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Abstract

Background:Weight loss is a key factor in reducing diabetes risk. The Diabetes Prevention Program (DPP) is a completed

clinical trial that randomly assigned individuals at high risk of diabetes to a placebo (PLBO), metformin (MET), or intensive

lifestyle intervention (ILS) group, which included physical activity (PA) and reduced dietary fat intake.

Objective: We aimed to evaluate the associations between diet and weight at baseline and to identify specific dietary

factors that predicted weight loss among DPP participants.

Methods:Diet was assessed by a food frequency questionnaire. The associations between intakes of macronutrients and

various food groups and body weight among DPP participants at baseline were assessed by linear regression, adjusted for

race/ethnicity, age, sex, calorie intake, and PA. Models that predicted weight loss at year 1 were adjusted for baseline

weight, change in calorie intake, and change in PA and stratified by treatment allocation (MET, ILS, and PLBO). All results

are presented as estimates 6 SEs.

Results: A total of 3234 participants were enrolled in the DPP; 2924 had completed dietary data (67.5%women; mean age:

50.6 6 10.7 y). Adjusted for calorie intake, baseline weight was negatively associated with carbohydrate intake (21.14 6

0.18 kg bodyweight/100 kcal carbohydrate, P < 0.0001) and, specifically, dietary fiber (21.266 0.28 kg/5 g fiber,P < 0.0001).

Baseline weight was positively associated with total fat (1.25 6 0.21 kg/100 kcal, P < 0.0001), saturated fat (1.96 6

0.46 kg/100 kcal, P < 0.0001), and protein (0.21 6 0.05 kg/100 kcal, P < 0.0001). For all groups, weight loss after 1 y was

associated with increases in carbohydrate intake, specifically dietary fiber, and decreases in total fat and saturated fat intake.

Conclusions: Higher carbohydrate consumption among DPP participants, specifically high-fiber carbohydrates, and lower

total and saturated fat intake best predicted weight loss when adjusted for changes in calorie intake. Our results support

the benefits of a high-carbohydrate, high-fiber, low-fat diet in the context of overall calorie reduction leading to weight loss,

which may prevent diabetes in high-risk individuals. This trial was registered at clinicaltrials.gov as NCT00004992. J Nutr

2017;147:2060–6.
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Introduction

Poor diet, lack of physical activity (PA), and obesity are generally
accepted risk factors for the development of type 2 diabetes.
It is therefore recommended that individuals at risk of type 2
diabetes achieve moderate weight loss through intensive lifestyle
modification focused on modifying diet and increasing PA (1). In
the Diabetes Prevention Program (DPP), a completed clinical
trial beginning in 1996, individuals at high risk of diabetes at

baseline were assigned to a metformin (MET) 850 mg twice

daily group, a troglitazone (discontinued in 1998 due to hepatic

toxicity) group, a placebo (PLBO) group, or an intensive lifestyle

intervention (ILS) group. Individuals in the ILS treatment arm

were instructed to reduce their calorie and fat intake, aiming for

<25% of total calories from fat and to achieve $150 min of

PA/wk (2). After a mean follow-up of 2.8 y, diabetes risk was
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58% lower in individuals randomly assigned to the ILS group
than those in the PLBO group (2).

Although the low-fat diet was the gold standard weight
loss approach at the start of the DPP in 1996, the optimal
dietary macronutrient composition for promoting weight loss
and reducing diabetes risk is still controversial (3, 4). Because
low-fat diets often contain a proportionally higher content of
carbohydrates, the primary nutrient that influences postpran-
dial blood glucose concentrations and insulin secretion, their
role in diabetes prevention and management is still debated (5).
However, the results from the majority of clinical trials suggest
that any diet that effectively reduces calorie intake for a
sustained period is similarly effective for weight loss (6–8).
Several large, prospective cohort studies have reported no
association between total carbohydrate intake and diabetes
risk (9, 10), whereas some have demonstrated a positive asso-
ciation (11) and others an inverse association (12). Given
these mixed findings, it is possible that the types and quality of
the carbohydrates consumed and, specifically, their dietary fiber
content (13, 14) play an important role in determining the
effectiveness of a low-fat, high-carbohydrate diet for weight loss
and diabetes prevention (10).

