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DIABETES TRADITIONALLY HAS

been considered a progres-
sive, incurable condition
wherein the best case sce-

nario after diagnosis is tight metabolic
and risk factor management to forestall
vascular and neuropathic complica-
tions.1 This notion that type 2 diabetes
is irreversible is supported by the strong
association with genetics and family his-
tory, the high prevalence of microvas-
cular complications, and the loss of beta
cell mass and function frequently al-
ready present at diagnosis.2,3 Despite
these observations, 16% of US adults
who report a previous diabetes diagno-
sis take no hypoglycemic medications,
and studies of bariatric surgery suggest
that many diabetes cases among obese
patients can indeed resolve.4-8 Patients
diagnosed as having type 2 diabetes fre-
quently ask their physicians whether
their condition is reversible, and some
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Context The frequency of remission of type 2 diabetes achievable with lifestyle in-
tervention is unclear.

Objective To examine the association of a long-term intensive weight-loss intervention
with the frequency of remission from type 2 diabetes to prediabetes or normoglycemia.

Design, Setting, and Participants Ancillary observational analysis of a 4-year ran-
domized controlled trial (baseline visit, August 2001–April 2004; last follow-up, April 2008)
comparing an intensive lifestyle intervention (ILI) with a diabetes support and education
control condition (DSE) among 4503 US adults with body mass index of 25 or higher
and type 2 diabetes.

Interventions Participants were randomly assigned to receive the ILI, which in-
cluded weekly group and individual counseling in the first 6 months followed by 3
sessions per month for the second 6 months and twice-monthly contact and regular
refresher group series and campaigns in years 2 to 4 (n=2241) or the DSE, which was
an offer of 3 group sessions per year on diet, physical activity, and social support (n=2262).

Main Outcome Measures Partial or complete remission of diabetes, defined as
transition from meeting diabetes criteria to a prediabetes or nondiabetic level of gly-
cemia (fasting plasma glucose �126 mg/dL and hemoglobin A1c �6.5% with no an-
tihyperglycemic medication).

Results Intensive lifestyle intervention participants lost significantly more weight than
DSE participants at year 1 (net difference, �7.9%; 95% CI, �8.3% to �7.6%) and at
year 4 (�3.9%; 95% CI, �4.4% to �3.5%) and had greater fitness increases at year 1
(net difference, 15.4%; 95% CI, 13.7%-17.0%) and at year 4 (6.4%; 95% CI, 4.7%-
8.1%) (P� .001 for each). The ILI group was significantly more likely to experience any
remission (partial or complete), with prevalences of 11.5% (95% CI, 10.1%-12.8%)
during the first year and 7.3% (95% CI, 6.2%-8.4%) at year 4, compared with 2.0%
for the DSE group at both time points (95% CIs, 1.4%-2.6% at year 1 and 1.5%-2.7%
at year 4) (P� .001 for each). Among ILI participants, 9.2% (95% CI, 7.9%-10.4%),
6.4% (95% CI, 5.3%-7.4%), and 3.5% (95% CI, 2.7%-4.3%) had continuous, sus-
tained remission for at least 2, at least 3, and 4 years, respectively, compared with less
than 2% of DSE participants (1.7% [95% CI, 1.2%-2.3%] for at least 2 years; 1.3%
[95% CI, 0.8%-1.7%] for at least 3 years; and 0.5% [95% CI, 0.2%-0.8%] for 4 years).

Conclusions In these exploratory analyses of overweight adults, an intensive life-
style intervention was associated with a greater likelihood of partial remission of type
2 diabetes compared with diabetes support and education. However, the absolute re-
mission rates were modest.

Trial Registration clinicaltrials.gov Identifier: NCT00017953
JAMA. 2012;308(23):2489-2496 www.jama.com

©2012 American Medical Association. All rights reserved. JAMA, December 19, 2012—Vol 308, No. 23 2489



physicians may provide hopeful advice
that lifestyle change can normalize glu-
cose levels. Ambiguity around the con-
cept of reversibility led to a 2009 Ameri-
can Diabetes Association consensus
statement that defined partial remis-
sion as hyperglycemia below the diag-
nostic level for diabetes in the absence
of antihyperglycemic medications and
defined complete remission as a return
to normal glucose levels in the absence
of antihyperglycemic therapy.9 How-
ever, the rate of remission of type 2 dia-
betes that may be achieved using non-
surgical approaches has not been
reported.

The Look AHEAD (Action for Health
for Diabetes) study is perhaps the larg-
est randomized controlled trial of an in-
tensive lifestyle intervention among
adults with type 2 diabetes to date.10 Al-
though designed principally to exam-

ine the effect of weight loss on cardio-
vascular disease incidence, it is also a
unique opportunity to examine the ef-
fect on control and progression of dia-
betes mellitus. We conducted an an-
cillary analysis of the Look AHEAD
cohort to determine the association of
an intensive lifestyle intervention with
frequency of partial and complete re-
mission of type 2 diabetes.

