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Abstract

Context—The frequency of remission of type 2 diabetes achievable with lifestyle intervention 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.
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Design, Setting, and Participants—Ancillary observational analysis of a 4-year randomized
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 included 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 glycemia (fasting plasma
glucose <126 mg/dL and hemoglobin A;; <6.5% with no antihyperglycemic 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%
Cl, 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% ClI, 6.2%-8.4%) at year 4,
compared with 2.0% for the DSE group at both time points (95% Cls, 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% ClI, 7.9%-10.4%),
6.4% (95% Cl, 5.3%—7.4%), and 3.5% (95% Cl, 2.7%-4.3%) had continuous, sustained remission
for at least 2, at least 3, and 4 years, respectively, compared with less than 2% of DSE participants
(1.7% [95% ClI, 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% ClI, 0.2%-0.8%] for 4 years).

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

Trial Registration—clinicaltrials.gov Identifier: NCT00017953

DIABETES TRADITIONALLY HAS been considered a progressive, incurable condition
wherein the best case scenario after diagnosis is tight metabolic and risk factor management
to forestall vascular and neuropathic complications.! This notion that type 2 diabetes is
irreversible is supported by the strong association with genetics and family history, the high
prevalence of microvascular complications, and the loss of beta cell mass and function
frequently already present at diagnosis.23 Despite these observations, 16% of US adults who
report a previous diabetes diagnosis take no hypoglycemic medications, and studies of
bariatric surgery suggest that many diabetes cases among obese patients can indeed
resolve.*-8 Patients diagnosed as having type 2 diabetes frequently ask their physicians
whether their condition is reversible, and some physicians may provide hopeful advice that
lifestyle change can normalize glucose levels. Ambiguity around the concept of reversibility
led to a 2009 American Diabetes Association consensus statement that defined partial
remission as hyperglycemia below the diagnostic level for diabetes in the absence of
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antihyperglycemic medications and defined complete remission as a return to normal
glucose levels in the absence of antihyperglycemic therapy.® However, the rate of remission
of type 2 diabetes that may be achieved using nonsurgical approaches has not been reported.

The Look AHEAD (Action for Health for Diabetes) study is perhaps the largest randomized
controlled trial of an intensive lifestyle intervention among adults with type 2 diabetes to
date.10 Although designed principally to examine the effect of weight loss on cardiovascular
disease incidence, it is also a unique opportunity to examine the effect on control and
progression of diabetes mellitus. We conducted an ancillary analysis of the Look AHEAD
cohort to determine the association of an intensive lifestyle intervention with frequency of
partial and complete remission of type 2 diabetes.

METHODS

Study Design, Sample, and Inclusion Criteria

Look AHEAD recruited 5145 overweight adults aged 45 to 76 years with type 2 diabetes at
16 US research centers and randomized them to either an intensive lifestyle-based weight
loss intervention (ILI) or a diabetes support and education intervention (DSE).10-12 Yearly
clinic visits were conducted over 4 years to assess health status, including glycemic status.
Baseline eligibility criteria required a body mass index (BMI; calculated as weight in
kilograms divided by height in meters squared) of 25 or higher (=27 among those receiving
insulin). Look AHEAD excluded participants with particularly high hemoglobin Ay

(HbA 1) levels (>11%), blood pressure (>160 mm Hg systolic or >100 mm Hg diastolic), or
plasma triglyceride levels (>600 mg/dL). Participants were also excluded if they were
unable to perform a maximal graded exercise test or complete 2 weeks of diet and activity
self-monitoring. All participants signed a consent form approved by their local institutional
review board.

