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Perspectives

Is remission of type 2 diabetes mellitus real?

Type 2 diabetes mellitus has traditionally been 
considered a progressive condition, with an 
inexorable loss of pancreatic β-cell function 

resulting eventually in insulin dependency. Advances 
in management can flatten this trajectory with reversal 
of hyperglycaemia and dyslipidaemia improving 
pancreatic β-cell function,1 at least temporarily. This 
can be achieved by augmenting insulin secretion 
and/or reducing endogenous insulin requirements. 
Strategies to reduce endogenous insulin requirements 
include ameliorating insulin resistance, reducing 
carbohydrate intake, or increasing glucose disposal. 
Such strategies are achieved with combination 
pharmacotherapy and modification of health-related 
behaviours, making a glycated haemoglobin (HbA1c) 
level of ≤ 6.5% a feasible and durable target.

It is also possible to achieve and maintain an 
HbA1c level of ≤ 6.5% for a variable period without 
pharmacotherapy by a substantial (> 10%) reduction 
in adiposity achieved via metabolic surgery2 or 
aggressive caloric restriction.3-6 Diabetes Australia, 
together with the Australian Diabetes Society, in 
accordance with international consensus7-9 defines 
remission as achieving an HbA1c level of 6.5% or 
less and maintaining it for at least 3 months without 
glucose-lowering therapy. This is not a cure and does 
not imply normal glucose metabolism. The underlying 
genetic, environmental and comorbid factors resulting 
in the initial diagnosis of type 2 diabetes persist. 
Furthermore, innate physiology makes a reduction 
in adiposity achieved by caloric restriction alone 
extremely difficult to maintain. Without additional 
intervention, it is expected that for most individuals 
a progressive increase in HbA1c above 6.5% will 
ultimately occur.3,6

Benefits and risks and of aiming for remission

Tight control of glycaemia slows, prevents or reverses 
microvascular diabetes complications. To date, there 
are no data that remission per se confers additional 
benefit. Inattention to cardiovascular risk factor 
management may be deleterious, particularly in 
individuals who feel their condition is less serious 
while in remission.

For people with obesity, particularly if severe and 
with suboptimally or poorly controlled type 2 
diabetes, weight loss of 10–15% of bodyweight is 
generally necessary for diabetes remission to occur. 
This magnitude of weight loss has other benefits on 
weight-related comorbidities, including cardiovascular 
disease, obstructive sleep apnoea, metabolic liver 
disease, and osteoarthritis.

Although most weight loss is fat mass, loss of lean 
body mass also occurs, which will be cumulative if 
there are cycles of weight loss and weight gain, and 
abrogated but not eliminated by resistance activity. 
Frail individuals should generally not be encouraged 
to attempt remission if significant weight loss is 
required.

One of the major benefits of the concept of remission 
is to provide hope and motivation to people with 
type 2 diabetes.10 Distress may improve with a sense 
of control of the condition. There are also potential 
licensing and insurance benefits in not having a 
diagnosis of overt diabetes. On the other hand, not 
achieving or not sustaining remission may  
be perceived as individual failure and increase 
diabetes-related distress.11-13

Methods of achieving remission

Nutrition and lifestyle interventions

Weight loss, carbohydrate restriction and physical 
activity each have independent benefits for glycaemia. 
Generally, for remission to occur, weight loss is 
necessary.

Intensive lifestyle intervention. In the Look AHEAD 
study, an intensive lifestyle intervention resulted in 
remission in 11.5% and 7.3% of individuals at year 1 
and 4, respectively, compared with 2% at both time 
points in the control group.3

Very low calorie diets. The United Kingdom-based 
DiRECT study6,14 used a total diet replacement formula 
(825–853 kcal/day) for 12–20 weeks, followed by 
stepped food re-introduction (2–8 weeks), and then 
structured support for weight loss maintenance. The 1-, 
2-, and 5-year remission rates were 46%, 36% and 11% 
in the intervention group compared with 24%, 3% and 
3.4%, respectively, in the usual care group. Sustained 
remission related to the magnitude and maintenance 
of weight loss. There were 50% less, predominantly 
diabetes related, serious adverse events in the 
intervention group. Only 28% of eligible individuals 
elected to enter the study so this is probably a best case 
scenario in a selected motivated population.

