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Introduction: Hyperglycemic crises, such as diabetic ketoacidosis (DKA) and 
hyperosmolar hyperglycemic state (HHS), are life-threatening complications of 
diabetes. This study aimed to assess the impact of early initiation of non-insulin 
hypoglycemic agents on glycemic variation following acute management of 
DKA/HHS.

Research design and methods: This retrospective cohort study was conducted 
at King Abdulaziz Medical City and King Abdullah Specialized Children Hospital in 
Riyadh, Saudi Arabia. Patients with diabetes mellitus admitted between January 
2015 and December 2023 were included if they had a confirmed diagnosis of 
DKA or HHS and received any non-insulin hypoglycemic agents after receiving 
acute care management. The primary outcome was to assess the impact of 
early initiation (defined as less than 24–48 h) of non-insulin hypoglycemic 
agents following acute management of DKA/HHS in controlling glycemic 
variation by measuring delta blood glucose “BG,” with secondary outcomes 
including hypoglycemia incidence, correctional insulin requirements, predictors 
for hospital length of stay (LOS), 90-day mortality, and hospital readmissions. 
Data was adjudicated by a separate clinician. Statistical analysis was performed 
using SPSS (IBM, Armonk, NY).

Results: Out of 1,483 screened patients, 137 were included, experiencing a total 
of 226 hyperglycemic events. During hospitalization, 42.9% of patients were 
transitioned to oral hypoglycemic agents within 4 days. Transitioning to oral 
hypoglycemic medications resulted in a significant reduction in BG levels. Early 
re/initiation of hypoglycemic agents was strong predictor for shorter hospital 
LOS and lower 90-day mortality rate (2.1% vs. 10.1%, p-value = 0.02). There 
were no other significant outcomes.

Conclusion: The study suggests that early initiation of non-insulin hypoglycemic 
results in similar delta BG compared to late initiation following acute management 
of DKA and HHS. The findings indicate that early transitioning to non-insulin 
hypoglycemic agents is associated with a lower 90-day mortality rate after 
acute management of DKA/HHS and a strong predictor for shorter hospital LOS. 
Further research, including randomized controlled trials, is recommended to 

OPEN ACCESS

EDITED BY

Apoorva Gomber,  
Brigham and Women’s Hospital and Harvard 
Medical School, United States

REVIEWED BY

Anthonia Ogbera,  
Lagos State University, Nigeria
Augusto Cezar Santomauro Junior,  
University of São Paulo, Brazil

*CORRESPONDENCE

Abdulrahman I. Alshaya  
 alshayaab@gmail.com

‡These authors have contributed equally to 
this work and share first authorship

RECEIVED 08 January 2025
ACCEPTED 30 July 2025
PUBLISHED 18 August 2025

CITATION

Alshaya AI, ​Al-Yahya H, Alshehri A, Alrashed M, 
Alshaya O, Alfehaid L and Badreldin HA (2025) 
Re-starting or initiating 
guideline-recommended hypoglycemic 
agents for patients admitted with 
hyperglycemic crisis.
Front. Med. 12:1485357.
doi: 10.3389/fmed.2025.1485357

COPYRIGHT

© 2025 Alshaya, Al-Yahya, Alshehri, Alrashed, 
Alshaya, Alfehaid and Badreldin. This is an 
open-access article distributed under the 
terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or 
reproduction in other forums is permitted, 
provided the original author(s) and the 
copyright owner(s) are credited and that the 
original publication in this journal is cited, in 
accordance with accepted academic 
practice. No use, distribution or reproduction 
is permitted which does not comply with 
these terms.

TYPE  Original Research
PUBLISHED  18 August 2025
DOI  10.3389/fmed.2025.1485357

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2025.1485357&domain=pdf&date_stamp=2025-08-18
https://www.frontiersin.org/articles/10.3389/fmed.2025.1485357/full
https://www.frontiersin.org/articles/10.3389/fmed.2025.1485357/full
https://www.frontiersin.org/articles/10.3389/fmed.2025.1485357/full
https://www.frontiersin.org/articles/10.3389/fmed.2025.1485357/full
https://www.frontiersin.org/articles/10.3389/fmed.2025.1485357/full
https://orcid.org/0000-0002-5262-5841
mailto:alshayaab@gmail.com
https://doi.org/10.3389/fmed.2025.1485357
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2025.1485357


Alshaya et al.� 10.3389/fmed.2025.1485357

Frontiers in Medicine 02 frontiersin.org

validate these findings and explore long-term effects on mortality and clinical 
outcomes.
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Introduction

Hyperglycemic crises such as diabetic ketoacidosis (DKA) and 
hyperosmolar hyperglycemic state (HHS) are the most severe acute 
metabolic complications of diabetes that could be life-threatening if 
not treated promptly. Although the incidence of DKA is higher in type 
1 (T1D) than in type 2 diabetic patients (T2D), T2D patients tend to 
present with more severe cases with higher mortality (1). The 
incidence of DKA is estimated to be 61.6 cases per 10,000 admissions 
in the United States (2). On the other hand, the prevalence of HHS is 
estimated to be near less than 1% of hospital admissions in diabetic 
patients with a ten times higher mortality rate than DKA cases (3).

According to a 2024 report by the International Diabetes 
Federation (IDF), Saudi Arabia ranks second in the region and 
seventh globally for diabetes prevalence. The report indicates that 
out of a population of 33.3 million, approximately 7 million 
individuals have diabetes, while an additional 3 million are 
classified as pre-diabetic. Saudi Arabia is one of the 21 countries 
and territories in the IDF MENA region, where 589 million people 
have diabetes worldwide, and this number is projected to rise to 
163 million in the MENA region by 2050 (4). A study conducted 
in Saudi Arabia found that among adults aged 30 to 70 years, 23.7% 
have Diabetes Mellitus, and 14.1% have impaired fasting glucose, 
with incidence rates higher in urban areas (25.5%) compared to 
rural regions (19.5%) (5). If current trends continue, it is projected 
that by 2030, 50% of the population will be diabetic (6). Both type 
1 and type 2 diabetes are prevalent in Saudi Arabia, with type 1 
more common in children and adolescents and type 2 
predominantly affecting adults, though there is significant overlap. 
This alarming incidence and prevalence of diabetes in Saudi Arabia 
contribute significantly to the increasing number of patients 
presenting to emergency departments with life-threatening 
complications, such as DKA and HHS (6).