Intervention

Details of the intervention have been described previously.1%-12 In short, the ILI included
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. The ILI aimed to reduce total caloric intake to 1200 to 1800
kcal/d through reductions in total and saturated fat intake and by increasing physical activity
levels to a goal of 175 min/wk. Liquid meal replacements were provided to assist dietary
goals. Participants in the DSE were offered 3 group sessions each year focusing on diet,
physical activity, and social support. Medical care was provided by the participant’s
physician independent of the Look AHEAD study. During periods of weight loss, ILI
participants who were taking insulin, sulfonylureas, repaglinide, or nateglinide were asked
to provide blood glucose measurement records so that Look AHEAD medical staff could
determine if reductions in diabetes medications were needed to reduce their risk of
hypoglycemia.
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Assessments

Self-reported behavioral and demographic risk factors along with measured height, weight,
and fasting plasma glucose and HbA 1. were assessed at a baseline clinic visit (August 2001-
April 2004) and yearly thereafter, with the fourth visit occurring between August 2005 and
April 2008. Prescription medications were recorded by trained study technicians at study
visits. 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 metabolic equivalents at the point that the participants achieved 80% of age-
predicted maximal heart rate or a rating 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 defined as taking diabetes medications or having a fasting
plasma glucose level of at least 126 mg/dL or HbA . of at least 6.5%. (To convert fasting
plasma glucose to mmol/L, multiply by 0.0555.) Partial remission of diabetes was defined as
a transition from meeting diabetes criteria to a prediabetes level of glycemia (ie, fasting
plasma glucose level of 100-126 mg/dL and HbA of 5.7%-6.5%) with no
antihyperglycemic medication. Complete remission was defined as transition from diabetes
criteria to full normalization of glucose (fasting plasma glucose level <100 mg/dL and
HbA ¢ <5.7%) with no antihyperglycemic medication.

Statistical Analyses

Descriptive statistics compared the characteristics of the ILI and DSE groups. Primary
analyses compared the yearly prevalence of any remission (partial or complete remission)
between participants in the ILI and DSE groups and estimated 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 probabilities 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 (=312 [6.9%]), year 3 (n=335 [7.4%]), and year 4 (n=405 [9.1%]).
Imputation of the binary outcome of any remission was conducted using a propensity score
approach that accounted for the longitudinal nature of the data.13 Imputations were
performed for the DSE and ILI groups separately. The results from 100 imputed data sets
were combined to obtain prevalence estimates for yearly remission as well as continuous
sustained remission that accounted for both between-and within-imputation variability.

As a post hoc analysis based on the available cases (ie, without imputation), we examined
the multivariate association of several predetermined demographic factors (age, sex, race/
ethnicity, education), health status factors (history of cardiovascular disease,
antihypertensive use, insulin use), baseline risk factors (BMI, HbA, fitness), and 2
intervention response variables (1-year weight change, fitness change) with any remission.
Since descriptive analyses indicated that most cases of remission occurred between baseline
and the year 1 visit and few occurred thereafter, we estimated the probabilities and odds
ratios separately for cases of remission occurring in the first year and for those occurring
between the first and fourth years. We also tested for interactions with intervention group
and present the absolute probability of remission according to these variables for the full
sample and by intervention group. All analyses were performed using SAS software, version
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9.3 (SAS Institute Inc). A 2-sided P<.05 was considered statistically significant. Since
diabetes remission was not a prespecified outcome of Look AHEAD, these analyses were
exploratory in nature and no adjustment for multiple testing was applied.

RESULTS

From the original sample of 5145 adults randomized to Look AHEAD, we excluded 355
individuals (6.9%; n=194 ILI and n=161 DSE) who had fasting glucose levels of less than
126 mg/dL and HbA levels of less than 6.5% while taking no diabetes medications
because 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 follow-up visits or who underwent bariatric 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 because of this combination of factors tended to be younger and more
obese and had lower fasting plasma glucose and HbA 1 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 diverse race/ethnicity, education level, and medication
status (TABLE 1). Median 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 significantly more weight than DSE participants at year 1
(—8.6% [95% ClI, —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 increases 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% ClI, 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 ratio, 6.6; 95% ClI, 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% ClI,
0%-0.2%) for DSE (P<.001) in year 1 to 0.7% (95% ClI, 0.3%-1.0%) for ILI vs 0.2% (95%
Cl, 0%-0.4%) for DSE in year 4.

