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Introduction

Disorders of glycemia exist on a continuum. Pre-
diabetes (impaired glucose regulation) is known to be
reversible. But in recent years, despite initial scanty
evidence, there is mounting data that suggests some
reversibility in established T2DM, particularly in
those with short duration.

There is good motivation to reverse the metabolic
effects and subsequent major complications of dia-
betes, both for the individual and society. Diabetes
causes significant morbidity and premature mortal-
ity. It is a burden on health care systems and costly
to treat — with international figures showing medical
costs for people with diabetes are two-to-threefold
greater, when compared with those without diabetes.!
Approximately half of T2DM patients will require
insulin therapy within 10 years of their diagnoses.
Thisresults in calls by the diabetic care community to
advocate that reversal should be included as a treat-
ment goal from early on in the management of the
disease, rather than conceding to the fact progression
isalways inevitable.? Like many other chronic impair-
ments, the impact of diabetes becomes increasingly
irreversible and consequential over time.

This article aims to address proposed definitions of
T2DM remission — albeit there is currently a lack of
consensus, to examine the available evidence regard-
ing the feasibility of T2DM remission including the
mechanisms involved, and to consider the implica-
tions on macro-and microvascular risks by answering
the following questions:
1. What evidence is there supporting the different
ways to achieve remission?
2.How sustainable is the new metabolic state?
3.1s there any evidence to support an associated
reduction in diabetes complications?
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(T2DM) remission is increasingly being acknowl-
edged clinically, as well as in the literature, chal-
lenging the paradigm that T2DM is an inevitably
progressive disease. Does this signal an oppor-
tunity to escape a major public health traffic jam
with certain collision, as the burden of disease
from diabetes rises to epidemic proportions
across the globe? An increase which continues,
despite recent advances in pharmacologic, non-
pharmacologic and technology-assisted treat-
ment options. And if so, can those who manage to
avert the course, proceed unhindered with their
onward life and health journey?

The final section will address possible implications
for risk assessment.

Definition and scope
Remission is defined as the absence of signs and
symptoms of the disease. Cure is defined as the
restoration of health and no evidence of the disease
process by whatever criteria was used to diagnose the
disease or condition.?

The use of the term diabetes “remission” is preferred,
as it best reflects the improved symptoms and bio-
chemical status. In some cases, it even removes the
need for treatment but without minimizing the need
for ongoing follow-up and management, given the
lifelong risk of relapse at any time in the future. More-
over, there is insufficient evidence at this time to sug-
gest this reversal can be permanently achieved, hence
any reference where a “cured state” is implied may
be inappropriate, if not inaccurate. For the purposes
of additional clarification — remission describes the
status, while use of the term “reversal” is used when
referring to the process.
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Despite earlier evidence suggesting remission is
possible, itis only as recent as 2016 that reference to
T2DM reversal was added to the World Health Orga-
nization (WHO) Global Report on Diabetes.* There is
currently no consensus on the criteria for remission
of diabetes. In order to facilitate any data capturing
and research efforts, as well as informing resource
allocation, clinical care and monitoring outcomes,
some consensus would be important to establish.
Lack of consensus impacts existing evidence due to
lack of standardization.

Recommended criteria are listed in Table 1. The
American Diabetes Association (ADA) thresholds
(last updated in 2009) for pre-diabetes and diabetes
are used, respectively, for partial and complete remis-
sion in the absence of active anti-diabetic therapy.
Prolonged remission is defined by 5 years or longer
persistence of this status.5 However, a recent position
statement from the Association of British Clinical
Diabetologists (ABCD) and the Primary Care Diabetes
Society (PCDS) suggests a single definition, using the
higher WHO threshold for diabetes as its defining
biochemical criterion sustained over a shorter period,
including the need for weight loss. Their rationale is
well set out in their position statement.® The other

Table 1: Diabetes Remission - Proposed Criteria

criteria in the table have been used in studies or
proposed by other groups.

Remission does not apply to those with Type 1 dia-
betes. Also, it is not widely reported in children with
T2DM, in keeping with the more aggressive patho-
physiology in this age group, where it is not uncom-
mon to see rapidly progressive beta-cell destruction
and early onset vascular complications.

What has the journey revealed so far?

