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OBJECTIVE

To assess the incidence of remission of type 2 diabetes in routine care settings.

RESEARCH DESIGN AND METHODS

People with type 2 diabetes (HbA1c ‡48 mmol/mol [6.5%] or <48 mmol/mol
[6.5%] with a prescription for glucose-lowering medications) alive on 1 April 2018
were identified from a national collation of health records in England and fol-
lowed until 31 December 2019. Remission was defined as two HbA1c measure-
ments of <48 mmol/mol (6.5%) at least 182 days apart, with no prescription for
glucose-lowering medications 90 days before these measurements.

RESULTS

In 2,297,700 people with type 2 diabetes, the overall incidence of remission per
1,000 person-years was 9.7 (95% CI 9.6–9.8) and 44.9 (95% CI 44.0–45.7) in 75,610
(3.3%) people who were diagnosed <1 year. In addition to shorter duration of diag-
nosis, baseline factors associated with higher odds of remission were no prescription
for glucose-lowering medication, lower HbA1c and BMI, BMI reduction,White ethnic-
ity, female sex, and lower socioeconomic deprivation. Among 8,940 (0.4%) with char-
acteristics associated with remission (diagnosed <2 years, HbA1c <53 mmol/mol
[7.0%], prescribed metformin alone or no glucose-lowering medications, BMI reduc-
tion of ‡10%), incidence of remission per 1,000 person-years was 83.2 (95% CI
78.7–87.9).

CONCLUSIONS

Remission of type 2 diabetes was generally infrequent in routine care settings but may
be a reasonable goal for a subset of people who lose a significant amount of weight
shortly after diagnosis. Policies that encourage intentional remission of type 2 diabetes
should seek to reduce the ethnic and socioeconomic inequalities identified.

The prevalence of diagnosed and undiagnosed diabetes in adults in England is esti-
mated to be 8.6% and is projected to rise to 9.7% by 2035 (1). Type 2 diabetes
accounts for 90–95% of people with diabetes (2). Historically, type 2 diabetes was
considered to be a lifelong progressive condition, but there is now clear evidence
that remission of type 2 diabetes is feasible following intensive lifestyle interven-
tions (3–5) or bariatric surgery (6–9). However, successful lifestyle interventions are
of high intensity and have, as yet, unclear long-term sustainability and scalability in the
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real-world setting. Similarly, bariatric sur-
gery is only indicated for a small propor-
tion of people with type 2 diabetes.

We are not aware of any population-
based studies that have assessed the
incidence of remission of type 2 diabe-
tes in routine clinical care, and the
recent consensus report on the defini-
tion and interpretation of remission in
type 2 diabetes highlights the need for
evidence on the frequency and duration
of remission (10). It remains unclear
what the incidence of remission is for
people diagnosed with type 2 diabetes in
routine care settings. As one of the few
national registries of type 2 diabetes, the
National Diabetes Audit (NDA) provides
an opportunity to quantify the incidence
of diabetes remission in routine care. The
aim of this study was to determine the
incidence of remission over a follow-up
period of 21 months and which character-
istics predict remission from type 2 diabe-
tes in the English population.

RESEARCH DESIGN AND METHODS

Data Sources
The NDA has collated data on people
with diagnosed diabetes registered with
a primary or specialist health care pro-
vider in England since 2003 (11). Individ-
uals are included if they have a valid
diagnostic code for diabetes (excluding
gestational diabetes mellitus) in their
electronic health record. Demographic
and clinical data are extracted from gen-
eral practice electronic clinical systems
using the General Practice Extraction Ser-
vice (a national centralized data collec-
tion service for England) supplemented
by data submitted by specialist diabetes
services. The data collated by the NDA
from primary care and specialist services
includes all HbA1c measurements and
prescriptions for glucose-lowering medi-
cations. Data from the NDA are linked
using unique National Health Service
(NHS) numbers to Hospital Episode Statis-
tics (HES), which records all hospital
admissions in England and death registra-
tions collated by the Office for National
Statistics. In 2017/2018, the NDA col-
lected data from 98.2% of general practi-
ces in England (12).

Study Population and Observation
Period
The study population was people with
a documented diagnosis of type 2

diabetes registered with a health care
provider in England and included in the
2017/2018 NDA data collection and still
alive on 1 April 2018. The cohort was
followed to 31 December 2019. Those
who did not have a valid HbA1c measure-
ment between 1 April 2017 and 31
March 2018 (n 5 207,295, 7.3%) were
excluded from the cohort. People with
an HbA1c measurement between 1 April
2017 and 31 March 2018 <48 mmol/
mol (6.5%) with no prescriptions for glu-
cose-lowering medication over the same
period were also excluded from the
cohort (n = 339,440, 12.9%) because
they may have already been in remission
from type 2 diabetes and therefore
could not become incident cases over
the period of observation. The resulting
cohort was people with type 2 diabetes
who did not meet the criteria for remis-
sion at the start of the follow-up period
(1 April 2018) with either an HbA1c of
$48 mmol/mol (6.5%) irrespective of
prescription for glucose-lowering medica-
tions or an HbA1c <48 mmol/mol (6.5%)
and one or more prescriptions for glu-
cose-lowering medications in the 90
days before HbA1c measurement at the
start of follow-up.

