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OBJECTIVE

The Diabetes Prevention Program (DPP) demonstrated that weight loss from in-
tensive lifestyle intervention (ILI) in adults with prediabetes could decrease pro-
gression to type 2 diabetes. Inner-city, low-income Hispanic women are at high
risk for developing type 2 diabetes; however, this type of intervention is not well
established in this group. We hypothesized that a DPP intervention modified for a
community health center (CHC) setting would decrease weight and improve met-
abolic measures in Hispanic women with prediabetes.

RESEARCH DESIGN AND METHODS

Women diagnosed with prediabetes on a screening oral glucose tolerance test
were recruited from a CHC. Participants (90% of whom were Hispanic) were
randomized to either usual care (age 43 6 9.7 years, BMI 35.2 6 7.3 kg/m2) or
ILI (age 43.86 10.8 years, BMI 35.46 8.5 kg/m2), structured as 14 weeks of group
sessions focused on food choices, behavior change, physical activity, and weight
loss. One year after enrollment, 122 women repeated baseline measures.

RESULTS

Groups had similar baseline weight, BMI, and fasting and 2-h glucose. One year
later, the ILI group had lost 3.8 kg (4.4%), while the usual care group had gained
1.4 kg (1.6%, P < 0.0001). Two-hour glucose excursion decreased 15 mg/dL
(0.85 mmol/L) in the ILI and 1 mg/dL (0.07 mmol/L) in the usual care group
(P = 0.03). Significant decreases favoring the ILI group were noted in BMI, percent
body fat, waist circumference, and fasting insulin.

CONCLUSIONS

A 14-week ILI program based on the DPP can effectively be translated into a pre-
dominantly Hispanic CHC setting, resulting in decreased weight, improved fasting
insulin, and smaller glucose excursions 1 year after enrolling in the program.

As the epidemic of type 2 diabetes continues unabated, major racial, ethnic, and
economic disparities in its prevalence and complications persist in the U.S. Hispanics
are particularly hard-hit, with almost twice the rate of diabetes (12.8%) as non-
Hispanic whites (7.6%), and an additional 38% have prediabetes (1). One in two
Hispanic females born in the year 2000 is predicted to develop type 2 diabetes in her
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lifetime (2). Poverty also plays a role; in
Connecticut, adults with annual house-
hold incomes below $25,000 are 2.6
times more likely to have diagnosed
diabetes compared with adults with
incomes over $75,000 (3). Widespread
implementation of effective programs
to prevent type 2 diabetes targeted to-
ward these disadvantaged groups is a
public health imperative.
The National Institute of Diabetes

and Digestive and Kidney Diseases–
supported Diabetes Prevention Program
(DPP) (4) was a large-scale, randomized
clinical trial, which demonstrated that
weight loss and increased physical activ-
ity through an intensive lifestyle interven-
tion (ILI) in individuals with prediabetes
can delay or prevent the progression to
type 2 diabetes. Compared with the re-
sults in conventionally treated control
subjects, new cases of type 2 diabetes
were reduced by 58% in subjects random-
ized to the ILI. While this trial achieved
racial and ethnic diversity, only 15.7% of
participants were Hispanic, and a minor-
itywere of lower educational or socioeco-
nomic status (5).
In the 13 years since its publication,

the findings of the landmark DPP trial
have not been widely translated into
practice, particularly in disadvantaged
populations and settings. There are
multiple obstacles to making such inter-
ventions available in these settings, in-
cluding limited access to safe areas to
exercise in poor inner-city neighbor-
hoods and lack of Spanish-speaking
staff. Community organizations often
do not have the financial resources to
cover the staff time and effort required
to carry out ILI programs. Another im-
portant impediment to translation of
the DPP results into better health for
disadvantaged populations is the lim-
ited evidence from community-based
studies that diabetes prevention pro-
grams can be effective in settings where
most patients are from low-income eth-
nic and racial minority groups. Prior
studies adapting DPP interventions to
community-based interventions in His-
panic populations have shown modest
improvements in body weight from life-
style intervention programs (6,7).
Uniquely situated to address this

need are Community Health Centers
(CHCs), which constitute the largest pri-
mary care system for underserved pop-
ulations in the U.S. CHCs serve over

21 million patients across all 50 states
(8). They play a crucial role in providing
primary and preventive care to racial
and ethnic minorities and low-income
groups at high risk for type 2 diabetes.
As such, CHCs can serve as an important
access point for community-based pre-
vention programs.