Therapeutic carbohydrate restriction. The more 
carbohydrate intake is restricted, the greater the benefit 
for glycaemia and dyslipidaemia.4,5 Restriction of 
carbohydrate intake to the point of ketosis may aid 
short term maintenance through suppression of hunger. 
Although there are independent benefits of weight 
reduction and carbohydrate restriction, the differences 
in the glycaemic effects of ketogenic, Mediterranean, 
moderate carbohydrate, and low glycaemic index diets 
were only significantly related to the mean weight 
change.5,15,16 The Mediterranean diet has the best data 
currently for longer term cardiovascular outcomes.17 
A diet where processed foods, sugared drinks, and 
alcohol are minimised or eliminated will achieve 
substantial carbohydrate reduction.

Metabolic surgery

Metabolic surgery is indicated for people with type 2 
diabetes and body mass index ≥ 30 kg/m2.18 The optimal 
procedure is a Roux-en-Y gastric bypass. Remission 
occurs in over 80% of patients at 2–3 years,19-21 and in 
one small study, maintenance of remission was reported 
in 38% of patients at 10 years.19
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Pharmacological interventions

By the current definition, remission cannot exist 
while glucose-lowering drug therapy is continued. 
However, drug therapy can allow some recovery 
of β-cell function that can persist for a period after 
cessation of drug therapy.22 Glucagon-like peptide 
1 (GLP-1) receptor agonists, and newer even more 
powerful therapies — such as dual GLP-1 receptor and 
glucose-dependent insulinotropic polypeptide (GIP) 
agonists; triple agonists of receptors for GLP-1, GIP 
and glucagon; and combinations of GLP-1 and amylin 
receptor agonists — can reduce body weight by up 
to 20%.23 Although bariatric surgery has been found 
to confer greater weight loss than GLP-1 receptor 
agonists, the improvements in glycaemia are similar.24 
Sustained benefit requires ongoing medication use.

Factors affecting achieving and maintaining 
remission

Currently, bariatric surgery is associated with the best 
data for durability of diabetes remission,25-27 predictors 
of which are shorter duration of diabetes (< 6 years), 
preserved β-cell function, and weight loss at 2 years.28

Maintaining long term nutritional modulation is 
notoriously difficult and requires substantial practical 
and emotional support. Most people losing 10–15% 
weight will regain almost all of it by 5 years without 
adjunctive pharmacotherapy or metabolic surgery.29

In adults, type 1 diabetes is frequently misdiagnosed 
as type 2 diabetes — up to 39% in one study.30 Such 
people and those with monogenic diabetes, type 3c 
(insulin deficient due to primary pancreatic disease 
such as pancreatitis) diabetes, and hybrid diabetes 
with irreversible insulin deficiency generally will not 
achieve remission without transplantation.

Realistic expectations are critical to a nuanced 
discussion regarding potential diabetes remission.

Future directions

Evidence that diabetes remission translates into better 
outcomes of diabetes-related complications and other 
comorbidities is needed. Real world translation of 
proof-of-concept research studies and use in minority 
populations including Indigenous Australians are 
required.

All modalities used to induce remission can be applied 
with benefit in individuals across the spectrum of 
glycaemic disturbance. Remission should not be seen as 
the sole goal of these interventions — primary prevention 
of type 2 diabetes in at-risk individuals, and improvement 
in glycaemic control and other cardiovascular risk factors 
in all people living with type 2 diabetes, particularly 
if optimal lifestyle behaviours are adopted, will have 
substantial health benefits. Reducing HbA1C levels from 
9% to 7% is likely to achieve more health improvement 
than dropping them from 6.7% to 6.4%.