The latest recorded type of diabetes
was assumed to be most accurate.
Where data for an individual were pro-
vided by both primary care and a spe-
cialist diabetes service, the type of
diabetes identified by the specialist ser-
vice was assumed to be more accurate
(13). For example, an individual with a
diagnostic code for type 2 diabetes in
general practice but a code for type 1 dia-
betes from a specialist provider in the
same year would be considered to have
type 1 diabetes and excluded from the
cohort. People who had a hospital admis-
sion for cystic fibrosis (ICD-10 code E84,
n = 610) between 1 January 2003 and 31
December 2019 and those who had a
hospital admission for pancreatic disease
(ICD-10 codes K85–86, n = 21,165)
between 1 January 2003 and date of diag-
nosis of diabetes were excluded because
they may have been inaccurately catego-
rized as having type 2 diabetes. Five indi-
viduals whose sex was not recorded as
male or female were also excluded.

Outcome
Remission was defined as at least two
HbA1c measurements <48 mmol/mol

(6.5%) at least 26 weeks apart (without
any intervening HbA1c measurements of
$48 mmol/mol [6.5%]) and no record
of prescription for glucose-lowering
medications between these measure-
ments and at least 90 days before each
measurement (14). The date of remis-
sion was taken as the date of the second
relevant HbA1c. A sensitivity analysis was
undertaken using a single HbA1c mea-
surement <48 mmol/mol (6.5%) in the
absence of a prescription for glucose-
lowering medications in the preceding
90 days as the definition of remission.
Where people met the criteria for remis-
sion of type 2 diabetes, HbA1c measure-
ments after entering remission were
grouped into those who continued to
meet the criteria for remission and those
who were subsequently in the diabetes
range ($48 mmol/mol [6.5%], <48
mmol/mol [6.5%] with a prescription for
glucose-lowering medications in the pre-
vious 90 days). Systemized Nomenclature
of Medicine codes 703136005 (diabetes
mellitus in remission) and 703138006
(type 2 diabetes mellitus in remission)
were identified as being coded as in
remission in order to assess the number
and proportion of people meeting the
definition of remission described above
who had a record of remission in their
records.

Exposures
Age on 31 March 2018 was calculated
based on date of birth. Self-reported eth-
nicity was grouped into White, mixed,
Asian, Black, other, and missing. Socioeco-
nomic deprivation was measured using
the Indices of Multiple Deprivation 2019
(15) on the basis of home postcode and
stratified into quintiles. Duration of diag-
nosed diabetes on 31 March 2018 was
calculated on the basis of the date of
diagnosis recorded in the electronic
health record. The lowest HbA1c and BMI
recorded between 1 April 2017 and 31
March 2018 were identified and defined
as baseline measurements. For individuals
who entered remission, change in BMI
was calculated as the difference between
baseline BMI and the measurement
within 90 days closest to the date of
entering remission (the second HbA1c
measurement <48 mmol/mol [6.5%]).
Change in BMI for people who did not
enter remission was calculated as the dif-
ference between baseline BMI and the
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latest measurement before 31 December
2019.
NHS hospital admission for comorbid-

ities associated with unintentional weight
loss (heart failure [ICD-10 code I50], can-
cer [ICD-10 codes C01–C99], chronic
obstructive pulmonary disease [COPD]
[ICD-10 codes J40–J44], and dementia
[ICD-10 codes F00–F03]) between 1 April
2015 and 31 March 2019 were identified
using HES, a database of all NHS hospital
activity in England. People who had
undergone bariatric surgery in the NHS
(see Supplementary Table 1 for defini-
tion) between 1 April 2017 and 31 March
2019 were also identified using HES.

Statistical Methods
Remission rates per 1,000 person-years
with CIs were calculated using the Byar
method (16). Person-years were calcu-
lated as the time from 1 April 2018 to
the earliest of date of remission, date of
death, or 31 December 2019. A multi-
variable logistic regression model was
constructed for all individuals in the
cohort to calculate the adjusted odds
ratios (ORs) of entering remission asso-
ciated with age, sex, deprivation, ethnic
group, duration of diagnosis, baseline
HbA1c, baseline BMI, and change in
BMI. All variables were treated as cate-
gorical variables and included a cate-
gory for missing data, meaning that
individuals were not excluded from the
regression model because of incomplete
data and that the potentially different
outcomes of those with missing data
could be identified. A further multivari-
able logistic regression model in the
subgroup of people with early-stage type
2 diabetes (a baseline HbA1c <53 mmol/
mol [7.0%], duration of diagnosed diabe-
tes of #2 years and prescribed only met-
formin or no glucose-lowering medication
at baseline) and no history of heart fail-
ure, COPD, cancer, or dementia was
performed using the same variables.
Statistical significance was defined as
P < 0.05, and CIs were set at 95%.
Statistical calculations were performed
using SAS Enterprise Guide 7.1.

Information Governance
The legal basis for the NDA data collec-
tion and linkage is a direction from NHS
England to NHS Digital according to sec-
tion 254 of the Health and Social Care
Act 2012. All numbers taken from the

NDA are rounded to the nearest 5 to
protect confidentiality.