Previous analyses of DPP data demonstrated that weight loss,
achieved through reduced calorie intake and increased PA, was
the main driver of reduced diabetes risk in the ILS group (15).
These findings further emphasize the importance of determining
which specific dietary changes are associated with the greatest
weight loss in individuals at high risk of diabetes.

The primary purpose of our study was to investigate the
associations between dietary intake and weight in the DPP
cohort at baseline and to evaluate the dietary changes that
predicted the most successful weight loss among DPP partic-
ipants. We evaluated changes over time separately by treat-
ment group because those in the ILS group had an intervention
focused on reducing fat. Therefore, the proportionately higher
carbohydrate intake and lower fat intake for ILS participants
could simply reflect better adherence to the prescribed inter-
vention, whereas the MET group was taking a medication
known to influence weight (16). Individuals randomly as-
signed to troglitazone were not included in these analyses
because this treatment arm was discontinued in 1998 due to
hepatic toxicity.

Methods

DPP. The DPP was a multicenter, randomized controlled clinical trial,

which enrolled adults at higher risk of type 2 diabetes. Enrollment oc-

curred between 1996 and 1999 (2). The study was specifically designed

to determine whether lifestyle intervention or treatment with metformin
prevents or delays the development of type 2 diabetes. The design and

methods of the DPP have been described in detail elsewhere (2), and the

study protocol is publicly available (17). Eligible DPP participants were

$25 y of age, had a BMI (in kg/m2)$24 ($22 for Asian Americans), and
had elevated fasting plasma glucose concentrations (95–125 mg/dL or

5.3–6.9 mmol/L) and impaired glucose tolerance (140–199 mg/dL or

7.8–11.0 mmol/L) during an oral-glucose-tolerance test.

Details of the ILS, MET, and PLBO groups have been described
previously (2). Briefly, participants assigned to the ILS group were

encouraged to achieve and maintain $7% weight loss (based on their

initial body weight) andwere counseled to follow a reduced-calorie, low-
fat diet and to engage in $150 min of moderate-intensity PA/wk. Those

assigned to the ILS group received a detailed and individualized 16-

lesson curriculum focused on diet, exercise, and behavior change that

included extensive support from coaches. Participants assigned to the
MET group were instructed to consume 850 mg of metformin twice

daily. Participants assigned to MET and PLBO groups also received

written instructions with standard lifestyle recommendations along

with a brief individual session focused on healthy lifestyle once annually.
Those assigned to the PLBO group were to take placebo capsules twice

daily. The DPP trial was registered at clinicaltrials.gov as NCT00004992.

Measures. Dietary data were collected at baseline and year 1 with the

use of a modified version of the Insulin Resistance Atherosclerosis

Study�s (IRAS) FFQ (18), which contains 117 items and asks about foods

consumed over the past year. Six food groups were then determined
based on the 1992 USDA Food Pyramid (19) (grains, vegetables, fruits,

dairy, meats, and fats) and were further subcategorized into an

additional 27 food groups by the DPP Nutrition Coding Center at the

University of South Carolina (e.g., high-fiber, low-fat grains, citrus fruit
and fruit juice, eggs, lean meat, cruciferous vegetables, etc.). Regular and

diet soft drinks were also analyzed separately because they were not

included in either the pyramid food groups or the additional food groups
and have been proposed to influence weight and diabetes risk (20–22).

Alcohol was excluded from the current analysis because associations of

alcohol use with weight change and diabetes risk in the DPP have been

previously described (23). Calories from alcohol, however, were included
in the estimates of total calories. Self-reported PA was assessed through

the use of the Modifiable Activity Questionnaire and was summed for all

activities performed and expressed as the mean metabolic equivalent for

task-hours per week over the previous year (2).
Quantities of each food group were analyzed as servings per day,

whereas intake of macronutrients (e.g., carbohydrates, fats, and protein)

was assessed in both grams and as percentage of total daily calories

(% kcal). One-year changes in dietary intake and weight were calculated
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as year 1 intake minus the baseline value so that increases were reported

as positive numbers.