Hyperglycemic Crises such occur due to insulin deficiency or 
resistance associated with increased levels of counterregulatory 
hormones such as glucagon and cortisol, leading to hyperglycemia, 
ketosis, dehydration, and electrolyte imbalance (7). Hence, the 
fundamental treatment of such hyperglycemic crises is fluid 
replacement, insulin therapy, correction of electrolyte imbalance, and 
treating underlying illness (8). Recently, multiple studies investigated 
the safety and efficacy of using different dosing strategies for insulin 
and fluids in DKA and HHS patients (9–13). DKA characterizes 
mainly by uncontrolled hyperglycemia [>13.9 mmol/L (>250 mg/
dL)], metabolic acidosis, and presence of ketonemia and anion gap. 
Although HHS overlaps with DKA, it is associated with more severe 
hyperglycemia [>33.3 mmol/L (>600 mg/dL)] but no ketoacidosis.

Current guidelines suggest initiating institutional protocol to treat 
these emergency cases, yet it is still unclear when and how clinicians 
should re-start oral/injectable hypoglycemic agents in these patients. 
However, it is recommended that once DKA or HHS has resolved, 
patients should be  transitioned to subcutaneous insulin or oral 

hypoglycemic agents in preparation for discharge. Structured 
discharge planning, thorough patient education, and detailed 
reconciliation of discharge medications are crucial for a safe transition 
of care and for preventing recurrence. Additionally, identifying factors 
that contributed to the hyperglycemic crisis, such as medication 
non-compliance and infections, is essential to prevent future episodes 
(12–15). Chronic diabetes management is quickly transforming as 
recent hypoglycemic agents such as sodium–glucose cotransporter 2 
inhibitor (SGLT2i), glucagon-like peptide 1 receptor agonist (GLP-1 
RA), showing mortality benefit compared to the old generation of 
hypoglycemic agents (12). Yet, the role of transition of care in these 
cases is yet to be explored in literature. Transition points, such as 
moving from critical care to acute care or a general floor, rehabilitation 
programs, and eventually returning to the community, present 
substantial challenges in medication therapy management (MTM). 
These transitions necessitate optimizing patients’ medication regimens 
and preventing adverse events associated with resuming home 
medications. Ensuring effective MTM during these phases is critical 
for maintaining therapeutic outcomes and minimizing risks (16, 17). 
This study aimed to assess the impact of early initiation of non-insulin 
hypoglycemic agents on glycemic variation following acute 
management of DKA/HHS.

Methods

Study design and setting

This was a retrospective cohort study of patients with diabetes 
mellitus who presented to King Abdulaziz Medical City (KAMC)—
King Abdullah Medical City Specialist Hospital (KASCH) as part of 
the National Guard Hospital Affairs (NGHA) in Riyadh, Saudi Arabia. 
No formal treatment protocol was in place for the restarting or 
reinitiation of hypoglycemic agents, and all medication changes were 
made at the physician’s discretion. This study was approved from King 
Abdullah International Medical Center IRB with this reference 
number “NRC23R/014/01.” Due to the nature of the study as 
retrospective in nature, a waiver on the patient consent 
was implemented.

Patient selection

Adult patients with a diagnosis of diabetes mellitus T2D 
identified via ICD 10 codes (E11.1. E12.1, E13.1, and E14.1) who 
were admitted to KAMC—KASCH between January 2015 and 
December 2023 were identified using electronic health record 
reporting of our institution. We  conducted an independent 
examination of all patients with T2D admitted with DKA and HHS 
and eligible for oral/injectable hypoglycemic agents. Subjects were 
selected using random number generation until the desired sample 
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size was reached or all available patients were included. Patients 
were excluded if they were diagnosed with type 1 diabetes, no 
documented DKA/HHS, ESRD on hemodialysis and those who 
could not be managed with oral/injectable hypoglycemic agents. 
This research received no specific grant from any funding agency 
in the public, commercial, or not-for-profit sectors. Patients or the 
public were not involved in the design, or conduct, or reporting, 
or dissemination plans of this research.

Study variables and data collection

The primary outcome was to assess the impact of early initiation 
(defined as less than 24–48 h) of non-insulin hypoglycemic agents 
on glycemic variation following acute management of DKA/
HHS. This was defined as the median delta blood glucose (BG) 
during the transition process (mg/dL). Delta blood glucose gap is 
calculated using the highest blood glucose value minus the lowest 
blood glucose value. The secondary outcomes were the median time 
to restart or initiate hypoglycemic agents, incidence of 
hypoglycemia (BG of 54–70 mg/dL), severe hypoglycemia (BG less 
than 54 mg/dL), requirement of corrective doses of insulin, 
infection during admission, hospital length of stay (LOS), Intensive 

Care Unit (ICU) LOS, in-hospital mortality, re-admission after 
90 days, and 90 days all-cause mortality. Predictors of hospital 
readmission within 90 days for patients with hyperglycemic crises 
and predictors of prolonged hospital LOS in patients admitted with 
hyperglycemic crises were assessed using backward 
elimination method.