METHODS
Study Design, Sample,
and Inclusion Criteria

Look AHEAD recruited 5145 over-
weight adults aged 45 to 76 years with
type 2 diabetes at 16 US research cen-
ters and randomized them to either an
intensive lifestyle-based weight loss
intervention (ILI) or a diabetes sup-
port and education intervention
(DSE).10-12 Yearly clinic visits were

conducted over 4 years to assess
health status, including glycemic sta-
tus. Baseline eligibility criteria
required a body mass index (BMI; cal-
culated as weight in kilograms
divided by height in meters squared)
of 25 or higher (�27 among those
receiving insulin). Look AHEAD
excluded participants with particu-
larly high hemoglobin A1c (HbA1c)
levels (�11%), blood pressure (�160
mm Hg systolic or �100 mm Hg dia-
stolic), or plasma triglyceride levels
(�600 mg/dL). Participants were also
excluded if they were unable to per-
form a maximal graded exercise test
or complete 2 weeks of diet and activ-
ity self-monitoring. All participants
signed a consent form approved by
their local institutional review board.

Intervention

Details of the intervention have been de-
scribed previously.10-12 In short, the ILI
included weekly group and individual
counseling in the first 6 months, fol-
lowed by 3 sessions per month for the
second 6 months and twice-monthly
contact and regular refresher group se-
ries and campaigns in years 2 to 4. The
ILI aimed to reduce total caloric in-
take to 1200 to 1800 kcal/d through re-
ductions in total and saturated fat in-
take and by increasing physical activity
levels to a goal of 175 min/wk. Liquid
meal replacements were provided to as-
sist dietary goals. Participants in the
DSE were offered 3 group sessions each
year focusing on diet, physical activ-
ity, and social support. Medical care was
provided by the participant’s physi-
cian independent of the Look AHEAD
study. During periods of weight loss,
ILI participants who were taking insu-
lin, sulfonylureas, repaglinide, or nat-
eglinide were asked to provide blood
glucose measurement records so that
Look AHEAD medical staff could de-
termine if reductions in diabetes medi-
cations were needed to reduce their risk
of hypoglycemia.

Assessments

Self-reported behavioral and demo-
graphic risk factors along with mea-

Figure 1. Participant Flow

9045 Attended clinic screening examinations

15 561 Eligible at prescreening

28 622 Patients with type 2 diabetes
underwent prescreening

2575 Randomized to diabetes support
and education control condition

2570 Randomized to intensive lifestyle
intervention

Follow-up
2170 at year 1
2085 at year 3
2042 at year 4

Follow-up
2157 at year 1
2083 at year 3
2056 at year 4

5145 Randomized

3900 Excluded
1481 Declined further participation
2419 Ineligible (major reasons: staff judgment,

high blood pressure, behavioral run-in)

6516 Excluded (declined further screening)

13 061 Excluded (major reasons: age, no diabetes,
likely type 1 diabetes)

2262 Included in primary analysis (any remission)

1861 Included in complete case analysis
(no missing data at any visit)

313 Excluded from primary analysis
161 Did not meet criteria for diabetes

mellitus at baseline
152 Missing data or underwent bariatric

surgery during follow-up

2241 Included in primary analysis (any remission)
329 Excluded from primary analysis

194 Did not meet criteria for diabetes
mellitus at baseline

135 Missing data or underwent bariatric
surgery during follow-up

1852 Included in complete case analysis
(no missing data at any visit)
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sured height, weight, and fasting plasma
glucose and HbA1c were assessed at a
baseline clinic visit (August 2001–
April 2004) and yearly thereafter, with
the fourth visit occurring between Au-
gust 2005 and April 2008. Prescrip-
tion medications were recorded by
trained study technicians at study vis-
its. A maximal graded exercise test was
administered at baseline and a sub-
maximal exercise test at years 1 and 4.
Changes in fitness were computed as
the difference between estimated meta-
bolic equivalents at the point that the
participants achieved 80% of age-
predicted maximal heart rate or a rat-
ing of perceived exertion of at least 16
(corresponding to a rating between
“hard” and “very hard”) at baseline and
at the subsequent assessment.