In analyses based on multiple imputation, ILI participants were significantly more likely to
experience any remission (partial or complete), with a prevalence of 11.5% (95% Cl,
10.1%-12.8%) during the first year, decreasing to 7.3% (95% Cl, 6.2%-8.4%) during year
4, compared with 2.0% (95% Cls, 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% ClI, 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 returned to a clinical
diabetes status each year (33.1% [95% ClI, 27.4%-39.3%)] in year 2; 33.8% [95% Cl,
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% Cl, 42.2%-
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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 remission
(FIGURE 3), as 9.2% (95% Cl, 7.9%-10.4%) experienced at least a 2-year remission (vs for
DSE, 1.7%; 95% Cl, 1.2%-2.3%; P<.001) at some point during follow-up, 6.4% (95% ClI,
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% ClI, 2.7%-4.3%) had a continuous 4-year remission (vs DSE, 0.5%; 95% ClI, 0.2%—
0.8%; P =.02) (Figure 3). The results from the complete case analyses were similar (Figure
3).

In both univariate and multivariable 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 HbA 1, not taking insulin, and greater 1-year weight loss
(P<.001) (TABLE 2). A strong fitness improvement was also significantly associated with
1-year remission in univariate analyses (P<.001), but this association was attenuated in
multivariate analyses controlling for weight change and all the remaining factors. There
were no significant interactions between any of these demographic and health status
predictors and intervention condition on their effect on any remission, indicating that the
association of the ILI with remission was generally consistent across different strata. The
highest probabilities of 1-year remission occurred among intervention participants with less
than a 2-year history of diabetes (21.2%; 95% ClI, 18.0%—24.7%), more than 6.5% weight
loss (16.4%; 95% CI, 14.5%—18.6%) or fitness improvements (15.6%; 95% ClI, 13.3%-—
18.1%), low initial HbA1 values (17.1%; 95% CI, 14.4%-20.3%), and not taking
antihypertensive medications (15.2%; 95% Cl, 12.3%-18.6%).

A similar set of predictors (<2-year duration of diabetes, a lower baseline HbA, large first-
year weight loss, and a large increase in fitness) was also associated with increased longer-
term remission (years 2—4). However, the absolute 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% ClI, 2.8%—4.7%) for ILI compared 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 prevented.1415 These
analyses of more than 4500 overweight adults with type 2 diabetes confirm that complete
remission associated with an intensive lifestyle intervention, when defined by glucose
normalization without need for drugs, is rare. However, partial remission, defined as a
transition to prediabetic 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
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fitness change, shorter duration of extant diabetes, or a lower HbA; level at entry and those
not using insulin.

The ability to eliminate all diabetes medications while maintaining subdiabetic levels of
fasting plasma glucose and HbA . levels should considerably reduce medication costs,
related adverse effects, risks of hypoglycemia, and hyperglycemic symptoms.16:17 Prior
studies of medication-based therapy have shown that the reductions in HbA and fasting
glucose, if sustained, are likely to considerably reduce risks of microvascular
complications.18:19 Moreover, the longer-term effect could also be enhanced if the
improvements in high-density lipoprotein cholesterol, triglycerides, and systolic blood
pressure levels observed in Look AHEAD also extend to a reduction in vascular
complications.2% 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 decrease the occurrence of cardiovascular events, the
primary trial outcome relative to the DSE group.2 Neither these results nor those of the
other pre-specified primary and secondary outcomes of Look AHEAD have been published