Analysis. Analyses included study participants in the PLBO, MET, and

ILS groups. The associations between diet, baseline weight, and weight

change (from baseline to year 1) were assessed by linear regression.

Baseline models were adjusted for race/ethnicity, age, sex, total calorie
intake, and PA. Change models were further adjusted for baseline weight

and changes in calorie intake and physical activity and were stratified by

treatment arm. Although this analysis was exploratory and post hoc, a

more conservative P value of 0.01 was considered statistically significant
to reduce the likelihood of type 1 error, given the multiple tests and

variables in this analysis and our large sample size. SAS version 9.3 was

used for all analyses (SAS Institute).

Results

Baseline dietary data were available for 98.2% of participants
(3175 of 3234 total participants), and 90.4% had dietary data
available at year 1. The characteristics of DPP participants have
been described elsewhere (2); there were no baseline differences
in body weight, biochemical measures, sociodemographic fac-
tors, or dietary intake between treatment groups. The baseline
dietary intakes of the combined sample (all 3 treatment groups)
and stratified by treatment group are shown in Supplemental
Table 1.

Baseline associations of weight with food and nutrient

intake. As shown in Table 1, baseline weight was inversely
associated with carbohydrate intake (in means 6 SEs;
21.14 6 0.18 kg/100 kcal, P < 0.0001; 20.32 6 0.04 kg/%
total calories from carbohydrate, P < 0.0001) and, specifically,
dietary fiber intake (21.266 0.28 kg/5 g dietary fiber, P < 0.0001)
at baseline. Within specific food groups and after adjustment for
total calorie intake at baseline (Table 1), weight was also in-
versely associated with total fruit, noncitrus fruit and fruit juice,
and dark green and bright yellow vegetables. Baseline weight
also tended to be inversely associated with intake of low-fat
dairy and low-fat, high-fiber grains, but these associations were
not statistically significant (P < 0.01 was used as a cutoff). Body
weight at baseline was also positively associated with intake of
both regular (P < 0.0085) and diet (P < 0.0001) soft drinks.

Baseline weight was positively associated with total fat intake
(1.25 6 0.28 kg/100 kcal, P < 0.0001; 0.40 6 0.05 kg/% total
calories from fat, P < 0.0001), and protein intake (0.21 6
0.52 kg/100 kcal, P < 0.0001; 0.37 6 0.12 kg/% total calories
from protein, P = 0.0021). Within specific food groups high in
fat or protein and after adjustment for total calorie intake (Table
1), baseline weight was positively associated with the meat and
legumes groups of the food pyramid (1.78 6 0.36 kg/serving,
P < 0.0001), specifically fried fish, eggs, high-fat meat, fried
chicken, and poultry, whereas baseline weight was inversely
associated with nuts and seeds and dried beans. Baseline weight
was also positively associated with intake of fats, oils, and sweets
(0.57 6 0.18 kg/serving, P = 0.0018).

Changes in food and nutrient intake predictive of weight

loss: PLBO group. As shown in Table 2, weight loss at year
1 was positively associated with increasing protein intake, both
as absolute intake adjusted for total calories and as a percentage
of total calorie intake (20.30 6 0.10 kg/40 kcal, P = 0.0052;
20.23 6 0.05 kg/% total calories from protein, P < 0.0001) in
the PLBO group. Weight loss also tended to be associated with
increases in carbohydrate intake (both as absolute grams adjusted

for total calories and as a percentage of total calorie intake:
20.076 0.04 kg body weight/40 kcal carbohydrates, P = 0.072;
20.056 0.02 kg/% total calories from carbohydrates, P = 0.01),
but this association did not reach statistical significance (P < 0.01).
However, weight loss was strongly predicted by increases in

TABLE 1 Associations of nutrients and food groups with
weight at baseline among DPP participants (all treatment groups
combined, n = 3175)1