The Fair Haven Community Health
Center (FHCHC), a federally qualified
CHC in New Haven, CT, provides an ex-
ample of the looming crisis in diabetes
care that many such health centers face
today. FHCHC primarily serves an inner-
city Hispanic population, in which 68%
of women over age 18 years are obese,
38% have prediabetes, and 20% have
type 2 diabetes, far exceeding national
rates. In response to these demographics,
the leadership of FHCHC committed the
resources to create a comprehensive pre-
vention program including a diabetes
screening program and DPP-based group
ILI program with the stipulation that con-
tinuing support for the program de-
pended on the demonstration of its
effectiveness in terms of reductions in
body weight and improvements in glu-
cose tolerance. In order to gather this
evidence, clinicians at FHCHC collabo-
rated with investigators in Yale’s Clinical
and Translational Science Award Com-
munity Engagement Group to develop
and implement a randomized clinical trial
of the FHCHC ILI. The results of the study
are reported herein.

RESEARCH DESIGN AND METHODS

Study Participants
The FHCHC is medical home to .15,000
residents of anurban community inwhich
72% of adults are Hispanic, 18% African
American, 9% non-Hispanic white, and 1%
other;.60% are best served in a language
other than English. The FHCHC popula-
tion is poor: 90% of families have an
annual income ,100% of the federal
poverty level and 99% of families fall
below 200% of the federal poverty level
(9). At the time of the study, health in-
surance coverage status was typical
of other CHCs: 51% Medicaid, 7%
Medicare, 10% commercial, and 32%
uninsured.

The center’s electronic patient reg-
istry (Patient Electronic Care System
[PECSYS]) was used from 2008 to
2012 to identify women between 18
and 65 years of age with at least one
risk factor for diabetes, including BMI

$30 kg/m2, a family history of type 2
diabetes, a history of gestational dia-
betes mellitus, a child born.9 pounds
(4 kg), or a diagnosis of hypertension, dys-
lipidemia, or cardiovascular disease. On
the basis of these criteria, 1,093 women
identified as being at risk were screened
at the health center with an oral glucose
tolerance test (OGTT). As per American
Diabetes Association criteria (10), a pa-
tient was classified as having prediabetes
if fasting plasma glucose was 100 mg/dL
(5.6 mmol/L) to 125 mg/dL (6.9 mmol/L)
or if 2-h plasma glucose (2-h plasma glu-
cose [PG]) was 140mg/dL (7.8mmol/L) to
199 mg/dL (11 mmol/L). Hemoglobin A1c
(HbA1c) was measured; however, it was
not used as inclusion criteria in this study.
Three hundred eighty-three women
aged 18–65 years were found to have
prediabetes, of whom 42 were ineligible
based on the inclusion and exclusion cri-
teria. Subjects were excluded from the
study if they were pregnant or planning
to become pregnant, were taking medi-
cations that would affect weight or glu-
cosemetabolism, or had chronic medical
or psychiatric disorders that would inter-
ferewith their ability to participate in the
exercise or other components of the ILI
program. We were able to reach 262
eligible participants via phone to offer
enrollment in the study, which was
reviewed and approved by the Yale
Human Investigation Committee and
the institutional review board of FHCHC.
Written informed consent was obtained
by bilingual study staff from all subjects
who agreed to participate using con-
sent forms written in either Spanish
or English.

Study Design
The study was designed as a parallel-
group, randomized control trial, in
which eligible subjects were random-
ized in a 1:1 ratio to either the usual
care group or the ILI group. The primary
outcome of the study was the difference
between the two groups in change in
body weight from baseline to the end
of the 12-month study. The most im-
portant secondary end point was the
response to OGTT. Other important
secondary outcomes were changes in
fasting plasma insulin, HbA1c, lipids,
and alanine aminotransferase (ALT) lev-
els as well as HOMA of insulin resistance
(HOMA-IR), blood pressure, waist cir-
cumference, and body composition.
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Treatment Groups

Usual Care Group

Subjects randomized to the usual care
group continued to receive follow-up
care by their primary care provider at
the FHCHC. In addition, they received
one-time diabetes prevention counsel-
ing by study staff who recommended
they lose 7% of their body weight and
increasephysical activity to 150min/week.
Follow-up dietary counseling by the cen-
ter’s nutritionist was offered. This is the
standard care provided to patients diag-
nosed with prediabetes in this CHC. At
the end of 12 months upon study conclu-
sion, these subjects were offered entry
into the ILI program.

