
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, 

reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open 
Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://doi.org/10.1177/20503121241238148

SAGE Open Medicine
Volume 12: 1–11

© The Author(s) 2024
Article reuse guidelines: 

sagepub.com/journals-permissions
DOI: 10.1177/20503121241238148

journals.sagepub.com/home/smo

Introduction

Coronavirus disease 2019 (COVID-19) is an infectious dis-
ease caused by the SARS-CoV-2 virus, which emerged as a 
global pandemic in December 2019. Patients with COVID-
19 can experience a wide range of symptoms, from mild to 
severe, and may develop life-threatening complications, 
such as acute respiratory distress syndrome. The therapeu-
tic approach for COVID-19 includes the use of antiviral 
agents, anticoagulants, and anti-inflammatory drugs, such 
as glucocorticoids and immunosuppressants, with the aim 

of improving symptoms and reducing mortality rates.1 
Notably, the Randomized Evaluation of COVID-19 
Therapy (RECOVERY) trial demonstrated that 
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administering oral or intravenous dexamethasone at a daily 
dose of 6 mg for up to 10 days led to reduced mortality in 
patients requiring therapy with supplemental oxygen or 
invasive mechanical ventilation.2

Glucocorticoids, commonly known as steroids, are 
widely prescribed in clinical practice due to their potent 
anti-inflammatory and immunosuppressive properties.3,4 In 
this paper, the term “steroid” refers to glucocorticoids. In 
COVID-19 patients with impaired immunity, an exagger-
ated immune response triggers a cytokine storm, leading to 
severe inflammation and lung injury, potentially resulting in 
multiorgan failure and mortality.5 A meta-analysis in 
COVID-19 patients revealed a high incidence of acute res-
piratory distress syndrome (ARDS) cases at 19.5%, with a 
mortality rate of 5.5%.6 The anti-inflammatory and immu-
nosuppressant effects of steroids offer benefits to patients 
with ARDS by reducing the cytokine storm and serving as a 
bridge for initiating specific antiviral or disease-modifying 
treatments.7 Several meta-analyses have demonstrated that 
steroid treatment reduces mortality rates in severe COVID-
19 cases.8–10 However, it is important to note that steroids 
increase the risk of hyperglycemia, even in patients without 
preexisting diabetes.11–13

Steroid-induced hyperglycemia develops through a com-
plex process that involves an increase in hepatic gluconeo-
genesis and promotion of adipose lipolysis, followed by the 
development of whole-body insulin resistance, as well as 
impaired insulin synthesis and secretion by pancreatic beta 
cells.12 The prevalence of steroid-induced hyperglycemia is 
reported to range from 56% to 86% in individuals with and 
without preexisting diabetes.14,15 Moreover, steroids can trig-
ger hyperosmolar hyperglycemic state and diabetic ketoaci-
dosis, especially in patients with preexisting diabetes.16–20

Hyperglycemia in hospitalized patients has been associ-
ated with unfavorable outcomes, including increased mortal-
ity, higher infection rates, and prolonged hospital stays.21–23 
Hyperglycemia also promotes viral replication, increases 
viral load, and extends viral shedding.24,25 Individuals with 
diabetes tend to have a greater release of proinflammatory 
cytokine, compromised host immune responses, and 
endothelial dysfunction, potentially leading to a more severe 
clinical response to COVID-19.26–28 The poor glycemic con-
trol in critically ill patients is closely linked to more severe 
COVID-19 disease.29–31 Well-controlled blood glucose (BG) 
has been correlated with improved survival rates for COVID-
19 patients with type 2 diabetes.30 This evidence has empha-
sized the importance of monitoring BG levels and glycemic 
control in COVID-19 patients.