While the significant prevalence and association of
obesity with T2DM undoubtedly makes it the most
modifiable risk factor in terms of both disease preven-
tion and management, nutrition and weight manage-
ment remain incredibly controversial topics. Itis well
established that weight management is a cornerstone
of metabolic health maintenance and weight loss can
reverse the underlying pathophysiology, improving
and even normalizing the metabolic derangements.
There are several additional obesity dependent and
independent benefits of an improved diet with ef-
fects on blood pressure, lipids and apolipoproteins,
endothelial function, coagulation and inflammation.

Criteria Confirmatory Mainte-
for Remission nance Duration
HbA1C FBG/OGTT* | Meds
ADA Consensus | Partial remission | < 6.5% 5.6-6.9 None |1year
Group? (no longer having | (<48 mmol/L
diabetes) mmol/mol)
Complete remis- < 6.0% <5.6 None |1year
sion (<42 mmol/L
(no longer having | mmol/mol)
pre-diabetes)
Prolonged remis- | < 6.0% <5.6 None | At least 5 year’s duration
sion (<42 mmol/L
mmol/mol)
ABCD and PCDS? <6.5% 5.6-6.9 None |6 months
(<48 mmol/L
mmol/mol)
UK Research < 6.5% <7 mmol/L | None | Two non-diabetic tests
Group: (<48 and 2-hour at least 2 months apart,
McCombie mmol/mol) [ OGTT <11 then renewed annually
etal® mmol/L
Buchwald et al Sustained remis- | < 6.0% <5.6 None [ None
sion after bariatric | (<42 mmol/L
surgery mmol/mol)
*FBG — fasting blood glucose, OGTT — oral glucose tolerance test
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Significant and sustained weight loss is required to
reverse diabetes and should be actively communi-
cated and encouraged as soon as possible to all those
diagnosed with T2DM. In fact, prevention and treat-
ment should arguably not be considered separately.’
Weight loss increases peripheral insulin sensitivity.
Weight loss is also associated with extended life ex-
pectancy for people with diabetes. Studies following
weight-loss surgery or dietary calorie restriction have
provided insight into the time course of the underly-
ing pathophysiology behind T2DM reversal.

Fasting plasma glucose levels normalize within a
week of a significant negative calorie balance, as a
result of the substantial fall in liver fat content and
as normal hepatic insulin sensitivity recovers, even
without a change in the insulin resistance of muscle.
Inappropriate glucose release by the liver in the face
of normal or high blood glucose caused by liver in-
sulin resistance is a major reason for raised glucose
in diabetes.

Similarly, sustained caloric restriction reduces
pancreatic fat content, allowing the reactivation of
beta-cells from the residual pancreatic reservoir to
restore insulin secretion. Some of the lost beta-cell
capacity seen in established T2DM has the potential
to be reactivated, as pancreatic fat content reduces
and elevated glucose normalizes. The size of this pan-
creatic reservoir is thought to influence the ability to
achieve remission and may help to explain why some
can achieve remission and others cannot.8®

In community settings, standard of care remission
rates are very low. In the absence of bariatric sur-
gery, a large US retrospective cohort study using the
ADA remission criteria found the 7-year cumulative
incidence of partial, complete or prolonged remission
with standard of care management was 1.47%, 0.14%
and 0.007%, respectively. The 7-year cumulative
incidence of achieving any remission was 1.60% in
the whole cohort and 4.6% in the subgroup with new-
onset diabetes (< 2 years since diagnosis).*

Currently, the evidence supports three ways of achiev-
ing diabetes remission: intensive lifestyle adjust-
ments, including both low-calorie (energy-deficient)
diets and low-carbohydrate (macronutrient composi-
tion) diets, and through bariatric surgery.

Bariatric surgery has been recommended by an inter-
national diabetes consensus group for the treatment
of T2DM since 2016. Low-carbohydrate diets and
short-term caloric restriction to aid weight loss are
recommended in the ADA and European Association
for the Study of Diabetes (EASD) guidelines, but only
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as part of the treatment and with reversal not being
specifically addressed overall.

Low-calorie (energy-deficient) diets

Calorie restriction is associated with weight loss and
hepatic and pancreatic fat reduction, as well as im-
proved glycemic control. Although this might be said
for many diets, one of the criticisms of this approach
is that it is difficult to achieve and not sustainable.
Resulting micronutrient deficiencies require supple-
mentation and monitoring.