ILI

The FHCHC ILI is a modified version of
the National Institute of Diabetes and
Digestive and Kidney Diseases DPP
intervention. It consists of a family-
centered 14-week group program held
in the classrooms and cafeteria of a pub-
lic school near the health center. Partic-
ipants attend a 1-h lifestyle class one
evening per week, which focuses on
healthy food choices, behavior change,
and weight loss. The curriculum closely
follows the sequence andmaterials from
the DPP Research Group (11). The curric-
ulum was enhanced for a population
with lower literacy with a hands-on
learning approach including weekly
cooking demonstrations using fresh in-
gredients harvested from FHCHC’s com-
munity garden, group learning sessions
at the local grocery store, and encour-
agement to participate in the neigh-
borhood community farm. The weekly
program is led and supervised by a bilin-
gual nurse practitioner from theCHC,who
received training in the DPP curriculum at
the University of Pittsburgh’s Diabetes
Prevention Support Center. Classes are
conducted in both English and Spanish,
and all handouts and presentation mate-
rials are also bilingual. A 1-h, trainer-led
group exercise class occurs 2–3 nights
per week, with 1 night per week offered
immediately after the lifestyle class. For
facilitation of class attendance and a
family-based approach at home, partici-
pants are encouraged to attend with fam-
ily members, including children and
babies. A parallel program of play-based
physical activity for children and adoles-
cents and child care for the youngest are
offered simultaneously at the school.

Procedures
At enrollment, anthropometric measures
were obtained including height (stadiom-
eter), weight, and body composition by
body fatanalyzer (TBF-300;Tanita,Arlington
Heights, IL), waist circumference, and blood
pressure; BMI was calculated.

An OGTT was performed at baseline
and at the end of the 12-month study.
On both occasions, subjects were stud-
ied at;8:00 A.M. after a 10- to 12-h over-
night fast. Baseline blood samples were
obtained for measurement of HbA1c and
fasting plasma lipids, insulin, and glu-
cose levels. Subjects then ingested 75 g
oral glucose (Glucola), and a second
plasma sample was obtained 2 h later
to measure plasma glucose levels. The
2-h glucose excursion was defined as
the difference between the baseline and
2-h PG level. HOMA-IR was calculated us-
ing the OGTT according to the equation
HOMA-IR = fasting insulin in mU/mL 3
fasting glucose in mmol/L divided by
22.5 (12).

Analytical Methods
Glucose, lipids, HbA1c, aspartate amino-
transferase, and ALT were measured
by Quest Diagnostics (Wallingford,
CT), whose quality-assurance methods
meet standards mandated by Clini-
cal Laboratory Improvement Amend-
ments. Fasting plasma insulin levels
were measured using a double-antibody
radioimmunoassay (EMD Millipore,
Billerica, MA).

Statistical Analysis
The sample size estimation was based
on the following assumptions: 1) two-
sided 0.05 significance level and 90%
power, 2) a minimum detectable 1-year
treatment difference of 4 kg, and 3)
a conservative estimate of the SD for
1-year weight change of 7.1 kg, based on
1-year weight change observed in the
DPP (4). Thus, the goal sample size was
68 subjects per group, with a plan to
randomize 75 subjects per group to ac-
count for a 10% drop-out rate.