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 diabetes prevention studies,? as the Finnish and US
prevention studies observed differences in cumulative incidence between intervention and
control participants of 12 to 15 percentage points at 3 to 4 years.22-24 Similarly, a recent
analysis of the US Diabetes Prevention Program found rates of 1-time remission from
impaired glucose tolerance to normal glucose levels of 23% and 9% for intervention and
control groups, or a 14-percentage-point difference.2> These findings, combined with our
observations that remission was more common among adults with fewer years of diagnosed
diabetes and lower initial HbA1. values, provide indirect evidence that intervention earlier in
the natural history of diabetes leads to better outcomes, perhaps by preserving beta cell
function and mass in the face of declining insulin action.3 This may influence the ongoing
debate about population screening 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,8.7:28 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.>8
Previous studies of both lifestyle and pharmacologic-based interventions have shown
significant reductions in HbA4, levels and/or use of antidiabetic medications,29-32 but we
are not aware of nonsurgical studies that have examined remission rates based on a
combination of medication use and levels of glycemia.

The appropriate definition of diabetes remission remains an area of ambiguity and debate.®
For these analyses, we adopted the American Diabetes Association’s definition,
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achievement of glycemia below the diabetic range in the absence of active pharmacological
treatment or surgical therapy. It could be argued, however, that remission according to
glycemic and pharmacologic criteria does not address the underlying health of beta cell
function and insulin action and, thus, cannot be used to define a cure for diabetes. Weight
regain 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 approach, as participants
who underwent bariatric surgery after randomization, had normal glucose levels at baseline,
or were missing data were excluded from the analyses. This was a deliberate analytic
decision based on the desire to estimate the absolute frequency of diabetes remission that
could be attributed to lifestyle intervention. Including even a relatively small number of
surgery cases could skew findings because of the high documented frequency of diabetes
remission following 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 objectives of the Look AHEAD study, making these analyses exploratory in nature.
We did not adjust our P values for multiple comparisons, which could increase the type 1
error rate. However, we found P<.001 for all of our main comparisons of remission rates,
indicating our primary conclusions are robust. Second, the study population was not ideal
for this analysis because half of the sample had at least 5 years of diabetes duration, 19%
were using insulin, and many had high HbA values. These factors would likely make our
findings an underestimate of the frequency of remission that may be achieved in a group of
individuals identified earlier in their disease progression. Alternatively, Look AHEAD used
a more intensive intervention than that commonly used in clinical and community settings,
which may overestimate the effect. Third, this study had no assessment of post—-glucose
challenge beta cell function or insulin action 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 intervention on insulin resistance and also means that
some of those who were classified as having remission would likely still be classified as
having diabetes if the study had included an oral glucose tolerance test. Finally, we cannot
rule out the possibility that the physicians of ILI participants were more likely to modify
medications than the physicians of DSE participants or, alternatively, physicians were
resistant to stopping medications such as metformin 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 intervention with type 2 diabetes remission. Our findings suggest
that an intensive lifestyle intervention may be associated with a partial diabetes remission in
a subset of patients with type 2 diabetes, particularly those whose diabetes is of short
duration, who have lower HbA1 levels, and who do not yet require insulin therapy.
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Figure 1.

28622 Patients with type 2 diabetes
underwent prescreening

13061 Excluded (major reasons: age, no diabetes,
likely type 1 diabetes)

| 15561 Elgible at prescreening [

e

6516 Excluded (declined further screening)

[ 9045 Attended clinic screening examinations l

3900 Excluded
1481 Declined further participation
2419 Ineligible (major reasons: staff judgment,
high blood pressure, behavioral run-in)

5145 Randomized

2575 Randomized to diabetes support

2570 Randomized to intensive lifestyle

and education control condition intervention
' '
Follow-up Follow-up
2170 at year 1 2157 at year 1
2085 atyear 3 2083 at year 3
2042 at year 4 2056 at year 4
' !