For these analyses, diabetes was de-
fined as taking diabetes medications or
having a fasting plasma glucose level of
at least 126 mg/dL or HbA1c of at least
6.5%. (To convert fasting plasma glu-
cose to mmol/L, multiply by 0.0555.)
Partial remission of diabetes was de-
fined as a transition from meeting dia-
betes criteria to a prediabetes level of
glycemia (ie, fasting plasma glucose
level of 100-126 mg/dL and HbA1c of
5.7%-6.5%) with no antihyperglyce-
mic medication. Complete remission
was defined as transition from diabe-
tes criteria to full normalization of glu-
cose (fasting plasma glucose level �100
mg/dL and HbA1c �5.7%) with no an-
tihyperglycemic medication.

Statistical Analyses

Descriptive statistics compared the char-
acteristics of the ILI and DSE groups. Pri-
mary analyses compared the yearly
prevalence of any remission (partial or
complete remission) between partici-
pants in the ILI and DSE groups and es-
timated the prevalence of continuous,
sustained remission for at least 2, at least
3, or 4 years. We constructed first-
order binary Markov transition models
to estimate the yearly transition prob-
abilities in and out of diabetes status. We
used multiple imputation to account for
missing data elements at year 1 (n=176
[3.9%]), year 2 (n=312 [6.9%]), year 3

(n=335 [7.4%]), and year 4 (n=405
[9.1%]). Imputation of the binary out-
come of any remission was conducted
using a propensity score approach that
accounted for the longitudinal nature of
the data.13 Imputations were per-
formed for the DSE and ILI groups sepa-
rately. The results from 100 imputed
data sets were combined to obtain preva-
lence estimates for yearly remission as
well as continuous sustained remis-
sion that accounted for both between-
and within-imputation variability.

As a post hoc analysis based on the
available cases (ie, without imputa-
tion), we examined the multivariate as-
sociation of several predetermined
demographic factors (age, sex, race/
ethnicity, education), health status fac-

tors (history of cardiovascular dis-
ease, antihypertensive use, insulin use),
baseline risk factors (BMI, HbA1c, fit-
ness), and 2 intervention response vari-
ables (1-year weight change, fitness
change) with any remission. Since de-
scriptive analyses indicated that most
cases of remission occurred between
baseline and the year 1 visit and few oc-
curred thereafter, we estimated the
probabilities and odds ratios sepa-
rately for cases of remission occurring
in the first year and for those occur-
ring between the first and fourth years.
We also tested for interactions with in-
tervention group and present the ab-
solute probability of remission accord-
ing to these variables for the full sample
and by intervention group. All analy-

Table 1. Baseline Characteristics of the Study Sample According to Intervention Status

Characteristics

No. (%) of Samplea

P
Value

DSE
(n = 2262)

ILI
(n = 2241)

Age, mean (SD), y 59.1 (6.9) 58.6 (6.7) .04

Male 936 (41.4) 940 (41.9) .70

Race/ethnicity
African American 364 (16.1) 353 (15.8)

American Indian 120 (5.3) 113 (5.0)

Asian/Pacific Islander/other 64 (2.8) 68 (3.0) .98

Hispanic 307 (13.6) 305 (13.6)

White 1407 (62.2) 1401 (62.5)

Education, y
�13 463 (20.5) 458 (20.5)

13 to �16 851 (37.6) 828 (37.0)
.48

�16 894 (39.5) 912 (40.8)

Other 54 (2.4) 40 (1.8)

History of cardiovascular diseaseb 313 (13.8) 326 (14.6) .49

Hypertension medications 1690 (74.8) 1708 (76.2) .25

Diabetes medications
None 161 (7.2) 153 (6.9)

Oral medications alone 1650 (73.3) 1654 (74.1) .83

Any insulin 439 (19.5) 425 (19.0)

Diabetes duration, median (IQR), y 5 (7) 5 (8) .25

Height, mean (SD), cm 167.29 (9.93) 167.33 (9.68) .88

Weight, mean (SD), kg 100.6 (18.7) 100.4 (19.5) .75

Body mass index, mean (SD)c 35.9 (5.7) 35.8 (5.9) .52

Hemoglobin A1c, mean (SD), % 7.37 (1.2) 7.34 (1.1) .34

Fasting plasma glucose,
mean (SD), mg/dL

155.6 (46.1) 154.4 (44.9) .38

Fitness, mean (SD), METs 7.2 (2.0) 7.2 (1.9) .56
Abbreviations: DSE, diabetes support and education; ILI, intensive lifestyle intervention; IQR, interquartile range; MET,

metabolic equivalent task.
SI abbreviation: To convert fasting plasma glucose to mmol/L, multiply by 0.0555.
aData are expressed as No. (%) of sample unless otherwise indicated.
bCardiovascular disease history was defined as self-reported history of stroke or myocardial infarction.
cCalculated as weight in kilograms divided by height in meters squared.
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ses were performed using SAS soft-
ware, version 9.3 (SAS Institute Inc).
A 2-sided P�.05 was considered sta-
tistically significant. Since diabetes re-
mission was not a prespecified out-
come of Look AHEAD, these analyses
were exploratory in nature and no ad-
justment for multiple testing was ap-
plied.

