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Purpose: This research was intended to explore the effects of new-generation basal insulin (degludec U100 And glargine U300) versus
long-acting basal insulin (glargine U100, detemir) on the incidence of diabetic ketoacidosis episodes and diabetes treatment measures.
Patients and methods: This is a cross-sectional, retrospective medical record analysis. The study population included adults with
type 1 diabetes mellitus (DM) who were on the hospital records in 2020. Data were collected from 221 eligible participants through
review of electronic medical records. Each record was scanned for basal insulin type, total daily insulin dose, diabetic ketoacidosis
(DKA) occurrences, and glycated hemoglobin A1C (HbA1c) levels. Data were collected from 6 months before to 6 months after the
initiation of ultra-long-acting insulin. Statistical analysis was conducted using R version 3.5.2. The normality of distribution for each
independent variable was verified using Shapiro–Wilk tests. The independent paired t-test was used to compare insulin therapy
measures between the two insulin regimens. The main outcome measures were the incidence of DKA episodes and clinical outcomes
associated with diabetes.
Results: The HbA1c did not change significantly before and after ultra-long-acting insulin therapy was initiated (9.9 vs 9.8,
respectively; P >0.05). Insulin total daily doses were significantly higher after shifting to ultra-long-acting insulin. Sub-analysis
showed higher total daily insulin doses in glargine U300 users compared with degludec U100 users (P =0.0021). However, basal
insulin doses did not change after treatment with ultra-long-acting insulin. No statistically significant difference in DKA occurrences
was found before and after the start of ultra-long-acting insulin treatment.
Conclusion: The frequency of DKA episodes was not affected by changing the treatment to ultra-long-acting insulin. Moreover, the
results suggest that insulin dosage and types are not the only cause of uncontrolled diabetes. Additional efforts should be made to
cover all factors affecting diabetes complication control.
Keywords: diabetic ketoacidosis, insulin therapy, diabetic outcomes, long-acting therapy

Introduction
Diabetes mellitus (DM) is a disease characterized by high levels of blood glucose that occurs due to a deficiency in
insulin action, production, or both. Type 1 DM usually occurs due to the damage of insulin-producing ß-cells in the
pancreatic islets leading to insulin deficiency. The destruction of ß-cells in the pancreatic islets could be attributed to
immune mediated effects or idiopathic causes.1 Type 1 DM patients need life-long insulin for survival. In addition to
glycemic control, self-management and education can aid in averting or decreasing acute as well as chronic complica-
tions of diabetes.2

Diabetic ketoacidosis (DKA) is a common, life-threatening but preventable acute complication of type 1 diabetes.3

A total or relative insulin insufficiency and an upsurge in hormones such as glucagon, catecholamines, cortisol, and
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growth hormone may increase the chances of DKA.4 Globally, the currently reported morbidity and mortality associated
with DKA is low compared to that in the past due to development of medical services and advancements is the treatment
methods. Nevertheless, an increase in admissions due to DKA has been reported over the years.5

A common factor for reducing DKA occurrence is adherence to insulin regimen.6 Moreover, long-acting insulin plays
a significant role in preventing DKA because of its pharmacokinetic properties.7 Both insulin glargine and insulin
degludec are basal insulin analogues. As insulin synthesis has progressed, the half-life of ultra-long-acting insulin has
increased, which might help decrease DKA episodes.8

Several methods have been used to improve the pharmacodynamic and pharmacokinetic profiles for basal insulin
preparations. A higher concentration of insulin with post-injection precipitation is required to ensure a longer half-life
and duration of action for insulin glargine U300 compared to that for glargine U100 (32 and 19 hours, respectively).9 On
the other hand, insulin degludec has a longer half-life and duration of action (reaching up to 42 hours) as a result of
multihexamer formation and albumin binding.10

One of the factors that may decrease DKA episodes is an adequate insulin dosage. Accordingly, a multicenter
randomized controlled trial was conducted to assess the efficacy and safety of degludec compared to that of detemir.11

Children and adolescents (1–17 years old) with type 1 diabetes and who were treated with degludec had substantially
decreased rates of hyperglycemia with ketosis as a secondary outcome, compared with those treated with detemir. The
results of this study suggested that this reduction may be attributed to the ultra-long and flat pharmacokinetic profile of
degludec.