The management of steroid-induced hyperglycemia in the 
hospital settings, particularly in COVID-19 patients, remains 
a subject of limited research.32,33 Existing guidelines by the 
American Diabetes Association (ADA), Joint British 
Diabetes Societies, and the Endocrine Society offer recom-
mendations for managing hyperglycemia secondary to ster-
oid therapy.34–36 According to the ADA guideline, glycemic 

targets and management for patients with steroid-induced 
hyperglycemia do not differ from those with any other type 
of diabetes.34 In the statement by the Endocrine Society, it is 
recommended that patients treated with glucocorticoids who 
develop hyperglycemia should be managed with a basal/
bolus insulin regimen, starting at a dose of 0.3–0.5 units/kg/
day.37 However, these recommendations primarily rely on 
expert opinion rather than evidence-based data.38,39 Treatment 
with a computerized algorithm-based system of subcutane-
ous insulin has demonstrated efficacy and safety in manag-
ing steroid-induced hyperglycemia.40 This study aimed to 
retrospectively analyze glycemic outcomes in hospitalized 
COVID-19 patients with steroid-induced hyperglycemia to 
evaluate the efficacy of different initial insulin dosages.

Methods

Study design and patient selection

We conducted a retrospective review of electronic medical 
records of COVID-19 patients (ICD-10-CM code U07.1) 
admitted to Ramathibodi Hospital between 1 August 2020 
and 30 September 2021, who were treated with insulin ther-
apy during their hospital stay. The study subjects included 
COVID-19 patients who received a daily dexamethasone 
dosage of ⩾6 mg or an equivalent dose of glucocorticoid as 
part of the COVID-19 treatment protocol and developed 
hyperglycemia (defined as having random BG > 200 mg/dL 
at least once) that required insulin therapy during their 
admission. COVID-19 diagnosis was confirmed by reverse 
transcription-polymerase chain reaction. Insulin therapy 
included a regimen with basal insulin only, as well as a com-
bination of basal and bolus insulin administered through 
multiple daily injections or a twice-daily premixed insulin 
regimen. Basal insulin included neutral protamine Hagedorn 
(NPH, Insulatard, Novo Nordisk); glargine U100 (Lantus, 
Sanofi); glargine U300 (Toujeo, Sanofi); and degludec 
(Tresiba, Novo Nordisk). Bolus insulin included regular 
insulin (Actrapid, Novo Nordisk) and rapid-acting insulin 
analogs (insulin aspart, Novorapid, Novo Nordisk; lispro, 
Humalog, Eli Lilly; and glulisine, Apidra, Sanofi). Premixed 
insulin included premixed human insulin (30% regular insu-
lin and 70% NPH insulin, Mixtard 70/30, Novo Nordisk) and 
premixed insulin analogs (30% insulin aspart and 70% neu-
tral protamine aspart, NovoMix 70/30, Novo Nordisk; 25% 
insulin lispro and 75% neutral protamine lispro, HumalogMix 
75/25, Eli Lilly), as well as coformulation (30% insulin 
aspart and 70% insulin degludec, Ryzodeg 70/30, Novo 
Nordisk). The decision regarding glucocorticoid dosage was 
based on the best clinical evidence available from various 
clinical trials, including RECOVERY,2 CODEX,41 and 
Meth-COVID trials.42

We excluded patients aged <18 years old, patients with 
type 1 diabetes mellitus, pregnant women, those requiring 
total parenteral nutrition or tube feeding, those allergic to 
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insulin, those with decompensated or end-stage chronic 
organ dysfunction (e.g., decompensated cirrhosis, end-stage 
renal disease requiring dialysis), patients who were unable to 
use subcutaneous insulin due to hemodynamically instabil-
ity, or those immediately admitted to the intensive care unit 
(ICU), those who received other hypoglycemic agents other 
than insulin, those with diabetic ketoacidosis or hyperosmo-
lar hyperglycemic state43 at admission, those with incom-
plete medical records (e.g., transfer to another hospital), and 
patients with a duration of hospital stay <3 days. We also 
excluded patients who receive only correctional insulin. The 
attending physicians primarily adjusted the insulin dosage in 
an attempt to achieve glycemic targets within the range of 
70–180 mg/dL. In cases of challenging glycemic control, 
supervision was provided by endocrine specialists to manage 
BG levels.

