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Abstract

Background—Little is known about diet quality with a reduced-energy, low-fat, partial meal
replacement (PMR) plan, especially in individuals with type 2 diabetes. The Action for Health in
Diabetes (Look AHEAD) trial implemented a PMR plan in the intensive lifestyle intervention
(1.

Objective—Compare dietary intake and percent meeting fat-related and food group dietary
recommendations in ILI and diabetes support and education (DSE) groups at 12 months.

Design—Randomized controlled trial, comparing ILI to DSE, at 0- and 12-months.

Participants/setting—From 16 United States sites, the first 50% of participants (aged 45 to 76
years, overweight or obese, with type 2 diabetes) were invited to complete dietary assessments.
Complete 0- and 12-month dietary assessments (collected between 2001 and 2004) were available
on 2,397 participants (46.6% of total participants), with 1,186 randomized to DSE and 1,211
randomized to ILI.

Main outcome measures—A food frequency questionnaire assessed intake: energy; percent
energy from protein, fat, carbohydrate, polyunsaturated fatty acids (PUFA), and saturated fats;
trans fatty acids; cholesterol; fiber; weekly meal replacements (MRs); and daily servings from
food groups from the Food Guide Pyramid.

Statistical analyses performed—Mixed-factor analyses of covariance (ANCOVA), using
Proc MIXED with a repeated statement, with age, sex, race/ethnicity, education, and income
controlled. Unadjusted chi-square tests compared percent meeting fat-related and food group
recommendations at 12 months.

Results—At 12 months, ILI had a significantly lower fat and cholesterol intake and greater fiber
intake than DSE. ILI consumed more servings/day of fruits; vegetables; and milk, yogurt &
cheese; and fewer servings/day of fats, oils & sweets than DSE. A greater percentage of ILI than
DSE participants met fat-related and most food group recommendations. Within ILI, a greater
percentage of participants consuming = 2 MRs/day than < 1 MR/day met most fat-related and food
group recommendations.
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Conclusions—The PMR plan consumed by ILI was related to superior diet quality.

Keywords

Partial meal replacement plan; diet quality; Type 2 diabetes; lifestyle intervention

A partial meal replacement (PMR) plan contains two portioned-controlled, vitamin/mineral
fortified meal replacements (MRs), usually beverages and food bars, per day and one
balanced meal consisting of lower-energy, high-nutrient-dense, conventional foods.! While
a PMR plan has been found to be an efficacious strategy for weight loss,! little is known
about how a reduced-energy, low-fat, PMR plan influences diet quality, particularly in
regards to meeting Dietary Guideline recommendations.2 Only three investigations have
examined macro- and micronutrient intake of healthy obese older adults® and healthy
overweight and obese women** prescribed a reduced-energy, low-fat, PMR plan. One
investigation found lower total and saturated fat intake with the PMR plan in comparison to
an attention control group,3 one investigation found lower total fat and cholesterol intake
with the PMR plan in comparison to a reduced-energy, low-fat diet comprised of
conventional foods,® while all studies found greater key micronutrient intake (i.e., calcium,
vitamin D, vitamin E, and Vitamin C) in the PMR plan as compared to either an attention
control group? or a reduced-energy, low-fat diet comprised of conventional foods.> None
of the studies examined overall food group intake or the percentage of participants meeting
recommendations for food group intake when prescribed a reduced-energy, low-fat, PMR
plan. Additionally, while diet quality of a PMR plan has been examined in healthy
overweight and obese individuals, diet quality of a PMR plan has not been examined in
individuals with type 2 diabetes.

The Action for Health in Diabetes (Look AHEAD) trial is a 16 center, randomized
controlled trial, whose purpose was to investigate the influence of weight loss achieved via
an intensive lifestyle intervention (ILI) on long-term cardiovascular health in overweight or
obese adults with type 2 diabetes. There are two study arms in Look AHEAD: ILI, which
focuses on weight loss through a lifestyle intervention, and a diabetes support and education
(DSE) group that provides education on nutrition and physical activity and social support to
participants.8: The 12-month changes in weight indicated that participants in ILI lost a
significantly greater amount of their initial body weight than those in DSE (-8.6% + 6.9%
vs. —0.7% * 4.8%).8 To achieve weight loss, ILI was prescribed a reduced-energy, low-fat
diet, PMR plan. Thus, Look AHEAD provides an opportunity to examine diet quality in
patients with type 2 diabetes consuming a PMR plan.