Data analysis

We hypothesized that delaying the initiation of guideline-
recommended hypoglycemic agents would decrease the transition of 
care from critical to acute illness, thereby optimizing outcomes for 
diabetic patients. All patients who met the inclusion criteria were 
included in the study, and all data were collected from patients’ 
medical records (Figure  1). The collection sheet included (1) 
categorical variables, which were described as percentages, such as the 
presence of comorbidities and the type of hypoglycemic agents, and 
(2) numerical variables, which were calculated as mean ± standard 
deviation, such as baseline characteristics and laboratory values. All 
patients were followed and assessed for in-hospital mortality, 
re-admission after 90 days, and infections during admission. The 
duration of controlled blood glucose (BG) during hospitalization was 

FIGURE 1

Study flowchart.
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determined by calculating the mean of daily BG measurements. The 
number of corrective insulin doses administered was recorded, 
including as needed insulin or any additional doses given outside of 
the patient’s standard insulin regimen.

The data were entered and saved into the Excel datasheet. For the 
study sample, a descriptive statistical analysis was conducted using 
variables that were summarized using means (SD), medians, and 
ranges. Continuous variables were presented as mean ± standard 
deviation or median interquartile range (IQR) as appropriate. 
Categorical variables were presented as number and percent. Student’s 
t-test or Mann–Whitney test were used to compare continuous 
variables as appropriate. Chi-square and Fisher exact test were used 
for categorical variables.

For the analysis of the major endpoint, a univariate analysis 
was done followed by a multivariable logistic regression model to 
adjust for any potential confounders. Additional variables 
selected a priori for inclusion in the model included age, gender, 
Atherosclerotic cardiovascular disease (ASCVD), heart failure, 
estimated glomerular filtration rate (eGFR) < 30 mL/
min/1.73 m2, and BG level (mg/dL). A multivariable analysis was 
performed on risk factors that had a p < 0.1 on univariate analysis 
and variables known to affect the primary endpoint (24). An 
alpha error of 0.05 was considered significant for all analyses. All 
adjusted endpoints were reported as odds ratio with a 95% 
confidence interval for the major endpoint. Statistical significance 
defined by a p-value < 0.05 was reported for all minor endpoints. 
Statistical analysis was performed using SPSS (IBM, 
Armonk, NY).

Results

Participants characteristics

Among 1,483 patients with diabetes mellitus who were screened 
for DKA or HHS, 137 patients were included, with a total of 226 
hyperglycemic events shown in the study flowchart (Figure 1). Of the 
included patients, males had more hyperglycemic crisis incidence 
than females, accounting for 58.41% of the study population. The 
median age was 68 years [interquartile range (IQR): 54–77]. 
Hypertension (75.22%) and chronic kidney disease (35.84%) were the 
most common comorbidities. The median hemoglobin A1c level was 
10.9% (IQR: 8.8–13.2). The most frequently used home medication 
was insulin (75.11%), followed by metformin (36.2%) and dipeptidyl 
peptidase 4 inhibitors (DDPi) (18.14%) (Table 1).

Descriptive analysis and overall clinical 
outcomes

Primary outcome as defined by statistically significant decrease in 
delta blood glucose levels was observed during the transition process, 
with a median reduction of 63 mg/dL, from 225 mg/dL (24 h 
pre-transition) to 162 mg/dL (24 h post-transition) as shown in 
(Figure 2).

A total of 42.9% of admitted patients had been transitioned to oral 
agents other than insulin during hospitalization. Metformin (32.3%) 
and DDPi (20.8%) were the most commonly resumed/initiated 

TABLE 1  Demographic and clinical characteristics of patients admitted with hyperglycemic crisis.

Variable Frequency/median (n = 226) Percent/IQR

Female (n, %) 94 41.59%

Age (median, IQR) 68 54–77

BMI (kg/m2) (median, IQR) 26.2 22.2–31.1

Comorbidities

 � HTN (n, %) 170 75.22%

 � ASCVD (n, %) 67 29.65%

 � CVA (n, %) 76 33.63%

 � HF (n, %) 36 15.93%

 � CKD (n, %) 81 35.84%

eGFR (mL/min/1.73m2) (median, IQR) 39 25–54

A1C (%) (median, IQR) 10.9 8.8–13.2

BG at admission (mg/dL) 525.6 417.6–702

Home medications

 � Metformin (n, %) 82 36.2%

 � SGLT2i (n, %) 12 5.3%

 � GLP-1 (n, %) 4 1.8%

 � DDPi (n, %) 41 18.14%

 � Insulin (n, %) 166 75.11%

 � Sulfonylureas (n, %) 29 12.83%

IQR, interquartile range; BMI, body mass index; HTN, hypertension; ASCVD, atherosclerotic cardiovascular disease; CVA, cerebrovascular accident; HF, heart failure; CKD, chronic kidney 
disease; eGFR, estimated glomerular filtration rate; A1C, glycated hemoglobin; BG, blood glucose; SGLT2i, sodium-glucose co-transporter-2 inhibitors; GLP-1, glucagon-like peptide-1 
receptor agonists; DDPi, dipeptidyl peptidase-4 inhibitors.
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hypoglycemic agent compared to other non-insulin hypoglycemic 
agents (Table  2). During hospitalization, the incidence of 
hypoglycemia (3.0–3.9 mmol/L) was 26.55%, with severe 
hypoglycemia (<3.0 mmol/L) occurring at a lower rate of 13.27%. Our 
analysis revealed that 42.73% of patients experienced readmission 
within 90 days. Moreover, 14.16% of the new DKA and HHS 
readmissions were attributed to acute complications of diabetes 
mellitus, DKA, or HHS. The cohort in this study was primarily treated 

on general medicine floors or spent less than 24 h in the ICU. During 
admission, patients experienced a median of 1 day (range: 0 to 2 days) 
of controlled blood glucose, with a median hospital length of stay of 
5 days (range: 3 to 10 days). Additionally, 22 patients (9.73%) 
developed infections during their hospital stay. Additional data is also 
exhibited in (Figure 2; Table 2).

When comparing outcomes based on the use of hypoglycemic 
agents during hospitalization, patients receiving oral hypoglycemic 

FIGURE 2

Comparison of the median delta blood glucose between patients during the transition process. * The height of each bar corresponds to the median 
value. Top error bar indicates quartile 3 (Q3). Bottom error bar indicates quartile 1 (Q1).