RESULTS

Between 1 April 2007 and 31 March
2018, there were 2,297,700 people with
type 2 diabetes defined as a baseline
HbA1c of $48 mmol/mol (6.5%) or <48
mmol/mol (6.5%) with one or more pre-
scriptions for glucose-lowering medica-
tions in the 90 days before measurement.
Of these, 38,530 (1.7%) met the criteria
for remission in the 21 months between
1 April 2018 and 31 December 2019
(median follow-up 91 weeks) (Table 1).
People who entered remission were more
likely to be older, female, living in less
socioeconomically deprived areas, and of
White ethnicity compared with those who
did not meet the criteria for remission.
They also had a shorter duration of diag-
nosis, lower baseline HbA1c, and lower
baseline BMI (Table 1) compared with
those without remission. Baseline and fol-
low-up BMIs were recorded for 1,746,940
people (76.0%). Among those entering
remission, the mean reduction in BMI
from baseline was 2.5% (SD 10.2%) com-
pared with a reduction of 0.2% (SD 8.1%)
in those with no remission. At cohort
entry, 48.6% of people who later entered
remission were not prescribed any glu-
cose-lowering medication, 40.7% were
prescribed metformin only, 10.0% were
prescribed other noninsulin glucose-lower-
ing medication (with or without metfor-
min), and 0.7% were prescribed insulin.

The overall incidence of remission was
9.7 (95% CI 9.6–9.8) per 1,000 person-
years. In people with comorbidities that
may induce weight loss, incidence of
remission was higher (11.8 [95% CI
11.5–12.0] per 1,000 person-years) com-
pared with those without such a comor-
bidity (9.2 [95% CI 9.1–9.3] per 1,000
person-years). A history of bariatric sur-
gery in the NHS was rare (0.06% of all
people included in the analysis). In those
who had bariatric surgery but no comor-
bidity that may induce weight loss, the
rate of remission was 205.8 (95% CI
183.8–229.8) per 1,000 person-years, fall-
ing to 82.5 (95% CI 61.8–107.9) per 1,000
person-years for those with a comorbidity
associated with unintentional weight loss
who underwent bariatric surgery.

Overall rates of remission were higher
in women, older people, those living in
less socioeconomically deprived areas,

those from White ethnic groups, and
those with a shorter duration of diag-
nosed diabetes than their respective
comparison groups (see Fig. 1). For the
subgroup of 208,260 people (9.1% of
the whole cohort) who had a diagnosis
of diabetes for <2 years, had a baseline
HbA1c of <53 mmol/mol (7.0%), were
prescribed metformin alone or no glu-
cose-lowering drugs, and had no history
of cancer, heart failure, COPD, or demen-
tia, the overall rate of remission was
37.6 (95% CI 37.0–38.3) per 1,000 per-
son-years. In an additional subgroup of
8,940 people (0.4% of the total cohort)
who had a diagnosis of diabetes of <2
years, had a baseline HbA1c of <53
mmol/mol (7.0%), and achieved a reduc-
tion in BMI of $10% from baseline, the
incidence of remission was 83.2 (95% CI
78.7–87.9) per 1,000 person-years.

Incidence of remission also varied by
medications prescribed at baseline. Remis-
sion rates were higher among people who
were not prescribed any glucose-lowering
medications at baseline (58.4 [95% CI
57.6–59.3] per 1,000 person-years) com-
pared with those prescribed metformin
alone (11.1 [95% CI 10.9–11.3] per
1,000 person-years). In people pre-
scribed noninsulin, nonmetformin glu-
cose-lowering medications at cohort
entry remission were rare, and inci-
dence was significantly lower (2.0
[95% CI 1.9–2.0] per 1,000 person-
years), as was the case in those pre-
scribed insulin (1.6 [95% CI 1.4–1.8]
per 1,000 person-years).

After adjusting for other characteris-
tics, men had a lower odds of entering
remission than women (OR 0.96 [95%
CI 0.94–0.98]), while those from all non-
White ethnic groups had a lower odds
of entering remission than those from
White ethnic groups. There was a signif-
icant deprivation gradient, with people
living in the least-deprived quintile of
areas having an OR of entering remis-
sion of 1.13 (95% CI 1.09–1.18) com-
pared with those in the most-deprived
areas.

People who were diagnosed with
type 2 diabetes for <2 years had a
higher odds of entering remission (OR
2.78 [95% CI 2.68–2.88] for those diag-
nosed <1 year and 1.12 [95% CI
1.08–1.17] for those diagnosed 1–2
years compared with those diagnosed
3–5 years). Baseline HbA1c of <48
mmol/mol (6.5%) was associated with a
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Table 1—Characteristics of people who were alive on 1 April 2018 who did and did not achieve remission of diagnosed
type 2 diabetes before 31 December 2019

Not in remission

In remission

All in remission Without comorbidity* With comorbidity†

n % n % n % n %

People, n 2,259,170 38,530 30,465 8,065

Sex

Female 980,380 43.4 18,620 48.3 14,795 48.6 3,825 47.4
Male 1,278,795 56.6 19,910 51.7 15,670 51.4 4,240 52.6

Age (years)

<40 65,555 2.9 1,270 3.3 1,240 4.1 25 0.3
40–49 200,890 8.9 2,790 7.2 2,700 8.9 95 1.2
50–59 452,150 20.0 5,810 15.1 5,350 17.6 460 5.7
60–69 598,680 26.5 8,895 23.1 7,500 24.6 1,395 17.3
70–79 585,785 25.9 11,070 28.7 8,085 26.5 2,980 36.9
$80 356,110 15.8 8,695 22.6 5,590 18.3 3,110 38.6
Mean (SD) 66.2 (13.1) 68.6 (13.8) 66.6 (14) 76.1 (10.2)

Quintiles of deprivation index

Most deprived 554,495 24.5 8,075 21.0 6,260 20.5 1,810 22.4
Second most deprived 504,825 22.3 8,185 21.2 6,450 21.2 1,735 21.5
Third most deprived 460,745 20.4 8,155 21.2 6,450 21.2 1,705 21.1
Second least deprived 406,645 18.0 7,595 19.7 6,040 19.8 1,550 19.2
Least deprived 331,810 14.7 6,510 16.9 5,255 17.2 1,260 15.6
Missing 650 0.03 10 0.03 5 0.02 5 0.06