Therefore the aim of this investigation was to investigate diet changes in the ILI and DSE
groups from 0- to 12-months and to examine diet quality at 12 months between the two
groups. Furthermore within the ILI group, diet quality was examined in participants who
self-reported consumption of meal replacements <1, 1 to < 2, or >2 MRs/day. Measures of
diet quality included macronutrient and Food Guide Pyramid (FGP)? food group intake.
Percentage of participants at 12 months meeting fat, cholesterol, and minimum daily food
FGP group serving recommendations of the 2000 Dietary Guidelines for Americans? in each
group, and in ILI by MR consumption category, was examined. These recommended
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guidelines were used in this investigation as these were the guidelines in place during the
first year of the Look AHEAD trial. Due to the previous findings related to macro- and
micronutrient intake when a reduced-energy, low-fat, PMR is consumed, it was
hypothesized that at 12 months, ILI1 would have a greater percentage of participants meeting
fat-related and food group intake recommendations than DSE, and that in the ILI, a greater
percentage of participants consuming =2 MRs/day as compared to the percentage of
participants consuming < 1 MR/day would report meeting these same recommendations.

Research Design and Participants

Participants were recruited for Look AHEAD over 2.5 years beginning in 2001.7 Look
AHEAD randomized 5,145 participants with type 2 diabetes aged 45-76 years (the age
range was changed to 5576 years in the second year of recruitment to increase the rate of
anticipated cardiovascular events) with a body mass index (BMI) = 25 kg/m? (= 27 kg/m? if
taking insulin) and no upper limit for BMI.” The goal of recruitment was to achieve equal
numbers of men and women and a minimum of 33% of participants from racial/ethnic
minority groups and to have <30% of participants taking insulin.” Exclusion criteria
included inadequate control of diabetes (i.e., A1C >11%), factors affecting a participant’s
ability to adhere to interventions, and underlying diseases likely to limit life span and/or
affect the safety of the interventions.” Eligibility for Look AHEAD was determined using a
series of screening visits. Additionally, potential participants completed a two-week run-in,
in which food intake and physical activity was recorded for two weeks. Those potential
participants who did not keep satisfactory records for at least 12 of 14 days were considered
ineligible. All participants gave informed consent, consistent with the Helsinki Declaration
and approved by the institutional review board of each center.

For this investigation, participants who completed the dietary assessment component of the
trial at 0 and 12 months were included. At each site, the first 50% of participants assessed
were asked to complete dietary assessments. At baseline, 2,973 dietary assessments were
completed prior to randomization. Of the 2,397 with 0- and 12-month assessments, 1,186
(49.5%) were randomized to DSE and 1,211 (50.5%) were randomized to ILI. Participants
were provided $100 for completion of the 12-month follow-up.

Interventions

Following completion of baseline measures, participants were randomized to ILI or DSE.
For ILI, in the first six months of the program participants were prescribed a low-energy
(1200 to 1500 kcal/day for those < 113.6 kg, and 1500 to 1800 kcal/day for those = 113.6
kg), low-fat (< 30% kcal from fat, with < 10% from saturated fat) diet.5 The ILI prescription
also included a PMR plan, in which for the first four months (weeks 3-19 of the trial), MRs
(beverages and food bars) were recommended to be consumed to replace two meals per day
and one or two snacks per day.1? The MRs were provided to participants. One meal was to
be consumed from conventional foods, with an emphasis of adding fruits and vegetables to
the diet.b Starting week 20 until completion of the first year of the trial, participants were
encouraged to replace one or two meals and snacks per day with MRs, with only one MR
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per day provided to participants.10 Participants who refused MRs were provided detailed
menu plans that specified amounts of conventional foods to be consumed.® ILI also received
a physical activity goal of 175 minutes of moderate-intensity physical activity per week.
During the first six months of the program participants in the ILI attended three group
sessions per month, in which lifestyle modification topics and techniques were presented,
and received one individual session per month.5.” During months 7 to 12, participants
received two group sessions and one individual session per month.6.7 Participants in ILI
self-monitored their energy and fat gram intake daily via a food diary. Diaries were
reviewed by intervention staff, which included registered dietitians, so that feedback could
be provided to participants to assist them in meeting the dietary prescription.

