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T2D, number of glucose-lowering medications, baseline HbA1c, and insulin
use, predict T2D nonremission and are
incorporated into predictive tools
such as the diabetes remission (DiaRem) score and advanced DiaRem
score (12).
How much weight loss is needed to
induce initial T2D remission after MS? In
this issue of Diabetes Care, Barthold et al.
(13) report on the association between
percent total weight loss (%TWL) and
T2D remission (HbA1c <6.5%, off glucoselowering therapy for at least 3 months) in
a multiethnic cohort of 5,982 patients 1
year after RYGB (57% of patients) or
SG. Seventy-one percent of patients
achieved T2D remission at 1 year.
Patients were categorized based on 1year %TWL: 0–5% (the comparator
group),
5–10%,
10–15%,
15–
20%, 20–25%, 25–30%, and 30–35%.
After adjusting for covariates (including
age, ethnicity, sex, BMI, DiaRem score,
comorbidities, and medication use),
increased %TWL was associated with
increased odds of T2D remission, starting with the 10–15% group. However,
this increase was nonlinear, and T2D
remission rates plateaued at 20–25%
TWL; >25% TWL did not confer additional beneﬁts. Intriguingly, for patients on insulin and those with DiaRem
scores of $8, increased odds of T2D
remission were only seen after 20–25%
TWL. These data indicate that more
modest weight loss can induce T2D
remission, but only early in the course
of T2D. All ethnicities had similar odds
of T2D remission with >20% TWL. How-

ever, non-Hispanic Black individuals were
more likely to experience T2D remission
starting at >5% TWL, and Hispanic individuals had a slightly increased likelihood
for remission at >10% TWL compared
with White individuals. These ﬁndings
can aid decision-making by patients and
their health care providers. Particularly
noteworthy was the ﬁnding that even
patients with more advanced T2D can
achieve remission with >20% TWL.
RYGB likely causes greater TWL and T2D
remission than SG and may be more
preferable for those with more advanced
T2D (14). Biliopancreatic diversion is
even more efﬁcacious for weight loss
and T2D but is associated with more
adverse effects (15).
Strengths of this study include the
large sample size derived from multiple
sites and inclusion of data from patients
undergoing both RYGB and SG. A further strength of the study was the inclusion of diverse ethnicities, although
some ethnicities, such as Middle Eastern, South Asian, and East Asian, were
underrepresented.
Limitations include the retrospective observational nature of the study
and the short duration of follow-up
after MS. Information on duration of
T2D, a predictor of remission, was
unavailable (12). Long-term data on
the durability of T2D remission and
the inﬂuence of weight regain are
awaited. The attrition rate of 17%,
although comparable to that of other
observational studies in this ﬁeld
(11), is a limitation, especially as
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Type 2 diabetes (T2D) is a growing public
health challenge that affects 422 million
people and increases morbidity and mortality (1). Obesity is a major driver of the
T2D pandemic (2). T2D is frequently associated with progressive decline in b-cell
function in the setting of insulin resistance, necessitating escalation of pharmacotherapy that often culminates in
insulin treatment (3). Weight loss can
potentially reverse this trajectory and
induce remission of T2D (3,4). Metabolic
surgery (MS) is the most efﬁcacious
treatment for T2D remission, with its initial effects largely mediated by reduced
caloric intake and weight loss (5,6). Rouxen-Y gastric bypass (RYGB) and sleeve
gastrectomy (SG) are the two most common MS procedures worldwide, with the
latter being the most common MS in the
U.S. (7,8). In a randomized controlled
trial, RYGB achieved T2D remission in
75% of patients at 2 years (deﬁned as
HbA1c <6.5% and fasting glucose <100
mg/dL in the absence of glucose-lowering medication), which declined to 25%
at 10 years (4). The HbA1c cutoff of
<6.5%, off glucose-lowering medications,
for T2D remission is concordant with the
recent American Diabetes Association
consensus deﬁnition of remission (9).
Using a stricter HbA1c cutoff of <6% for
T2D remission, 42% of patients undergoing RYGB and 37% of patients undergoing SG achieve remission 1 year after
surgery, which declines to 29% (RYGB)
and 23% (SG) at 5 years (10). Weight
regain is associated with relapse of T2D
(4,10,11). Indicators of more advanced
T2D, including increasing age, duration of
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Figure 1—Overview of amount of weight loss needed for T2D remission. Weight loss–induced T2D remission may be modulated by the time course
of the disease. Pharmacotherapy for patients in the early stages of T2D is usually with metformin monotherapy. Over time, escalation of pharmacotherapy, due to declining b-cell function, frequently culminates in insulin treatment. Weight loss of 10–15% with very-low-calorie intervention in
early stages of T2D can remit T2D, likely by reversal of ectopic lipid deposition in liver and muscle and restoration of insulin sensitivity and b-cell
function. Barthold et al. (13) show increased odds of T2D remission after metabolic surgery in the early stages of T2D starting at a weight loss of
10–15%, which plateaus with weight loss of 20–25%. For those with more advanced T2D, including those on insulin, T2D remission was only seen
with 20–25% weight loss.