Greater and more equitable access to metabolic surgery, 
particularly for those with severe obesity, judicious use 
of weight- and glucose-lowering pharmacotherapy, 

and support for nutritional modulation are required. 
The optimal approach to individualising management, 
support and empowerment of patients remains to be 
determined. Furthermore, providing optimal public 
health messaging and a supportive food environment 
remains a translational challenge despite advances in 
knowledge.

Glucose-lowering therapies such metformin, sodium–
glucose cotransporter 2 inhibitors and GLP-1 receptor 
agonists are increasingly used for non-glycaemic 
benefits, including weight control, with withdrawal 
contra-indicated irrespective of remission. Studies 
are required to demonstrate the benefit–risk ratio of 
adjunctive pharmacotherapy to maintain remission, 
and to determine whether a lower HbA1c cut-off should 
be applied.

Summary

Remission of type 2 diabetes, as currently defined, is 
achievable with a variety of management modalities 
but is not a cure. The benefits of remission, as opposed 
to those of weight loss and improvement in glycaemia, 
on health outcomes are not yet established. A reduction 
in carbohydrate intake is beneficial, feasible and 
effective without the need to be ketogenic, and is most 
easily achieved by elimination of processed foods and 
alcohol. Unintended consequences such as excess loss 
of lean body mass, suboptimal overall nutrition, and 
distress from unrealistic or overpromised expectations 
need to be avoided. Similarly, we must avoid a singular 
focus on remission and being medication free to the 
exclusion of overall cardiac risk reduction and attention 
to detection and management of other comorbidities 
including sleep disorders, depression and anxiety, 
health literacy, and social determinants of health.

Structured programs to initiate and provide support need 
to be embedded in primary care, where most potential 
remission candidates are seen, and must be supported 
by public health initiatives relating to community-wide 
improvement in nutrition and physical activity.

Based on current data relating to durability of 
remission, adjunctive pharmacotherapy will be 
required for most patients, and wider and more 
equitable availability of metabolic surgery for those 
with the most severe obesity must be prioritised.

Open access: Open access publishing facilitated by Flinders University, 
as part of the Wiley - Flinders University agreement via the Council of 
Australian University Librarians.

Competing interests: Stephen Stranks sat on a one-day advisory board 
for Lilly.

Provenance: Commissioned; externally peer reviewed. ■

© 2023 The Authors. Medical Journal of Australia published by John Wiley & Sons 
Australia, Ltd on behalf of AMPCo Pty Ltd.

This is an open access article under the terms of the Creative Commons Attribution-
NonCommercial-NoDerivs License, which permits use and distribution in any 
medium, provided the original work is properly cited, the use is non-commercial 
and no modifications or adaptations are made.

 1 Taylor R, Al-Mrabeh A, Zhyzhneuskaya S, et al. Remission of 
human type 2 diabetes requires decrease in liver and pancreas fat 

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


M
JA

 2
19

 (1
0)

 ▪
 2

0 
N

ov
em

be
r 2

02
3

450

Perspectives

content but is dependent upon capacity for B cell recovery. Cell 
Metab 2018, 28;547-556.

 2 Rubino F, Nathan D, Eckel R, et al. Metabolic surgery in the 
treatment algorithm for type 2 diabetes: a joint statement by 
international diabetes organisations. Diabetes Care 2016; 39: 
861-877.

 3 Gregg E, Chen H, Wagenknecht L, et al. Association of an 
intensive lifestyle intervention with remission of type 2 diabetes. 
JAMA 2012; 308: 2489-2496.

 4 Athinarayanan S, Adams R, Hallberg S, et al. Long-term effects of 
a novel continuous remote care intervention including nutritional 
ketosis for the management of type 2 diabetes: a 2 year non-
randomized clinical trial. Front Endocrinol 2019; 10: 348.

 5 Goldenberg J, Day A, Brinkworth G, et al. Efficacy and safety 
of low and very low carbohydrate diets for type 2 diabetes 
remission: a systematic review of published and unpublished 
randomized trial data. BMJ 2021; 372: m4743.

