Journal of the Endocrine Society, 2021, Vol. 5, No. 10, 1-2
https://doi.org/10.1210/jendso/bvab134

N
o

ENDOCRINE
SOCIETY

Commentary

Commentary

Selecting Insulin Regimens for the Management
of Non-ICU Patients With Type 2 Diabetes

Alexandra L. Migdal,' Thaer Idrees,’ and Guillermo E. Umpierrez’

"Division of Endocrinology, Department of Medicine, Emory University School of Medicine, Atlanta, GA,

USA

ORCiD numbers: 0000-0003-0058-8353 (A. L. Migdal); 0000-0001-9036-995X (T. Idrees); 0000-0002-3252-5026 (G. E. Umpierrez).

Received: 30 July 2021; Editorial Decision: 3 August 2021; First Published Online: 18 August 2021; Corrected and Typeset:

1 September 2021.

Key Words: basal insulin, hypoglycemia, hospital care, inpatient management

The discovery of insulin at the University of Toronto in
1921-1922 is one of the most important events in the his-
tory of the treatment of diabetes. The first successful treat-
ment of a patient with insulin, reported by Banting and
Best, was on January 23,1922, in a 14-year-old patient with
blood glucose (BG) concentration of 580 mg/dL, strongly
positive ketones in urine, and acetone odor on breath and
close to death [1]. His clinical response was rapid, resulting
in a dramatic decline of glycosuria and ketonuria by ap-
proximately 75% after a few doses of pancreatic extract
injections.

Following the discovery of insulin, the recommended
treatment regimen for most patients was regular insulin
given by multiple injections 2 to 4 times daily. To guide
insulin therapy and reduce hypoglycemic events, Elliot
P. Joslin reported the use of “sliding scale” regimen in 1934
[2]. Joslin recommended giving regular insulin according
to the amount of glycosuria: 5 units for “green urine,” 10
units for “yellow urine,” and 15 units for “orange urine.”
Following the introduction of glucose meters in 1970s,
sliding-scale insulin using capillary BG became widely ac-
cepted by general practitioners and continues to be used
in many hospitals around the world despite guidelines re-
commending against its use in favor of basal-bolus insulin
regimen. Several randomized controlled studies and meta-
analyses have reported better glucose control and reduced
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risk of hospital-acquired infections with basal-bolus
regimen but no difference in mortality or length of hospital
stay compared to sliding scale [3,4].

The basal-bolus regimen was recommended as the pre-
ferred regimen for the management of hyperglycemia and
diabetes in hospital settings by the American Association of
Clinical Endocrinologists and American Diabetes Association
consensus statement on inpatient glycemic control in 2009.
This regimen involves the administration of basal insulin
given once or twice daily, along with rapid-acting insulin
before meals, plus corrective doses of subcutaneous rapid-
acting insulin for elevated glucose levels. Although effective
in correcting hyperglycemia, the basal-bolus approach is
labor intensive, requiring multiple injections per day, and is
associated with increased risk of iatrogenic hypoglycemia.
In controlled settings, the incidence of mild hypoglycemia
with basal-bolus regimen is around 12% to 30%. For pa-
tients with decreased oral intake or undergoing surgery, a
“basal-plus approach” is currently recommended by clin-
ical guidelines [5]. This regimen consists of a single dose of
basal insulin (~0.2-0.25 units/kg/day) along with corrective
doses of insulin by sliding scale for hyperglycemia before
meals or every 6 h (if nil by mouth) [6]. In randomized con-
trolled trials, the use of the basal plus correction regimen re-
sulted in glycemic control similar to a standard basal-bolus
regimen and represents an effective alternative to the use of
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a basal-bolus regimen for most general medical and surgical
patients with type 2 diabetes [6].

Sadhu et al reported their observational study assessing
different insulin strategies (sliding scale, basal bolus, and
basal only) on glucose control and hospital outcomes in a
large number of nonintensive care unit patients (n = 4,558)
with type 2 diabetes [7]. After adjusting for multiple patient
and provider variables with propensity score analysis, they
report that patients treated with basal only experienced sig-
nificantly lower mean daily glucose, 40% lower hypergly-
cemic days, and no difference in hypoglycemia compared to a
basal-bolus regimen. In addition, basal only resulted in 30%
lower hyperglycemic days and a 22% increase in euglycemic
days compared to sliding-scale use. As expected, the basal-
bolus regimen was associated with higher rate of hypogly-
cemia compared to a sliding-scale regimen. This single-center,
real-world study supports the results of previous random-
ized controlled studies and current recommendations of the
American Diabetes Association on the use of basal insulin or
a basal plus bolus correction as the preferred treatment for
noncritically ill hospitalized patients with poor oral intake
[5]. An insulin regimen with basal, prandial, and correction
components is indicated for patients who fail basal plus cor-
rection or in patients with good nutritional intake.