these patients are less likely to
achieve T2D remission.
How do these data compare with
T2D remission with dietary weight loss
(Fig. 1)? In the DiRECT trial, T2D remission at 1 and 2 years was 46% and 37%,
respectively (3). This was achieved with
a very-low-calorie dietary intervention.
Subsequent analysis revealed that in
those who achieved remission, TWL was
15% (16). The majority of patients
with 10–15% TWL (57%) and >15%
TWL (86%) achieved remission at 1 year
compared with 34% with 5–10% TWL
(3). Importantly, the participants in the
DiRECT trial had T2D for fewer than 6
years (mean, 3 years) and were on oral
antihyperglycemic agents only (3). In
the DIADEM-I trial (mean %TWL, 12%),
conducted in the Middle East, 61% T2D
remission was seen 1 year after low-calorie dietary intervention in conjunction
with increased physical activity. The
patient population was younger, with a
T2D duration of <3 years (17). These
data appear to be concordant with the
data from Barthold et al. (13), who
report increased odds of T2D remission
starting with weight loss of 10–15% in
patients with lower DiaRem scores and
those not on insulin. Those with higher
DiaRem scores and on insulin had
increased odds of T2D remission with

20–25% weight loss but not 10–15% and
15–20% weight loss. These data again
indicate that more modest weight loss
can induce T2D remission early in the
course of T2D. In the DiRECT study, T2D
remission was associated with reversal
of ectopic lipid in liver (with improvement in insulin sensitivity) and pancreas
(with improvement in insulin secretion)
(16). Do patients with more advanced
T2D have greater ectopic lipid deposition, necessitating greater weight loss?
Both insulin and sulfonylurea use are
associated with weight gain (18). More
detailed mechanistic studies will help
clarify whether this is the case.
While these thresholds predict initial
T2D remission after MS, more modest
weight loss can still improve glycemic
control, hypertension, dyslipidemia, obstructive sleep apnea, and functional capability (19). Further, MS may have longterm glycemic effects independent of
weight loss (20). In those who do not
achieve the desired TWL and T2D remission and/or in those with weight regain
and T2D relapse, treatment with the glucagon-like peptide 1 (GLP-1) receptor agonist can achieve further weight loss and
improve glycemia (21). Newer agents
such as the GLP-1 receptor agonist semaglutide and the dual GLP-1 receptor/glucose-dependent insulinotropic peptide

receptor agonist tirzepatide can cause
10–15% TWL (22,23). Further, these
medications likely have weight loss–
independent glycemic efﬁcacy. Semaglutide can lower HbA1c by 1.8% and
tirzepatide by 2.3% (22). Although
we have effective therapies for T2D,
including MS and pharmacotherapy,
access to treatment remains a signiﬁcant
barrier (24,25).
In summary, Barthold et al. (13)
provide important information on
the amount of weight loss needed to
induce initial T2D remission. Although early intervention is very likely
important for T2D remission, those
with more advanced T2D can achieve
remission with >20% weight loss.
This information can guide clinical
decision-making by patients and
health care providers. Longer-term
studies assessing the association between
%TWL and durability of T2D remission,
along with exploration of underlying
mechanisms, will be important.

Funding. S.D. is funded by the Toronto General Hospital Research Institute, the Canadian
Institutes of Health Research, and the Heart
and Stroke Foundation of Canada and is the
recipient of a Diabetes Canada New Investigator Award, D.H. Gales Family Charitable Foundation New Investigator Award, and a Reuben

Downloaded from http://diabetesjournals.org/care/article-pdf/45/1/28/636287/dci210041.pdf by guest on 18 January 2022

Predictors of T2D Remission:
① Age
② Baseline HbA1c
③ Number of diabetes mediaons
④ Insulin use
⑤ Duraon of T2D

30

Diabetes Care Volume 45, January 2022

Commentary

and Helene Dennis Scholar in Diabetes Research
award.
Duality of Interest. No potential conﬂicts of
interest relevant to this article were reported.