 6 Lean M, Leslie W, Barnes A, et al. Primary care-led weight 
management for remission of type 2 diabetes (DiRECT): an open-
label, cluster -randomised trial. Lancet 2018; 391; 541-551.

 7 Diabetes Australia. Type 2 diabetes remission. Position statement, 
October 2021. https:// www. diabe tesso ciety. com. au/ downl oads/ 
20211 014% 202021% 20Dia betes% 20Aus tralia% 20Pos ition% 20Sta 
tement% 20Type% 202% 20Dia betes% 20Rem ission. pdf (viewed 
Oct 2023).

 8 Diabetes UK. Remission in adults with type 2 diabetes. Position 
statement, August 2021. https://diabe tes- resou rces- produ 
ction. s3. eu- west-1. amazo naws. com/ resou rces- s3/ public/ 2021- 
08/ DIABE TES% 20UK% 20UPD ATED% 20POS ITION% 20STA 
TEMENT% 20ON% 20REM ISSION% 20IN% 20ADU LTS% 20-% 
20FIN AL_0. pdf (viewed Oct 2023).

 9 Riddle M, Cefalu WT, Evans PH, et al. Consensus report: definition 
and interpretation of remission in type 2 diabetes. Diabetes Care 
2021; 44: 2438-2444.

 10 Leite A, de Medeiros A, Rolim C, et al. Hope theory and its relation 
to depression: a systematic review. Ann Psychiatry Clin Neurosci 
2019; 2: 1014.

 11 Pouwer F, Schram M, Iversen A, et al. How 25 years of psychosocial 
research has contributed to a better understanding of the links 
between depression and diabetes. Diabet Med 2020; 37 383-392.

 12 Nouwen A, Adriaanse M, van Dam K, et al. Longitudinal 
associations between depression and diabetes complications: 
a systematic review and meta-analysis. Diabet Med 2019; 36: 
1562-1572.

 13 Rehackova L, Rodrigues A, Thom G, et al. Participant experiences 
in the Diabetes REmission Clinical Trial (DiRECT). Diabet Med 2021; 
39: e14689.

 14 Lean M, Leslie W, Barnes A, et al. Durability of a primary care-
led weight-management intervention for remission of type 
2 diabetes: 2-year results of the DiRECT open-label, cluster-
randomised trial. Lancet Diabetes Endocrinol 2019; 7: 344-335.

 15 Parry Strong A, Wright-McNaughton, Weatherall M, et al. 
Very low carbohydrate (ketogenic) diets in type 2 diabetes: A 

systematic review and meta-analysis of randomized controlled 
trials Diabetes Obes Metab 2022; 24: 2431-2442.

 16 Jing T, Zhang S, Bai M, et al. Effect of dietary approaches on 
glycemic control in patients with type 2 diabetes: a systematic 
review with network meta-analysis of randomized trials. 
Nutrients 2023; 15: 3156.

 17 De Lorgeril M, Renaud S, Salen P, et al, Mediterranean alpha-
linolenic acid-rich diet in secondary prevention of coronary artery 
disease. Lancet 1994; 343: 1454-1459.

 18 Eislenberg D, Shikora S, Aarts E, et al. ASMB/IFSO: indications for 
metabolic and bariatric surgery. Surg Obesity Related Dis 2022; 18: 
1345-1356.

 19 Mingrone G, Panunzi S, De Gaetano A, et al. Metabolic 
surgery versus conventional medical therapy in patients with type 
2 diabetes: 10 year follow-up of an open label, single centre 
randomised controlled trial. Lancet 2021; 397: 293-304.

 20 Moradi M, Kabir A, Khalili D, et al. Type 2 diabetes remission 
after Roux-en-Y gastric bypass (RYGB), sleeve gastrectomy 
(SG), and one anastomosis gastric bypass (OAGB): results of the 
longitudinal assessment of bariatric surgery study. BMC Endocr 
Disord 2022; 22: 260.

 21 Balasubaramaniam V, Pouwels S. Remission of type 2 diabetes 
mellitus (T2DM) after sleeve gastrectomy (SG), one-anastomosis 
gastric bypass (OAGB), and Roux-en-Y gastric bypass (RYGB): a 
systematic review. Medicina 2023; 59: 985.