Estimate 6 SE2,3 P

Nutrient

Carbohydrates, per 100 kcal 21.1 6 0.2 ,0.0001

Carbohydrates, % calories 20.3 6 0.0 ,0.0001

Fat, per 100 kcal 1.3 6 0.3 ,0.0001

Fat, % calories 0.4 6 0.1 ,0.0001

Protein, per 100 kcal 0.2 6 0.5 ,0.0001

Protein, % calories 0.4 6 0.1 0.0021

Dietary fiber, per 5 g 21.3 6 0.3 ,0.0001

Saturated fat, % calories 0.8 6 0.1 ,0.0001

Saturated fat, per 100 kcal 2.0 6 0.5 ,0.0001

Food group,4 servings/d

Fruit 20.4 6 0.2 0.0059

Citrus fruit and juice 20.8 6 0.5 0.086

Noncitrus fruit and juice 20.5 6 0.2 0.0088

Vegetables 20.3 6 0.2 0.22

Tomatoes5 21.4 6 0.7 0.045

Dark green or bright yellow 23.2 6 0.7 ,0.0001

Cruciferous vegetables 1.3 6 1.0 0.19

Other vegetables6 0.4 6 0.4 0.31

Grains 0.1 6 0.3 0.62

High-fiber, low-fat grains 21.1 6 0.5 0.02

Low-fiber, high-fat grains 0.3 6 0.7 0.68

Low-fiber, low-fat grains 0.6 6 0.3 0.046

Dairy 20.6 6 0.3 0.018

Low-fat dairy 20.6 6 0.3 0.035

High-fat dairy 20.4 6 0.4 0.34

Meat and legumes 1.8 6 0.4 ,0.0001

Fried fish 10.6 6 3.6 0.0033

High omega-3 fatty acid fish 1.3 6 2.0 0.51

Low-fat fish (other fish, shellfish) 2.7 6 1.9 0.17

Eggs 4.9 6 1.3 0.0001

Dried beans 24.0 6 1.0 ,0.0001

Nuts and seeds 23.6 6 1.2 0.002

High-fat meat 3.0 6 0.5 ,0.0001

Lower-fat meat (game or fat removed) 3.4 6 1.1 0.0024

Fried chicken 8.7 6 2.5 0.0004

Other (nonfried) poultry 2.2 6 0.8 0.0036

Fats, oils, and sweets 0.6 6 0.2 0.0018

Sweets and desserts 0.4 6 0.2 0.088

Regular soft drinks 0.9 6 0.3 0.0085

Diet soft drinks 1.6 6 0.2 ,0.0001

1 Values are b coefficients and indicate the mean differences in kilograms of body

weight at baseline 6 SE. DPP, Diabetes Prevention Program.
2 Adjusted for age, sex, race/ethnicity, total calories, physical activity, and weight.

Models of percentage of calories from carbohydrates, fat, and protein are not adjusted

for calories.
3 Estimates reflect kilograms of body weight per specified unit of each nutrient and per

serving of each food group.
4 Servings were defined by the DPP Nutrition Coding Center as medium-sized portions

for a given age range.
5 Food items combined to generate the vegetable subcategory tomatoes included

spaghetti with sauce, pizza, and tacos.
6 Food items combined to generate the vegetable subcategory ‘‘other vegetables’’

included French fries.
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dietary fiber intake (20.60 6 0.15 kg body weight/5 g increase
in dietary fiber, P = 0.0001) and, particularly, increases in
servings of vegetables per day, specifically cruciferous vegeta-
bles and high-fiber, low-fat grains (Table 2). No associations
were observed between weight loss and changes in the intake
of regular or diet soft drinks when adjusted for total calorie
intake.

After adjustment for baseline and change in calorie intake,
weight loss was strongly associated with decreases in total fat

(0.15 6 0.05 kg body weight/45 kcal of fat, P = 0.0024; 0.11 6
0.02 kg/% total calories from fat, P < 0.0001) and saturated
fat intake (0.30 6 0.10 kg body weight/45 kcal saturated fat,
P = 0.0054; 0.23 6 0.05 kg/% total calories from saturated fat,
P < 0.0001), both as absolute grams adjusted for total calories
and as a percentage of total calorie intake (Table 2), and, spe-
cifically, decreasing intake of fats, oils, and sweets (Table 2). A
weight change at year 1 was not associated with changes in total
consumption of meats and legumes (e.g., poultry, eggs, fish, etc.).