Baseline data and 1-year changes
from baseline are represented as mean
and SD, analyzed using independent and
paired t tests, respectively, and con-
ducted using GraphPad Prism, version
6.0 (La Jolla, CA). Linear contrasts were
used to obtain changes at 1 year from
baseline and compare the changes
between randomized groups. Mixed-
model repeated-measures analysis was

conducted to include all available obser-
vations and control for baseline mea-
sures. Because 36 subjects did not have
insulin measures at both baseline and
follow-up, logistic regression examined
whether baseline characteristics and out-
come measures were associated with
missingness. The percent missingness
was not significantly different between
the ILI (n = 20) and usual care (n = 16)
groups (x2 P = 0.43). BMI and body fat
were significant predictors and thus
were included in the model for covari-
ate adjustment. Least squares means
and 95% CIs for each group and the dif-
ference between groups (intervention
effect) are presented. The significance
level was set at P , 0.05, two-sided,
and analysis carried out using SAS 9.3
(SAS Institute, Cary, NC).

RESULTS

Baseline Characteristics
One hundred thirty women were en-
rolled in the study. Ninety percent
wereHispanic, 8%wereAfrican American,
and 2% were non-Hispanic Caucasian.
Sixty-five subjects were randomized to
each group. In the ILI group, three sub-
jects were removed from the study
when they became pregnant and one
subject was lost to follow-up, and in the
usual care group, four subjects voluntarily
withdrew from the study. Thus, 61 sub-
jects in each group were included in the
final analysis. As shown in Table 1, the two
groups were similar in terms of age,
weight, BMI, and body fat at baseline.
Metabolicmeasurements revealed similar
fasting and 2-h PG as well as HbA1c lev-
els. Despite similar glycemia, fasting in-
sulin differed by group and thus HOMA
varied as well. Total cholesterol, LDL,
and triglycerides also differed between
the groups, while HDL was similar at
baseline.

Changes in Adiposity and Metabolism
All 61 subjects in each group had a follow-
up weight and BMI obtained at 1 year. As
shown in Table 2 and Fig. 1, there were
significant differences between the ILI
and usual care groups regarding change
in weight, percent weight, body fat, and
waist circumference, which were all strik-
ingly improved in the ILI group but wors-
ened or varied little from baseline in
the usual care group. The ILI group lost
3.19 kg (3.58%) in body weight at
the end of the 14-week program and
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had a total of 3.8 kg weight loss (24.4%)
at the end of 12 months, whereas the
usual care group gained 1.4 kg (1.6%)
at 12 months.
While fasting glucose remained fairly

stable in both groups, the mean glucose
excursion was significantly diminished
in the ILI compared with usual care
group. The decrease in fasting insulin
was significantly larger in the ILI compared
with the usual care group. Although there
was a significant improvement in HOMA-
IR within the ILI group but not within
the usual care group (Supplementary
Table 1), the changes in insulin sensitiv-
ity between the two groups did not
meet the significance threshold. Statis-
tically significant improvements were
noted in HDL and triglycerides in the
ILI group compared with usual care
group.
While the study was not powered to

detect differences in rates of normaliza-
tion or deterioration of blood glucose
control, at the 1-year follow up, three
subjects in the ILI group and four in
the usual care group had progressed
from prediabetes to diabetes. Twelve
subjects in the ILI group and 10 in the
usual care group reverted to normal glu-
cose tolerance.
Attendance of the ILI sessions varied,

with 4 subjects (7%) attending 0–2 clas-
ses and 42 subjects (68%) attending at
least 14 classes. Percent weight loss

positively correlated with this amount
of exercise and lifestyle class (Fig. 2).

Data comparing within-group changes
from baseline in these anthropometric
and metabolic parameters are shown in
Supplementary Table 1.

CONCLUSIONS

This study demonstrates the feasibility
and effectiveness of an ILI program in a
CHC setting caring for predominantly
low-income Hispanic patients. The ILI
was enthusiastically received by most
of the subjects and achieved clinically
and statistically significant changes in
body weight and BMI over 12 months
in these patients with prediabetes. The
5.2-kg (6%) difference in body weight
between the two groups at 12 months
was greater than we anticipated and, if
sustained, would be expected to delay
or reduce the risk of developing type 2
diabetes (4).

The substantial improvement in glu-
cose tolerance in the ILI group, as re-
flected by the 18.9 mg/dL (1.05 mmol/L)
lowering of 2-h PG excursion and 2-h
PG during the OGTT, was an important
secondary outcome of the study, since
elevations in the 2-h PG in the prediabe-
tes range have been identified as a bio-
marker of risk for future cardiovascular
disease and other negative health out-
comes (13,14). Although fasting glucose
levels were not statistically different

between the two groups at 1 year, the
larger decrease in fasting plasma insulin
concentrations in the ILI group may re-
flect an improvement in insulin sensitiv-
ity resulting from the ILI dietary and
exercise changes. The failure to achieve
statistically significant changes in insulin
sensitivity between the two groups is
likely to be due to the marked discrep-
ancies in baseline fasting plasma insulin
levels at the start of the study, as well as
the number of missing plasma insulin
samples at the end of the study.