RESULTS
From the original sample of 5145 adults
randomized to Look AHEAD, we ex-
cluded 355 individuals (6.9%; n=194
ILI and n=161 DSE) who had fasting
glucose levels of less than 126 mg/dL
and HbA1c levels of less than 6.5% while
taking no diabetes medications be-
cause they met our definition for non-
diabetes at baseline (FIGURE 1). We also
excluded 287 participants (5.6%;
n=135 ILI and n=152 DSE) who were
missing relevant outcome data at all fol-
low-up visits or who underwent bar-
iatric surgery, leaving an analytic sample

of 4503 adults (n=2241 in the ILI group
and n = 2262 in the DSE group)
(Figure 1). Participants excluded be-
cause of this combination of factors
tended to be younger and more obese
and had lower fasting plasma glucose
and HbA1c levels, yet were less likely to
be taking diabetes or hypertension
medications than the primary analytic
sample (eTable 1; http://www.jama
.com). The Look AHEAD study sample
was predominantly middle-aged or
older (mean age, 59 years) and of di-
verse race/ethnicity, education level,
and medication status (TABLE 1). Me-
dian time since diagnosis was 5 years
and the study sample was notably obese
at baseline, with a mean BMI of 35.8.

Participants in the ILI group lost sig-
nificantly more weight than DSE par-
ticipants at year 1 (�8.6% [95% CI,
�8.9% to �8.4%] vs �0.7% [95% CI,
�0.9% to �0.4%]) and at year 4
(�4.7% [95% CI, �5.0% to �4.4%] vs
�0.8% [95% CI, �1.1% to �0.5%])
(P� .001 for each) and had greater in-
creases in fitness at both year 1 (20.6%
[95% CI, 19.5%-21.8%] vs 5.3% [95%
CI, 4.1%-6.4%]) and year 4 (4.9% [95%
CI, 3.7%-6.1%] vs �1.5% [95% CI,
�2.8% to �0.3%]) (P� .001 for each).
The prevalence of complete remission
(ie, glucose normalization without
medication) was more common in the
ILI group than in the DSE group across
all years of the study (prevalence ra-
tio, 6.6; 95% CI, 3.3-13.3; P� .001).
However, the absolute prevalence was
low, ranging from 1.3% (95% CI, 0.9%-
1.8%) for ILI vs 0.1% (95% CI, 0%-
0.2%) for DSE (P� .001) in year 1 to
0.7% (95% CI, 0.3%-1.0%) for ILI vs
0.2% (95% CI, 0%-0.4%) for DSE in
year 4.

In analyses based on multiple impu-
tation, ILI participants were signifi-
cantly more likely to experience any re-
mission (partial or complete), with a
prevalence of 11.5% (95% CI, 10.1%-
12.8%) during the first year, decreas-
ing to 7.3% (95% CI, 6.2%-8.4%) dur-
ing year 4, compared with 2.0% (95%
CIs, 1.4%-2.6% at year 1 and 1.5%-
2.7% at year 4) in the DSE group at both
time points (FIGURE 2) (P� .001 for

each year). Accordingly, ratios of the
prevalence of remission for ILI vs DSE
ranged from 5.8 (95% CI, 4.2-7.9) in
year 1 to 3.4 (95% CI, 2.5-4.8) in year
4. The results from the complete case
analyses were similar (Figure 2).

Among those who had a remission,
about one-third in the ILI group re-
turned to a clinical diabetes status each
year (33.1% [95% CI, 27.4%-39.3%] in
year 2; 33.8% [95% CI, 27.9%-40.2%]
in year 3; and 31.6% [95% CI, 25.3%-
38.6%] in year 4) and close to half of
those in the DSE group returned to a
clinical diabetes status (52.4% [95% CI,
42.2%-62.3%] in year 2; 45.9% [95% CI,
35.6%-56.6%] in year 3; and 43.8%
[95% CI, 32.9%-55.4%] in year 4).

The ILI group was significantly more
likely to have continuous, sustained re-
mission (FIGURE 3), as 9.2% (95% CI,
7.9%-10.4%) experienced at least a
2-year remission (vs for DSE, 1.7%; 95%
CI, 1.2%-2.3%; P� .001) at some point
during follow-up, 6.4% (95% CI, 5.7%-
7.4%) had at least a 3-year remission
(vs DSE, 1.3%; 95% CI, 0.8%-1.7%),
and 3.5% (95% CI, 2.7%-4.3%) had a
continuous 4-year remission (vs DSE,
0.5%; 95% CI, 0.2%-0.8%; P = .02)
(Figure 3). The results from the com-
plete case analyses were similar
(Figure 3).