TABLE 2 Associations of changes in nutrients and food groups with body weight (kilogram per specified unit of each nutrient) from
baseline to year 1 among DPP participants randomly assigned to placebo, intensive lifestyle intervention, or metformin1

Placebo (n = 978) Lifestyle (n = 967) Metformin (n = 979)

Estimate 6 SE P Estimate 6 SE P Estimate 6 SE P

Nutrient

Carbohydrates, per 40 kcal 20.1 6 0.0 0.072 20.2 6 0.1 ,0.0001 20.1 6 0.0 0.17

Carbohydrates, % calories 20.1 6 0.0 0.010 20.2 6 0.0 ,0.0001 20.0 6 0.0 0.063

Dietary fiber, per 5 g 20.6 6 0.2 0.0001 21.5 6 0.2 ,0.0001 20.5 6 0.2 0.0007

Fat, per 45 kcal 0.2 6 0.1 0.0024 0.3 6 0.1 ,0.0001 0.1 6 0.1 0.30

Fat, % calories 0.1 6 0.0 ,0.0001 0.2 6 0.0 ,0.0001 0.0 6 0.0 0.16

Saturated fat, per 45 kcal 0.3 6 0.1 0.0054 0.8 6 0.2 ,0.0001 0.3 6 0.1 0.0099

Saturated fat, % calories 0.2 6 0.1 ,0.0001 0.6 6 0.1 ,0.0001 0.2 6 0.1 0.0002

Protein, per 40 kcal 20.3 6 0.1 0.0052 20.3 6 0.1 0.071 20.1 6 0.1 0.47

Protein, % calories 20.2 6 0.1 ,0.0001 20.1 6 0.1 0.15 20.1 6 0.1 0.18

Food group,2,3 servings/d

Fruit 20.2 6 0.1 0.019 20.4 6 0.1 0.0017 20.3 6 0.1 0.0024

Citrus fruit and juice 20.4 6 0.3 0.103 20.6 6 0.3 0.061 20.4 6 0.2 0.11

Noncitrus fruit and juice 20.2 6 0.1 0.042 20.4 6 0.1 0.0032 20.3 6 0.0 0.0043

Vegetables 20.4 6 0.1 0.0022 20.5 6 0.2 0.0005 20.2 6 0.1 0.13

Tomatoes4 20.4 6 0.3 0.18 21.4 6 0.4 0.0016 0.2 6 0.3 0.51

Dark green or bright yellow vegetables 20.5 6 0.4 0.16 21.7 6 0.4 0.0002 20.3 6 0.3 0.30