TABLE 2  Descriptive data and overall clinical outcome in patients admitted with hyperglycemic crisis.

Variable Frequency/median 
(n = 226)

Percent/IQR

Patients were transitioned to oral/injectable hypoglycemic medications (n, %) 97 42.92%

Time to re/initiate hypoglycemic agents (days) (median, IQR) 4 2–6

In-hospital metformin (n, %) 73 32.3%

In-hospital SGLT2i (n, %) 9 3.98%

In-hospital GLP-1 (n, %) 0 0.00%

In-hospital DDPi (n, %) 47 20.80%

In-hospital TZD (n, %) 1 0.44%

In-hospital SU (n, %) 14 6.19%

Days of controlled blood glucose during admission (median, IQR) 1 0–2

Hospital LOS 5 3–10

Hypoglycemia (3.0–3.9 mmol/L) (n, %) 60 26.55%

Severe hypoglycemia (<3.0 mmol/L) (n, %) 30 13.27%

Complication (infection during admission) (n, %) 22 9.73%

Hospital mortality (n, %) 3 1.33%

90-days mortality after discharge (n, %) 15 6.73%

Re-admission within 90 days (for any reason) (n, %) 94 42.73%

Readmission due to DKA/HHS/DM complication (n, %) 32 14.16%

IQR, interquartile range; LOS, length of stay; SGLT2i, sodium-glucose co-transporter-2 inhibitors; GLP-1, glucagon-like peptide-1 receptor agonists; DDPi, dipeptidyl peptidase-4 inhibitors; 
TZD, thiazolidinediones; SU, sulfonylureas; DKA, diabetic ketoacidosis; HHS, hyperosmolar hyperglycemic state; DM, diabetes mellitus.
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medications had a lower 90-day post-discharge mortality rate 
compared to those on scheduled insulin 2.1 and 10.1%, 
respectively (p value = 0.02). Notably, no differences in 
hypoglycemia and severe hypoglycemia were noted between the 
two groups (Table 3).

In this study, analysis of the data, as shown in (Table  4), 
revealed that a longer delay in initiating or re-initiating oral 
hypoglycemic medications (Figure 3), along with the occurrence 
of both hypoglycemia and severe hypoglycemia, were identified 
as independent predictors of a prolonged length of hospital stay. 
Additionally, age emerged as a predictor of hospital readmission 
within 90 days for patients with hyperglycemic crises [odds ratio 
(OR): 1.029; 95% confidence interval (CI) 1.007–1.050; p-value 
0.008] (Table 5).

Discussion

This study was designed to identify the outcomes resulting 
from the transition of care in diabetic patients admitted with 
DKA/HHS to guideline-directed medical therapy. Antidiabetic 
medications can be  used alone or alongside low-dose basal 
insulin, potentially offering a safer and more effective approach 
compared to traditional basal-bolus insulin regimens. This study 
further supports the existing evidence that less severe 
hyperglycemic crises can be managed outside of the intensive care 

unit (ICU). This approach can substantially reduce therapy costs 
and reserve ICU beds for more critical cases (18–20). Although 
nearly 50% of patients initiated treatment with OHAs, it is crucial 
to note that this does not indicate that OHA was the only 
treatment regimen. Many patients may have continued using 
insulin alongside OHAs, suggesting a combined therapy approach 
rather than a complete transition. This distinction is essential for 
accurately interpreting our results and understanding post-DKA/
HHS treatment strategies.

The most important finding is the association of a delay in 
restarting or initiating oral antidiabetic medications, coupled with 
the occurrence of hypoglycemia, as significant predictors of a 
prolonged hospital stay. This emphasizes the importance of timely 
medication initiation and effective glycemic control to optimize 
patient outcomes. Multiple studies have indicated that intensive 
insulin therapy is associated with a higher risk of hypoglycemia 
(21, 22). This increased risk has been linked to greater morbidity 
and mortality among hospitalized patients (23, 24). Consequently, 
while insulin therapy remains a recommended strategy for 
managing hyperglycemia in hospitalized patients, concerns about 
hypoglycemia have prompted leading professional organizations 
worldwide to revise their glucose target recommendations and 
antidiabetic medication selections (25, 26).

Consistent with previous research found that 100% of 
hospitalized type 1 diabetic patients using insulin experienced 
hypoglycemic episodes, and 99.4% of type 2 diabetic patients 

TABLE 3  Comparison of outcomes based on the use of oral hypoglycemic agents during hospital admission.

Outcomes Use of oral hypoglycemic 
agent during admission

(n = 97)

Use of scheduled 
insulin during 

admission
(n = 129)

p-value

Hypoglycemia (3.0–3.9 mmol/L) (n, %) 29 (29.9%) 31 (24%) 0.323

Severe hypoglycemia (<3.0 mmol/L) (n, %) 13 (13.4%) 17 (13.17%) 0.961

90-days mortality after discharge (n, %) 2 (2.1%) 13 (10.1%) 0.015

Hospital mortality (n, %) 0 (0%) 3 (2.3%) 0.162

Re-admission within 90 days (for any reason) (n, %) 36 (37.1%) 58 (44.96%) 0.236

Number corrective doses of insulin (median, IQR) 3 (2–7) 4 (1–6) 0.907

Hospital length of stay (days) (median, IQR) 5 (3–11) 5 (4–8) 0.803

Days of controlled blood glucose during admission 

(median, IQR)

1 (0–2) 1 (0–2) 0.613

TABLE 4  Predictors of prolonged hospital LOS in patients admitted with hyperglycemic crises.