In both univariate and multivari-
able analyses (based on available case
analyses), any remission during the first
year was significantly associated with
fewer years since diabetes diagnosis, low
BMI, low baseline HbA1c, not taking in-
sulin, and greater 1-year weight loss
(P� .001) (TABLE 2). A strong fitness
improvement was also significantly as-
sociated with 1-year remission in uni-
variate analyses (P� .001), but this as-
sociation was attenuated in multivariate
analyses controlling for weight change
and all the remaining factors. There
were no significant interactions be-
tween any of these demographic and
health status predictors and interven-
tion condition on their effect on any re-
mission, indicating that the associa-
tion of the ILI with remission was
generally consistent across different
strata. The highest probabilities of

Figure 2. Prevalence of Any Remission
(Partial or Complete) by Intervention
Condition and Year

Intensive lifestyle intervention
Diabetes support and education
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Data are prevalence and 95% CIs for any remission
(partial or complete). Estimates are based on
sample with multiple imputation (n=4503). In com-
plete case analysis (year 1: n = 4327; year 2:
n=4191; year 3: n=4168; year 4: n=4098), preva-
lence estimates with raw cases/denominators were
as follows: for intensive lifestyle intervention, year
1: 11.5% (95% CI, 10.1%-12.8%) (247/2157);
year 2: 10.4% (95% CI, 9.1%-11.7%) (218/2090);
year 3: 8.7% (95% CI, 7.5%-9.9%) (181/2083);
and year 4: 7.3% (95% CI, 6.2%-9.4%) (150/
2056); for diabetes support and education, year 1:
2.0% (95% CI, 1.4%-2.6%) (43/2170); year 2:
2.3% (95% CI, 1.6%-2.9%) (48/2101); year 3:
2.2% (95% CI, 1.6%-2.8%) (46/2085); and year
4: 2.0% (95% CI, 1.5%-2.7%) (41/2042).
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1-year remission occurred among in-
tervention participants with less than
a 2-year history of diabetes (21.2%; 95%
CI, 18.0%-24.7%), more than 6.5%
weight loss (16.4%; 95% CI, 14.5%-
18.6%) or fitness improvements (15.6%;
95% CI, 13.3%-18.1%), low initial
HbA1c values (17.1%; 95% CI, 14.4%-
20.3%), and not taking antihyperten-
sive medications (15.2%; 95% CI,
12.3%-18.6%).

A similar set of predictors (�2-year
duration of diabetes, a lower baseline
HbA1c, large first-year weight loss, and
a large increase in fitness) was also as-
sociated with increased longer-term re-
mission (years 2-4). However, the ab-
solute prevalence of remission through
years 2 to 4 was relatively rare; even
among those with fewer than 2 years
since diagnosis, average remission was
3.6% (95% CI, 2.8%-4.7%) for ILI com-
pared with 1.9% (95% CI, 1.4%-2.6%)
among DSE participants (eTable 2).

COMMENT
The increasing worldwide prevalence
of type 2 diabetes, along with its wide-
ranging complications, has led to hopes
that the disease can be reversed or pre-
vented.14,15 These analyses of more than
4500 overweight adults with type 2 dia-
betes confirm that complete remis-
sion associated with an intensive life-
style intervention, when defined by
glucose normalization without need for
drugs, is rare. However, partial remis-
sion, defined as a transition to predia-
betic or normal glucose levels without
drug treatment for a specific period, is
an obtainable goal for some patients
with type 2 diabetes. As many as 11.5%
of lifestyle intervention participants had
partial or complete remission within the
first year of intervention and 7% had
partial or complete remission after 4
years; these rates were 3 to 6 times those
of participants in the DSE condition.
Perhaps more important, rates of any
remission were notably higher (15%-
21%) among persons with substantial
weight loss or fitness change, shorter
duration of extant diabetes, or a lower
HbA1c level at entry and those not using
insulin.

The ability to eliminate all diabetes
medications while maintaining subdia-
betic levels of fasting plasma glucose
and HbA1c levels should considerably
reduce medication costs, related ad-
verse effects, risks of hypoglycemia, and
hyperglycemic symptoms.16,17 Prior
studies of medication-based therapy
have shown that the reductions in
HbA1c and fasting glucose, if sus-
tained, are likely to considerably re-
duce risks of microvascular complica-
tions.18,19 Moreover, the longer-term
effect could also be enhanced if the im-
provements in high-density lipopro-
tein cholesterol, triglycerides, and sys-
tolic blood pressure levels observed in
Look AHEAD also extend to a reduc-
tion in vascular complications.20 Of
note, however, in October 2012, after
8 to 11 years of participant follow-up,
the Look AHEAD intervention was
stopped by the study sponsor when it
was determined that the ILI did not de-
crease the occurrence of cardiovascu-
lar events, the primary trial outcome
relative to the DSE group.21 Neither
these results nor those of the other pre-
specified primary and secondary out-
comes of Look AHEAD have been pub-
lished yet.