Cruciferous vegetables 21.6 6 0.5 0.0062 20.6 6 0.7 0.40 21.1 6 0.5 0.015

Other vegetables5 20.4 6 0.2 0.021 20.4 6 0.3 0.12 20.3 6 0.2 0.17

Grains 20.1 6 0.1 0.63 20.2 6 0.2 0.22 20.1 6 0.1 0.41

High-fiber, low-fat grains 20.6 6 0.2 0.0057 20.6 6 0.3 0.05 20.6 6 0.2 0.0050

Low-fiber, high-fat grains 0.0 6 0.3 0.89 1.0 6 0.4 0.03 20.0 6 0.3 0.94

Low-fiber, low-fat grains 0.2 6 0.2 0.24 20.2 6 0.2 0.25 0.1 6 0.2 0.38

Other vegetables5 20.4 6 0.2 0.021 20.4 6 0.3 0.12 20.3 6 0.2 0.17

Dairy 20.2 6 0.1 0.071 0.3 6 0.2 0.15 20.0 6 0.1 0.77

Low-fat dairy 20.2 6 0.1 0.14 20.3 6 0.2 0.16 20.2 6 0.1 0.09

High-fat dairy 0.1 6 0.2 0.69 1.2 6 0.3 ,0.0001 0.4 6 0.2 0.08

Meat, eggs, and legumes 20.2 6 0.2 0.32 20.4 6 0.2 0.14 20.1 6 0.2 0.78

Fried fish 1.0 6 1.6 0.55 3.4 6 2.5 0.17 0.5 6 1.7 0.80

High omega-3 fatty acid fish 0.4 6 1.0 0.72 0.6 6 1.2 0.65 0.6 6 0.8 0.45

Low-fat fish (other fish, shellfish) 21.2 6 0.9 0.23 21.9 6 1.2 0.095 21.8 6 1.0 0.08

Eggs 20.1 6 0.5 0.80 1.3 6 0.9 0.15 0.0 6 0.7 0.97

Dried beans 20.3 6 0.5 0.53 22.4 6 0.7 0.0002 20.0 6 0.5 0.95

Nuts and seeds 0.0 6 0.5 0.99 1.0 6 0.8 0.18 20.8 6 0.5 0.07

High-fat meat 20.0 6 0.3 0.92 0.4 6 0.4 0.37 0.1 6 0.3 0.84

Lower-fat meat (game or fat removed) 0.2 6 0.5 0.67 0.1 6 0.7 0.84 1.1 6 0.5 0.03

Fried chicken 0.5 6 1.2 0.66 2.0 6 2.3 0.40 21.2 6 1.0 0.23

Other (nonfried) poultry 20.4 6 0.3 0.31 21.7 6 0.5 0.0013 20.1 6 0.3 0.80

Fats, oils, and sweets 0.3 6 0.1 0.0011 0.6 6 0.1 ,0.0001 0.2 6 0.1 0.026

Sweets and desserts 0.4 6 0.1 0.0041 0.3 6 0.2 0.059 0.4 6 0.1 0.0025

Regular soft drinks 0.2 6 0.2 0.24 0.4 6 0.3 0.10 0.4 6 0.2 0.04

Diet soft drinks 20.1 6 0.1 0.28 20.8 6 0.2 0.0001 0.2 6 0.2 0.15

1 Adjusted for age, sex, race/ethnicity, baseline weight, baseline calories, change in calories, baseline physical activity, and change in physical activity. DPP, Diabetes Prevention

Program.
2 Servings were defined by the DPP Nutrition Coding Center as medium-sized portions for a given age range.
3 Effect estimates are b-coefficients and reflect the mean change in kilograms of body weight per serving of each food group.
4 Food items combined to generate the vegetable subcategory ‘‘tomatoes’’ included spaghetti with sauce, pizza, and tacos.
5 Food items combined to generate the vegetable subcategory ‘‘other vegetables’’ included French fries.
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Changes in food and nutrient intake predictive of weight

loss: ILS group. In the ILS group, in which participants were
prescribed a low-fat, high-carbohydrate diet, trends similar to
the PLBO group were observed, but tended to be of greater
magnitude. Weight loss at year 1 was strongly and significantly
associated with increases in carbohydrate intake (20.22 6
0.05 kg/40 kcal, P < 0.0001; 20.19 6 0.03 kg/% total calories
from carbohydrate, P < 0.0001). As in the PLBO group, weight
loss was positively associated with increased dietary fiber intake
(21.45 6 0.20 kg/5 g, P < 0.0001), independent of changes in
calorie intake. In particular, weight loss was positively associ-
ated with increases in daily servings of fruit, specifically noncitrus
fruit and fruit juice, and vegetables, specifically tomatoes and
dark green and bright yellow vegetables (Table 2).

In the ILS group, weight loss was associated with decreases in
total fat (0.346 0.06 kg/45 kcal, P < 0.0001; 0.236 0.03 kg/%
total calories from fat, P < 0.0001) and saturated fat intake
(0.75 6 0.15 kg/45 kcal, P < 0.0001; 0.55 6 0.07 kg/% total
calories from saturated fat, P < 0.0001), specifically decreases in
servings of fats, oils, sweets, and high-fat dairy (Table 2). Weight
change at year 1 was not associated with changes in total protein
intake, although weight loss was positively associated with
increases in the intake of low-fat poultry and dried beans (Table
2). In contrast with the PLBO group, weight loss was associated
with consumption of diet soft drinks (20.77 6 0.19 kg/serving,
P < 0.0001) in the ILS group.