Variable Coefficient 95% confidence interval p-value

Age (years) 0.024 −0.145–0.194 0.776

A1c % 0.211 −0.863–1.284 0.697

Blood glucose at admission (mg/dL) −0.017 −0.035–0.002 0.074

eGFR <30 (mL/min/1.73 m2) −1.476 −9.524–6.572 0.716

Time to re/initiate hypoglycemic agents (days) 1.148 0.901–1.395 0.000

Hypoglycemia (54–70 mg/dL) 8.226 2.077–14.375 0.009

Severe hypoglycemia (<54 mg/dL) 10.274 1.992–18.555 0.016

A1c, glycated hemoglobin; eGFR, estimated glomerular filtration rate.
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using insulin had at least one episode of hypoglycemia (27). The 
DIAMOND study indicated that hypoglycemia events were more 
frequent in patients on sliding scale insulin therapy, suggested a 
strict monitoring of blood glucose levels (28). Additionally, a pilot 
randomized controlled study that compared sitagliptin 
monotherapy and its combination with basal insulin in 
hospitalized type 2 diabetic patients, demonstrating comparable 
efficacy and safety profiles for both treatment strategies (29). 
Another larger non-inferiority trial confirmed these results when 
compared sitagliptin plus basal insulin to a basal-bolus insulin 
regimen, with no significant differences observed in hospital stay 
duration or hypoglycemia rates (30).

Together these findings provide direct support for existing 
guidelines that recommend strict monitoring of blood glucose 
levels to prevent hypoglycemia in diabetic patients. The American 
Diabetes Association (ADA) and the American Association of 
Clinical Endocrinologists (AACE) recommend monitoring blood 
glucose levels every hour in critically ill patients receiving 
intravenous insulin infusion (25). There were no significant 
differences in the incidence of hypoglycemia between oral 
hypoglycemic agents and scheduled insulin administration during 

hospitalization, which may be attributed to frequent blood glucose 
monitoring in hospital settings. Additionally, our institution’s 
protocol mandates a blood glucose check before insulin 
administration, which might have lowered the rate of 
hypoglycemia reported with insulin use. It is important to note 
that these findings are specific to the inpatient setting and may 
not extrapolate to outpatients who continue insulin therapy after 
discharge. This approach may be particularly beneficial for older 
patients, who are at higher risk for hospital acquired infections.

Our findings suggest a potential benefit of using oral 
hypoglycemic agents during hospitalization. Notably, a statistically 
significant difference emerged in 90-day post-discharge mortality 
rates between patients who transitioned to oral hypoglycemic 
agents and those on scheduled insulin therapy with no differences 
in hypoglycemia and severe hypoglycemia. The observed lower 
mortality rate might be attributable to the superior safety profile 
of oral medications relative to insulin. Additionally, the convenient 
administration of oral medications may have enhanced patient 
adherence post-discharge, and mitigated the common problem of 
non-compliance that may contributed to their initial 
hospitalization. Although insulin is recognized for its rapid and 

FIGURE 3

Median time to re/initiate oral agents in days (Q1-Q3). Metformin: 4 days (2–6), sodium-glucose cotransporter-2 inhibitors (SGLT2i): 2 days (2–4), 
dipeptidyl peptidase inhibitors (DDPi): 4 days (2.5–5), sulfonylureas (SU): 2.25 days (4.5–5.75). There was one patient restarted on thiazolidinediones 
and is not illustrated in this figure. * The length of each bar corresponds to the median value. The right error bar indicates quartile 3 (Q3), and the left 
error bar indicates quartile 1 (Q1).

TABLE 5  Predictors of hospital readmission within 90 days for patients with hyperglycemic crises.

Variable Odds ratio 95% confidence interval p-value

Age 1.029 1.007–1.050 0.008

Female gender 0.924 0.511–1.669 0.792

ASCVD 1.178 0.593–2.341 0.640

Heart failure 1.567 0.701–3.500 0.274

eGFR < 30 1.686 0.896–3.174 0.105

Transitioned to oral hypoglycemic agent 

before discharge

0.819 0.450–1.489 0.513

ASCVD, atherosclerotic cardiovascular disease; eGFR, estimated glomerular filtration rate.
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effective glycemic control, there is a general patient preference for 
avoiding injectable treatments.

Our analysis of participants’ characteristics indicated that 
older patients experiencing hyperglycemic crises are more likely 
to be readmitted to the hospital within 90 days. This highlights 
the importance of developing age-specific management 
approaches for this vulnerable group. The transition to oral 
hypoglycemic medications in the management of hyperglycemic 
crises may be a suitable treatment option for hospitalized geriatric 
patients, providing comparable outcomes to scheduled insulin 
administration. A randomized controlled study conducted in 
long-term care facilities reported no statistical difference in the 
rate of in-hospital complications, emergency room visits, or 
mortality when comparing oral hypoglycemic medications to 
insulin. Interestingly, while fasting blood glucose levels were 
comparable between groups, patients on insulin therapy exhibited 
higher mean daily blood glucose levels relative to those treated 
with oral hypoglycemic medications (31).

It is noteworthy that the use of GLP-1 RAs and SGLT-2 is as 
home medications in this study was minimal (1.8% vs. 5.3%). 
Even after the resolution of hyperglycemic crises, their usage 
remained low (0.00% vs. 3.98%), despite recent guideline 
recommendations endorsing these medications as first-line 
therapies due to their cardiorenal benefits and glucose-lowering 
effects (31, 32). This low utilization is consistent with other 
reports in the literature highlighting the need to increase their use 
(33, 34). Moreover, our current evaluation revealed a prevalence 
of hyperglycemic crises of 9.6% of the screened patients with type 
2 DM (137 out of 1,427 patients). This prevalence is higher than 
the United States average annual rate of DKA of 6.3% from 2000 
to 2014 in all types of DM (34, 35).