The effectiveness of glargine U300 in patients with type 1 diabetes was assessed in a multicenter, retrospective,
observational study conducted in the UK among 298 participants who used glargine U300 for 6 months. Four participants
(1%) had a DKA episode requiring emergency Department visit or Hospitalization in the 6 months prior to the initiation
of glargine U300, whereas six participants (2%) had DKA in the 6 months after initiation. However, no statistically
significant differences were found in the frequency of DKA episodes between pre and post basal insulin initiation.
Furthermore, none of these participants discontinued glargine U300 despite documented DKA episodes 6 months post
initiation.12 The primary objective of our study was to assess the effects of ultra-long-acting insulin, in comparison to
long-acting insulin, on the incidence of diabetic ketoacidosis (DKA) episodes among patients with type 1 DM. The
secondary objective was to determine the differences in diabetes treatment indicators between the different insulin
regimen types including hemoglobin A1C (HbA1c) and daily dose measures.

Methods
This study is a retrospective, observational study conducted among patients with type 1 diabetes who had appointments
at the diabetes care clinic of the Security Forces Hospital, Riyadh, Saudi Arabia, from March 1, 2020, to June 31, 2020.
The study was conducted following the Declaration of Helsinki and was approved by the Security Forces Hospital ethical
committee before data collection or analysis, with approval number (H-01-R-069). The study was conducted using
a purposive sample of patients who met the inclusion and exclusion criteria, and written informed consent was obtained
from all participants in the study. Moreover, all data collected from the medical records were anonymized before analysis
to maintain participants confidentiality. All patients diagnosed as type 1 DM confirmed by low c-peptide level and
positive antibodies (either positive glutamic acid decarboxylase antibody or islet cell antibody or both) for more than 2
years were included in the study. Usage of both long-acting and ultra-long-acting basal insulin was considered as an
inclusion criterion.

In this study, long-acting insulin was defined as an insulin that Clinically demonstrated glucose-lowering action
exceeding that of intermediate-acting insulin of 16 hours and reaching up to 24 hours after subcutaneous injection in
individuals with DM; this definition was met by glargine U100 and detemir. Ultra-long-acting insulin was defined as
insulin with a clinical glucose lowering effect of more than 24 hours after subcutaneous injection in patients with DM.13

This included glargine U300 and degludec. The exclusion criteria were as follows: pregnant women, non-adherence with
medication refill, periodic laboratory investigations or follow up appointments in a clinic; use of systemic steroids, end-
stage renal disease, patients who used pre-mixed insulin, or who used an insulin pump before or during the study period,
and patients who received more than two types of basal insulin during the period of the study.
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Sociodemographic and clinical data were retrieved from the electronic medical records. All selected participants had
regular clinic visits with at least one HbA1C reading before and after changing to ultra-long-acting basal insulin; the post
readings were taken from the patients only after 6 months of initiating ultra-long-acting insulin therapy. The data
collection was performed retrospectively from all patients who met the study criteria. These data included demographic
data, duration of diabetes and other co-morbidities, as well as insulin type and dosage before and after starting ultra-long-
acting basal insulin. Body mass index, HbA1C, and details of DKA occurrence were also included. The data about the
DKA episodes were obtained from the patient records, which documented number of episodes, causes, severity, and
length of hospital stay. If the DKA events had occurred outside the diabetes care clinic of the Security Forces Hospital,
the patients were asked to provide this information.

Participants’ medical records were scanned for any emergency visits or admissions related to DKA 6 months before
and 6 months after starting ultra-long-acting insulin. The DKA incidence criteria included any confirmed DKA as
a discharge diagnosis. The diagnosis of DKA was made based on serum glucose level > 250 mg/dL, venous pH level <
7.30, serum bicarbonate level < 18, anion gap > 10, and positive ketonemia or ketonuria test. Euglycemic DKA was
included if glucose level was normal or near normal at presentation, in the presence of other DKA diagnosis criteria.4

Moreover, patients were asked if they had visited their primary doctor or emergency Department because of DKA and
this was recorded as well.

Statistical analysis was conducted using R version 3.5.2. The normality of distribution for each independent variable was
verified using Shapiro–Wilk test. The independent paired t-test was used to compare insulin therapy measures between the
two insulin regimens. In each case, the null hypothesis stated that there is no difference between mean diabetic outcomes, and
the alternative hypothesis asserted that mean diabetic outcomes were affected by changing the patient’s insulin treatment.
Cochran’s Q test was used to test the marginal probability of a positive occurrence of diabetic ketoacidosis before and after
the longer insulin regimen.14 A P value of less than 0.05 was adopted for statistical significance.

