Old Dominion University

ODU Digital Commons

Human Movement Sciences Faculty

Publications Human Movement Sciences

2021

How Glucagon Impacts Type 1 Diabetes and Vice Versa

Sheri Colberg
Old Dominion University, scolberg@odu.edu

Follow this and additional works at: https://digitalcommons.odu.edu/hms_fac_pubs

b Part of the Endocrinology, Diabetes, and Metabolism Commons, and the Hematology Commons

Original Publication Citation

Colberg, Sheri (2021, Sept 04), How glucagon impacts type 1 diabetes and vice versa. Diabetes in Control.
https://www.diabetesincontrol.com/how-glucagon-impacts-type-1-diabetes-and-vice-
versa/#:.~:text=Functioning%20beta%20cells%20normally%20make,and%200overnight%20is%20the%20result.

This Article is brought to you for free and open access by the Human Movement Sciences at ODU Digital
Commons. It has been accepted for inclusion in Human Movement Sciences Faculty Publications by an authorized
administrator of ODU Digital Commons. For more information, please contact digitalcommons@odu.edu.


https://digitalcommons.odu.edu/
https://digitalcommons.odu.edu/hms_fac_pubs
https://digitalcommons.odu.edu/hms_fac_pubs
https://digitalcommons.odu.edu/humanmovementsci
https://digitalcommons.odu.edu/hms_fac_pubs?utm_source=digitalcommons.odu.edu%2Fhms_fac_pubs%2F109&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/686?utm_source=digitalcommons.odu.edu%2Fhms_fac_pubs%2F109&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1059?utm_source=digitalcommons.odu.edu%2Fhms_fac_pubs%2F109&utm_medium=PDF&utm_campaign=PDFCoverPages
https://www.diabetesincontrol.com/how-glucagon-impacts-type-1-diabetes-and-vice-versa/#:~:text=Functioning%20beta%20cells%20normally%20make,and%20overnight%20is%20the%20result.
https://www.diabetesincontrol.com/how-glucagon-impacts-type-1-diabetes-and-vice-versa/#:~:text=Functioning%20beta%20cells%20normally%20make,and%20overnight%20is%20the%20result.
mailto:digitalcommons@odu.edu

How Glucagon Impacts Type 1 Diabetes and
Vice Versa

Sep 4, 2021

Author: Sheri R. Colberg, PhD, FACSM

Glucagon is such an important hormone when it comes to blood glucose management in
everyone—and it both impacts and is impacted by type 1 diabetes (T1D). A recent mini-review
in Physiological Reports (1) focused on altered glucagon responses brought up some interesting
points that are worth discussing further.

We have known for a while that people with T1D have blunted or absent glucagon release when
their blood glucose levels drop too low (2, 3). The five glucose-raising hormones—of which glucagon
is one—are released and regulated by a variety of metabolic stressors like fasting, exercise, anxiety,
illness, and more. In adults with T1D, even a single prior hypoglycemic event or a workout can blunt
the hormonal response (including glucagon, epinephrine, and more) to the next low the same day or
the next (4-6). Even in adults without diabetes, several bouts of hypoglycemia can impact the
hormonal responses to the next low somewhat; however, their glucagon release is normal (7). So,
why is glucagon so impacted by T1D and how?

In answering this, let's revisit the main points of the recent mini-review (1):

e The regulation of pancreatic alpha cells leading to the release of glucagon is complex and
may involve several feedback loops (where the rise and fall of things can interplay).

e Glucagon secretion from alpha cells is regulated by amino acids (the building blocks of
protein), glucose (directly and/or indirectly), the central (autonomic) nervous system,
incretins (gut hormones released into the blood after eating that stimulate insulin
release), and signaling from beta and delta cells in the pancreas.

e During hypoglycemia, glucagon signals the liver to release glucose, which is does either by
breaking down glycogen or creating new glucose from precursors (like amino acids).

e Pancreatic alpha cells are less responsive to changes in blood glucose than they are to
certain amino acids; ones like alanine can cause a greater release of glucagon.

e Glucagon release during hypoglycemia is absent in individuals with T1D, but it still responds
to many other stimuli including fasting, physical and mental stress, and exercise, all of
which may rely on different mechanisms to release glucagon.

e Whatever is causing the absent glucagon secretion in T1D in response to hypoglycemia
appears to reside within the pancreatic islets (of Langerhans) themselves.


https://physoc.onlinelibrary.wiley.com/doi/10.14814/phy2.15009
https://physoc.onlinelibrary.wiley.com/doi/10.14814/phy2.15009

e Abnormal glucagon secretion is not confined to hypoglycemia as individuals with T1D
secrete extra glucagon after meals, which can contribute to insulin resistance.

As | discussed in a recent article, part of why glucagon release is altered in T1D is the lack of insulin
in the circulation around the liver when insulin has to be delivered under the skin or inhaled.
Functioning beta cells normally make insulin while the alpha cells of the pancreas make glucagon,
but T1D removes the insulin release, thus altering the one typical check and balance on glucagon.
Both a lesser storage of glycogen in the liver and an excess release of glucose after meals and
overnight is the result.

However, as the mini-review reveals, the interactions and feedback loops are potentially a lot more
complicated than that. Even youth with T1D have impaired plasma glucagon responses to
hypoglycemia during their first year after diabetes onset, and older individuals with T1D still making
a little of their own insulin also have defective and absent glucagon responses to hypoglycemia (8).
The mini-review also suggests that the absence of glucagon secretion after hypoglycemia is
irreversible and specific to lows since other stimuli—including administration of amino acids, insulin
withdrawal, exercise, and more—can cause glucagon release. Perhaps this is why doing some high-
intensity (glucagon-releasing) exercise often raises blood glucose or can be used to manage blood
glucose during activities (9, 10).

