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Key Summary Points

Remission of type 2 diabetes is generally
thought of as being able to maintain
hemoglobin A1c (HbAc1) levels below a
certain threshold without any antidiabetic
therapy.

New dietary regimes resulting in major
weight losses have resulted in remission
according to this definition and have
raised hopes that diabetes can be cured by
healthy dieting and that antidiabetic
agents are superfluous.

In this commentary we review the
background for the current HbA1c
thresholds and discuss the possibilities of
obtaining true remission of diabetes.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article, go to https://doi.org/10.6084/
m9.figshare.13747018.

INTRODUCTION

In the article: ‘‘What’s in a name? Redefining
Type 2 diabetes remission,’’ Sanjay Kalra,
Arbinder Singal and Tejal Lathia from Karnal,
India, discuss the phenomenon of diabetes
remission and review existing definitions of the
condition [1]. On this background, they move
on to propose that diabetes remission is defined
as a healthy clinical state characterized by the
achievement of glycated hemoglobin (HbA1c)
levels below the targeted level that are main-
tained for at least 6 months, with or without
continued use of lifestyle modification and/or
metformin, provided that this is not due to
complications, comorbid conditions or con-
comitant therapy.

The main inspiration for these authors to
propose the new definition was apparently the
use of the term in the field of oncology, where
the precise meaning of the word is of the
utmost importance to the patient and his/her
family because of the dire prognosis in the
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absence of therapeutic attempts to achieve
remission. In the field of diabetes management,
the relevance of the concept of ‘‘remission’’ lies
in its prognostic value in terms of time to com-
plications and no need of antidiabetic treat-
ment; as such, its meaning differs from that in
oncology. Of course, an abbreviated life expec-
tancy is also a threat in patients with type 2
diabetes (T2DM), but the risk of premature
mortality in this patient population is much
lower when receiving adequate treatment even
in the absence of remission. Importantly, the
current use of HbA1c levels to define successful
treatment has its background in extensive
studies on the prognostic value of the cutoff
level in terms of the risk of late diabetic com-
plications, in particular retinopathy [2]. Thus,
the generally accepted level of 7.0% for good
glycemic control is a compromise, and quite far
from a state of remission regardless of how you
define it; rather, it defines an ‘‘acceptable’’
treatment result, obtained without unduly
increasing the risk of adverse events associated
with the therapy itself. The ACCORD study [3]
is a dramatic illustration of the struggle to
improve HbA1c levels further with intensified
medication in order to obtain remission; HbA1c
was successfully reduced, but the effort turned
out to be associated with increased mortality.
Several clinical position statements recommend
7.0 or 6.5% as ‘‘optimal’’ HbA1c targets [2, 4, 5].
Characteristically, there is no unanimous
agreement on the target level, with some Asso-
ciations preferring 6.5%, some 7.0%, while
others recommend different levels for different
populations, such as the elderly or people with
short life expectancy; this lack of consensus
clearly illustrates the differential ‘‘political’’
strategies behind the compromise.

CURRENT DEFINITIONS
OF REMISSION

In 2009, Buse and coworkers subdivided remis-
sion into two categories, namely partial and
complete [6]. Partial remission is defined as
HbA1c\ 6.5% (48 mmol/mol) and fasting glu-
cose between 5.6 and 6.9 mmol/l maintained
for at least 1 year in the absence of active

pharmacological therapy or ongoing antidia-
betic procedures. Complete remission is a return
to normal measures of glucose metabolism with
HbA1c in the normal range (\6.0% [42 mmol/
mol]) and fasting glucose\ 5.6 mmol/l. Pro-
longed remission is defined as remission lasting
for [ 5 years. The 2009 definitions are not
without problems since the day-to-day varia-
tions in plasma glucose are rather wide in a
person with T2DM in remission, which in
combination with the imprecision of the
plasma glucose measurements may result in a
shift between partial versus complete remission
from day to day [7]. Further, in some countries
the definition ‘‘impaired fasting glucose’’ (IFG:
fasting plasma glucose [FPG] of between 5.6 and
7.0 mmol/l) is not an officially registered diag-
nosis used in clinical practice. The 2009 defini-
tion is also complex in relation to the diagnostic
coding systems.

An operative position statement on remis-
sion was published by the joint Association
of British Clinical Diabetologists (ABCD) and
the Primary Care Diabetes Society (PCDS)
defining remission as both FPG concentra-
tion\ 7 mmol/l and HbA1c\48 mmol/mol on
two occasions separated by at least 6 months
[8, 9]. This definition is pragmatic, fits with the
diagnostic criteria for diabetes and is easy for
patients to understand and for physicians to
use.