If participants in the ILI were unsuccessful at meeting diet and physical activity goals and
thus had lower weight loss than expected, a toolbox approach was implemented to assist
these participants in meeting goals.® The toolbox was composed of advanced behavioral
strategies (i.e., provision of exercise equipment, enrolling participants in a supervised
exercise program or a cooking class, etc.) and the weight loss medication orlistat. Selection
of a particular strategy was individualized and designed to address the barriers experienced
by the participant, using a series of algorithms. Use of orlistat was closely monitored. When
using orlistat, it is recommended that foods high in fat are avoided. Orlistat was offered as
an option to participants if after the first six months they had lost < 5% or = 5% but < 10%
of initial weight. Additionally, participants who had lost = 10% of initial weight but after six
months had regained = 2% were offered the option of using orlistat. Participants who took
orlistat were monitored by a study physician or nurse practitioner.

The DSE group received general information on dietary intake and physical activity via
three group sessions per year.” The DSE group received no counseling regarding behavior
modification for changing dietary intake, increasing physical activity, or losing weight.”

Sociodemographic and anthropometric characteristics—Self-reported
information on age, sex, race/ethnicity, highest level of education, and annual household
income was collected from participants. BMI was calculated as body weight in kilograms
divided by the square of height in meters, with height measured by a wall-mounted
stadiometer (Seca 214, Seca North America East, Hanover, MD) and weight measured by
electronic scale (Tanita, model BWB-800, Willobrook, IL). Both measures were performed
with outer garments (coats, jackets, sweaters) removed and without shoes.

Dietary assessment—For the Look AHEAD Trial, a semi-quantitative, food frequency
questionnaire (FFQ) was utilized to assess dietary intake. This FFQ was a modified version
of the Diabetes Prevention Program (DPP) FFQ11-13 and measured usual intake over the
previous six months. The DPP food list, designed to enhance sensitivity to regional and
ethnic food choices, 12 served as a basis of the food list in the Look AHEAD FFQ. The FFQ
contained 134 line items, 20 items that can be used to adjust the 134 main items (i.e., type of
oil used when cooking, fat added to vegetables, etc.), and three quality control questions. As
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the ILI prescribed the use of MRs, MR beverages and food bars were added as line items to
the FFQ.

For each line item, respondents reported their frequency of consumption and portion size
consumed. The nine frequency categories for food items ranged from “never or less than
once per month” to “2 or more times per day.” The nine frequency categories for beverages
ranged from “never or less than once per month” to “6 or more times per day.” Portion sizes
were listed as small, medium, or large.

Participants responded to additional questions about how frequently they consumed low-fat
versions of 10 foods: meat, bacon/sausage, burritos, cookies/cake, cheese, snack, lunch
meats, pizza, spaghetti, and yogurt. Frequency categories were: “I do not eat the foods,”
“seldom/never,” “sometimes,” and “often/always.”

Participants were provided instructions on how to complete the FFQ. Following its
completion, the questionnaire was reviewed by a staff member, blinded to randomization,
for errors and completeness.

Management of the dietary assessment for the Look AHEAD trial was centralized at the
Look AHEAD Diet Assessment Center (DAC), located at the University of South Carolina,
Columbia, SC. One primary diet interviewer for each site was certified by DAC staff to
administer and review the FFQ. Certification of this interviewer was conducted annually.
The FFQs were reviewed initially at each site, and additional editing and quality control
checks (i.e., internal consistency and range) were performed at the DAC using the edit
checks in the National Cancer Institute Health Habits and History Questionnaire HHHQ/
DietSys program (version 3.0, 1993, National Cancer Institute, Rockville, MD), followed by
a DAC staff review if a food or nutrient value was found to be extreme.