The absolute difference in rates of
remission observed between the ILI
and DSE (9.5 percentage points at
year 1; 5.3 percentage points at year
4) were somewhat less than the rate
differences generally observed in dia-
betes prevention studies,22 as the
Finnish and US prevention studies
observed differences in cumulative
incidence between intervention and
control participants of 12 to 15 per-
centage points at 3 to 4 years. 22-24

Similarly, a recent analysis of the US
Diabetes Prevention Program found
rates of 1-t ime remission from
impaired glucose tolerance to normal
glucose levels of 23% and 9% for
intervention and control groups, or a
14-percentage-point difference.25

These findings, combined with our
observations that remission was
more common among adults with
fewer years of diagnosed diabetes and
lower initial HbA1c values, provide

indirect evidence that intervention
earlier in the natural history of diabe-
tes leads to better outcomes, perhaps
by preserving beta cell function and
mass in the face of declining insulin
action.3 This may influence the ongo-
ing debate about population screen-
ing for prediabetes and diabetes,
which remains controversial because
of the lack of explicit evidence that
earlier identification leads to better
health outcomes.26,27

Studies of bariatric surgery have
observed substantially larger weight
loss and rates of partial and complete
remission than Look AHEAD,6,7,28

ranging from 27% to 97% depending
on the study, surgical approach, and
follow-up period. However, long-term
benefits on comorbidity have still not
been clarified, and bariatric surgery is
more invasive and, thus, is unlikely to
be a first choice for the majority of
people with type 2 diabetes.5-8 Previ-
ous studies of both lifestyle and

Figure 3. Duration of Any Remission (Partial
or Complete) by Intervention Group and
Duration of Sustained Remission
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Data are estimates and 95% CIs based on sample
with multiple imputation (n=4503). Estimates from
complete case analysis of persons with no missing
data element at any single year (n=3713) were as
follows: for intensive lifestyle intervention, year 1:
14.6% (95% CI, 13.0%-16.2%) (271/1852); year
2: 8.2% (95% CI, 6.8%-9.2%) (148/1852); year 3:
5.8% (95% CI, 4.7%-6.8%) (107/1852); and year
4: 3.4% (95% CI, 2.6%-4.2%) (63/1852); for dia-
betes support and education, year 1: 4.3% (95%
CI, 3.4%-5.2%) (80/1861); year 2: 1.6% (95% CI,
1.0%-2.1%) (29/1861); year 3: 1.2% (95% CI,
0.7%-1.7%) (22/1861); and year 4: 0.4% (95%
CI, 0.1%-0.7%) (8/1861).
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pharmacologic-based interventions
have shown significant reductions in
HbA1c levels and/or use of antidiabetic
medications,29-32 but we are not aware
of nonsurgical studies that have exam-
ined remission rates based on a combi-

nation of medication use and levels of
glycemia.

The appropriate definition of diabe-
tes remission remains an area of ambi-
guity and debate.9 For these analyses,
we adopted the American Diabetes As-

sociation’s definition, achievement of
glycemia below the diabetic range in the
absence of active pharmacological treat-
ment or surgical therapy. It could be ar-
gued, however, that remission accord-
ing to glycemic and pharmacologic

Table 2. Odds Ratios and Probability of Any Remission Associated With Key Demographic and Health Status Predictors for the Overall Sample
and by Intervention Groupa

No. (%) of
Sample

Year 1 Remission in Overall Sample, Odds Ratio
(95% CI) Unadjusted Probability of Year 1 Remission, %

(95% CI)

Univariate
P

Value Multivariate
P

Value Overall DSE ILI

Men 1876 (41.7) 1 [Reference] 1 [Reference] 7.1 (6.0-8.4) 1.3 (0.8-2.3) 12.9 (10.8-15.2)

Women 2627 (58.3) 0.90 (0.71-1.15) .39 0.96 (0.71-1.28) .75 6.4 (5.5-7.5) 2.5 (1.7-3.5) 10.4 (8.9-12.3)

Age tertile, y
Low: 44 to �56 1383 (30.7) 1 [Reference] 1 [Reference] 7.5 (6.2-9.0) 2.0 (1.2-3.5) 12.7 (10.4-15.4)

Middle: 56 to �61 1596 (35.4) 0.85 (0.64-1.13) .38 0.94 (0.67-1.32) .73 6.5 (5.3-7.8) 1.6 (0.9-2.8) 11.1 (9.1-13.5)