Strengths, limitations, and future research 
directions

A significant strength of our study lies in its novel approach 
to investigating the initiation or resumption of guideline-directed 
oral medical therapy following hyperglycemic crises among 
hospitalized type 2 diabetic patients. This research provides new 
insights into the comparative effectiveness of oral hypoglycemic 
medications versus scheduled insulin therapy in this specific 
context. Our findings contribute to the existing body of 
knowledge by demonstrating the potential benefits of oral 
hypoglycemic medications in lowering mean daily blood glucose 
levels without increasing the risk of hypoglycemia. Unlike 
previous studies, which have primarily focused on insulin therapy 
for managing hyperglycemia in hospitalized patients, our study 
highlights the efficacy and safety of oral hypoglycemic agents as 
an alternative treatment strategy. This unique perspective allows 
for a more comprehensive understanding of hyperglycemic crisis 
management and suggests potential new avenues for treatment. 
However, the study has limitations due to its relatively small 
sample size, which may impact the generalizability of our 
findings. Further research with larger cohorts is warranted to 
validate these results. Additionally, the retrospective design of 
our study may have resulted in missing data, potentially 
introducing bias. Future randomized controlled studies are 

recommended to investigate the long-term effects of restarting or 
initiating oral hypoglycemic agents compared to scheduled 
insulin on mortality and other patient-oriented clinical outcomes. 
Moreover, research is necessary to identify optimal strategies for 
preventing medication delays and reducing the risk of 
hypoglycemia after resolving hyperglycemic crises. Another 
limitation of this study is that patients with end-stage renal 
disease on hemodialysis (ESRD on HD) were excluded, 
potentially limiting generalizability to more severe presentations 
of hyperglycemia crises. Additionally, we  observed a low 
utilization of newer therapies such as glucagon-like peptide-1 
receptor agonists (GLP-1 RAs) and sodium-glucose 
cotransporter-2 inhibitors (SGLT-2i) which limited our ability to 
assess the impact of these medications on the outcomes.

Conclusion

The study suggests that early initiation of non-insulin 
hypoglycemic results in similar delta BG compared to late 
initiation following acute management of DKA and HHS. The 
findings indicate that early transitioning to non-insulin 
hypoglycemic agents is associated with a lower 90-day mortality 
rate after acute management of DKA/HHS and a strong predictor 
for shorter hospital LOS. Additionally, transitioning to oral 
hypoglycemic medications resulted in a significant reduction in 
BG levels. The study suggests that early initiation of oral 
hypoglycemic agents could be a viable alternative to insulin in 
transitional care for hyperglycemic crises. Further research, 
including randomized controlled trials, is recommended to 
validate these findings and explore long-term effects on mortality 
and clinical outcomes.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by King 
Abdullah International Medical Research Center IRB. The studies 
were conducted in accordance with the local legislation and 
institutional requirements. Written informed consent for 
participation was not required from the participants or the 
participants’ legal guardians/next of kin in accordance with the 
national legislation and institutional requirements.

Author contributions

AIA: Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Project administration, Resources, 
Software, Supervision, Validation, Visualization, Writing  – 
original draft, Writing  – review & editing. HA-Y: 
Conceptualization, Data curation, Formal analysis, Investigation, 

https://doi.org/10.3389/fmed.2025.1485357
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Alshaya et al.� 10.3389/fmed.2025.1485357

Frontiers in Medicine 09 frontiersin.org

Methodology, Project administration, Resources, Software, 
Supervision, Validation, Visualization, Writing – original draft. 
AAl: Data curation, Formal analysis, Investigation, Methodology, 
Project administration, Software, Validation, Writing – review & 
editing. MA: Conceptualization, Data curation, Investigation, 
Methodology, Resources, Software, Supervision, Validation, 
Visualization, Writing – review & editing. OA: Conceptualization, 
Formal analysis, Resources, Validation, Visualization, Writing – 
review & editing. LA: Conceptualization, Data curation, Formal 
analysis, Methodology, Project administration, Resources, 
Software, Writing – review & editing. HB: Conceptualization, 
Data curation, Formal analysis, Methodology, Project 
administration, Resources, Writing – review & editing.

Funding

The author(s) declare that no financial support was received 
for the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
	1.	Kamata Y, Takano K, Kishihara E, Watanabe M, Ichikawa R, Shichiri M. Distinct 

clinical characteristics and therapeutic modalities for diabetic ketoacidosis in type 1 and 
T2D mellitus. J Diabetes Complicat. (2017) 31:468–72. doi: 
10.1016/j.jdiacomp.2016.06.023

	2.	Ramphul K, Joynauth J. An update on the incidence and burden of diabetic 
ketoacidosis in the U.S. Diabetes Care. (2020) 43:e196–7. doi: 10.2337/dc20-1258

	3.	Pasquel FJ, Umpierrez GE. Hyperosmolar hyperglycemic state: a historic review of 
the clinical presentation, diagnosis, and treatment. Diabetes Care. (2014) 37:3124–31. 
doi: 10.2337/dc14-0984

	4.	International Diabetes Federation. Available online at: https://idf.org/our-network/
regions-and-members/middle-east-and-north-africa/members/saudi-arabia/ (Accessed 
July 2, 2025).

	5.	Al Dawish MA, Robert AA, Braham R, Al Hayek AA, Al Saeed A, Ahmed RA, et al. 
Diabetes mellitus in Saudi Arabia: a review of the recent literature. Curr Diabetes Rev. 
(2016) 12:359–68. doi: 10.2174/1573399811666150724095130

	6.	Umpierrez G, Korytkowski M. Diabetic emergencies - ketoacidosis, hyperglycaemic 
hyperosmolar state and hypoglycaemia. Nat Rev Endocrinol. (2016) 12:222–32. doi: 
10.1038/nrendo.2016.15

	7.	Fayfman M, Pasquel FJ, Umpierrez GE. Management of Hyperglycemic Crises: 
diabetic ketoacidosis and hyperglycemic hyperosmolar state. Med Clin North Am. (2017) 
101:587–606. doi: 10.1016/j.mcna.2016.12.011

	8.	Umpierrez GE, Cuervo R, Karabell A, Latif K, Freire AX, Kitabchi AE. Treatment 
of diabetic ketoacidosis with subcutaneous insulin aspart. Diabetes Care. (2004) 
27:1873–8. doi: 10.2337/diacare.27.8.1873