2262 Included in primary analysis (any remission)
313 Excluded from primary analysis
161 Did not meet criteria for diabetes
meliitus at baseline
152 Missing data or underwent bariatric
surgery during follow-up

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

2241 Included in primary analysis (any remission)

329 Excluded from primary analysis
194 Did not meet criteria for diabetes
meliitus at baseline
135 Missing data or underwent bariatric
surgery during follow-up

1852 Included in complete case analysis
(no missing data at any visit)

Participant Flow
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Figure2.
Prevalence of Any Remission (Partial or Complete) by Intervention Condition and Year

Data are prevalence and 95% Cls for any remission (partial or complete). Estimates are
based on sample with multiple imputation (n=4503). In complete case analysis (year 1: n =
4327; year 2: n=4191; year 3: n=4168; year 4. n=4098), prevalence estimates with raw
cases/denominators were as follows: for intensive lifestyle intervention, year 1: 11.5% (95%
Cl, 10.1%-12.8%) (247/2157); year 2: 10.4% (95% ClI, 9.1%-11.7%) (218/2090); year 3:
8.7% (95% Cl, 7.5%-9.9%) (181/2083); and year 4: 7.3% (95% Cl, 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% Cl, 1.6%-2.9%) (48/2101); year 3: 2.2% (95% Cl, 1.6%—
2.8%) (46/2085); and year 4: 2.0% (95% Cl, 1.5%—-2.7%) (41/2042).
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Figure 3.
Duration of Any Remission (Partial or Complete) by Intervention Group and Duration of

Sustained Remission

Data are estimates and 95% Cls 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% ClI,
13.0%-16.2%) (271/1852); year 2: 8.2% (95% ClI, 6.8%-9.2%) (148/1852); year 3: 5.8%
(95% ClI, 4.7%—-6.8%) (107/1852); and year 4: 3.4% (95% ClI, 2.6%—4.2%) (63/1852); for
diabetes support and education, year 1: 4.3% (95% Cl, 3.4%-5.2%) (80/1861); year 2: 1.6%
(95% ClI, 1.0%-2.1%) (29/1861); year 3: 1.2% (95% Cl, 0.7%—1.7%) (22/1861); and year 4:
0.4% (95% ClI, 0.1%-0.7%) (8/1861).
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Baseline Characteristics of the Study Sample According to Intervention Status

Table 1

No. (%) of Sample?

DSE ILI P
Characteristics (n =2262) (n=2241) Value

Age, mean (8D}, 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) 7]

American Indian 120 (5.3) 113 (5.0)

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

Hispanic 307 (13.68) 305 (13.6)

White 1407 (62.2) 1401 (62.5)
Education, y

<13 463 (20.5) 458 (20.5) ]

13to <16 851 (37.6) 828 (37.0) 28

=16 894 (39.5) 912 (40.8)

Other 54 (2.4) 40(1.8)
History of cardiovascular disease® 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)

Cral 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)¢ 35.9(5.7) 35.8 (5.9) 52
Hemoglobin A,., mean (SD), % 7.37(1.2) 7.34(1.1) .34
Fasting plasma glucose, 1565.6 (46.1) 154.4 (44.9) .38

mean (5D), mg/dL
Fitness, mean (SD), METs 7.2 (2.0) 7.2(1.9) 56

Page 15

Abbreviations: DSE, diabetes support and education; ILI, intensive lifestyle intervention; IQR, interquartile range; MET, metabolic equivalent task.

Sl abbreviation: To convert fasting plasma glucose to mmol/L, multiply by 0.0555.

aData are expressed as No. (%) of sample unless otherwise indicated.

Cardiovascular disease history was defined as self-reported history of stroke or myocardial infarction.

CCalculated as weight in kilograms divided by height in meters squared.

JAMA. Author manuscript; available in PMC 2016 February 29.



Page 16

Gregg et al.