Changes in food and nutrient intake predictive of weight

loss: MET group. In the MET group, weight loss at year 1 was
not associated with increases in carbohydrate intake (Table 2).
However, consistent with the PLBO and ILS groups, weight loss
was positively associated with increases in dietary fiber intake
(20.54 6 0.15 kg/5 g dietary fiber, P = 0.0007), specifically
increases in the consumption of total fruit, noncitrus fruit and
fruit juice, and high-fiber, low-fat grains (Table 2). Weight loss
was also positively associated with decreases in the intake of
saturated fat (0.286 0.10 kg/5 g, P = 0.0099; 0.206 0.05 kg/%
total calories from saturated fat, P = 0.0002), specifically sweets
and desserts. In contrast with the other treatment groups, weight
change was not associated with changes in total fat intake in
those assigned to the MET group.

Discussion

Lower body weight at baseline was associated with higher
carbohydrate intake (both as absolute intake and as a percentage
of total calories) for all participants combined. As expected,
increasing carbohydrates, in the context of overall calorie
reduction, from DPP baseline to year 1 was strongly associated
with weight loss in the ILS group, which was likely due to the
low-fat, high-carbohydrate diet that ILS participants adopted.
However, in the PLBO group, weight loss was also moderately
associated with increases in carbohydrate intake as a percentage
of total calories during the first year of DPP. For MET partic-
ipants, weight change was not associated with a change in carbo-
hydrate intake, which was possibly due to diet-independent effects
of the medication on weight loss.

Weight loss was strongly associated with increases in dietary
fiber in all 3 groups, and this association remained significant
after adjustment for changes in calorie intake. This finding
suggests that higher consumption of carbohydrates, specifically
those high in fiber, may in fact be beneficial for weight control, in
the context of a diet focusing on reducing total fat and calorie

intake. Baseline weight was positively associated with total fat
and saturated fat intake and consumption of high-fat food
groups, such as fats, oils, sweets, poultry, and meat, and weight
loss was predicted by decreasing total and saturated fat intakes
in all DPP participants regardless of treatment allocation.
Weight loss was also associated with an increased percentage
of calories from protein in the PLBO group, but not in the ILS or
MET groups.

The observation that increases in carbohydrate consumption
and lowering fat intake (in the context of energy restriction)
predicted weight loss for individuals randomly assigned to the
ILS group is not surprising because reducing fat was a primary
goal of the dietary intervention. It is noteworthy, however, that a
similar trend was also observed in the PLBO group, which was
comprised of individuals who did not undergo an intensive
dietary intervention. Although lowering fat intake is often
thought to promote weight loss through lowering energy density
of the diet (24), these analyses adjusted for baseline weight and
changes in calorie intake, suggesting that energy-independent
mechanisms (e.g., changes in the gut microbiota, satiety-
enhancing effects of dietary fiber, etc.) may also be important
contributors.

These findings are consistent with those of other studies
reporting that higher carbohydrate intake (when adjusted for
total calories) is associated with a lower risk of overweight and
obesity. The beneficial effects of diets that lower calorie intake
and contain proportionally higher carbohydrates, specifically
those diets emphasizing low-glycemic index carbohydrates that
are high in dietary fiber, have been reported in several random-
ized controlled weight loss trials (25). Similar findings have also
been reported in overweight and obese adults randomly assigned
to 1 of 3 isocaloric diets varying in carbohydrate content and
glycemic index for 6 mo (26).

In contrast, several studies have shown greater weight loss on
high-protein, low-carbohydrate diets compared with an isoca-
loric low-fat, high-carbohydrate control (27). However, some
studies, including a systematic review, do not report any differ-
ences in weight loss after several isoenergetic diets varying in
macronutrient composition (28, 29). Given these inconsistent
findings, it is critical to consider the types of foods that are being
consumed because different foods within a given food group
(e.g., grains) or nutrient category (e.g., carbohydrates) likely
have divergent effects on weight and health (30–32).