	9.	Ersöz HO, Ukinc K, Köse M, Erem C, Gunduz A, Hacihasanoglu AB, et al. 
Subcutaneous lispro and intravenous regular insulin treatments are equally effective and 
safe for the treatment of mild and moderate diabetic ketoacidosis in adult patients. Int 
J Clin Pract. (2006) 60:429–33. doi: 10.1111/j.1368-5031.2006.00786.x

	10.	Karoli R, Fatima J, Salman T, Sandhu S, Shankar R. Managing diabetic ketoacidosis 
in non-intensive care unit setting: role of insulin analogs. Indian J Pharmacol. (2011) 
43:398–401. doi: 10.4103/0253-7613.83109

	11.	American Diabetes Association professional practice committee. 16. Diabetes Care 
in the Hospital: standards of Care in Diabetes—2024. Diabetes Care. (2024) 47:S295–306. 
doi: 10.2337/dc24-S016

	12.	El-Remessy AB. Diabetic ketoacidosis management: updates and challenges for 
specific patient population. Endocrine. (2022) 3:801–12. doi: 10.3390/endocrines3040066

	13.	Umpierrez GE, Davis GM, ElSayed NA, Fadini GP, Galindo RJ, Hirsch IB, et al. 
Hyperglycaemic crises in adults with diabetes: a consensus report. Diabetologia. (2024) 
67:1455–79. doi: 10.1007/s00125-024-06183-8

	14.	Jenna ML, Goyal A, Gupta V. Adult diabetic ketoacidosis In: National Center for 
biotechnology information, editor. StatPearls. Treasure Island, FL: StatPearls 
Publishing (2024)

	15.	Ferreri SP, Hughes TD, Snyder ME. Medication therapy management: current 
challenges. Integr Pharm Res Pract. (2020) 9:71–81. doi: 10.2147/IPRP.S179628

	16.	Haines KJ, Hibbert E, Leggett N, Boehm LM, Hall T, Bakhru RN, et al. Transitions 
of care after critical illness-challenges to recovery and adaptive problem solving. Crit 
Care Med. (2021) 49:1923–31. doi: 10.1097/CCM.0000000000005095

	17.	Barski L, Golbets E, Jotkowitz A, Schwarzfuchs D. Management of diabetic 
ketoacidosis. Eur J Intern Med. (2023) 117:38–44. doi: 10.1016/j.ejim.2023.07.005

	18.	Sagy I, Zimhony-Nissim N, Brandstaetter E, Lipnitzki I, Musa H, Rosen Y, et al. 
Outcomes of diabetic ketoacidosis in a tertiary Centre with restricted intensive care unit 
bed capacity. Intern Med J. (2021) 51:948–54. doi: 10.1111/imj.14842

	19.	Mendez Y, Surani S, Varon J. Diabetic ketoacidosis: treatment in the intensive care 
unit or general medical/surgical ward? World J Diabetes. (2017) 8:40–4. doi: 
10.4239/wjd.v8.i2.40

	20.	Cook CB, Kongable GL, Potter DJ, Abad VJ, Leija DE, Anderson M. Inpatient 
glucose control: a glycemic survey of 126 U.S. hospitals. J Hosp Med. (2009) 4:E7–E14. 
doi: 10.1002/jhm.533

	21.	NICE-SUGAR Study InvestigatorsFinfer S, Chittock DR, Su SY, Blair D, Foster D, 
et al. Intensive versus conventional glucose control in critically ill patients. N Engl J Med. 
(2009) 360:1283–97. doi: 10.1056/NEJMoa0810625

	22.	Umpierrez GE, Hellman R, Korytkowski MT, Kosiborod M, Maynard GA, Montori 
VM, et al. Management of hyperglycemia in hospitalized patients in non-critical care 
setting: an endocrine society clinical practice guideline. J Clin Endocrinol Metab. (2012) 
97:16–38. doi: 10.1210/jc.2011-2098

	23.	Turchin A, Matheny ME, Shubina M, Scanlon JV, Greenwood B, Pendergrass ML. 
Hypoglycemia and clinical outcomes in patients with diabetes hospitalized in the general 
ward. Diabetes Care. (2009) 32:1153–7. doi: 10.2337/dc08-2127

	24.	Moghissi ES, Korytkowski MT, DiNardo M, Einhorn D, Hellman R, Hirsch IB, 
et al. American Association of Clinical Endocrinologists and American Diabetes 
Association consensus statement on inpatient glycemic control. Diabetes Care. (2009) 
32:1119–31. doi: 10.2337/dc09-9029

	25.	Qaseem A, Humphrey LL, Chou R, Snow V, Shekelle P. Clinical guidelines 
Committee of the American College of physicians. Use of intensive insulin therapy for 
the management of glycemic control in hospitalized patients: a clinical practice guideline 
from the American College of Physicians. Ann Intern Med. (2011) 154:260–7. doi: 
10.7326/0003-4819-154-4-201102150-00007

	26.	Rudijanto A, Saraswati MR, Yunir E, Kumala P, Puteri HH, Mandang VV. 
Indonesia cohort of IO HAT study to evaluate diabetes management, control, and 
complications in retrospective and prospective periods among insulin-treated patients 
with type 1 and T2D. Acta Med Indones. (2018) 50:26–37.