Daily dietary estimates of food group and nutrient intake were determined using the HHQ/
DietSys software and Look AHEAD specific programming that incorporated the specific
Look AHEAD modifications to the FFQ. The nutrient database that was utilized was
modified from the DPP database so that foods added to the Look AHEAD FFQ (i.e., MRs)
could be incorporated. For MRs, a total of 38 beverages and 86 food bars were identified as
consumed by participants. A cluster analyses was conducted and three macronutrient
composition clusters, three for beverages and three for food bars, emerged. For beverages
the three macronutrient composition clusters were: 1) 13.0% energy from fat, 70.6% energy
from carbohydrate, and 18.7% energy from protein; 2) 37.9% energy from fat, 48.2% energy
from carbohydrate, and 17.3% energy from protein; and 3) 26.9% energy from fat, 24.9%
energy from carbohydrate, and 50.1% energy from protein. For food bars the three
macronutrient composition clusters were: 1) 25.5% energy from fat, 61.4% energy from
carbohydrate, and 16.4% energy from protein; 2) 14.4% energy from fat, 75.0% energy from
carbohydrate, and 15.0% energy from protein; and 3) 26.2% energy from fat,40.9% energy
from carbohydrate, and 33.9% energy from protein. All individual MR’s energy (on average
each MR was approximately 180 kcal) and macronutrient composition was coded according
to the appropriate cluster. Nutrient values were obtained from the Nutrition Data System
(NDS-R) Nutrition Coordinating Center, University of Minnesota, Minneapolis, MN
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(version 4.01_30, 1999). The portion size database (gram weights for small, medium, and
large portions based upon sex and age) was also modified to incorporate the new foods on
the Look AHEAD FFQ. Food group servings were based upon the FGP,? and MRs were
coded as milk, yogurt & cheese (beverage) and meat, poultry, fish, dry beans, eggs & nuts
(food bars).

Primary dietary variables—Primary dietary variables measured at 0 and 12 months
included: energy in kilocalories per day (kcal/day); percent energy from protein, fat,
carbohydrate, polyunsaturated fatty acids (PUFA), and saturated fats; trans fatty acids in
grams per day (g/day); cholesterol in milligrams per day (mg/day); dietary fiber in grams per
day (g/day); and number of weekly MRs consumed. Food group consumption based on the
FGP was measured by the number of daily servings at 0 and 12 months.

Additionally, changes in frequency of consumption of low-fat versions of the 10 additional
foods listed on the FFQ were examined. Changes in frequency of consumption were
calculated as increasing in frequency (changing from seldom/never to sometimes or often/
always, or changing from sometimes to often/always), decreasing in frequency (changing
from often/always to sometimes or seldom/never, or changing from sometimes to seldom/
never), or not changing in frequency from 0 to 12 months.

The percentage of participants meeting the following guidelines were calculated for analysis
from 12-month data: 1) < 30% energy from fat; 2) < 10% energy from saturated fat; and 3) <
300 mg/day of cholesterol. The percentage of participants meeting the minimum
recommended number of daily servings from each food group (bread, cereal, rice & pasta;
fruit; vegetable; milk, yogurt & cheese; meat, poultry, fish, dry beans, eggs & nuts; and fats,
oils & sweets) from the FGP was also calculated at 12 months.2 Finally, participants in the
ILI group were divided into one of three groups based upon MR consumption: <1/day, 1 to
< 2/day, and = 2/day. The percentage of participants in each MR group who met the
guidelines at 12 months was assessed.

Statistical Analysis

Chi-square tests and independent t-tests were used to assess differences in baseline
characteristics between excluded and included patients and between the two intervention
groups. Several dietary variables, energy, trans fatty acids, fiber, MRs, and daily servings
consumed from all food groups, were not normally distributed; thus, log transformations
were used to normalize the distribution of these variables. Mixed-factor analyses of
covariance (ANCOVA), with a between-subject factor of group (ILI vs. DSE) and within-
subject factor of time (0 and 12 months), with age, sex, race/ethnicity, education, and
income controlled, using Proc MIXED with a repeated statement, were conducted to
examine change in the primary dependent variables of interest. The primary dependent
variables examined in these analyses were energy; percent energy from fat, carbohydrate,
protein, PUFA, and saturated fat; trans fatty acid; cholesterol; fiber; and weekly MR intake.
Similar analyses were performed to determine changes in daily servings consumed from
food groups from the FGP. For assessing the consumption of low-fat versions of the 10
additional foods listed on the FFQ, change in frequency of consumption from 0 to 12
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months was categorized as “increased,” “decreased,” or “no change.” Unadjusted chi-square
tests were used to assess for differences between ILI and DSE in changes in frequency of
consumption of low-fat food items and percentage meeting recommended guidelines, and
for ILI differences by MR consumption in percentage meeting recommended guidelines.
Differences in least squares means were assessed when the adjusted time by group
interactions was significant. Data are reported as mean and standard deviation (SD): mean
(SD). All analyses were conducted using SAS v9.1 (Cary, NC), using an alpha level of <
0.05 for significance.