However, the discussion of the concept of
remission of T2DM has reached new timeliness
recently, in particular because of two thera-
peutic successes: the effects of bariatric surgery
[10, 11] and the results of effective weight loss
therapies, as recently illustrated in the DiRECT
trial [12]. In both cases, the therapy frequently
leads to remission. For example, in the DiRECT
trial, remission was obtained in 85% of those
patients with T2DM who obtained a weight loss
of C 15%. Similar results are often seen after
bariatric surgery, where weight loss may reach
40 kg at 1–2 years after surgery, with the rate of
remission of 70–80%.

The definition of remission applied in the
DiRECT study focused on HbA1c\ 48 mmol/
mol after least 2 months of termination of all
antidiabetic medications [6]. The background
for this definition is in line with daily clinical
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practice, where HbA1c measurements are rec-
ommended in the screening and diagnosing of
diabetes as well as in the evaluation of the gly-
cemic status of a diabetic patient. However, it is
important to consider that patients with T2DM
in remission according to the criteria discussed
above characteristically exhibit elevated car-
diovascular risk factors, including lipid abnor-
malities and hypertension, and are considered
to at high risk of cardiovascular disease (CVD).
Consequenty, despite remission based on the
HBA1c target, focus should also remain on the
treatment of low-density lipoprotein (LDL). The
LDL target should be a LDL level \2.5 mmol/l
in patients without CVD and B 1.8 mmol/l in
patients with established CVD or with a very
high risk for CVD, i.e. albuminuria and labile
hypertension. The level for blood pressure
should be\ 130/80 mmHg. It is of key impor-
tance to check these cardiovascular risk factors
at least annually.

The effect of long-term remission on late
diabetic microvascular complications is sparsely
investigated, but there are reports of regression
after pancreas transplantation and bariatric
surgery. The regression of even pre-existing
diabetic kidney disease has been reported after
bariatric surgery. The risk of macrovascular
complications was reduced after bariatric sur-
gery with long-term remission of diabetes.
Nevertheless, an individual evaluation of the
occurrence of late diabetic complications is
needed during follow-up. Established compli-
cations likewise need continuing assessment.

PATHOPHYSIOLOGY
OF REMISSION IN T2DM

The dieting approach as applied in the DiRECT
studies has especially reopened a discussion on
the nature of T2DM, in particular among lay
people, leading to questioning of the need for
pharmacotherapy and praise of lifestyle inter-
ventions, based on the concepts that T2DM is
the result of the modern lifestyle and therefore
modifiable and that medical intervention has
no place in its mitigation.

It is necessary to consider the pathogenesis
of the disease when discussing remission. Why

do we get T2DM? Immediately major problems
immediately pop up: the multifactorial patho-
genesis of non-insulin-dependent diabetes as
well as its many faces (some researchers seem to
compete in identifying new subtypes nowadays
[13, 14]). For the current discussion, we should
probably leave out secondary diabetes (pancre-
atic, hepatic, steroid- and growth hormone-in-
duced, etc.) and concentrate on the main types.
Supported by the authors’ own research and
literature studies, the working hypothesis in our
group is based mainly on a dual pathogenesis
for T2DM: a fundamental factor is a polygenic
disposition, which primarily lies in the pancre-
atic genes associated with beta-cell function
[15, 16], resulting in an impaired beta-cell
function, as further discussed below. However,
an individual with this disposition does not
necessarily develop the disease until another
important factor shows up: overweight/obesity.
The obesity leads to insulin resistance in a
number of important tissues (in particular the
liver and muscles) which impairs insulin action
[16]. In addition, hepatic steatosis impairs glu-
cagon’s effects on hepatic amino acid metabo-
lism, and rising amino acid levels cause
hyperglucagonemia [17, 18]. These two endo-
crine disturbances lead to increases in hepatic
glucose production, as well as lipid metabolism
and peripheral glucose metabolism
abnormalities.