	27.	Borzì V, Frasson S, Gussoni G, Di Lillo M, Gerloni R, Augello G, et al. Risk factors 
for hypoglycemia in patients with T2D, hospitalized in internal medicine wards: findings 
from the FADOI-DIAMOND study. Diabetes Res Clin Pract. (2016) 115:24–30. doi: 
10.1016/j.diabres.2016.01.020

	28.	Umpierrez GE, Gianchandani R, Smiley D, Jacobs S, Wesorick DH, Newton C, 
et al. Safety and efficacy of sitagliptin therapy for the inpatient management of general 
medicine and surgery patients with T2D: a pilot, randomized, controlled study. Diabetes 
Care. (2013) 36:3430–5. doi: 10.2337/dc13-0277

https://doi.org/10.3389/fmed.2025.1485357
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.jdiacomp.2016.06.023
https://doi.org/10.2337/dc20-1258
https://doi.org/10.2337/dc14-0984
https://idf.org/our-network/regions-and-members/middle-east-and-north-africa/members/saudi-arabia/
https://idf.org/our-network/regions-and-members/middle-east-and-north-africa/members/saudi-arabia/
https://doi.org/10.2174/1573399811666150724095130
https://doi.org/10.1038/nrendo.2016.15
https://doi.org/10.1016/j.mcna.2016.12.011
https://doi.org/10.2337/diacare.27.8.1873
https://doi.org/10.1111/j.1368-5031.2006.00786.x
https://doi.org/10.4103/0253-7613.83109
https://doi.org/10.2337/dc24-S016
https://doi.org/10.3390/endocrines3040066
https://doi.org/10.1007/s00125-024-06183-8
https://doi.org/10.2147/IPRP.S179628
https://doi.org/10.1097/CCM.0000000000005095
https://doi.org/10.1016/j.ejim.2023.07.005
https://doi.org/10.1111/imj.14842
https://doi.org/10.4239/wjd.v8.i2.40
https://doi.org/10.1002/jhm.533
https://doi.org/10.1056/NEJMoa0810625
https://doi.org/10.1210/jc.2011-2098
https://doi.org/10.2337/dc08-2127
https://doi.org/10.2337/dc09-9029
https://doi.org/10.7326/0003-4819-154-4-201102150-00007
https://doi.org/10.1016/j.diabres.2016.01.020
https://doi.org/10.2337/dc13-0277


Alshaya et al.� 10.3389/fmed.2025.1485357

Frontiers in Medicine 10 frontiersin.org

	29.	Pasquel FJ, Gianchandani R, Rubin DJ, Dungan KM, Anzola I, Gomez PC, et al. 
Efficacy of sitagliptin for the hospital management of general medicine and surgery 
patients with T2D (Sita-Hospital): a multicentre, prospective, open-label, non-inferiority 
randomised trial. Lancet Diabetes Endocrinol. (2017) 5:125–e133. doi: 
10.1016/S2213-8587(16)30402-8

	30.	Pasquel FJ, Powell W, Peng L, Johnson TM, Sadeghi-Yarandi S, Newton C, et al. A 
randomized controlled trial comparing treatment with oral agents and basal insulin in 
elderly patients with T2D in long-term care facilities. BMJ Open Diabetes Res Care. 
(2015) 3:e000104. doi: 10.1136/bmjdrc-2015-000104

	31.	Davies MJ, Aroda VR, Collins BS, Gabbay RA, Green J, Maruthur NM, et al. 
Management of hyperglycaemia in T2D, 2022. A consensus report by the American 
Diabetes Association (ADA) and the European Association for the Study of diabetes 
(EASD). Diabetologia. (2022) 65:1925–66. doi: 10.1007/s00125-022-05787-2

	32.	Alshaya OA, Korayem GB, Alghwainm M, Alyami W, Alotaibi A, Alyami MS, et al. 
The prevalence of cardiovascular diseases, chronic kidney disease, and obesity in 

patients with T2D mellitus and the description of concurrent treatments: a two-center 
retrospective cross-sectional study in Saudi Arabia. Saudi Pharm J. (2024) 32:102054. 
doi: 10.1016/j.jsps.2024.102054

	33.	Korayem GB, Alshaya OA, Alghamdi AA, Alanazi SS, Almutib RT, Alsaileek M, 
et al. The prescribing pattern of sodium-glucose cotransporter-2 inhibitors and 
glucagon-like peptide-1 receptor agonists in patient with type two diabetes mellitus: a 
two-center retrospective cross-sectional study. Front Public Health. (2022) 10:1031306. 
doi: 10.3389/fpubh.2022.1031306

	34.	Benoit SR, Zhang Y, Geiss LS, Gregg EW, Albright A. Trends in diabetic 
ketoacidosis hospitalizations and in-hospital mortality  - United  States, 
2000-2014. MMWR Morb Mortal Wkly Rep. (2018) 67:362–5. doi: 
10.15585/mmwr.mm6712a3

	35.	American Diabetes Association Professional Practice Committee. 9. 
Pharmacologic approaches to glycemic treatment: standards of care in diabetes-2024. 
Diabetes Care. (2024) 47:S158–78. doi: 10.2337/dc24-S009

https://doi.org/10.3389/fmed.2025.1485357
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/S2213-8587(16)30402-8
https://doi.org/10.1136/bmjdrc-2015-000104
https://doi.org/10.1007/s00125-022-05787-2
https://doi.org/10.1016/j.jsps.2024.102054
https://doi.org/10.3389/fpubh.2022.1031306
https://doi.org/10.15585/mmwr.mm6712a3
https://doi.org/10.2337/dc24-S009


Alshaya et al.� 10.3389/fmed.2025.1485357

Frontiers in Medicine 11 frontiersin.org

Glossary

ADA - American Diabetes Association

AACE - American Association of Clinical Endocrinologists

ASCVD - Atherosclerotic cardiovascular disease

BG - Blood glucose

CKD - Chronic kidney disease

CVA - Cerebrovascular accident

DPPi - Dipeptidyl peptidase-4 inhibitors

DKA - Diabetic ketoacidosis

eGFR - Estimated glomerular filtration rate

HHS - Hyperosmolar hyperglycemic state

HF - Heart failure

IQR - Interquartile range

LOS - Length of stay

OHA - Oral hypoglycemic agents

PLOS - Prolonged length of stay

SGLT2i - Sodium-glucose co-transporter-2 inhibitors

GLP-1 - Glucagon-like peptide-1 receptor agonists

T2D - Type 2 diabetes

HE - Hyperglycemic emergency

MTM - Medication therapy management

OR - Odds ratio

CI - Confidence interval
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