One of the most notable studies of a structured
low-calorie weight loss program is the DIRECT trial
(Diabetes Remission Clinical Trial) which involves a
community-based primary care cohort of 306 T2DM
patients in the UK. Results from this study have been
very encouraging. Intake was restricted to 850 calo-
ries per day for 3 months followed by 2 to 8 weeks of
food reintroduction, together with a gradual build-up
of exercise and ongoing monthly reviews.

After 1year, 46% had achieved remission vs. only 4%
on astandard diabetic-guideline diet. After 2 years of
follow-up, 70% of those in remission at 1 year main-
tained their remission status. Remission was closely
related to weight loss with none of those who gained
weight during the study achieving remission, but
with 86% of those who lost more than 15 kg achieving
remission. This trial is still ongoing, with 4 years of
follow-up planned.

A large randomized lifestyle intervention study in-
volving overweight and obese T2DM patients — the
Action for Health in Diabetes or Look-AHEAD trial
— restricted calories to 1,200-1,800/day. This study
showed better weight improvement and more favor-
able glycemic levels at both 1 and 4 years in those
in the intervention arm, compared with the control
group who received diabetes support and education
(DSE). Of note, despite being three to six times higher
than the control group, remission rates in the inter-
vention arm did decrease over time.

Long-term impact on maintenance of weight loss
and associated glycemic improvements and health
consequences of intense calorie restriction remain
unknown. There have been reports of a reduction of
neuropathy and reduction in retinal complications;
however, the evidence is sparse and conflicting, such
that ongoing follow-up, especially eye examinations,
is still strongly advised.
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Low-carbohydrate (macronutrient composition/
restriction) diets

Evidence of the benefits of low “carb” diets on weight
loss and glycemic control continues to emerge,
despite this being one of the earliest approaches to
diabetes therapy. However, the heterogeneity in the
approach and definitions across studies limits the
ability to fully examine T2DM reversal.

Nonetheless, carbohydrates are undoubtedly the
macronutrient with the greatest impact on insulin
and blood glucose levels. As far as these diets are
concerned, both quality and quantity are important
considerations. There are several different ap-
proaches to low-carb diets that fall into this broad
category. This has made the comparisons of study
results a challenge, but overall, the greatest benefits
have been associated with the lowest carbohydrate
intake.’® Table 2 shows suggestions for definitions
of the different low-carbohydrate diets."* The ap-
proximate carbohydrate intake before the obesity
epidemic was 43%.

Of the randomized trials in a review of low-car-
bohydrate diets by the ADA, half reported greater
improvements in HbA1C and reduction in medica-
tion use compared with (predominantly) low-fat
comparison diets.*? Calorie reduction was also often
coincident with carbohydrate restriction in many of
the studies. While some researchers have suggested
HbAILC can improve in the absence of weight loss
with alow-carbohydrate diet, lower HbALC levelsas a
direct result of areduction in carbohydrate consump-
tion, while beneficial, does not address the beta-cell
dysfunction. Therefore, this does not reverse T2DM
pathophysiologically or prevent disease progression. '

Ketogenic diets (VLCKD) result in the use of fat as
an energy source, which accelerates weight loss in
some. The impact of these diets on cardiovascular
health is an area of contention. While studies have
not found adverse lipid profiles associated with low-
carbohydrate diets in either diabetic or non-diabetic

Table 2: Low-Carbohydrate Diets

populations in the short term, the long-term effects
are unclear. Monitoring of lipid levels is advisable.

Hypoglycemiais a potential risk of low-carbohydrate
diets. Transient elevations in uric acid with associated
exacerbations of gout and kidney stones have been
documented. Higher protein content in low-carb di-
ets may potentially impact renal function. Evidence
to-date in patients with diabetes have not shown any
worsening renal function after short-term follow-up,
but the long-term effects on chronic renal disease are
unknown. The long-term effects on cardiovascular
disease also need further evaluation.

Overall, carbohydrate tolerance must be individual-
ized for optimal impact, as carbohydrate tolerance
varies between individuals and even in individuals
over time. Long-term adherence remains a crucial
focus point with this approach, highlighting the im-
portant, yet undetermined, impact of the behavioral
changes required. The lack of longer-term follow-up
studies on these outcomes from a long-term risk per-
spective remains a limitation. An additional challenge
is comparing studies involving different interven-
tions, given the varying definitions and study designs
with very few systematic reviews, making it difficult
to draw conclusions from older studies.