The observation that increasing carbohydrate intake, specif-
ically increasing fruit, vegetable, and fiber intake, in the context
of overall calorie reduction predicts weight loss, independent of
total calorie intake, may be explained by several related
mechanisms. First, soluble fibers in fruits and vegetables delay
the rate of gastric emptying, increasing satiety and slowing
intestinal glucose absorption and postprandial insulin secretion
(33). In addition, nondigestible polysaccharides delivered as
dietary fiber stimulate the production of SCFAs in the distal
colon, which may alter energy metabolism and improve the
metabolic function of skeletal muscle and adipose tissue (34).
SCFAs are also thought to potentially increase energy expendi-
ture, perhaps due to increased thermogenesis (35). However,
whether increased production of SCFAs is beneficial for weight
control remains unknown (34).

Another emerging mechanism that may explain our findings
involves the potential prebiotic effects of dietary fiber and other
biologically active compounds present in fruits and vegetables
(36). Many constituents of plant-based foods, including inulin,
have been suggested to work as prebiotics, which stimulate the
growth of beneficial bacterial populations in the gut. Evidence
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from animal and human studies suggests that the composition
and function of the gut microbiota play critical roles in energy
homeostasis and the development of obesity (37), which may
also explain the observed benefits of high-fiber carbohydrates,
independent of total calorie intake. Furthermore, many of the
high-carbohydrate foods associated with weight loss are very
low in energy density, which may augment satiety, consistent
with the concept of ‘‘volumetrics’’ for weight control (38, 39).

Interestingly, higher consumption of diet soda was associated
with a higher weight at baseline; however, increases in diet soda
intake from baseline to year 1 predicted weight loss in the ILS
group, but not in the PLBO or MET groups. Because the role of
diet soda in weight and health is highly controversial (21, 40),
these findings suggest that replacing sugar-sweetened beverages
with diet soda may serve as a useful tool for lowering calorie
intake, specifically in individuals cognitively engaged in lower-
ing calorie intake (41). However, simply consuming diet soda
without intentionally modifying other aspects of the overall diet
is unlikely to be effective in achieving calorie reduction and
weight loss (42).

The limitations of the present study are the use of an FFQ,
which requires participants to recall their intake over a 1-y
period, and the self-reported dietary data collection, which likely
led to underreporting of energy intake. However, the IRAS
instrument has been validated in a multiethnic population and
allows for reporting of additional food and beverage items not
listed on the questionnaire. Our analysis is also limited by the
assessment of dietary intake only at baseline and year 1, given
that the mean follow-up in DPP was almost 3 y, and the absence
of a direct comparison with a high-fat, reduced-calorie diet.
Despite these limitations, DPP involved a large, diverse sample
of individuals at high risk of diabetes and had very low attrition
over the follow-up period. Our analysis is also novel because
prior analyses of DPP dietary intake data have been primarily
descriptive (43) or have assessed only nutrients rather than foods
and food groups (15). The current investigation also extends on
the prior report of Mayer-Davis et al. (44) in evaluating
subcategories (e.g., high-fiber, low-fat grains and low-fiber,
low-fat grains) of pyramid food groups (e.g., grains, fruits, and
vegetables).

Taken together, our findings suggest that, in the context of
overall calorie reduction, a dietary shift toward greater carbo-
hydrate and lower fat intake, specifically increasing the intake of
dietary fiber, fruits, and vegetables, promotes weight loss in
individuals at high risk of developing type 2 diabetes. Therefore,
emphasis on increasing carbohydrate- and fiber-rich fruits,
vegetables, and whole grains while reducing total calorie intake
may provide a unique opportunity for achieving longer-term
weight loss and maintenance (43). Given the widespread public
perception that carbohydrates are detrimental in increasing
diabetes risk and the increasing prominence of low-carbohydrate
diets for weight loss (45), the current findings are critical to the
development of evidence-based recommendations for optimal
dietary approaches to prevent diabetes.
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