Comparisons were made between Look AHEAD participants with 0- and 12-month data and
who had dietary data and thus were included in this investigation (n = 2,397) and who did
not have dietary data and thus were not included in this investigation (n = 2,505). Significant
differences were found in age (included = 57.2 [7.2] yrs vs. not included = 60.2 [6.1] yrs, p
< 0.001), race (included = 13.8% African-American vs. not included = 17.2% African-
American, p < 0.05) and annual household income (included = 31.5% <$40,000 vs. not
included = 35.7% <$40,000, p < 0.01). Due to the change in age eligibility criteria after the
first year, additional analyses were conducted to determine if there were differences in age
in those included and those not included in the analyses in the first year and remaining years
in which randomization occurred. Independent t-tests showed that there was no significant
difference in age in the first year (included [n=1776] = 56.3 [7.2] yrs vs. not included
[n=252] = 56.8 [7.7] yrs). In the remaining years of randomization, those included in the
analyses (n = 618) were significantly younger than those not included (n = 2253) (59.6 [6.5]
yrs vs 60.6 [5.8] yrs, p < 0.001). No differences were found in participants included and not
included in the investigation in BMI, sex, and education.

Baseline characteristics of the participants included in the analyses are shown in Table 1.
Participants were 59.2% female, 64.8% non-Hispanic White, with a mean age of 57.2 (7.2)
yrs, and a mean BMI of 36.1 (6.0) kg/m2. Additionally, 79.5% had some college education
and 39.7% had a yearly income of = $70,000. There were no significant differences between
the two groups on any of these characteristics (p > 0.20). During months 7 to 12, 263
(21.7%) of participants in ILI used orlistat.

Energy; percent energy from carbohydrate, fat, protein, PUFA, and saturated fat; trans fatty
acids; cholesterol; fiber; and weekly MR intake, at 0 and 12 months in the two groups are
shown in Table 2. There were no differences at 0 months between the groups on any of these
dietary variables. For both energy and percent energy from protein intake, there was a
significant main effect of time, with both groups reducing energy intake (ILI: =331 [760]
kcal/day; DSE: —310 [750] kcal/day) and increasing percent energy from protein over time
(ILI: +0.9 [3.0] %; DSE: +0.7 [3.2] %) (p < 0.0001). All other nutrients showed significant
interactions of group x time (p < 0.0001). For percent energy from fat, saturated fat and
PUFA, trans fatty acids; and cholesterol intake, ILI showed greater decreases over time, and
at 12 months ILI had a significantly lower intake than DSE (p < 0.0001). ILI showed a
greater increase in percent energy from carbohydrate and dietary fiber intake, as ILI had a
significantly greater intake at 12 months than DSE (p < 0.0001).
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MR consumption also demonstrated a significant group x time interaction (p < 0.0001) (see
Table 2). There were no differences in intake between the groups at 0 months, but at 12
months ILI had increased consumption and reported greater weekly intake of MRs than DSE
(13.5[10.7] MRs/week vs. 1.5 [4.1] MRs/week, p < 0.0001).

Consumption of daily servings of food groups from the FGP for ILI and DSE at 0 and 12
months is shown in Table 3. There were no significant differences between the groups in
food group intake at month 0. There was a significant group x time interaction for daily
servings from the bread, cereal, rice & pasta; fruit; vegetable; milk, yogurt & cheese; meat,
poultry, fish, dry beans, eggs & nuts; and fats, oils & sweets groups (p < 0.0001). ILI
showed a decrease over time in consumption of daily servings from the bread, cereal, rice &
pasta; meat, poultry, fish, dry beans, eggs & nuts; and fats, oils & sweets groups, and at 12
months, ILI consumed significantly fewer daily servings from these food groups than DSE
(p < 0.0001). Additionally, ILI increased intake of daily servings from the fruit; vegetable;
and milk, yogurt & cheese groups, and at 12 months ILI consumed significantly more daily
servings from these food groups than DSE (p < 0.0001).