Results
A total of 221 patients met the criteria for this study. An analysis of the individual sociodemographic and clinical
characteristics revealed that most patients were female and relatively young (Table 1). In addition, the patients had
comorbid conditions such as dyslipidemia, hypothyroidism, and diabetic nephropathy. ACEI (angiotensin-converting
enzyme inhibitors) were the most frequently used medication after insulin therapy, followed by levothyroxine.

The HbA1c level did not change significantly before and after starting the ultra-long-acting insulin therapy (9.9 vs
9.8, respectively; P >0.05). However, there was a significant increase in the total daily dose of insulin when the patients
changed to the ultra-long-acting basal insulin therapy (Table 2). The average of the total daily dose of insulin therapy
increased upon switching, from 76.6 to 79.3 units, with a P value of 0.0265. Nevertheless, the average basal insulin
therapy doses did not show significant difference. The sub-analysis of changes in total daily insulin doses (both
degludec U100 and glargine U300) showed a significant increase in the total daily dosage of insulin in the patients’
group that received glargine U300. However, degludec users showed a lesser change in the total daily dose, as shown in
Table 3.

Table 4 shows the one-way frequency charts and provides the marginal response for each insulin therapy. Subjects
had fewer episodes of DKA when they were on long-acting insulin compared with ultra-long-acting insulin. Cochran’s
Q test was used to display measures of agreement to identify whether DKA occurred as a result of switching to ultra-long
-acting insulin therapy; it did not indicate any differences among the two proportions, χ2(1) = 0.052, P =0.8185.
Moreover, sub-analysis of DKA occurrence among degludec and glargine U300 users showed no statistically significant
differences as shown in Table 5. However, the frequency of DKA was lower when insulin therapy was changed from
long-acting insulin therapy to degludec as compared to glargine U300.

Discussion
This study aimed to investigate the safety/efficacy profile of ultra-long-acting insulin in the provision of usual care. The
study subjects were relatively young, more than half were female and suffered from multiple chronic conditions, such as
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dyslipidemia and hypothyroidism. A direct connection between hypothyroidism and DM has been established in
literature.15 More than 24% of the study subjects had diabetic nephropathy, which might explain the high use of ACEI.

This study is the first to evaluate DKA occurrences as the primary outcome. The results did not show any statistically
significant difference between before and after the initiation of ultra-long-acting basal insulin. In addition, the sub-
analysis of DKA occurrence among insulin degludec and insulin glargine U300 users showed no statistically significant

Table 1 Sociodemographic and Clinical Characteristics of the Study
Participants

Baseline Characteristics of the Patients Values

Age (years), mean [SD] 23.3 [6.8]

Sex, N (%)

Male 90 (40.7)

Female 131 (59.3)

Comorbid conditions, N (%)*

Hypertension 8 (3.6)

Dyslipidemia 45 (20.6)

Hypothyroidism 52 (23.5)

Diabetic nephropathy 46 (20.8)

Diabetic retinopathy 9 (4.1)

Celiac disease 14 (6.3)

Other used medications, N (%)

Sodium-glucose co-transporter-2 3 (1.4)

Levo-thyroxine 51 (23.1)

Angiotensin-converting enzyme inhibitors 53 (24.0)

Statin 43 (19.5)

Age at diagnosis (years), mean [SD] 11 [6.3]

Type 1 diabetes mellitus duration (years), mean [SD] 12.4 [6.6]

Body mass index (kg/m2), mean [SD] 24.1 [5.1]

Creatinine clearance (mL/min), mean [SD] 1.7 [0.51]

Note: *May not add up to 100% due to rounding.

Table 2 Measures of Diabetes Clinical Outcomes

Insulin Outcomes Long-Acting Insulin
Therapy

Ultra-long-Acting Insulin
Therapy

Difference

Mean (SD) Range Mean (SD) Range Change Score P value

Hemoglobin A1c (%) 9.9 (2.3) 5.3–17.6 9.8 (2.1) 6.2–17.7 0.07 0.4508

Total daily insulin dose (units)* 76.6 (27.3) 16–169 79.3 (27.1) 22–202 −2.67 0.0265

Total daily Basal insulin dose (units) 30.6 (12.1) 6–84 30.3 (11.1) 8–68 0.3 0.5373

Note: *Significant at P <0.05.
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differences. Small and nonsignificant differences in the number of DKA episodes were noted in the medical literature.
However, that study mainly investigated the effects of insulin glargine U300 on HbA1c change, whereas DKA
occurrences were studied as a secondary endpoint.12

A previous randomized, controlled, open-label, multiNational trial was conducted to compare the efficacy and safety
of insulin degludec and insulin detemir in children with type 1 diabetes.11 Two DKA episodes were reported in the
insulin degludec group. However, the ketosis rate (ketone more than 1.5 mmol/L) was lower with degludec. A similar
result was obtained in our study, as we observed fewer episodes of DKA among the study participants. This may indicate
that the rate of DKA episodes might be influenced by the type of insulin used.