We divided patients into four groups according to total 
daily dose (TDD) of insulin treatment during hospitalization 
on the first day of insulin initiation: Group A ⩽0.29 units/kg, 
Group B 0.3–0.49 units/kg, Group C 0.5–0.69 units/kg, and 
Group B ⩾0.7 units/kg. TDD of insulin included basal, 
bolus, and correctional insulin. For patients with preexisting 
insulin therapy, the first day of insulin initiation was consid-
ered from the time of hospitalization. At admission, the base-
line characteristics (e.g., age, gender, body mass index, 
diabetic status, BG, and creatinine) collected at admission 
were recorded for each group.

Outcome measures

We analyzed all preprandial and bedtime capillary BG read-
ings obtained and recorded in the electronic medical record 
during the 3 days following initiation of insulin therapy. We 
calculated the mean BG concentration and the percentage of 
BG values that deviated from the glycemic target range. 
Treatment failure to hyperglycemia was defined as either a 
mean BG level > 280 mg/dL for two consecutive days after 
the first day of initiation of insulin therapy or any BG 
level ⩾ 400 mg/dL.44 Hemoglobin A1c (HbA1c) levels were 
measured on the first day of hospitalization.

Hypoglycemic events (BG < 70 mg/dL) were classified 
as follows: hypoglycemia “alert” value (level 1)—
BG < 70 mg/dL and ⩾54 mg/dL, clinically significant hypo-
glycemia (level 2)—BG < 54 mg/dL), and severe 
hypoglycemia (level 3)—a severe event characterized by 
altered mental and/or physical status requiring assistance for 
treatment of hypoglycemia.45 In addition, the occurrence of 
BG < 40 mg/dL was assessed and considered as severe hypo-
glycemia, consistent with the definition used in many rand-
omized clinical trials.44,46

The primary end point was to assess the differences in 
glycemic control between treatment groups, measured by the 
treatment failure rates. Secondary outcomes included differ-
ences in mean daily BG concentration during hospitalization 
between treatment groups, BG values falling within 

the target ranges, episodes of severe hyperglycemia 
(BG > 240 mg/dL) after the first day of treatment),44 the 
number of hypoglycemic events, and complications such as 
acute respiratory failure requiring invasive mechanical ven-
tilation, transfer to an ICU, and hospital mortality. 
Additionally, univariate and multivariate analyses were con-
ducted to identify factors that associated with treatment fail-
ure to hyperglycemia. Variables that demonstrated statistical 
significance in the univariate analyses were subsequently 
included in a multivariate analysis.

Statistical analyses

Categorical variables are expressed as counts and percent-
ages. Continuous variables with normal distribution are pre-
sented as means and standard deviations, while non-normally 
distributed variables were reported as medians and inter-
quartile ranges, as appropriate. The sample size was not cal-
culated, as this study represents the first of its kind examining 
insulin treatment for steroid-induced hyperglycemia in 
COVID-19 patients. The differences in glycemic control 
among the groups were assessed using the Chi-squared, one-
way analysis of variance, or Kruskal–Wallis tests, with post 
hoc multiple comparisons. Logistic regression analysis was 
used to investigate the association of variables with treat-
ment failure to hyperglycemia. Univariate analysis is used to 
select variables for multivariate analysis, using a cutoff 
p-value of <0.2. A p-value of <0.05 was considered statisti-
cally significant. Statistical analysis was performed using 
STATA software version 17.0 (Stata Corp LLC, College 
Station, TX, USA).

Results

After exclusions (Figure 1), the study included a total of 156 
patients, with a mean age of 64 ± 14 years, and 50% of them 
were male. The mean body mass index was 26.9 ± 6.9 kg/m2. 

Figure 1.  Study flowchart.
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Patients were classified into four groups based on their initial 
TDD of insulin: Group A (⩽0.29 units/kg/day, n = 79), Group 
B (0.3–0.49 units/kg/day, n = 33), Group C (0.5–0.69 units/
kg/day, n = 27), and Group D (⩾0.7 units/kg/day, n = 17). The 
maximum TDD of insulin was 1.66 units/kg/day.