A word about diets

e Significant short-term energy restriction eating
may affect clinical remission via several mecha-
nisms: reduction in liver and pancreatic fats,
improved insulin sensitivity, and restored insulin
production via beta-cell recovery.

e For low-carb diets, the lower the carbohydrate
content, the greater the glycemic improvement.
Many are ad libitum diets, but often result in
reduction in average energy intake; thus, there is
much overlap between lower calories in low-carb
diets. It has been observed that low-carb eating is
effective in lowering glycemic levels even without
significant weight loss — at least in the short term.

» Even with evidence to suggest effective glycemic
improvement, reversal of biochemical status and

Very low-carbohydrate ketogenic diet
(VLCKD) “Keto” diet

Carbohydrate 20-50 g/day or < 10% of the 2,000
kcal/day diet, whether or not ketosis occurs (these
low levels induce ketosis in most people)

Low-carbohydrate diet

Carbohydrate < 130 g/day or < 26% total energy
ADA recommends this as its absolute minimum
“Low Carb, High Fat” or “Low Carb, Healthy Fat”
(LCHF) approach

Moderate-carbohydrate diet

26%-45% total energy

High-carbohydrate diet

> 45% total energy
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remission with dietary interventions, the follow-
ing points are important to bear in mind:

o Studies’ lack of standardization makes com-
parison and analysis a challenge.

o Most studies have been short-term, with few
exceptions.

o The DIRECT trial hopefully can demonstrate
long-term follow-up of low caloric eating,
which is still lacking for low-carb diets.

o Sustainability is the most vexing problem.

o There are potential adverse effects of the
diets.

o Any diet is likely more effective when coupled
with a regular exercise program.

> On-going motivation, encouragement and
behavioural change are crucial elements for
success.

Surgery

The earliest evidence of the potential for T2DM re-
versal came from bariatric surgery studies. Various
surgical procedures exist: Roux-en-Y gastric bypass
(RYGB), adjustable gastric band, sleeve gastrectomy
or duodenal switch. RYGB and sleeve gastrectomy
are the most commonly performed procedures in the
US, with sleeve gastrectomy arguably having the best
outcomes. Even the least invasive method is superior
to intensive medical therapy, and surgery is generally
considered the most optimal method for reversing
diabetes both in terms of effect and durability, par-
ticularly in those with higher BMIs. Where resources
are available, surgical management has been added to
guidelines as an option for some with T2DM.

Drawbacks of this approach, however, include surgi-
cal complications (rates as high as 25%), malnutri-
tion, leaks or bowel obstruction, dumping syndrome,
severe hypoglycemia, and the need for radical post-
surgical lifestyle modification. Other than gastric
banding, bariatric surgery cannot be reversed. Treat-
ment cost can be a limiting factor, although economic
analysis has suggested surgery is cost-effective in the
longer term, especially in obese patients. Long-term
outcomes overall depend on many factors.

Remission, in the context of bariatric surgery, is
related to the degree of weight loss, although other
enteroendocrine mechanisms are likely at play,
including the release of gastrointestinal hormones
(impacting feeding behavior) and changes in the gut
microbiota and their metabolome — given that weight
loss does not occur immediately following surgery.
Calorie restriction also plays a role. The role of the
gut microbiome is an area of ongoing research and
interest. It has led to discussions that manipulating
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these beneficial effects, without the need for surgery,
might even be possible in the future.

Surgery rapidly improves blood glucose, reduces the
need for medication in up to 80% (range of 40% to
80%) of patients within the short term in some stud-
ies, with an additional 15% demonstrating partial
improvement despite requiring medication. Random-
ized trials show slightly lower remission rates than
observational studies.*

Long-term T2DM remission data indicates sustained
weight loss is a predictor of better outcomes; however,
it shows less durability over time. The percentage of
those in remission diminishes at a rate of around
7% to 15% per year. The prospective Swedish Obese
Subjects (SOS) study reported a 72%, 36% and 30%
T2DM remission rate for RYGB after 2, 10 and 15
years following surgery, respectively. A recent review
of outcomes states half of remitters have relapsed
after 20 years.’> Additional analysis is required to
discover the reasons for relapse.

Better pre-operative beta-cell function is the stron-
gest predictor for remission. Clinical correlations of
this include diabetes duration, glycemic response to
lifestyle and oral medication, and use of exogenous
insulin. The latter is likely the most significant factor.
The longer someone has been on exogenous insulin,
there is little chance they will no longer be diabetic,
irrespective of the amount of weight lost. The im-
portance of identifying those who might have better
outcomes could be a useful prediction tool, from a
risk assessment point-of-view.