So, is there anything people can do to compensate for the lack of glucagon release during blood
glucose lows? Maybe when glucose goes low, doing a short sprint can help. Also, consuming some
amino acids (via protein) may improve their glucagon responses and how well they can think during
lows (11). Some groups are working on creating mini-dosing with glucagon with a pen (like an insulin
pen but with glucagon in it). Whatever the answer, it is abundantly clear that anyone with T1D needs
a workaround to raise glucagon by other means to treat hypoglycemia until a cure for diabetes is
found.

References:

1. Bisgaard Bengtsen M, Mgller N. Mini-review: Glucagon responses in type 1 diabetes - a
matter of complexity. Physiol Rep. 2021;9(16):e15009. PMID:
34405569; https://doi.org/10.14814/phy2.15009

2. Diabetes Research in Children Network Study G, Tsalikian E, Tamborlane W, Xing D, Becker
DM, Mauras N, et al. Blunted counterregulatory hormone responses to hypoglycemia in

young children and adolescents with well-controlled type 1 diabetes. Diabetes Care.
2009;32(11):1954-9. PMID: 19675205.

3. Cryer PE. Hypoglycemia-associated autonomic failure in diabetes. Handb Clin Neurol.
2013;117:295-307. PMID: 24095133.


http://www.diabetesincontrol.com/ttp399-potential-new-oral-medication-for-type-1-diabetes-affect-exercise-insulin/
https://doi.org/10.14814/phy2.15009

4. Davis SN, Mann S, Galassetti P, Neill RA, Tate D, Ertl AC, et al. Effects of differing durations
of antecedent hypoglycemia on counterregulatory responses to subsequent hypoglycemia
in normal humans. Diabetes. 2000;49(11):1897-903. PMID: 11078457.

5. Galassetti P, Tate D, Neill RA, Morrey S, Wasserman DH, Davis SN. Effect of antecedent
hypoglycemia on counterregulatory responses to subsequent euglycemic exercise in type
1 diabetes. Diabetes. 2003;52(7):1761-9. PMID: 12829644.

6. Sandoval DA, Guy DL, Richardson MA, Ertl AC, Davis SN. Acute, same-day effects of
antecedent exercise on counterregulatory responses to subsequent hypoglycemia in type
1 diabetes mellitus. Am ] Physiol Endocrinol Metab. 2006;290(6):E1331-8. PMID: 16449302.

7. Moheet A, Kumar A, Eberly LE, Kim J, Roberts R, Seaquist ER. Hypoglycemia-associated
autonomic failure in healthy humans: comparison of two vs three periods of hypoglycemia
on hypoglycemia-induced counterregulatory and symptom response 5 days later. ] Clin
Endocrinol Metab. 2014;99(2):664-70. PMID: 24423306.

8. Sherr ], Xing D, Ruedy K], Beck RW, Kollman C, Buckingham B, et al. Lack of association
between residual insulin production and glucagon response to hypoglycemia in youth
with short duration of type 1 diabetes. Diabetes Care. 2013;36(6):1470-6. PMID: 23288858.

9. Bussau VA, Ferreira LD, Jones TW, Fournier PA. A 10-s sprint performed prior to moderate-
intensity exercise prevents early post-exercise fall in glycaemia in individuals with type 1
diabetes. Diabetologia. 2007;50(9):1815-8. PMID: 17583795.

10. Guelfi KJ, Ratnam N, Smythe GA, Jones TW, Fournier PA. Effect of intermittent high-
intensity compared with continuous moderate exercise on glucose production and
utilization in individuals with type 1 diabetes. Am ] Physiol Endocrinol Metab.
2007;292(3):E865-70. PMID: 17339500.

11. Rossetti P, Porcellati F, Busciantella Ricci N, Candeloro P, Cioli P, Nair KS, et al. Effect of oral
amino acids on counterregulatory responses and cognitive function during insulin-
induced hypoglycemia in nondiabetic and type 1 diabetic people. Diabetes.
2008;57(7):1905-17. PMID: 18390791.

Sheri R. Colberg, PhD, is the author of The Athlete’s Guide to Diabetes: Expert Advice for 165 Sports and
Activities (the newest edition of Diabetic Athlete’s Handbook). She is also the author of Diabetes &
Keeping Fit for Dummies, co-published by Wiley and the ADA. A professor emerita of exercise science
from Old Dominion University and an internationally recognized diabetes motion expert, she is the
author of 12 books, 30 book chapters, and over 420 articles. She was honored with the 2016
American Diabetes Association Outstanding Educator in Diabetes Award. Contact her via her
websites (SheriColberg.com and DiabetesMotion.com).


https://amzn.to/2IkVpYx
https://amzn.to/2IkVpYx
https://www.amazon.com/gp/product/1119363241/ref=as_li_tl?ie=UTF8&tag=drshercolbaut-20&camp=1789&creative=9325&linkCode=as2&creativeASIN=1119363241&linkId=a2c79416f549de30f904cafcf970f35d
https://www.amazon.com/gp/product/1119363241/ref=as_li_tl?ie=UTF8&tag=drshercolbaut-20&camp=1789&creative=9325&linkCode=as2&creativeASIN=1119363241&linkId=a2c79416f549de30f904cafcf970f35d

	How Glucagon Impacts Type 1 Diabetes and Vice Versa
	Original Publication Citation

	How Glucagon Impacts Type 1 Diabetes and Vice Versa