Baseline characteristics, including age, sex, body weight, 
body mass index, serum creatinine, and steroid dosage, were 
similar among the groups (Table 1). The majority of the 
patients (67%) were diagnosed with type 2 diabetes mellitus, 
with the highest prevalence observed in Group D. The mean 
admission BG and HbA1c levels were 233 ± 112 mg/dL and 
7.8 ± 2.3%, respectively. HbA1c levels at admission were 
lowest in group A (6.7 ± 1.2%) and highest in group D 
(9.8 ± 2.5%). Serum creatinine levels were also similar 
across the groups. All cohorts received high-dosage gluco-
corticoids as part of the COVID-19 protocol, including dexa-
methasone (55%), methylprednisolone (45%), or other 
agents (0.6%). The median daily dexamethasone dosage or 
equivalent was 36 (IQR 16, 72) mg, and there was no signifi-
cant difference among the groups. The TDD of insulin is 
shown in Table 1. The main proportion of insulin used was 
basal insulin. No patient receiving only correctional insulin 
or basal insulin was included in the study.

The glycemic outcomes are presented in Table 2.A total 
number of 1270 fingerstick BG readings were recorded dur-
ing the 3-day study. The number of fingerstick BG readings 
per day did not differ between the TDD groups. The number 
of the proportion of treatment failure was lowest in Group A. 
Among patients requiring TDD ⩾0.3 units/kg/day, no sig-
nificant differences were observed in the treatment failure 
rate between Groups B, C, and D. Furthermore, during the 
3-day study period following the initiation of insulin therapy, 
there were no statistically significant differences in mean BG 
levels across the groups: Group A 232 ± 42 mg/dL, Group B 
247 ± 57 mg/dL, Group C 247 ± 61 mg/dL, and Group D 
227 ±67 mg/dL (p = 0.2). Despite the lack of significant dif-
ference, Group D showed a higher number of episodes of 
achieving BG concentrations between 70 and 180 mg/dL for 
3 days after insulin treatment.

Hypoglycemic events (BG < 70 mg/dL) occurred in 10 
events (0.8%) of all BG readings. A significant difference 
in rate of hypoglycemic events (BG < 70 mg/dL) was 
observed between groups, with Group D exhibiting the 
highest rate (p = 0.008). Three patients had level 2 hypogly-
cemia (BG <54 mg/dL) in this study. There are no signifi-
cant differences in clinically significant hypoglycemia 
(level 2 or 3) were observed between groups (Group A: 
n = 1, Group B: n = 1, Group C: n = 0, and Group D: n = 1, 
p = 0.51). No patient developed severe hypoglycemia with 
BG < 40 mg/dL.

There were no differences among groups in the frequency 
of hospital complications, including acute respiratory failure 
that necessitated invasive mechanical ventilation, transfer 
rates to the ICU, and mortality.

The univariate and multivariate analyses of variables 
associated with treatment failure are presented in Table 3. In 
the multivariate analysis, a significant association with treat-
ment failure persisted for the TDD of insulin at 0.3–0.49  
U/kg (Table 3).

Discussion

This retrospective single-center analysis of COVID-19 
patients with steroid-induced hyperglycemia compared the 
efficacy of glycemic control, hypoglycemic events, and hos-
pital complications between four different groups of patients 
receiving varying TDD of insulin. Our study found that 
among patients who require a TDD of ⩾0.3 units/kg/day of 
insulin, those who received a TDD ⩾0.7 units/kg/day of 
insulin experienced a similar rate of treatment failure to 
hyperglycemia when compared with other TDD groups, 
accompanied by an increase in nonclinically significant 
hypoglycemia.