Post-surgical follow-up requires B12, iron and vita-
min D surveillance to prevent treatment-induced ex-
tramortality or morbidity. In addition, the behavioral
and psychosocial aspects and outcomes of weight loss
surgery require further investigation.

Clinical management and risk assessment consid-
erations

An important consideration from a long-term risk
perspective is the impact of remission on diabetes
complications. It is known from previous trials that
clinical outcomes for people with T2DM are better
with lower HbALC levels. Even if remission is not
achieved, any reduction in HbA1C and/or weight loss,
through whichever means, is likely to be hugely ben-
eficial and lower the risk of associated co-morbidities
and long-term complications. Reduced cardiac events
have been observed in patients with T2DM after bar-
iatric surgery. However, no study has yet examined
outcomes for people who achieve remission.
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Additional benefits of remission would include in-
creased well-being, lower insurance costs, and reduc-
ing the number of medications required. While the
latter may not necessarily always be the end goal, and
despite not meeting the definition of remission, dis-
continuing one or more medications may mean fewer
side effects, as well as cost savings. Moreover, newer
diabetes drugs such as GLP-1 agonists and SGLT-2
inhibitors have shown significant additional benefits
in terms of cardiovascular and renal protection, such
that their discontinuation, particularly until longer-
term implications are more well established, might
not be indicated or advisable.

While remission is not achievable for all those with
T2DM, in terms of predictors, current evidence would
suggest it is more likely achievable in those adults
with a diagnosis of T2DM within 10 years of their
diabetes diagnosis. Of note, the DIRECT remission
study only included people who had diabetes for 6
years or less and were not on insulin. This prospect
should encourage remission as a specific treatment
goal very early on in the management of a patient,
given that over time beta cells do lose their ability to
produce insulin. In the Look-AHEAD trial, greater
weight loss, lower baseline HbA1C (better glycemic
control), shorter duration since T2DM diagnosis, and
no baseline insulin use predicted higher likelihood
of remission.

Negative predictors of remission include lower BMI,
advanced age and decreased endogenous insulin pro-
duction measured by low C-peptide levels. As previ-
ously mentioned, these predictors might be important
to note from a risk assessment point-of-view, in terms
of those who might have a better chance at success.

The degree of weight loss needed to achieve remis-
sion is also unclear. Moreover, Type 2 diabetics are
not always obese. T2DM develops at a lower BMI in
Asian populations but probably with similar body fat
content. It is thought that increased hepatic fat is a
major driver in Asian T2DM. The Reversal of Type
2 diabetes Upon Normalization of Energy intake in
non-obese people (ReTUNE) project is under way to
answer the question of how and whether remission
can be achieved in people with T2DM who are not
obese.

Exercise, either aerobic or resistance training, is an
effective enhancer of reversal together with calorie
restriction; however, it is not effective in isolation.
Sustainability of the exercise regimen is key.

Even those who achieve remission need to continue
to be screened for diabetes complications. The effects
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of elevated glycemic metrics, even at levels below the
T2DM diagnostic criteria, can impact outcomes.*®
Annual screening for nerve, renal and eye damage
for at least 5 years is recommended, with a potential
reduction in the frequency of screenings after that.
Co-morbid cardiovascular risk factor screening and
management must also continue.

Simply put

Remission is not a quick fix.

It requires commitment to making long-term healthy
lifestyle changes to maintain weight loss and remis-
sion. It has been stated, “The promise of reward and
praise for goals achieved are key elements in behavior
change strategies.”® Dedicated and ongoing encour-
agement would help drive motivation and permanent
change, in addition to helping to destigmatize the
diabetes label and boost a sense of personal achieve-
ment. However, this kind of encouragement is incon-
sistently provided in various markets and requires
consideration during risk assessment.

Remission is not a cure.

A concern might be whether one develops a false
sense of security if diabetes is thought “cured,” includ-
ing less attention paid to other risk factors such that
education and strict maintenance of other primary
prevention targets needs to be diligently followed
up. Integrated programs may help to track progress
over time and offer a more dynamic solution. In time,
these advances will likely improve clinical care and be
beneficial overall, but this too remains to be realized
and quantified.