Ethnicity

Asian 261,060 11.6 2,785 7.2 2,465 8.1 295 3.7
Black 108,385 4.8 1,535 4.0 1,325 4.3 200 2.5
Mixed 23,345 1.0 330 0.9 285 0.9 45 0.6
White 1,511,220 66.9 27,990 72.6 21,320 70.0 6,490 80.5
Other 107,060 4.7 1,220 3.2 1,090 3.6 120 1.5
Missing 247,855 11.0 4,920 12.8 3,980 13.1 915 11.3

Duration (years)

<1 141,620 6.3 11,690 30.3 9,910 32.5 1,780 22.1
1–2 267,195 11.8 7,050 18.3 5,765 18.9 1,285 15.9
3–5 255,040 11.3 4,740 12.3 3,770 12.4 970 12.0
5–9 608,535 26.9 8,125 21.1 6,215 20.4 1,910 23.7
10–14 507,925 22.5 4,530 11.8 3,210 10.5 1,320 16.4
$15 478,505 21.2 2,385 6.2 1,590 5.2 795 9.9
Mean (SD) 9.9 (7.6) 5.1 (5.9) 4.8 (5.7) 6.6 (6.6)

HbA1c (mmol/mol)

Mean (SD) in 2017/2018 57.3 (15.1) 45.9 (8.1) 46 (8.2) 45.5 (7.6)
Mean change (SD) 0.2 (11.8) �4.1 (7.8) �4.2 (7.9) �3.8 (7.4)

BMI (kg/m2)

Mean (SD) in 2017/2018 31 (6.5) 30.6 (6.6) 30.9 (6.5) 29.5 (6.5)
Change in BMI (%)
$10% reduction 106,315 4.7 3,870 10.0 3,590 11.8 875 10.8
5–9.9% reduction 220,725 9.8 4,130 10.7 3,930 12.9 755 9.4
0–4.9% reduction 639,835 28.3 6,935 18.0 6,635 21.8 1,235 15.3
0.1–4.9% increase 479,820 21.2 4,575 11.9 4,320 14.2 865 10.7
$5% increase 179,805 8.0 2,125 5.5 1,965 6.5 455 5.6
Missing 632,675 28.0 16,895 43.8 15,975 52.4 3,880 48.1
Mean (SD) change 2017/2018 to 2018/2019 �0.2 (8.1) �2.5 (10.2) �2.5 (10) �2.2 (11)

Comorbidities

Heart failure 143,105 6.3 2,585 6.7 — — 2,585 32.1
Cancer 162,090 7.2 3,180 8.3 — — 3,180 39.4
COPD 150,135 6.6 3,115 8.1 — — 3,115 38.6
Dementia 59,135 2.6 1,220 3.2 — — 1,220 15.1
Any comorbidity 408,440 18.1 8,065 20.9 — — 8,065 100.0

Continued on p. 1155
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greater odds of entering remission (OR
6.84 [95% CI 6.55–7.15]) compared with
baseline HbA1c of 48–53 mmol/mol
(6.5–7.0%). Reduction in BMI of $10%
and 5–9.9% was associated with a greater
odds of entering remission (OR 3.57 [95%
CI 3.42–3.72] and 1.78 [95% CI
1.71–1.85], respectively) compared with a
reduction in BMI of 0–4.9% (see Fig. 2A).
Among the 208,260 people (9.1% of

the cohort) in the early stages of type 2
diabetes (defined as diagnosed for <2
years, a baseline HbA1c <53 mmol/mol
[7.0%], and prescribed metformin alone
or no glucose-lowering medications at
baseline) with no history of heart fail-
ure, COPD, cancer, or dementia, higher
odds of remission were associated with
older age and living in less-deprived
areas. In this early-stage cohort, people
from Asian and Black ethnic groups had
lower odds of remission than White
ethnic groups (Table 2). The multivari-
able-adjusted odds of remission across
BMI categories were greatest in people
with a baseline BMI of 20–24.9 kg/m2

(OR 1.08 [95% CI 1.01–1.15]) compared
with those with a baseline BMI of
25–29.9 kg/m2. Increasing baseline BMI
>30 kg/m2 was associated with a lower
odds of entering remission (OR 0.91
[95% CI 0.87–0.96] for 30–34.9 kg/m2,
0.82 [95% CI 0.77–0.88] for 35–39.9 kg/
m2, 0.78 [95% CI 0.72–0.84] for $40
kg/m2) compared with 25–29.9 kg/m2.
Compared with a 0–4.9% reduction in
BMI, a reduction of 5–9.9% and $10%
was associated with ORs of entering
remission of 1.89 (95% CI 1.77–2.02)
and 3.54 (95% CI 3.28–3.82), respec-
tively. Having a baseline HbA1c of <48
mmol/mol (6.5%) vs. 48–53 mmol/mol

(6.5–7.0%) was associated with an OR
of entering remission of 4.78 (95% CI
4.39–5.2) (see Fig. 2B).