We agree with Sadhu et al [7] that the basal-bolus
regimen as a single approach may not be the best strategy
for all patients with diabetes. We have learned that an
individualized therapy approach is the best way to ob-
tain good glycemic control without increasing the risk of
iatrogenic hypoglycemia. The treatment selection should
incorporate patient characteristics, severity of illness and
hyperglycemia, hypoglycemia risk, and diabetes treat-
ment prior to admission.

Insulin-naive patients with mild hyperglycemia (<180 mg/
dL) can be initially treated with less aggressive regimens
(sliding scale) or continuing oral agents (if no contraindica-
tion) to reduce the risk of iatrogenic hypoglycemia. In agree-
ment with Sadhu et al [7], in a recent retrospective study we
reported that over 80% of nonintensive care unit patients
with admission BG < 180 mg/dL treated with sliding scale in-
sulin alone achieved target glycemic control defined as mean
hospital BG < 180 mg/dL without hypoglycemia during hos-
pitalization [8]. If glycemic control is not achieved in 24 to
48 h, a basal plus correction regimen is likely to control most
patients with type 2 diabetes, particularly patients with poor
oral intake.

For patients with moderate or severe hyperglycemia and
those who were treated with insulin prior to admission, a
more intensive insulin regimens (a basal-plus or basal-bolus
regimen) are indicated. Insulin-naive patients can be treated
with basal insulin starting at 0.20 to 0.25 Ulkg/day plus
correction or with basal-bolus regimen at a starting total
daily dose between 0.3 and 0.5 units/kg, divided on a ratio

of basal:bolus insulin of 50:50%. Lower doses are recom-
mended for patients with impaired kidney function and at
high hypoglycemia risk.

After 100 years of using insulin in hospitalized patients,
we have not reached a consensus on best regimens or in-
sulin formulation to manage hospitalized patients with type
2 diabetes. Clinical research focusing on individualizing
therapy and determining specific glycemic goals among
noncritically ill hospital patients with diabetes is needed.
The evidence so far prioritizes avoiding the risk of hypo-
glycemia in high-risk patients and reserves more intensive
therapy (basal-bolus) for patients who fail basal plus cor-
rection or with severe hyperglycemia.

Additional Information

Correspondence: Guillermo E. Umpierrez, MD, CDE, FACE,
MACP, Emory University School of Medicine, 49 Jesse Hill Jr Dr,
Atlanta, GA 30303, USA. E-mail: geumpie@emory.edu.

Disclosures: A.L.M. and T.I. have nothing to disclose. G.E.U. is
partly supported by research grants from the National Centre for
Advancing Translational Sciences of the National Institutes of
Health under Award Number UL1TR002378 from the Clinical and
Translational Science Award program and a National Institutes of
Health (NIH) grant U30, P30DK11102 and has received research
grant support to Emory University for investigator-initiated studies
from Novo Nordisk, Astra Zeneca, and Dexcom.

References

1. Banting FG, Campbell WR, Fletcher AA. Further clinical experi-
ence with insulin (pancreatic extracts) in the treatment of dia-
betes mellitus. Br Med j. 1923;1(3236):8-12.

2. Umpierrez GE, Palacio A, Smiley D. Sliding scale insulin use:
myth or insanity? Am j Med. 2007;120(7):563-567.

3. Murad MH, Coburn JA, Coto-Yglesias F, et al. Glycemic control
in non-critically ill hospitalized patients: a systematic review and
meta-analysis. j Clin Endocrinol Metab. 2012;97(1):49-58.

4. Umpierrez GE, Smiley D, Jacobs S, et al. Randomized study of
basal-bolus insulin therapy in the inpatient management of pa-
tients with type 2 diabetes undergoing general surgery (RABBIT
2 surgery). Diabetes Care. 2011;34(2):256-261.

5. American Diabetes A. 15. Diabetes Care in the Hospital:
Standards of Medical Care in Diabetes-2021. Diabetes Care.
2021;44(suppl 1):5211-5220.

6. Umpierrez GE, Smiley D, Hermayer K, et al. Randomized study
comparing a Basal-bolus with a basal plus correction insulin
regimen for the hospital management of medical and surgical
patients with type 2 diabetes: basal plus trial. Diabetes Care.
2013;36(8):2169-2174.

7. Sadhu AR, Patham B, Vadhariya A, Chikername SG,
Johnson ML. Outcome of “real-world” insulin strategies in
the management of hospital hyperglycemia. | Endocr Society.
2021;16;5(8):bvab101.

8. Migdal AL Fortin-Leung C, Pasquel F, Wang H, Peng L,
Umpierrez GE. Inpatient glycemic control with sliding scale in-
sulin in non-critical patients with type 2 diabetes: who can Slide?
J Hosp Med. 2021;16(8):462-468.


mailto:geumpie@emory.edu?subject=