The link between hyperglycemia in hospitalized patients, 
regardless of their diabetic status, and an elevated risk of 
prolonged hospitalization, complications, and mortality has 
been well established.47 There are extensive data supporting 
the importance of hyperglycemia management among hospi-
talized patients.34,36 Nevertheless, achieving glycemic tar-
gets may prove challenging, particularly in patients 
undergoing steroid treatment. Patients with type 2 diabetes 
mellitus receiving steroids may encounter difficulties in 
attaining glycemic targets even with higher insulin dos-
age.48,49 The Endocrine Society Clinical Practice Guidelines 
recommend a starting daily insulin dose of 0.3–0.5 units/kg 
for hospitalized patients with hyperglycemia on steroids.37 
During the COVID-19 pandemic, Diabetes UK published 
guidance for the management of dexamethasone-induced 
hyperglycemia (BG > 216 mg/dL) and recommended initiat-
ing the use of isophane insulin (i.e., neutral protamine hage-
dorn or NPH) at 0.3 units/kg, with a more resistant sliding 
scale.50 However, these recommendations are based on lim-
ited evidence and expert opinions. A retrospective study of 
cancer patients receiving high-dose steroids as part of chem-
otherapy and having two BG readings >250 mg/dL found 
that the group initiating a TDD of insulin at 1–1.2 units/kg/
day as multiple-dose insulin regimen achieved better glyce-
mic control.51 The evidence from randomized trials in ster-
oid-induced hyperglycemia supports the safety of 
hypoglycemia, even when initiating a daily insulin dosage of 
0.5 units/kg, which is at the higher end of the recommended 
dosing range for insulin-naïve patients.52 In addition, another 
randomized trial addressing steroid-induced hyperglycemia 
in patients admitted with pulmonary diseases, such as chronic 
obstructive pulmonary disease, asthma exacerbation, and 
pneumonia, and receiving high-dose steroids, reported that 
the risk of hypoglycemia remains low when using an initial 
daily insulin dosage of 0.51 units/kg.53 Continuous glucose 
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Table 3.  Univariate and multivariate analyses of various variables and treatment failure.

Variables Treatment failure*, n (%) Univariate analysis Multivariate analysis

Yes (n = 47) No (n = 109) OR (95% CI) p-Value OR (95% CI) p-Value

TDD (U/kg)
  <0.29 U/kg 15 (18%) 64 (81%) 1 — 1 —
  0.3–0.49 U/kg 17 (52%) 16 (48%) 4.53 (1.87, 10.98) 0.001 3.65 (1.40, 9.57) 0.008
  0.5–0.69 U/kg 10 (37%) 17 (63%) 2.51 (0.96, 6.57) 0.061 1.85 (0.60, 5.75) 0.287
  >0.7 U/kg 5 (29%) 12 (71%) 1.78 (0.54, 5.82) 0.341 1.09 (0.28, 4.19) 0.897
Gender
  Male 21 (45%) 57 (52%) 1 — 1 —
  Female 26 (55%) 52 (48%) 1.35 (0.68, 2.7) 0.384 1.34 (0.63, 2.87) 0.452
DM history
  None 1 (2%) 7 (6%) 1 — 1 —
  Prediabetes 6 (13%) 37 (34%) 1.14 (0.12, 10.94) 0.913 0.97 (0.10, 9.84) 0.981
  Type 2 DM 40 (85%) 65 (60%) 4.31 (0.51, 36.32) 0.179 2.61 (0.27, 25.03) 0.406
Baseline HbA1c — — 1.14 (0.99, 1.32) 0.076 1.01 (0.82, 1.25) 0.904
Steroid dosage — — 1 (1, 1.01) 0.252 1.00 (1.00, 1.01) 0.341
Baseline fasting BG — — 1.01 (1, 1.01) 0.078 1.00 (1.00, 1.00) 0.785
Types of steroids
  Dexamethasone 26 (55%) 59 (54%) 1 — — —
  Methylprednisolone 21 (45%) 49 (45%) 0.97 (0.49, 1) 0.937 — —
Age — — 0.98 (0.96, 1.01) 0.353 — —
BMI — — 1 (0.95, 1.05) 0.906 — —
Serum creatinine — — 0.96 (0.53, 1.72) 0.881 — —