References

trolled trial. Lancet Diabetes Endocrinol 2020;
8:477–489
18. Holman RR, Thorne KI, Farmer AJ, et al.; 4-T
Study Group. Addition of biphasic, prandial, or
basal insulin to oral therapy in type 2 diabetes. N
Engl J Med 2007;357:1716–1730
19. Arterburn DE, Telem DA, Kushner RF,
Courcoulas AP. Beneﬁts and risks of bariatric
surgery in adults: a review. JAMA 2020;324:
879–887
20. Douros JD, Tong J, D’Alessio DA. The effects
of bariatric surgery on islet function, insulin
secretion, and glucose control. Endocr Rev 2019;
40:1394–1423
21. Miras AD, Perez-Pevida B, Aldhwayan M,
et al. Adjunctive liraglutide treatment in patients
with persistent or recurrent type 2 diabetes after
metabolic surgery (GRAVITAS): a randomised,
double-blind, placebo-controlled trial. Lancet
Diabetes Endocrinol 2019;7:549–559
22. Rosenstock J, Wysham C, Frıas JP, et al.
Efﬁcacy and safety of a novel dual GIP and
GLP-1 receptor agonist tirzepatide in patients with type 2 diabetes (SURPASS-1): a
double-blind, randomised, phase 3 trial.
Lancet 2021;398:143–155
23. Davies M, Færch L, Jeppesen OK, et al.; STEP
2 Study Group. Semaglutide 2·4 mg once a week
in adults with overweight or obesity, and type 2
diabetes (STEP 2): a randomised, double-blind,
double-dummy, placebo-controlled, phase 3 trial.
Lancet 2021;397:971–984
24. Bhogal SK, Reddigan JI, Rotstein OD, et al.
Inequity to the utilization of bariatric surgery: a
systematic review and meta-analysis. Obes Surg
2015;25:888–899
25. McCoy RG, Van Houten HK, Deng Y, et al.
Comparison of diabetes medications used by
adults with commercial insurance vs Medicare
Advantage, 2016 to 2019. JAMA Netw Open
2021;4:e2035792

Downloaded from http://diabetesjournals.org/care/article-pdf/45/1/28/636287/dci210041.pdf by guest on 18 January 2022

1. WHO. Global report on diabetes, 2016.
Accessed 1 September 2021. Available from
https://www.who.int/publications-detail-redirect/
9789241565257
2. Kahn SE, Hull RL, Utzschneider KM. Mechanisms linking obesity to insulin resistance and
type 2 diabetes. Nature 2006;444:840–846
3. Lean MEJ, Leslie WS, Barnes AC, et al.
Durability of a primary care-led weightmanagement intervention for remission of
type 2 diabetes: 2-year results of the DiRECT
open-label, cluster-randomised trial. Lancet
Diabetes Endocrinol 2019;7:344–355
4. 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
5. Jackness C, Karmally W, Febres G, et al. Very
low-calorie diet mimics the early beneﬁcial effect
of Roux-en-Y gastric bypass on insulin sensitivity
and b-cell function in type 2 diabetic patients.
Diabetes 2013;62:3027–3032
6. Yoshino M, Kayser BD, Yoshino J, et al. Effects
of diet versus gastric bypass on metabolic
function in diabetes. N Engl J Med 2020;383:
721–732
7. Welbourn R, Pournaras DJ, Dixon J, et al.
Bariatric surgery worldwide: baseline demographic description and one-year outcomes from
the Second IFSO Global Registry Report 20132015. Obes Surg 2018;28:313–322

8. Ozsoy Z, Demir E. Which bariatric procedure is
the most popular in the world? A bibliometric
comparison. Obes Surg 2018;28:2339–2352
9. Riddle MC, Cefalu WT, Evans PH, et al.
Consensus report: deﬁnition and interpretation
of remission in type 2 diabetes. Diabetes Care
2021;44:2338–2444
10. Schauer PR, Bhatt DL, Kirwan JP, et al.;
STAMPEDE Investigators. Bariatric surgery versus
intensive medical therapy for diabetes—5-year
outcomes. N Engl J Med 2017;376:641–651
11. Courcoulas AP, King WC, Belle SH, et al. Sevenyear weight trajectories and health outcomes in
the Longitudinal Assessment of Bariatric Surgery
(LABS) study. JAMA Surg 2018;153:427–434
12. Aron-Wisnewsky J, Sokolovska N, Liu Y, et al.
The advanced-DiaRem score improves prediction
of diabetes remission 1 year post-Roux-en-Y
gastric bypass. Diabetologia 2017;60:1892–1902
13. Barthold D, Brouwer E, Barton LJ, et al.
Minimum threshold of bariatric surgical weight
loss for initial diabetes remission. Diabetes Care
2022;45:92–99
14. Hofsø D, Fatima F, Borgeraas H, et al. Gastric
bypass versus sleeve gastrectomy in patients
with type 2 diabetes (Oseberg): a single-centre,
triple-blind, randomised controlled trial. Lancet
Diabetes Endocrinol 2019;7:912–924
15. Mingrone G, Panunzi S, De Gaetano A, et al.
Bariatric surgery versus conventional medical
therapy for type 2 diabetes. N Engl J Med
2012;366:1577–1585
16. Taylor R, Al-Mrabeh A, Zhyzhneuskaya S, et al.
Remission of human type 2 diabetes requires
decrease in liver and pancreas fat content but is
dependent upon capacity for b cell recovery. Cell
Metab 2018;28:547–556.e3
17. Taheri S, Zaghloul H, Chagoury O, et al. Effect
of intensive lifestyle intervention on bodyweight
and glycaemia in early type 2 diabetes (DIADEM-I):
an open-label, parallel-group, randomised con-