Overall, 3,420 (8.9%) of the 38,530 of
people who entered remission subse-
quently had an HbA1c measurement of
$48 mmol/mol (6.5%), suggesting a
return to hyperglycemia in the diabetes
range. Median time from entering
remission of type 2 diabetes to this
measurement was 190 days (interquar-
tile range [IQR] 144–247); 9,175 (238
per 1,000) people in remission had an
HbA1c measurement that indicated that
they continued to meet the definition
of remission of type 2 diabetes (median
follow-up 294 days, IQR 222–361), and
25,940 (673 per 1,000) people did not
have any further HbA1c measurements
within the study follow-up period
(median follow-up time 148 days, IQR
77–235). Compared with those who
stayed in remission, people who returned
to diabetic hyperglycemia had a lower
mean reduction in BMI (�0.6% vs. �2.6%
for those that stayed in remission and
�2.7% for those that did not have a fur-
ther HbA1c measurement) and were more
likely to not be prescribed any glucose-
lowering medication at baseline (66.7%
vs. 48.3% for those who stayed in remis-
sion and 46.3% for those who did not
have a further HbA1c measurement). Of
those meeting the criteria for remission,
only 2,110 (5.5%) had a diagnosis code
for remission recorded in their electronic
health record. There were no consistent
differences in the characteristics of people
with and without a diagnosis code for dia-
betes remission, but there was consider-
able geographical variation in coding for
remission by the 160 Clinical Commission

Groups (health organizations with respon-
sibility for commissioning health care for
their local population), varying from 25%
to <1%.

In sensitivity analysis, defining remission
based on only one HbA1c measurement
<48 mmol/mol (6.5%) in the absence of
a prescription for glucose-lowering medi-
cations in the preceding 90 days increased
the number of people identified as in
remission from 3,420 (9.7 [95% CI
9.6–9.8] per 1,000 person-years) to
91,405 (23.5 [95% CI 23.3–23.7] per 1,000
person-years). The pattern of incidence
rates by demographic and clinical charac-
teristics were similar to the primary analy-
sis (Supplementary Table 3).

CONCLUSIONS

In this nationally representative popula-
tion-based study of >2.2 million people
with type 2 diabetes, the incidence of
remission over a maximum of 21 months
was low at �1% per year overall and
�4.5% per year in those within the first
year of diagnosis. However, there was
also considerable variation in incidence
by baseline and change in BMI, by eth-
nicity, and by duration of diagnosed dia-
betes. Among the subgroup of people
who had been diagnosed for <2 years,
with a baseline HbA1c of <53 mmol/mol
(7.0%), and who also reduced their BMI
by $10%, who formed 5.2% of the
cohort, the incidence of remission rose
to 8% per year, implying that the oppor-
tunity to achieve remission is greatest in
the period immediately after diagnosis,
particularly in the context of intensive
lifestyle interventions (3).

Greater remission rates were consis-
tently associated with weight loss and

Table 1—Continued

Not in remission

In remission

All in remission Without comorbidity* With comorbidity†

n % n % n % n %

Bariatric surgery 1,020 0.05 370 0.96 315 1.03 55 0.7
Treatment in 2017/18

None 179,250 7.9 18,735 48.6 15,060 49.4 3,675 45.6
Metformin only 816,900 36.2 15,675 40.7 12,430 40.8 3,240 40.2
Other noninsulin glucose-lowering agents with and
without metformin

1,164,340 51.5 3,850 10.0 2,750 9.0 1,100 13.6

Insulin with or without other glucose-lowering agents 98,680 4.4 270 0.7 220 0.7 50 0.6

See text for definition of diabetes remission. *No history of a hospital admission for heart failure, cancer, COPD, or dementia between 1 April
2015 and 31 March 2019. †History of a hospital admission for heart failure, cancer, COPD, or dementia between 1 April 2015 and 31 March
2019.
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degree of weight loss. The higher inci-
dence of remission in people with a
very low baseline BMI may reflect
underlying comorbidities and conse-
quent unintentional weight loss. Bariat-
ric surgery was associated with a very
high incidence of entering remission
(169.5 [95% CI 152.7–187.7] per 1,000
person-years). However, the absolute
number of people with a record of
undergoing bariatric surgery in the NHS
during the study period was small (n =
1,390, 0.06%), and the characteristics
and motivations of these people may
have differed, which increases the likeli-
hood of achieving remission.

Not being prescribed any glucose-
lowering medications in the baseline
period was associated with an incidence
of remission approximately five times
higher than in those prescribed metfor-
min as their only glucose-lowering med-
ication, while remission was rare in
those who were prescribed noninsulin,

nonmetformin glucose-lowering medica-
tions, or insulin in the baseline period.
These findings are likely to reflect diffi-
culty in controlling hyperglycemia rather
than any remission-inhibiting effect of the
medications or that people on more than
one drug will have more advanced diabe-
tes. People living in the least-deprived
areas and those from White ethnic
groups were more likely to enter remis-
sion than those in the respective compar-
ison groups. This may be explained by
people from non-White ethnic groups
having higher HbA1c at diagnosis and
poorer HbA1c trajectories following diag-
nosis of type 2 diabetes (17,18). Our find-
ings are in contrast to a U.S. study
where higher adjusted incidence of
remission occurred in those from Black
ethnic groups (19). Further exploration
of physical, psychological, social, and
health care factors that may affect
awareness, motivation, and capacity for
entering remission among people of

varying ethnic backgrounds in England is
warranted.