BG, blood glucose; BMI, body mass index; CI, confidence interval; DM, diabetes mellitus; HbA1c, hemoglobin A1c; no., number; OR, odds ratio; TDD, 
total daily dose; U, unit(s).
Bold letters in the univariate analysis imply variables for multivariate analysis, using a cutoff p-value of <0.2; in the multivariate analysis, a p-value of <0.05 
is considered statistically significant.
*Treatment failure was defined as a mean BG level > 280 mg/dL after the first day of insulin therapy or BG level ⩾ 400 mg/dL at least once a day.

monitoring data in patients with type 1 diabetes who were 
administered steroids indicated that the TDD insulin needed 
to be raised by at least 30%.54 In the present study, we 
observed that a TDD of insulin ranging from 0.3 to  
⩾ 0.7 units/kg resulted in similar successful glycemic con-
trol. Rates of hypoglycemia were more frequent in the TDD 
of insulin ⩾ 0.7 units/kg, although they did not lead to clini-
cally significant hypoglycemia. These findings provide sup-
port for recommending an initial insulin dosage in 
steroid-induced hyperglycemia to be initiated at 0.3–
0.5 units/kg, in accordance with the current Endocrine 
Society Clinical Practice Guidelines.37

Our results need to be interpreted with caution as COVID-
19 itself has been demonstrated to lead to higher rates of 
hyperglycemia and new-onset diabetes, even without steroid 
treatment.55 Our study found that COVID-19 patients in the 
highest TDD group had a mean TDD of 1.01 ± 0.26 units/kg. 
COVID-19 patients may require higher doses of insulin than 
individuals with acute illness who are not affected by 
COVID-19. A small case series of COVID-19 patients with 
diabetes admitted to ICU reported extremely high insulin 
doses, with a mean insulin requirement of up to 2.2 units/kg/
day during the peak inflammatory response.56 The initial 
insulin dose and timing of insulin administration should be 
personalized based on the severity of hyperglycemia and the 

dosage of steroid therapy.37 Continuous insulin infusion is 
considered an appropriate approach for managing cases of 
severe and difficult-to-control hyperglycemia.37

A rational approach to attain optimal glycemic control is 
to initiate basal insulin in a manner dependent on the patient’s 
body weight and the dose of steroid administration. Expert 
recommendations suggest initiating basal insulin based on 
steroid dose, with the daily insulin dose increased by 
0.1 units/kg for every 10 mg of prednisone (or its equivalent, 
such as dexamethasone 2 mg prescribed), up to a maximum 
of 0.4 units/kg.13,57 Previous randomized trials have shown 
that adding isophane insulin (0.1–0.4 units/kg/day) based on 
steroid dose and oral intake to patients with diabetes who 
were already on a basal-bolus insulin regimen led to a sig-
nificant improvement in glycemic control.58,59A retrospec-
tive study from an academic medical center provided 
valuable insights into optimal TDD of insulin based on ster-
oid dosage, revealing optimal TDD insulin of 0.294, 0.257, 
and 0.085 units/kg for low-, medium-, and high-dose steroid 
subgroups, respectively.60 Similarly, the optimal basal insu-
lin doses per 10-mg prednisone were 0.215, 0.126, and 
0.036 units/kg for the low-, medium-, and high-dose steroid 
subgroups, respectively.60 Our study shows similar a TDD 
insulin-to-steroid ratio to previous research and expert guid-
ance about 0.1 units/kg for dexamethasone 2 mg (equivalent 
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to prednisone 10 mg) in high-dose steroid usage (dexametha-
sone ⩾ 6 mg/day).

Another factor to consider regarding TDD insulin is the 
baseline HbA1c level. A retrospective study in COVID-19 
patients demonstrated that those with higher HbA1c levels, 
particularly with HbA1c ⩾ 8%, experienced more signifi-
cant steroid-induced hyperglycemia and required higher 
insulin doses.61 This finding was consistent with our study, 
which observed that patients who required highest TDD also 
had the highest admission HbA1c levels.