Change in frequency of consumption of low-fat versions of the additional foods was
significant for 9 out of the 10 food items, with ILI reporting a larger percentage of
participants increasing their frequency of consumption of the low-fat versions from 0 to 12
months than DSE (p < 0.01) (see Figure 1). The only low-fat version of food that was not
significantly different between the two groups was low-fat meat.

Percentage of participants in ILI and DSE meeting recommendations at 12 months is shown
in Table 4. A significantly higher percentage of ILI participants than DSE met the guidelines
for percent energy from fat and saturated fat, and cholesterol, as well as for the fruit;
vegetable; milk, yogurt & cheese; and fats, oils & sweets food group intake (p < 0.0001). A
significantly greater percentage of DSE participants met the recommendations for bread,
cereal, rice & pasta; and meat, poultry, fish, dry beans, eggs & nuts food group intake than
ILI (p < 0.0001).

Table 5 shows the percentage of participants in the MR categories in the ILI group meeting
recommendations at 12 months. There was no difference in percentage of participants in the
MR categories using orlistat during months 7 to 12. Except for the recommendations for
bread, cereal, rice & pasta and meat, poultry, fish, dry beans, eggs & nuts, a significantly
greater percentage of participants consuming = 2 MRs/day met all other recommendations,
followed by participants consuming 1 to < 2 MRs/day and < 1 MR/day, respectively (p <
0.05). When participants in the MR categories using orlistat during months 7 to 12 were
removed from the analyses, a significantly greater percentage of participants consuming > 2
MRs/day met the same recommendations, followed by participants consuming 1 to < 2
MRs/day and < 1 MR/day, as the initial analyses (results of analyses not shown) (p < 0.05).

Discussion

This study was the first investigation to assess diet quality and food group consumption for
individuals with type 2 diabetes who were prescribed a reduced energy, low-fat, PMR plan.
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With the implementation of the PMR plan, ILI reported lower consumption of percent
energy from fat, saturated fat and PUFA,; trans fatty acids; and cholesterol, and greater
consumption of fiber than DSE at 12 months. For intake from food groups from the FGP at
12 months, ILI reported a greater daily serving intake from the fruit; vegetable; and milk,
yogurt & cheese groups, and fewer daily serving intake from the fat, oils & sweets group
than DSE. Other measures of self-reported fat intake, frequency of consumption of low-fat
versions of food, also indicated that ILI participants made greater reductions in fat intake
than DSE at 12 months. This suggests enhancement in overall diet quality in ILI. As slightly
over 20% of participants in IL1 used orlistat during months 7 to 12, this may have also
contributed to fat intake differences between ILI and DSE.

At baseline, in regards to recommendations for percent energy from fat (< 30%) and
saturated fat (<10%) intake, daily cholesterol consumption (< 300 mg/day), and food group
intake as provided from the 2000 Dietary Guidelines for Americans,2 most Look AHEAD
participants’ diets did not meet recommendations (7%, 15%, 51%, 36%, 38%, 40%, and
28% met the fat; saturated fat; cholesterol; and daily servings from the fruit; vegetable; milk,
yogurt & cheese; and fats, oils & sweets group recommendations, respectively).14 At 12
months, a significantly greater percentage of ILI participants met recommendations for
percent energy from fat and saturated fat; cholesterol; and daily servings from the fruit;
vegetable; milk, yogurt & cheese; and fats, oils & sweets food groups (29%, 51%, 80%,
46%, 47%, 72%, and 60%, respectively) than DSE. Furthermore, when ILI participants were
categorized by number of MRs consumed per day at 12 months, the greatest percentage of
participants meeting dietary recommendations, excluding the recommendations for bread,
cereal, rice & pasta and meat, poultry, fish, dry beans, eggs & nuts, were those consuming =
2 MRs/day, following by those consuming 1 to < 2 MR/day and < 1 MR/day, respectively.
These results were consistent when participants in ILI using orlistat were removed from
analyses. As most MRs were low in energy from fat, and beverage MRs contributed to the
milk, yogurt & cheese food group, greater consumption of MRs, and in particular beverage
MRs, could have assisted ILI participants meet these recommendations.