We found men to have slightly lower
odds of remission overall, perhaps
because of their generally higher levels of
HbA1c. However, this finding was reversed
and not significant in the subset with <2
years since diagnosis and warrants further
investigation. People in older age-groups
had a higher incidence of remission of
type 2 diabetes than those in younger
age-groups, which could be attributable to
lower average BMI. (It is well known that
average BMI at diabetes diagnosis is lower
in older people, and therefore, the weight
loss needed to move into remission is less
[20]). In addition, older people may have a
higher prevalence of comorbidities that
may be associated with unintentional
weight loss. Policies focusing on lifestyle
interventions to increase rates of remis-
sion of type 2 diabetes should take into
account these inequalities and incorporate
measures that aim to address them.

Figure 1—Incidence of remission of type 2 diabetes per 1,000 person-years. *Early stages of type 2 diabetes defined as diagnosed <2 years previ-
ous, baseline HbA1c #53 mmol/mol (7.0%), prescribed metformin only or no glucose-lowering drugs, and no history of heart failure, cancer, COPD,
or dementia.
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Only 5.5% of people meeting the cri-
teria for remission had a diagnosis code
related to remission of diabetes. Given

that some definitions of remission of
type 2 diabetes require a longer period
of glycemia below the diabetic range

than used in this analysis, the low pro-
portion of coded remissions may be
due to the relatively short follow-up

Female, (ref)
Male, 0.96 (0.94-0.98)

<40 years, 1.23 (1.15-1.31)
40-49 years, 1.03 (0.98-1.08)

50-59 years, (ref)
60-69 years, 1.16 (1.12-1.2)

70-79 years , 1.33 (1.29-1.38)
80+ years, 1.41 (1.36-1.47)

Most deprived, (ref)
2nd most deprived, 1.06 (1.03-

1.1)
3rd most deprived, 1.11 (1.07-

1.14)
2nd least deprived, 1.1 (1.06-1.14)

Least deprived, 1.13 (1.09-1.17)

Asian, 0.76 (0.73-0.8)
Black, 0.88 (0.84-0.93)
Mixed, 0.83 (0.74-0.93)

White, (ref)
Other, 0.93 (0.9-0.96)

<1 year, 2.79 (2.69-2.89)
1-2 years, 1.12 (1.08-1.16)

3-5 years, (ref)
5-9 years, 0.98 (0.94-1.02)

10-14 years, 0.85 (0.82-0.89)
15+ years, 0.66 (0.63-0.7)

<48, 6.82 (6.54-7.11)
48-53, (ref)

54-58, 0.35 (0.34-0.37)
59-74, 0.24 (0.22-0.26)
75-85, 0.24 (0.2-0.28)
86+, 0.23 (0.2-0.27)

<20, 0.84 (0.77-0.91)
20-24.9, 1.02 (0.98-1.06)

25-29.9, (ref)
30-34.9, 0.99 (0.97-1.03)
35-39.9, 0.92 (0.88-0.96)

40+, 0.94 (0.9-0.99)

≥10% reduc�on, 3.56 (3.41-3.71)
5-9.9% reduc�on, 1.77 (1.7-1.85)

0-4.9% reduc�on, (ref)
0.1-4.9% Increase, 0.83 (0.8-0.87)

≥5% increase, 1.02 (0.97-1.07)

No glucose lowering drugs, (ref)
Me�ormin only, 0.06 (0.06-0.06)

Other non-insulin drugs +/-
me�ormin, 0.03 (0.02-0.03)

Insulin +/- other drugs, 0.03 (0.03-
0.04)

0
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OR associated with entering remission 

←Lower odds of remission Higher odds of remission →

1

Sex

Age

Depriva�on
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Dura�on

Baseline HbA1c (mmol/mol)
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Change in BMI (%)

Baseline prescrip�on

A

Figure 2—Forest plots of ORs from a multivariable model including all factors for demographic and clinical characteristics associated with remission
of type 2 diabetes in the whole cohort (A) and in people with early-stage type 2 diabetes (baseline HbA1c #53 mmol/mol [7.0%], duration of
diagnosed diabetes of<2 years previous, and prescribed only metformin or no glucose-lowering medication at baseline) (B). ref, reference.
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period. However, it may also reflect a
lack of awareness of the concept of
remission of diabetes, with clinicians hav-
ing traditionally considered type 2 diabe-
tes to be a chronic, progressive disease.
Additionally, it may simply be lack of
awareness of such codes. There may also
be concerns about the impact of these
codes on routine diabetes monitoring
and screening for complications, incen-
tive payments, or ongoing care arrange-
ments. Interventions are needed to raise

awareness and encourage the appropri-
ate use of these codes, particularly as
intensive lifestyle interventions, new
weight loss medications, and bariatric
surgery are more widely used. However,
in the meantime, our findings suggest
that codes for remission should not be
relied on for research purposes.

Intensive lifestyle intervention studies
in the U.K. have shown that approxi-
mately one-third of selected trial partici-
pants undergoing a very-low-calorie diet

and large weight loss enter, and remain
in, remission of type 2 diabetes over a
period of 2–5 years (3,4,21). The Look
AHEAD (Action for Health in Diabetes)
study showed an incidence of remission
of type 2 diabetes of 11.5% at 1 year
and 7.3% at 4 years in the intensive life-
style intervention group and 2.0% at
both 1 and 4 years in the group who
received three group sessions per year
(5). These rates are higher than found in
the current analysis but are likely to

Female, (ref)
Male, 1.03 (1-1.07)

<40 years, 1.03 (0.93-1.13)
40-49 years, 0.98 (0.92-1.05)

50-59 years, (ref)
60-69 years, 1.24 (1.18-1.31)
70-79 years , 1.46 (1.38-1.54)

80+ years, 1.42 (1.32-1.52)