High: �61 to 76 1524 (33.8) 0.82 (0.61-1.10) .38 1.03 (0.72-1.48) .86 6.3 (5.1-7.6) 2.3 (1.5-3.7) 10.6 (8.5-13.1)

Race/ethnicity
White 2808 (62.3) 1 [Reference] 1 [Reference] 7.6 (6.6-8.6) 2.5 (1.8-3.5) 12.7 (11.0-14.5)

African American 717 (15.9) 0.75 (0.53-1.07) .12 0.97 (0.65-1.46) .89 5.8 (4.3-7.9) 1.5 (0.6-3.5) 10.2 (7.4-13.9)

American Indian 233 (5.2) 0.51 (0.26-1.00) .05 0.83 (0.36-1.91) .66 4.0 (2.1-7.5) 1.7 (0.4-6.4) 6.6 (3.2-13.2)

Asian/Pacific Islander 132 (2.9) 0.92 (0.46-1.81) .81 1.17 (0.50-2.75) .71 7.0 (3.7-12.9) 3.2 (0.8-12.0) 10.5 (5.1-20.3)

Hispanic 612 (13.6) 0.61 (0.40-0.91) .40 0.70 (0.42-1.14) .15 4.7 (3.3-6.8) NA 9.4 (6.5-13.3)

Diabetes duration tertile, y
Low: 0 to �2 1168 (26.1) 1 [Reference] 1 [Reference] 13.5 (11.6-15.6) 5.1 (3.5-7.3) 21.2 (18.0-24.7)

Middle: 2 to �7 1707 (38.2) 0.42 (0.32-0.54) �.001 0.43 (0.32-0.58) �.001 6.1 (5.0-7.4) 1.4 (0.8-2.5) 11.1 (9.1-13.4)

High: �7 1597 (35.7) 0.15 (0.10-0.22) �.001 0.21 (0.14-0.33) �.001 2.2 (1.6-3.1) 0.5 (0.2-1.4) 4.1 (2.9-5.7)

Body mass index tertile
Low: �32.5 1501 (33.3) 1 [Reference] 1 [Reference] 7.0 (6.3-8.7) 2.0 (1.2-3.3) 12.4 (10.2-15.0)

Middle: 32.5-37.7 1501 (33.3) 1.02 (0.77-1.35) .89 0.92 (0.66-1.28) .62 7.4 (6.2-8.9) 1.8 (1.0-3.0) 13.2 (10.9-15.8)

High: �37.7 1501 (33.3) 0.73 (0.54-0.99) .04 0.75 (0.53-1.07) .11 5.4 (4.3-6.7) 2.2 (1.4-3.6) 8.8 (6.9-11.1)

Hemoglobin A1c tertile, %
Low: �6.7 1300 (28.9) 1 [Reference] 1 [Reference] 10.4 (8.9-12.3) 3.6 (2.4-5.4) 17.1 (14.4-20.3)

Middle: 6.7-7.6 1634 (38.2) 0.70 (0.54-0.90) �.001 0.76 (0.56-1.03) .07 7.5 (6.3-9.0) 2.0 (1.3-3.3) 13.0 (10.8-15.5)

High: �7.6 1569 (35.7) 0.24 (0.17-0.34) �.001 0.40 (0.27-0.60) �.001 2.7 (2.0-3.6) 0.7 (0.3-1.5) 4.9 (3.6-6.7)

No insulin use 2251 (80.7) 1 [Reference] 1 [Reference] 8.1 (7.2-9.0) 2.3 (1.7-3.1) 13.8 (12.3-15.6)

Insulin use 864 (19.3) 0.10 (0.05-0.21) �.001 0.23 (0.11-0.51) �.001 0.8 (0.4-1.8) 0.5 (0.1-1.9) 1.2 (0.5-2.9)

No hypertension medications 571 (25.25) 1 [Reference] 1 [Reference] 8.3 (6.8-10.1) 2.0 (1.1-3.6) 15.2 (12.3-18.6)

Hypertension medications 3398 (75.5) 0.73 (0.56-0.94) .02 0.77 (0.57-1.06) .11 6.2 (5.4-7.1) 2.0 (1.4-2.8) 10.3 (8.9-11.9)

No cardiovascular disease
history

1949 (86.2) 1 [Reference] 1 [Reference] 7.1 (6.3-8.0) 2.2 (1.6-3.0) 12.1 (10.7-13.6)

Cardiovascular disease
history

639 (14.2) 0.60 (0.40-0.90) .01 0.91 (0.57-1.46) .69 4.4 (3.0-6.3) 0.7 (0.2-2.6) 7.9 (5.4-11.4)