Additionally, the significant improve-
ments observed in waist circumference,
triglycerides, and HDL in the ILI group
compared with control are of clinical im-
portance, as the metabolic syndrome
has also been linked to risk of cardiovas-
cular outcomes (15). Despite higher
fasting insulin, the total cholesterol,
LDL, and triglycerides were lower in
the usual care group at baseline. Triglyc-
erides significantly decreased in the ILI
compared with usual care at 1 year.
While they did not reach statistical sig-
nificance, improvements were also
noted in the ILI group’s total choles-
terol, LDL, and HDL, as might be ex-
pected given the decrement in weight,
BMI, waist circumference, glucose, and
insulin.

The ILI program’s reputation in the com-
munity and its family- and community-
based approach (e.g., holding the sessions

Table 1—Main anthropometric and biochemical values at baseline

ILI (N = 61) Usual care (N = 61) P

Age, years 43.8 6 10.8 43.0 6 9.7 0.684

Weight, kg 84.8 6 24.8 87.1 6 22.8 0.586

BMI, kg/m2 35.4 6 8.5 35.2 6 7.3 0.916

Body fat, % 42.2 6 7.1 43.5 6 6.1 0.296

Waist circumference, cm 106.9 6 15.4 109.0 6 15.0 0.449

Systolic blood pressure, mmHg 119.1 6 19.0 123.0 6 16.7 0.225

Diastolic blood pressure, mmHg 77.3 6 11.3 79.8 6 11.0 0.213

Metabolic profile
Fasting glucose, mg/dL (mmol/L) 102 6 9.5 (5.7 6 0.5) 101.5 6 11.1 (5.6 6 0.6) 0.807
2-h glucose, mg/dL (mmol/L) 146.7 6 29.4 (8.1 6 1.6) 143.2 6 29.8 (7.9 6 1.7) 0.518
2-h glucose excursion, mg/dL (mmol/L) 44.7 6 32.2 (2.5 6 1.8) 41.7 6 34.8 (2.3 6 1.9) 0.620
Fasting insulin, mU/mL (pmol/L) 23.6 6 12.0 (141.6 6 72) 34.0 6 14.2 (204 6 85.2) 0.0004
HOMA-IR 6.0 6 3.3 8.5 6 4.0 0.0019
HbA1c, % (mmol/mol) 5.8 6 0.36 (40 6 3.9) 6.0 6 0.33 (42 6 3.6) 0.072
ALT, units/L 27 6 18.8 26.5 6 26.6 0.915

Lipids
Total cholesterol, mg/dL (mmol/L) 199.5 6 39.6 (5.2 6 1.0) 181.4 6 31.2 (4.7 6 0.8) 0.006
LDL cholesterol, mg/dL (mmol/L) 118 6 35.4 (3.1 6 0.9) 106.2 6 25.8 (2.7 6 0.7) 0.038
HDL cholesterol, mg/dL (mmol/L) 49.5 6 12.7 (1.3 6 0.3) 49.0 6 9.7 (1.3 6 0.3) 0.83
Triglycerides, mg/dL (mmol/L) 162.7 6 87.2 (1.8 6 0.9) 129.1 6 52.3 (1.4 6 0.6) 0.012

Data are means 6 SD. P value represents result of an independent t test.
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in a local school, providing activities for
children during the sessions, and linking
dietary counseling sessions to urban
farming activities [16]) likely contrib-
uted to the success of this intervention.
Health center activities to promote cli-
nician knowledge and buy-in for this
ongoing ILI program strengthened re-
ferrals for screening and may also have
contributed to participation and ultimate
study success. Additional measures to in-
crease attendance may further improve
outcomes given the significant correla-
tion of class attendance and percent
weight loss.
Like other CHCs, FHCHC exists at the

nexus of the community and the health
care system and therefore can create
important connections for lifestyle
changes and self-management support.
Because their trained medical staff al-
ready provides a broad range of ser-
vices, CHCs may be able to implement
labor-intensive programs that would be
impossible to carry out in smaller internal

medicine practices. Nevertheless, it re-
mains to be established whether and to
what extent programs such as ours can be
disseminated to other CHCs.