Diabetes is a long-term disease that is the eventual
manifestation of many dysfunctional mechanisms.
It is possible to reverse the manifestation, but what
about the underlying mechanisms which include mo-
lecular, epigenetic changes and long-term metabolic
stresses? Some are reversible and some — probably
not. Long-term reversal is reliant upon on-going life-
style treatment, which means a person is never in true
remission but only in long-term “control.” Weight
loss removes the precipitant but not the underlying
genetics, which are likely “primed” and remain open
to being expressed again. Re-expression is more likely
in those with a very strong family history, recurrent
weight gain (even at moderate levels), with pregnancy
and with other known precipitants. Weight loss, in
those converted from very obese to obese or even
overweight, is unlikely to be in the metabolically
healthy obese category in the first place.

Given the potential to accumulate vascular damage
that might not be reversible, despite normalization of
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the metabolic disorder, established vascular disease
may or may not continue to progress. Itis known once
diabetes is present for 5 to 7 years, extra mortality and
cardiovascular event rates are already established.
Where any secondary complications have already
manifested, regardless of whether diabetes is put into
remission or not, risk assessment needs very careful
consideration, especially for living benefits.

At this stage, it is prudent to individualize assess-
ments. What will be important to assess is the dura-
tion over which the proposed insured was definitively
diabetic, control during that time, and whether any
complications or end-organ damage was recorded.
While diabetes is being diagnosed increasingly at the
early stages before any microvascular complications
develop, screening for diabetes is not universal, such
that some applicants might have had diabetes for
a few years before the diagnosis is even made. On
the other hand, more people are already on statins
and anti-hypertensives at the time of their diabetes
diagnosis.

The crucial issues are the long-term stability and
permanence of the remission. In those without
established complications who have documented
evidence to suggest remission by whichever means
it was achieved, looking for positive predictors of
sustained remission and good compliance is para-
mount. Reversing the biochemical aspect of hyper-
glycemia, lipids and liver dysfunction is possible, but
the element which remains unknown is long-term
behavior — a factor that is less tangible and needs to
be predicted in underwriting.

The documented duration of remission would in-
form how stable the newly developed status is, and
perhaps, how likely it is to remain. If we consider the
ADA criteria in Table 1 above, at least 5 years of stabil-
ity would be necessary to have achieved “prolonged
remission”; however, this would not be the only con-
sideration. Any assessment would require a thorough
assessment of not just the applicant’s current status,
but also their journey up to that point, including a
projection of what might emerge in the future.

Conclusion

With many impairments increasingly impacted by
advances in medicine, it is necessary to stay abreast
of the prevailing literature and make adjustments
in risk assessments, when warranted. It is prudent
to ensure the body of evidence is well validated and
consistent. There is still much regarding the long-
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term benefits vs. negative consequences of T2DM
remission that remains to be explained. It may be like
driving through the mist with the warning lights on,
but hopefully visibility will improve and navigation
will become easier. Diabetes reversal presents an ex-
citing, yet challenging intersection for risk assessors.
Based on current evidence, the question remains — is
this just a detour which ultimately leads to the same
destination in terms of adverse outcomes, or is this
an opportunity to turn in a completely new direc-
tion with better long-term prospects? Medical and
technology-assisted advances, behavioral insights,
and a relentless pursuit to apply the latest research
prudently in navigation systems will ensure optimal
solutions to this evolving paradigm.

Notes

1. Diabetes UK. Cost of diabetes report. 2014, www.diabetes.org.uk/Docu-
ments/Diabetes UK Cost of Diabetes Report.pdf (Accessed July 2020).

2. Home et al. Insulin therapy in people with Type 2 Diabetes: Opportuni-
ties and Challenges? Diabetes Care. 2014 Jun; 37(6): 1499-1508. doi:
10.2337/dc13-2743.

3. Ngai D et al. Remission of Type 2 diabetes: a position statement from
the Association of British Clinical Diabetologists (ABCD) and the Pri-
mary Care Diabetes Society (PCDS). Br J Diabetes 2019; 19:73-76.

4. WHO Global Report on Diabetes 21 April 2016 www.who.int/health-
topics/diabetest#tab=tab_1 (Accessed July 2020).

5. John B. Buse et al. How Do We Define Cure of Diabetes? Diabetes
Care. 2009 Nov; 32(11): 2133—2135. doi: 10.2337/dc09-9036.

6. Louise McCombie et al. Beating Type 2 diabetes into remission. BMJ
2017 September; 358:j4030 doi: 10.1136/bmj.j4030.

7. Nita G Foroubhi et al. Dietary and nutritional approaches for prevention
and management of Type 2 diabetes BMJ 2018; 361 doi: https://doi.
org/10.1136/bmj.k2234 (Published 13 June 2018).