Most deprived, (ref)
2nd most deprived, 0.95 (0.9-1.01)

3rd most deprived, 1.11 (1.05-
1.18)

2nd least deprived, 1.17 (1.1-1.23)
Least deprived, 1.11 (1.05-1.18)

Asian, 0.85 (0.8-0.91)
Black, 0.85 (0.8-0.91)

Mixed, 0.93 (0.78-1.11)
White, (ref)

Other, 0.97 (0.89-1.06)

<1 year, (ref)
1-2 years, 0.66 (0.19-2.27)

<48, 4.77 (4.39-5.19)
48-53, (ref)

<20, 0.98 (0.8-1.19)
20-24.9, 1.08 (1.01-1.15)

25-29.9, (ref)
30-34.9, 0.91 (0.87-0.96)
35-39.9, 0.82 (0.76-0.87)

40+, 0.78 (0.72-0.84)

≥10% reduc�on, 3.53 (3.27-3.81)
5-9.9% reduc�on, 1.89 (1.77-2.02)

0-4.9% reduc�on, (ref)
0.1-4.9% Increase, 0.75 (0.7-0.8)
≥5% increase, 0.91 (0.83-0.99)

No glucose lowering drugs, (ref)
Me�ormin only, 0.077 (0.071-

0.084)
0

5
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15
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55.050.0
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Figure 2—Continued
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Table 2—Characteristics of people who entered remission by remission status at the end of follow-up

Stayed in remission
Returned to diabetic

hyperglycemia
No follow-up

HbA1c
n % n % n %

People, n 9,175 3,420 25,935

Sex

Female 4,460 48.6 1,600 46.8 12,560 48.4
Male 4,715 51.4 1,815 53.1 13,380 51.6

Age (years)

<40 265 2.9 80 2.3 925 3.6
40–49 635 6.9 225 6.6 1,935 7.5
50–59 1,390 15.1 505 14.8 3,915 15.1
60–69 2,225 24.3 815 23.8 5,850 22.6
70–79 2,700 29.4 1,095 32.0 7,275 28.1
$80 1,960 21.4 700 20.5 6,035 23.3
Mean (SD) 68.5 (13.4) 68.9 (12.9) 68.6 (14.1)

Deprivation

Most deprived 1,935 21.1 635 18.6 5,505 21.2
Second most deprived 1,935 21.1 660 19.3 5,590 21.6
Third most deprived 1,970 21.5 780 22.8 5,405 20.8
Second least deprived 1,805 19.7 740 21.6 5,050 19.5
Least deprived 1,530 16.7 600 17.5 4,380 16.9
Missing — 0.00 — 0.00 10 0.04

Ethnicity

Asian 600 6.5 280 8.2 1,880 7.2
Black 345 3.8 115 3.4 1,065 4.1
Mixed 65 0.7 25 0.7 235 0.9
White 6,795 74.1 2,435 71.2 18,585 71.7
Other 255 2.8 100 2.9 855 3.3
Missing 1,110 12.1 470 13.7 3,315 12.8

Duration (years)

<1 3,125 34.1 1,300 38.0 7,265 28.0
1–2 1,645 17.9 620 18.1 4,785 18.4
3–5 1,065 11.6 410 12.0 3,270 12.6
5–9 1,845 20.1 600 17.5 5,680 21.9
10–14 980 10.7 315 9.2 3,235 12.5
$15 515 5.6 180 5.3 1,690 6.5
Mean (SD) 4.8 (5.8) 4.3 (5.2) 5.4 (6.1)

HbA1c (mmol/mol) in 2017/2018

<48 4,250 46.3 930 27.2 11,695 45.1
48–53 4,360 47.5 2,225 65.1 12,215 47.1
54–58 335 3.7 185 5.4 1,200 4.6
59–74 165 1.8 65 1.9 580 2.2
75–85 35 0.4 5 0.1 105 0.4
$86 25 0.3 10 0.3 140 0.5
Mean (SD) 45.3 (7.6) 47.8 (6) 45.9 (8.4)
Mean (SD) change 2017/2018 to 2018/2019 �4.1 (7.4) �4.1 (6) �4.1 (8.1)

BMI (kg/m2) in 2017/2018

<20 140 1.5 50 1.5 445 1.7
20–24.9 1,260 13.7 445 13.0 3,490 13.5
25–29.9 2,690 29.3 1,070 31.3 7,140 27.5
30–34.9 2,180 23.8 850 24.9 5,795 22.3
35–39.9 940 10.2 350 10.2 2,660 10.3
$40 640 7.0 190 5.6 1,850 7.1
Missing 1,325 14.4 465 13.6 4,555 17.6
Mean (SD) 30.5 (6.5) 30.3 (6) 30.6 (6.7)

Change in BMI

$10% reduction 970 10.6 140 4.1 2,760 10.6
5–9.9% reduction 945 10.3 345 10.1 2,840 11.0
0–4.9% reduction 1,695 18.5 780 22.8 4,460 17.2
0.1–4.9% increase 1,080 11.8 500 14.6 2,995 11.5

Continued on p. 1160
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reflect the impact of intensive interven-
tions in selected trial populations. How-
ever, we sought to assess the incidence
of remission in a real-world community
setting where evidence is more sparse
and incidence is considerably lower.
While this cohort may have included a
small number of people enrolled in spe-
cific trials focusing on remission, the
majority will not have received the
intensive support that goes alongside
specific research studies. The overall
incidence of remission found is similar
to a community-based study in the U.S.
that found a 7-year cumulative inci-
dence of remission of 1.6%, rising to
4.6% in those whose diabetes was diag-
nosed <2 years previously (19).