1-y Weight loss tertile, %
Low: �1 (including

weight gain)
1464 (33.3) 0.08 (0.05-0.12) �.001 0.15 (0.08-0.27) �.001 1.4 (0.9-2.1) 1.1 (0.7-1.9) 2.7 (1.2-5.9)

Middle: 1 to 6.5 1465 (33.4) 0.21 (0.16-0.29) �.001 0.37 (0.26-0.53) �.001 3.7 (2.8-4.8) 2.1 (1.3-3.4) 5.4 (3.9-7.3)

High: �6.5 1464 (33.3) 1 [Reference] 1 [Reference] 15.2 (13.4-17.2) 7.1 (4.9-11.1) 16.4 (14.5-18.6)

1-y Fitness change tertile, %
Low: ��2.3 925 (24.4) 1 [Reference] 1 [Reference] 3.1 (2.1-4.4) 1.1 (0.5-2.4) 7.1 (4.7-10.6)

Middle: 2.3 to �17.9 1593 (42.0) 1.83 (0.77-1.96) �.001 1.23 (0.77-1.96) .39 5.5 (4.5-6.7) 2.0 (1.3-3.3) 9.4 (7.5-11.7)

High: �17.9 1274 (33.6) 4.31 (1.14-2.86) �.001 1.80 (1.14-2.86) .01 12.0 (10.3-13.9) 3.7 (2.2-6.2) 15.6 (13.3-18.1)
Abbreviations: DSE, diabetes support and education; ILI, intensive lifestyle intervention; NA, data not available (no cases).
aCategory thresholds for diabetes duration, body mass index (calculated as weight in kilograms divided by height in meters squared), hemoglobin A1c, weight change, and fitness change

are based on tertiles of the overall sample. Multivariable analyses adjust for intervention group and all variables in the table. Available case analysis is based on sample sizes expressed
in second column.
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criteria does not address the underly-
ing health of beta cell function and in-
sulin action and, thus, cannot be used
to define a cure for diabetes. Weight re-
gain and failure to maintain changes in
diet and physical activity may lead to
a deterioration of glycemic control and
recurrence of diabetes. We could not
fully assess the length of remission in
this report because our analyses were
limited to 4 years of follow-up.

Our analyses were not conducted
using a pure intention-to-treat ap-
proach, as participants who under-
went bariatric surgery after random-
ization, had normal glucose levels at
baseline, or were missing data were ex-
cluded from the analyses. This was a de-
liberate analytic decision based on the
desire to estimate the absolute fre-
quency of diabetes remission that could
be attributed to lifestyle intervention.
Including even a relatively small num-
ber of surgery cases could skew find-
ings because of the high documented
frequency of diabetes remission follow-
ing surgery. This exclusion of surgery
cases led to an analytic sample that was
slightly older, was more likely to be
male, and had worse glycemic control
than the broader Look AHEAD study
population.

There are additional limitations to
our analyses. First, remission was not
one of the intended primary objec-
tives of the Look AHEAD study, mak-
ing these analyses exploratory in na-
ture. We did not adjust our P values for
multiple comparisons, which could in-
crease the type 1 error rate . However,
we found P�.001 for all of our main
comparisons of remission rates, indi-
cating our primary conclusions are ro-
bust. Second, the study population was
not ideal for this analysis because half
of the sample had at least 5 years of dia-
betes duration, 19% were using insu-
lin, and many had high HbA1c values.
These factors would likely make our
findings an underestimate of the fre-
quency of remission that may be
achieved in a group of individuals iden-
tified earlier in their disease progres-
sion. Alternatively, Look AHEAD used
a more intensive intervention than that

commonly used in clinical and com-
munity settings, which may overesti-
mate the effect. Third, this study had
no assessment of post–glucose chal-
lenge beta cell function or insulin ac-
tion to determine the mechanisms
whereby lifestyle intervention may lead
toward remission or normalization of
glycemic level. This prevented us from
evaluating the impact of the interven-
tion on insulin resistance and also
means that some of those who were
classified as having remission would
likely still be classified as having dia-
betes if the study had included an oral
glucose tolerance test. Finally, we can-
not rule out the possibility that the phy-
sicians of ILI participants were more
likely to modify medications than the
physicians of DSE participants or, al-
ternatively, physicians were resistant to
stopping medications such as metfor-
min even if the glycemic levels of their
patients were normal.

In spite of these limitations, this is
the largest study to our knowledge to
examine the association of a lifestyle in-
tervention with type 2 diabetes remis-
sion. Our findings suggest that an in-
tensive lifestyle intervention may be
associated with a partial diabetes re-
mission in a subset of patients with type
2 diabetes, particularly those whose dia-
betes is of short duration, who have
lower HbA1c levels, and who do not yet
require insulin therapy.
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