8. Taylor R Type 2 Diabetes Etiology and Reversibility Diabetes Care.
2013 Apr; 36(4): 1047-1055. doi: 10.2337/dc12-1805.

9. Taylor R 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 Metabolism Vol 28 (4) 2 October 2018, pages
547-556.

10. Karter A et al. Incidence of Remission in Adults with Type 2 Diabetes:
The Diabetes & Aging Study Diabetes Care 2014. Diabetes Care. 2014
Dec; 37(12): 3188-3195doi: 10.2337/dc14-0874.

11. Feinman RD et al. Dietary carbohydrate restriction as a first approach
in diabetes management: Critical review and evidence base Nutrition 31
(2015) 1-13. http://dx.doi.org/10.1061/j.nut.2014.06.011.

12. Wheeler ML et al. Micronutrients, food groups, and eating patterns in
the management of diabetes: a systemic review of the literature, 2010
Diabetes Care 2012, 35:434-45 10.2337/dc11-2216 22275443.

13. Hallberg S. J. et al. Reversing Type 2 Diabetes: A Narrative Review
of the Evidence Nutrients. 2019 Apr; 11(4): 766. doi: 10.3390/
nul1040766.

14. Gary Yee Ang. Age of onset of diabetes and all-cause mortality. World
J Diabetes. 2020 Apr 15; 11(4): 95—99. doi: 10.4239/wjd.v11.i4.95.

15. Samir Malkani. An update on the role of bariatric surgery in diabetes
management Samir Malkani Curr Opin Endocrinol Diabetes Obes 2015,
22:98-105 DOI:10.1097/MED.0000000000000143.

16. Colagiuri S. et al. Glycemic thresholds for diabetes-specific retinopa-
thy: implications for diagnostic criteria for diabetes, Diabetes Care 2011
Jan;34(1):145-50. doi: 10.2337/dc10-1206.

Additional Resources

Yee Ang. Reversibility of diabetes mellitus: Narrative review of the
evidence, World J Diabetes 2018 July 15; 9(7): 127-131 DOI: 10.4239/
wjd.vo.i7.127.

Lean M.J. 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.

43



Lars Sjostrom et al. Lifestyle, Diabetes, and Cardiovascular Risk Factors
10 Years after Bariatric Surgery, N Engl J Med 2004;351:2683-93.
Philip R. Schauer et al. Bariatric Surgery versus Intensive Medical

Therapy for Diabetes — 3-Year Outcomes NEJM March 31, 2014, DOI:

10.1056/NEJMoa1401329.
Ana M Ramos-Levi et al. Which criteria should be used to define Type
2 diabetes remission after bariatric surgery? BMC Surg. 2013; 13: 8.

Tara Kelly et al. Low-Carbohydrate Diets in the Management of Obesity
and Type 2 Diabetes: A Review from Clinicians Using the Approach
in Practice, Int J Environ Res Public Health. 2020 Apr; 17(7): 2557.
Published online 2020 Apr 8. doi: 10.3390/ijerph17072557.

John Kelly et al. Type 2 Diabetes Remission and Lifestyle Medicine: A
Position Statement From the American College of Lifestyle Medicine
June 8, 2020 https://doi.org/10.1177/1559827620930962.

Published online 2013 Mar 28. doi: 10.1186/1471-2482-13-8.

About the Author

Heather M. Lund, MBBCh, is Chief Medical Officer for Asia at RGA Reinsurance Company. She provides
medical consultation expertise and technical assistance for reinsurance underwriting and claims assessment,
supporting actuarial business development, marketing and pricing teams across the Asia region. A native of
South Africa, Heather has a Bachelor of Medicine, Bachelor of Surgery, (MBBCh) degree from the Univer-
sity of the Witwatersrand in Johannesburg. Her background is in Family Medicine with a special interest
in maternal health. Heather joined RGA in February of 2015 after nearly 15 years of clinical experience and
7 years of reinsurance experience. Prior to joining RGA, Heather served as Medical Officer for Hannover
Re in South Africa. She is a frequent contributor to medical publications and has also served on program
committees of the International Committee for Insurance Medicine (ICLAM) and the Academy of Insurance
Medicine in Asia (AIMA).

44 ON THE RISK vol.37 n.1 (2021)