In 2020, the NHS in England estab-
lished a low-calorie diet pilot program
to test the effectiveness of intensive
lifestyle interventions within live NHS
environments for people within 6 years
of diagnosis with type 2 diabetes (22).
The results from this current study can
be used as a baseline for monitoring
the incidence and characteristics of
remission following the possible rollout
of this program in England and suggest
that codes for remission of diabetes are
currently of limited value.

For this analysis, remission was
defined as two consecutive HbA1c meas-
urements at least 26 weeks apart that
were <48 mmol/mol (6.5%) with no
prescription for glucose-lowering medi-
cation between these measurements

and at least 90 days before each HbA1c
measurement. The recent consensus
statement on the definition and inter-
pretation of remission in type 2 diabe-
tes defines remission depending on the
route by which it is achieved (pharma-
cotherapy, bariatric surgery, or lifestyle
interventions) (10). In each case, remis-
sion is defined as an HbA1c measure-
ment of <48 mmol/mol (6.5%) at least
3 months after the cessation of glucose-
lowering medications and at least 3
months after bariatric surgery or 6
months after the start of lifestyle inter-
ventions. However, routinely collated
data record the date prescriptions are
issued, and it is difficult to ascertain the
exact date at which the individual
ceased to take the prescribed medica-
tions. Furthermore, our data set (like
most routine health care records) did
not include data on lifestyle interven-
tions. These factors mean that there are
some differences between the defini-
tion in the consensus statement and
the criteria used to identify remission in
this study.

In this analysis, follow-up was limited
to a maximum period of 21 months,
during which 8.9% of people meeting
the criteria for remission went on to
have an HbA1c measurement indicating
a return to diabetic hyperglycemia.
Those who returned to hyperglycemia
in the diabetic range during the follow-
up period of this study had a smaller
mean reduction in BMI and were more

likely to not be prescribed glucose-low-
ering medication at baseline than those
who remained in remission or did not
have subsequent HbA1c measurements.
This highlights the potentially transient
nature of remission in the context of
routine traditional care and emphasizes
the need for longer-term follow-up of
these individuals.

The strength of this study lies in the
large population-based cohort that
included people registered at 98.2% of
general practices in England, including
�2.3 million people with type 2 diabe-
tes. By combining data on routinely
recorded HbA1c measurements and pre-
scriptions for glucose-lowering medica-
tions, it provides a reliable assessment
of the incidence of remission of type 2
diabetes using the specified definition
in people receiving routine current care.
The relatively short follow-up time is a
weakness, limiting inferences about the
durability of remission, but follow-up
was limited to 31 December 2019 to
avoid altered patterns of behavior and
health care delivery due to the corona-
virus disease 2019 pandemic. Data on
prescriptions for glucose-lowering medi-
cations were collected for the first time
in the 2017/2018 data collection, and
therefore, earlier data sets could not be
used. The NDA does not yet collate data
on lifestyle interventions; therefore, it is
not currently possible to identify the
means through which individuals achieved
remission, although planned linkage with

Table 2—Continued

Stayed in remission
Returned to diabetic

hyperglycemia
No follow-up

HbA1c
n % n % n %

$5% increase 475 5.2 190 5.6 1,460 5.6
Missing 4,010 43.7 1,460 42.7 11,425 44.1
Mean (SD) change 2017/2018 to 2018/2019 �2.6 (9.9) �0.6 (9.6) �2.7 (10.4)

Comorbidities

Heart failure 570 6.2 215 6.3 1,800 6.9
Cancer 735 8.0 280 8.2 2,165 8.3
COPD 725 7.9 265 7.7 2,125 8.2
Dementia 215 2.3 70 2.0 935 3.6
Any comorbidity 1,830 19.9 685 20.0 5,545 21.4

Bariatric surgery 135 1.47 10 0.29 225 0.87

Treatment in 2017/2018

None 4,435 48.3 2,280 66.7 12,020 46.3
Metformin only 3,790 41.3 890 26.0 10,990 42.4
Other noninsulin glucose-lowering agents with or without metformin 875 9.5 230 6.7 2,750 10.6
Insulin with or without other glucose-lowering agents 75 0.8 20 0.6 180 0.7
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national data sets related to lifestyle inter-
ventions should permit this in future
years. However, we include data on
remission from bariatric surgery because
of linkage of our data with hospital data.
It is possible that some people entered

remission of type 2 diabetes following
unintentional weight loss as a result of ill
health, meaning that their remission may
not represent a positive health change.
We have tried to compensate for this
limitation by using hospital discharge
data to identify people with comorbid-
ities that are associated with uninten-
tional weight loss, but we recognize that
it is difficult to differentiate intentional
versus unintentional weight loss. People
who received bariatric surgery outside
the NHS will not have had their proce-
dures recorded, and so the numbers of
such operations will have been under-
estimated.
This study has identified that remission

of type 2 diabetes does occur within a
community setting among a population
receiving standard clinical care, but the
absolute incidence is low. The characteris-
tics of those who did go into remission
will help in the design of lifestyle inter-
vention programs for induction and
maintenance of remission. Longer-term
follow-up of this cohort of people enter-
ing remission to identify their glycemic
trajectories and the subsequent risk of
macro- and microvascular disease as rec-
ommended by the recent consensus
statement on the definition and interpre-
tation of remission in type 2 diabetes
(10) would be informative.
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