Total daily insulin dose showed no significant difference between pre and post insulin degludec treatment. This result
is inconsistent with a previously reported study that showed a 30% reduction in the dose of insulin degludec among
patients who shifted to degludec.11 However, the design and patient characteristics of that study were different from the
present study.

Table 4 The Marginal Response of Diabetic Ketoacidosis (DKA)

Long-Acting Insulin Frequency Percent

DKA occurred 11 4.9

DKA did not occur 210 95.1

Ultra-long-acting insulin

DKA occurred 12 5.4

DKA did not occur 209 94.6

Table 5 Frequency of Diabetic Ketoacidosis (DKA) Before and After Using Insulin Degludec U100 or Glargine U300; Sub-
Analysis

Long-Acting Insulin Degludec Regimen P value

Frequency Percent Frequency Percent

DKA occurred 8 6.9 6 5.2 0.5637

DKA did not occur 107 93.1 109 94.8

Frequency of DKA before and after insulin using glargine U300; sub-analysis

Long-acting Insulin Glargine U300 regimen P value

Frequency Percent Frequency Percent

DKA occurred 3 2.8 6 5.7 0.2568

DKA did not occur 103 97.2 100 94.3

Table 3 Total Daily Dose Variation (Sub-Analysis for Both Basal Insulin Types: Glargine U300 and Degludec U100)

N Long-Acting Insulin Ultra-Long-Acting Insulin P value
Mean Total Daily Dose (SD) Mean Total Daily Dose (SD)

Insulin Degludec U100 115 79.5 (26.7) 80.5 (27.9) 0.5971

Insulin Glargine U300 106 73.5 (27.7) 78.1 (26.3) 0.0021*

Note: *Significant at P <0.05.
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Interestingly, the patients who shifted to insulin glargine U300 had a statistically significant increase in total daily
insulin dose by over 4 units. However, the basal daily dose itself did not change after starting insulin glargine U300.
A possible explanation for such an increase is the reassessment of the appropriate daily dose by the physician in patients
with diabetes when switching to ultra-long-acting basal insulin. An observational study conducted among type 1 diabetes
patients to assess diabetes control level after shifting to insulin glargine U300 showed nonsignificant differences in both
total and basal insulin doses before and after changing basal insulin.12

A secondary endpoint included in this study was the change in HbA1c before and after ultra-long-acting basal insulin
initiation. The HbA1c levels at both the time points indicated uncontrolled diabetes in the participants. This might be
explained by factors other than just insulin type and preparations, such as adherence to the management plan, diabetic
education, follow-up frequency, availability of diabetes management technology, and previous medical conditions
including co-morbidities and complications.

The present study is not without limitations. The study data was based on medical records and was conducted in
a single healthcare facility, which may hinder the generalizability of the study to the general diabetic population.
Moreover, patient interviews were only conducted if the data were missing, and the data collection was performed
during the COVID-19 pandemic. Some patients were lost to follow-up and had to be excluded. Prospective studies are
needed for a deeper exploration of the effects of basal insulin on blood glucose control, and the impact of this on DKA
occurrence in patients with type 1 diabetes.

Conclusion
The frequency of DKA episodes was not affected by changing the treatment to ultra-long-acting basal insulin in this
study. Thus, the causes and prevention of DKA should be further explored. Prospective studies may help improve the
assessment of basal insulin in the control of diabetes, which will reflect on the rate of general complications such as
DKA. A minor increase in total daily insulin doses after shifting to ultra-long-acting basal insulin was noted especially
with insulin glargine U300. However, daily basal insulin doses did not change. Uncontrolled mean HbA1c after shifting
to ultra-long-acting basal insulin may suggest that insulin dosage and types are not the only cause of uncontrolled
diabetes. Further studies should cover all factors affecting diabetes control.
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