Viewed in this way, it is no wonder that a
major weight loss can result in diabetes remis-
sion. The precipitating factor, the obesity,
which originally tilted the boat toward diabetes,
has been eliminated. But has the disease disap-
peared? Of course not, but as long as the indi-
vidual is able to keep maintain an appropriate
body weight and low ectopic fat levels, an
apparent remission will be maintained [19].
Unfortunately, this is not usually what happens
after life-style interventions, although it is often
successfully achieved after bariatric surgery [20];
and, conversely, if the operated patient puts on
weight after the operation, the remission dis-
appears again and in many patients the diabetes
returns [21]. The question is now whether the
initial effect should be designated remission?
There is another recent development which is
highly relevant to this discussion: while
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traditional pharmacological weight loss thera-
pies may bring about some metabolic benefits,
they have generally not been associated with
diabetes remission. However, with the most
recent developments, particularly those associ-
ated with glucagon-like peptide-1 receptor ago-
nists (GLP-1 RAs), we have arrived at a place
where we can expect average weight losses
exceeding the 15% mentioned above; as such,
these agents may also lead to a more lasting
diabetes remission with HbA1c\6.5%
(48 mmol/mol) [22]. Indeed the GLP-1 RAs are
already known to greatly reduce the risk of de-
veloping T2DM (which is of course high in
individuals with obesity) during therapy [23],
but the moment therapy is terminated, body
weight increases again, and diabetes returns.

After weight loss induced by bariatric surgery
or the use of a very low calorie diet of
600–800 kcal/day, the apparent remission
shows up very rapidly, even before a major
weight loss occurs, due to a reduction in liver fat
and hence an improvement in liver insulin
sensitivity [19, 24]. The effect of introducing a
very low calorie diet as therapy to persons with
early diabetes can be normal FPG values in
many persons within a few days. Later, after a
major weight loss, skeletal muscle insulin sen-
sitivity will also improve (presumably due to the
loss of ectopic fat), and beta-cell function may
improve steadily over months [19, 25].

Importantly, the clinical fact is that the
weight loss required to reverse T2DM is much
greater than that conventionally advised, and
most studies using lifestyle-based weight loss
intervention have only achieved modest
reductions in weight (3–4 kg) and HbA1c levels
[26]. Subjects with type 1 diabetes very rarely
obtain remission based on current definitions.

The natural history of T2DM is characterized
by progressive deterioration of pancreatic beta-
cell function leading to progressively increased
requirements for glucose-lowering therapy.
Thus, in clinical practice, insulin is often
introduced after years of diabetes and use of
several antidiabetic agents [4]. Beta-cell failure is
explained by two factors, a reduction in beta-
cell mass and a loss of function [27, 28]. Glu-
cotoxicity, induced by chronic hyperglycemia,
is one of the mechanisms leading to beta-cell

failure [28]. Optimum glycaemic control will
reduce glucotoxicity and induce improvement
in beta-cell function [28]. The improved beta-
cell function also includes enhanced respon-
siveness to the gut hormones GLP-1 and gastric
inhibitory polypeptide (GIP), which are the
major regulators of postprandial insulin secre-
tion [28]. However, if impaired beta-cell func-
tion is already apparent, weight losses cannot
result in remission, although improvements
may still occur. Apart from weight loss, studies
have indicated that early, typically from the
time of diagnosis, intensive insulin treatment
with strict glycemic control (from 2 to
14 weeks) titrated to normalize fasting and
postprandial glucose levels may also result in
long-term beneficial effects on beta-cell func-
tion and insulin sensitivity [29–31]. However,
strict control implies multiple insulin injections
or pumps, an option that is not attractive to
persons with early T2DM, and this approach
does not result in long-term improvement in
more advanced disease.

The results of theDiRECT study, bariatric
surgery and use of intensive insulin treatment
have disproven the belief that beta-cell function
invariably declines progressively with time.
Independent of the therapeutic approach used,
be it weight loss via changes in lifestyle, bar-
iatric surgery or intensive insulin treatment, the
chance for remission of diabetes is greatest
when the intervention is introduced early in the
disease when the patients still have a beta-cell
mass with a functional reserve that can over-
come the ambient insulin resistance [32]. In this
case, early means the first years after diagnosis,
and chances of remission are best in subjects
treated with only one or two antidiabetic
agents. Most patients treated with several
antidiabetic agents, including insuli,n will not
obtain remission, even after major weight loss
obtained after bariatric surgery, because of irre-
versible beta-cell damage [33].

On this background, we recommend not
talking too much about remission to patients,
who after successful dieting or surgery may
think that they are cured of the disease, if the
remission criteria, as suggested by Kalra et al. [1]
or others, are fulfilled. But they are not: the
minute they let their weight and lifestyle
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control go, the disease will return. Rather than
talking about remission, we should focus on the
importance of maintaining a healthy lifestyle,
perhaps with some help from effective phar-
maceuticals to combat obesity and maintain
appropriate glucose levels, for which the
patients will be rewarded with significantly
improved prognosis with respect to both the
debilitating complications and mortality.
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