While the number of Hispanics are
projected to more than double by
2060, constituting 28.5% of the U.S.
population (17), only two previous
randomized controlled trials have
examined the efficacy of adapting
DPP methods for use in a predomi-
nantly low-income Hispanic population.
Though the changes in body weight and
other anthropometric measures in those
studies were similar to those seen in our
subjects, neither study used the OGTT to
evaluate metabolic benefits of the ILI,
and in both studies, the relative reduc-
tions in body weight were modest. For
example, in a large clinical trial com-
pleted by 289 obese or overweight
Latino adults, the difference in body
weight in subjects randomized to the
ILI versus control subjects was only
2.5 lbs (1.1 kg) upon conclusion of the

1-year intervention (6). In a much
smaller study, body weight in the 38
overweight or obese Mexican Ameri-
cans randomized to the ILI group was
2.8 kg lower than in the 20 control sub-
jects after completion of the 5-month
study (7). The durable success of the
14-week intervention used in our study
was shown by the 5.2-kg difference in
body weight versus control subjects 8–
9 months after completion of the ILI and
by amean 5.09%weight loss at 12 months
in subjects attending at least four ses-
sions, meeting the CDC standard of 5%
weight loss in DPP programs (18). Our
findings, in combination with the results
from previous studies, serve to highlight
the benefits of implementing DPP-style
interventions to high-risk minority popu-
lations in community settings.While prior
studies also focused on a culturally appro-
priate community-delivered intervention,
the larger weight loss achieved in this
studymay be due to the higher frequency
of sessions during the short intervention,

Table 2—Change in anthropometric and metabolic measures from baseline to 1 year

ILI Usual care Effect P

Weight, kg 23.8 (24.6 to 23.0) 1.4 (0.6 to 2.2) 25.2 (26.4 to 24) ,0.0001

Weight, % 24.4 (25.4 to 23.5) 1.6 (0.7 to 2.6) 26 (27.4 to 24.7) ,0.0001

BMI, kg/m2 21.6 (22 to 21.3) 0.6 (0.2 to 0.9) 22.2 (22.7 to 21.7) ,0.0001

Body fat, % 21.9 (22.9 to 21.0) 0.4 (20.7 to 1.4) 22.3 (23.8 to 20.9) 0.002

Waist circumference, cm 23.3 (25.2 to 21.4) 20.2 (22.1 to 1.7) 23.1 (25.8 to 20.5) 0.02

Systolic blood pressure, mmHg 21.5 (25.0 to 2.1) 0 (23.6 to 3.6) 21.4 (26.0 to 3.1) 0.53

Diastolic blood pressure, mmHg 20.5 (22.8 to 1.7) 20.9 (23.2 to 1.4) 0.4 (22.6 to 3.3) 0.80

Metabolic profile
Fasting glucose, mg/dL (mmol/L) 23.5 (26.2 to 20.8)

(20.19 [20.34 to 20.04])
24.5 (27.2 to 21.8)

(20.25 [20.39 to 20.1])
0.9 (22.7 to 4.6)

(0.05 [20.15 to 0.26])
0.61

2-h glucose, mg/dL (mmol/L) 218.9 (229 to 28.8)
(21.05 [21.61 to 20.49])

25.5 (215.7 to 4.7)
(20.31 [20.87 to 0.26])

213.4 (227.1 to 0.3)
(20.74 [21.5 to 0.02])

0.055

2-h glucose excursion, mg/dL (mmol/L) 215.3 (225.1 to 25.6)
(20.85 [21.39 to 20.31])

21 (210.8 to 8.8)
(20.0 [20.6 to 0.49])

214.4 (227.2 to 21.5)
(20.8 [21.5 to 20.08])

0.03

Fasting insulin, mU/mL (pmol/L)‡* 23.1 (24.8 to 21.2)
(218.6 [228.8 to 27.2])