(8'5T-6'0T) Z'€T (0e01)87T (68-29) ¥'L 29 (82'1-99°0) 260 68 (se'1-220)20T  (€°€€) TOST 1'1€-G'2€ BIPPIN
(0'5T-2°0T) ¥'2T (eez1) 02 (2'8-€9) 0L [sousiagay] T [sousieger] T (e'¢€) TOST G'Ze> 1Mo
3]11481 Xapul ssew Apog
(L6620 TY (r'1-20) 60 (Te-9T)2C 100> (e€'0—¥T°0) TZ0  TOO> (zzo-0T°0)ST0  (L'GE) £6GT /= ybIH
(reT-16) T'TT (gz-80)v'T (#'2-09) 19 100> (85°0-2€0) Y0 TOO™> (¥S0-ze0) 2v'0  (2'8€) L0LT /> 0} Z BIPPIN
(Lvz-081) 212 (€188 TS (9°6T-9°TT) §°€T [ousieger] T [ousieger] T (1°92) 8911 Z>010:M07]
A *a]1118) uoleINp salegeIq
(€€1T-9'9) ¥'6 VN (89-€¢€) LY ST (#T'T-270) 0L0  OF (16'0-07°0) 190 (9°€T) 219 oluedsiH
(€'02-T'9) 50T (0zT-8°0) T°€ (621-L€) 0L T (§12-050) LTT T8 (181-9v'0) 260  (672) 2€T lapueys| oyy1oed/uBISY
(ze1-2€) 99 (rov0) LT (CyE AN N7 99’ (T6'T-9€70) €80 SO (00'T-92°0) TS0 (z'9) eee uelpuj uedlsWy
(6'€T-¥'2) 20T (5e-90) 6T (6'2-€7)8'S 68" (9v'1-59'0) 260 2T (L0T-€5°0) 620 (6'ST) LTL UBdLIBWY UBILYY
(S¥1-0TT) L°2T (ge-81) 52 (98-99) 92 [ousieged] T [eousieged] T (€729) 8082 3NUM
Aouyrafsoey
(T°€1-9'8) 9°0T (Les1ee (92-T9) €9 98 (87'T-220)€0T 8¢ (0T'1T-19°0) 280  (8°€€) ¥2ST 9/ 01 T9= :ybIH
(S€T-T6) TTT (826097 (8¢9 59 gL (2€1-290)¥6'0 8¢ (eTT¥90) 680  (¥'SE) 96ST 19> 01 95 :3|PPIN
(r'sT-v'01) L°2T (gezT1)0C (06-29) 5L [pouaiayay] T [eouaiayay] T (2°0¢) €8€T 9G> 01 7 M0
A ‘311191 9By
(€21-6'8) 70T (ge-21)8C (§2-69) ¥'9 SL (82'T-T20) 960  6€ (sT'T-12°0) 060  (€£789) 2292 USWoM
(z'sT-801) 62T (ez-80¢€T (7'8-09) T2 [ousieger] T [pousieger] T (L'Tr) 9281 usinl
11 3sa [1:2=2%e} aneAd  erLEeANINA aneAd  8rleAluN a|dwes o (%) ON

(1D 9%56) % 'UOKSIWSY T fes A JO Alljigqeqod paisnipeun

(1D %S6) 0172y SPPO BdWES |[eRAQ Ul UOSSIWeY T Jes A

Author Manuscript

¢ ?olgel

Author Manuscript

Author Manuscript

ednol9 uonuaAlalu|
Aq pue sjdwes [[elanQ ayl 10 $10191pald Sn1eIS YijeaH pue alydesBowaq A3 YIIAA PalRIJ0SSY Uolssiway Auy Jo Al1jIgeqold pue soney sppo

Author Manuscript

JAMA. Author manuscript; available in PMC 2016 February 29.



Page 17

Gregg et al.

“UWINJ0D PU02as U1 passaidxa sazis ajduies Uo paseq s SisA[eue ased a|qe[IeAY "8|qel 8y} Ul Sa|qeLIeA [[e pue dnolf uonusAaiul 1oy 1snlpe sasAjeue ajqeLiBANINIAl “8|dWEs [JEI8A0 8Y) JO Sa|1ua)

uo paseq aJe abueyd ssauily pue ‘abueyd ybram OTy uigojBoway ‘(pasenbs siaew ul 1ybiay Ag papiAlp sweibojiy ul Jybiam se palendjed) xapul ssew Apog ‘uoiednp saiagelp 04 SPjoysaiy} bom&mom