 22 Suleiman M, Marselli L, Cnop M, et al. The role of beta cell 
recovery in type 2 diabetes remission. Int J Mol Sci 2022; 23: 7435.

 23 Kakouri A, Kanti G, Kapantais E, et al. New incretin combination 
treatments under investigation in obesity and metabolism: a 
systematic review. Pharmaceuticals (Basel) 2021; 14: 869.

 24 Sarma S, Palcu P. Weight loss between glucagon-like peptide-1 
receptor agonists and bariatric surgery in adults with obesity: 
a systematic review and meta-analysis. Obesity (Silver Spring) 
2022; 30: 2111-2121.

 25 Sjöström L, Peltonen M, Jacobson P, et al. Association of bariatric 
surgery with long- term remission of type 2 diabetes and with 
microvascular and macrovascular complications. JAMA 2014; 311: 
2297.

 26 Purnell JQ, Dewey EN, Laferrère B, et al. Diabetes remission status 
during seven-year follow-up of the Longitudinal Assessment 
of Bariatric Surgery Study. J Clin Endocrinol Metab 2021; 106: 
774-788.

 27 Jans A, Naslund I, Ottoson J, et al. Duration of type 2 diabetes and 
remission rates after bariatric surgery in Sweden 2007–2015: a 
registry-based cohort study. PLoS Med 2019; 16: e1002985.

 28 Fultang J, Chinaka U, Rankin J, et al. Preoperative bariatric surgery 
predictors of type 2 diabetes remission. J Obes Metab Syndr 2021; 
30: 104-114.

 29 Hall KD, Kahan S. Maintenance of lost weight and long-term 
management of obesity. Med Clin North Am 2018; 102: 183-197.

 30 Muñoz C, Floreen A, Garey C, et al. Misdiagnosis and diabetic 
ketoacidosis at diagnosis of type 1 diabetes: patient and caregiver 
perspectives. Clin Diabetes 2019; 37: 276-281. ■

https://www.diabetessociety.com.au/downloads/20211014 2021 Diabetes Australia Position Statement Type 2 Diabetes Remission.pdf
https://www.diabetessociety.com.au/downloads/20211014 2021 Diabetes Australia Position Statement Type 2 Diabetes Remission.pdf
https://www.diabetessociety.com.au/downloads/20211014 2021 Diabetes Australia Position Statement Type 2 Diabetes Remission.pdf
http://diabetes-resources-production.s3.eu-west-1.amazonaws.com/resources-s3/public/2021-08/DIABETES UK UPDATED POSITION STATEMENT ON REMISSION IN ADULTS - FINAL_0.pdf
http://diabetes-resources-production.s3.eu-west-1.amazonaws.com/resources-s3/public/2021-08/DIABETES UK UPDATED POSITION STATEMENT ON REMISSION IN ADULTS - FINAL_0.pdf
http://diabetes-resources-production.s3.eu-west-1.amazonaws.com/resources-s3/public/2021-08/DIABETES UK UPDATED POSITION STATEMENT ON REMISSION IN ADULTS - FINAL_0.pdf
http://diabetes-resources-production.s3.eu-west-1.amazonaws.com/resources-s3/public/2021-08/DIABETES UK UPDATED POSITION STATEMENT ON REMISSION IN ADULTS - FINAL_0.pdf
http://diabetes-resources-production.s3.eu-west-1.amazonaws.com/resources-s3/public/2021-08/DIABETES UK UPDATED POSITION STATEMENT ON REMISSION IN ADULTS - FINAL_0.pdf

	Is remission of type 2 diabetes mellitus real?
	Benefits and risks and of aiming for remission
	Methods of achieving remission
	Nutrition and lifestyle interventions
	Metabolic surgery
	Pharmacological interventions

	Factors affecting achieving and maintaining remission
	Future directions
	Summary
	Open access: 
	Competing interests: 
	Provenance: 
	Anchor 13