A basal-bolus insulin regimen includes the administration 
of basal insulin given once or twice daily along with rapid-
acting insulin given before meal, plus corrective doses of 
rapid-acting insulin is the preferred subcutaneous insulin 
regimen for inpatient glycemic management.37,62 For steroid-
induced hyperglycemia, the Endocrine Society recom-
mended glycemic management with either isophane 
insulin-based insulin or basal-bolus regimens. Inpatient gly-
cemic management with premixed human insulin therapy 
resulted in similar glycemic control but in significantly 
higher hypoglycemic rates compared with basal-bolus regi-
men.63 On the contrary, an observational study revealed that 
the rate of hypoglycemia did not increase in hospitalized 
patients with type 2 diabetes using premixed insulin.64,65 
These findings may be explained by premixed insulin analog 
reduces the risk of hypoglycemia compared to human pre-
mixed insulin.66 In our study, we observed a higher percent-
age of premixed insulin use compared to the basal-bolus 
regimen. During the peak of the COVID-19 pandemic, pre-
mixed insulin was considered an alternative option for insu-
lin therapy to reduce infection exposure for health care 
professionals.

Additionally, the proportion of basal insulin was signifi-
cantly higher than bolus insulin, as physicians opted for 
long-acting insulin prescriptions to reduce COVID-19 
exposure risks. Considering steroid-induced insulin resist-
ance and the prevalence of high postprandial hyperglyce-
mia when high steroid doses are administered, there is often 
a need to increase bolus insulin doses, sometimes by as 
much as 40%–60% or even up to 75%, in addition to basal 
insulin.38,51,67

Due to the action of isophane insulin peaks at 4–6 h after 
administration, it is recommended to administer it concomi-
tantly with intermediate-acting steroids (e.g., prednisone, 
prednisolone, methylprednisolone). For long-acting gluco-
corticoids such as dexamethasone or when using multidose 
or continuous glucocorticoid therapy, it may necessary to use 
long-acting basal insulin to effectively manage fasting BG 
levels.45 The choice between glargine and isophane insulin 
as basal insulin for managing steroid-induced hyperglycemia 
in hospitalized patients remains a matter of debate. Previous 
studies, including both retrospective studies and randomized 
controlled trials, have suggested that both glargine and 
isophane insulin demonstrate equal effectiveness in manag-
ing steroid-induced hyperglycemia.53,68

One of the strengths of our study is the emphasis on the 
optimal TDD of insulin in COVID-19 patients receiving 
high-dose steroid treatment. This valuable information can 
play a crucial role in managing potential extreme cases in the 
future, particularly if new pandemic viruses emerge. 
However, it is important to acknowledge several limitations 
in our study. Firstly, the retrospective design introduces limi-
tations to our findings. To address these limitations, prospec-
tive clinical trials should be conducted in the future. To 
achieve optimal glycemic targets, it is essential to focus not 
only on insulin initiation but also on the intensification of 
insulin therapy. Integrating algorithm protocols from previ-
ous studies into our results would prove beneficial for 
improving the glycemic management in cases of steroid-
induced hyperglycemia.32,33 Our sample size was small, and 
it was not calculated due to the lack of prior studies. 
Additionally, the results obtained from COVID-19 patients 
may not directly apply to non-COVID-19 patients with ster-
oid-induced hyperglycemia. Currently, noninsulin therapies, 
such as DPP-4 inhibitors, have demonstrated safety in the 
hospitalized patients.69 Our study excluded patients who 
were using noninsulin antihyperglycemic agents. Throughout 
the COVID-19 pandemic, physicians from diverse special-
ties have collaborated to provide patient care, but some of 
them may lack extensive experience in inpatient glycemic 
management. In some cases, consultant endocrinologists 
may not be readily available to take charge during the initial 
days of admission. This study was conducted before the 
emergence of other COVID-19 variants, including the 
Omicron variants.

Conclusions

In the present study, we observed that an initial TDD of insu-
lin on Day 1 at ⩾ 0.7 units/kg/day did not result in signifi-
cantly difference mean BG control or rates of treatment 
failure compared to other initial TDD groups. This initial 
insulin dosage for hospitalized COVID-19 patients undergo-
ing high-dose steroid therapy should be personalized to indi-
vidual needs.
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