*(sased 0U) 3]ge|IeAR JOU BlRp ‘WN ‘UORUSAIRIUI 8]A1S8}1] dAISUSIUL ‘| 7] ‘Uo1eINpa pue Loddns salagelp ‘IS :SUOIRIABIGAY

(T'81-€'€T) 9'GT (z9z2)re  (peT-€01)0CT  10° (982-¥1'1T) 08T 100> (98c-v11) TEY  (9°€8) vL2T 6'LT=< :UBIH
(L1151 v'6 (ee-e1)0C (L9-G1) G 6¢ (96'T-2200€2T 100> (96'1-2200€8T  (0°2h) €6ST 6'LT> 0} €'C BIPPIN
(901-LV) T'L (250 TT Fv-12) 1€ [souasaey] T [souaiayed] T (r'v2) 526 €¢-> M0

9 ‘9]118) abueyd ssaullq A-T

(9'81-5¥T) 91 TT-6% 1L (2LT-¥ED) TST [souassyer] T [souaisyad] T (e€€) vorT §'9< :ybIH

(eL-6€)¥'S (re-€1) 12 (8v-82) L€ 100> (e5'0-9z'0) €0 100> (62'0-91°0) 12’0 (P'€E) SOVT G'9 01 T :3IPPIN
(6521 LT (6T-L0)TT (Tz-60) 7T 100> (Lz0-800)5T0 100> (er0-s00) 800  (£€€) ¥OVT (uref yBram Buipnjour) T> 1Mo
9% ‘l113} sso] B A-1
#1962 (9z-z0) L0 (€9-0€) vy 69 (9¥'1-250) 160 1O (06'0-070) 090 (¢'¥T) 6€9 Aiolsiy aseasip fejnosenoipied

(9eT-L0T) T'2T (0e-91) 22 (08-€9) 1L [souasapey] T [souaiapey] T (z'98) 6v6T Kioys1y aseasip sendsenolpsed oN
(6'71-6'8) €01 (8zvT1)0C (T8 ey 113 (90T-£50) L0 2O (¥6'0-950) €0  (5'5L) 86€€ suoneolpaw uoisusuadAH

(9'81-¢21) 2'GT (9e-11) 02 (To1-89) €8 [souasapey] T [souaisyed] T (sz'se) 129 suonealpaw uoisusladAy oN

(62-50) 2T (6'T-T0) 50 (8T-70) 80 100> (Ts0-TT0) €20 TOO> (Tz0-500) 010 (€'6T) 98 asn uynsuy
(9'g1-¢21) 8°€T (Te-L1) €2 (06-2L) 18 [souasapey] T [souaiayey] T (£'08) T52¢ asn uljnsul oN
(L9-9€) 6v (51-€0) 20 (9e-02) LT 100> (09'0-2c0)0v'0 100> (re'0-LT0) v2'0  (L'SE) 69ST 9'2< ybIH

(§'1T-8'0T) 0°€T (ee-€T)0C (06-€9) G2 Lo (e0'T-95°0) 920 100> (06'0-vS0)0L'0  (2'8E) vEIT 9'/-L"9 BIPPIN

(€0zv¥T) T'LT s+ 9e (ec1-6'8) ¥'0T [souaiager] T [souaisyad] T (6'82) 00€T 1'9> M0

% '911149} 'y uigojBowaH
(T'11-6'9) 8'8 (9e-v1)ee (L€ v's T (L0T-€50)5L0  vO° (66'0-v50)€L'0  (€€€) TOST L'1€< ybIH
17 3sa IR BAO aneAd  erLeAnni aneAd  ewlleAlun a|dures 4o (%) ON

(1D %S6) % ‘Uossiwey T fea A Jo Alljiqedod peisnipeun

(1D %S6) 017ed SPPO 9|dWES |[eRAQ Ul UOSSIWOY T Jea A

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2016 February 29.

JAMA. Author manuscript