0.3 (22.2 to 1.8)
(1.8 [213.2 to 10.8])

22.8 (24.9 to 20.2)
(216.8 [229.4 to 21.2])

0.03

HOMA-IR‡* 21 (21.4 to 20.5) 0.3 (20.8 to 0.3) 20.7 (21.3 to 20.0) 0.06
HbA1c, % (mmol/mol) 20.1 (20.1 to 0.0)

(21.1 [21.1 to 0.0])
0.0 (20.1 to 0.1)
(0.0 [21.1 to 1.1])

0.0 (20.1 to 0.1)
(0.0 [21.1 to 1.1])

0.30

ALT, units/L 25.2 (29.7 to 20.7) 23.9 (28.5 to 20.7) 21.3 (26.0 to 3.4) 0.59

Lipids
Total cholesterol, mg/dL (mmol/L) 26.3 (212.4 to 20.1)

(20.16 [20.31 to 20.0])
22.4 (28.6 to 3.8)

(20.06 [20.22 to 0.1])
23.9 (212.3 to 4.5)

(20.1 [20.31 to 0.12])
0.36

LDL cholesterol, mg/dL (mmol/L) 23.7 (29.5 to 2)
(20.09 [20.24 to 0.05])

24.5 (210.3 to 1.4)
(20.11 [20.26 to 0.04])

0.8 (26.9 to 8.4)
(0.02 [20.18 to 0.22])

0.84

HDL cholesterol, mg/dL (mmol/L) 1.8 (20.2 to 3.8)
(0.05 [20.01 to 0.1])

21.0 (23 to 1.0)
(20.03 [20.08 to 0.03])

2.8 (20.0 to 5.5)
(0.07 [20.0 to 0.14])

0.049

Triglycerides, mg/dL (mmol/L) 220 (249 to 8.9)
(20.22 [20.55 to 0.1])

29.4 (0.1 to 58.7)
(0.33 [0.0 to 0.66])

249.4 (290.6 to 28.3)
(20.55 [21.01 to 20.09])

0.02

Data are represented as least squaresmean (after adjustment for baseline) and CI. P value represents the results ofmixed-model repeated-measures
analysis that included all available data and controlled for baseline values. ‡Data are presented using geometric means. *Analysis was adjusted
for baseline BMI and body fat, which are associated with missingness at baseline (36 patients did not have insulin values).
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group exercise, and availability of child-
ren’s activity and child care to eliminate
that barrier to attendance. Continued im-
provements are needed to reach the 7.1%
weight loss achieved by Hispanic women
in the original DPP study (19).
This trial, designed as a pragmatic

translational pilot study, had a number
of limitations. Because of the added costs,
we did not carry outmore comprehensive
metabolic assessments, such as more fre-
quent insulin measurements during the
OGTT or DEXA scans to assess changes
in body composition. We were able to
enroll 65 subjects per group, and 61 sub-
jects per group completed the study,
which was just short of our goal sample

size. Despite the randomization proce-
dures that produced two groups of sim-
ilar age and BMI at baseline, there were
significant differences in baseline fast-
ing plasma lipid and insulin concentra-
tions, which are difficult to explain.
Since 90% of the study participants
were Hispanic women, the findings of
the study may not be generalizable to
programs with mixed sexes and other
racial or ethnic groups. On the other
hand, we have recently shown that an
ILI program like that used in this study
(Yale Bright Bodies Program) is also
effective in reversing prediabetes in
ethnically diverse, obese, inner-city
adolescents (20).

While subjects in the ILI group had
lowered their body weight and 2-h PG
glucose levels to a greater extent than in
the usual care group, only 20% of the ILI
group had normalized 2-h PG levels and
5% went on to develop type 2 diabetes.
On the basis of these results, there re-
mains room for improvement in clinical
outcomes. For further reduction of type 2
diabetes in high-risk populations, a com-
bined approach using an ILI program like
the one used in this study, community-
based educational programs (16) aimed
at preventing obesity, and pharmaco-
logic agents that promote weight loss
and reverse early b-cell dysfunction
should be evaluated. This strategy can
additionally focus on body composition,
fitness, and other variables associated
with improved cardiovascular out-
comes to decrease rates of type 2 dia-
betes and its complications in high-risk
communities in the future.
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