The findings that consuming a reduced-energy, low-fat PMR plan is associated with
improved diet quality is similar to what has been found in three other investigations that
have examined changes in diet quality with a PMR plan in healthy overweight and obese
participants.3— Similarly to this investigation, Miller found lower total and saturated fat
intake with the PMR plan in comparison to an attention control comparison, while Tovar
and colleagues found lower fat intake with the PMR plan in comparison to a reduced-
energy, low-fat diet comprised of conventional foods.> The present study, however, is the
first to report on diet quality with a PMR plan in regards to food group consumption and in
individuals with type 2 diabetes. It is important to note that ILI participants who report
greater consumption of MRs also report greater minutes of moderate-intensity physical
activity and attendance to intervention sessions.® Thus in this investigation, greater
consumption of MRs may be an indicator of engagement in healthy behaviors as a whole,
which may include dietary choices that improve dietary quality.

In this investigation both ILI and DSE self-reported a decrease in energy intake of
approximately 300 kcal/day from 0 to 12 months, but only ILI had a significant reduction in
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percent body weight.8 This difference in weight loss without a difference in energy intake
between the two groups may reflect greater inaccuracies in reporting in the DSE group. The
lack of a difference in self-reported energy intake in ILI vs. DSE, despite large differences in
weight loss, may reflect the use of MRs and the training which ILI received in portion
estimation and self-monitoring. As MRs have shown to produce better weight loss outcomes
than prescribed hypocaloric diets of conventional foods,! and a proposed reason for this is
better portion control (i.e., MRs reduce the error in monitoring intake due to automatic
portion control),18 the greater use of MRs by ILI might have increased accuracy of reporting
energy intake than DSE at 12-months. Similarly, the ILI group was encouraged to weigh
foods and accurately monitor portion sizes. Thus, the reported energy intake in the ILI group
at 12 months may be more accurate than the DSE group. Finally, receiving nutrition
education may also influence reporting of dietary intake, irrespective of behavior change,
with reported intake more closely matching the education received.1” Thus, the reporting of
a lower energy intake in the DSE group, without the occurrence of weight loss, may be a
consequence of the nutrition education provided to DSE.

The similar findings between changes in energy intake in the two groups at 12-months,
despite differences in weight loss outcomes, highlights the challenges of accurately
assessing dietary intake with self-reported measures. While the U.S. Department of
Agriculture 5-pass method, 24-hour dietary recall is considered to be the gold standard of
dietary assessment, 1819 in large samples FFQs are usually used to assess dietary intake over
a specified time period due to their low cost and ease of administration.2? Furthermore due
to its self-report nature, it is recognized that under-reporting of dietary intake is fairly
common, particularly in individuals who are overweight,?1-24 have diabetes,?4 and want to
reduce their weight. 22 While a version of this FFQ has been used previously and did show
significant differences in energy intake across a 12-month period in randomized groups that
received different dietary prescriptions,12 other research suggests that while self-reported
energy intake from FFQs may contain errors, macronutrient reporting, particularly that
adjusted for energy intake (i.e., percent energy from macronutrients or gram intake of
macronutrients per 1000 kcal), may be less prone to reporting-error.25 This suggests that the
findings of changes in relative intake of macronutrients may be more accurate than changes
in absolute energy intake. As for food group intake, under-reporters general report
consuming a greater amount of healthier foods (i.e., fruits and vegetables) and consuming
fewer less healthy foods (i.e., pastries) than plausible reporters.2® Thus, while under-
reporting may have occurred in both groups, if there was greater under-reporting in DSE
than ILI, diet quality of the DSE group may be lower than what is reported, suggesting an
even greater difference in diet quality between the groups than what is described.

Strengths of the study include a large and racially- and ethnically-diverse sample, and the
use of a valid and reliable FFQ designed to assess consumption of foods commonly eaten by
the diverse sample. Limitations of the study relate to the self-reported nature of dietary
assessment, and the lack of biomarkers to help validate dietary intake. The change in age
eligibility after the first year of the investigation also produced a slightly younger sample, as
compared to Look AHEAD participants not included in this investigation, from which the
dietary assessments were conducted. The sample in this investigation also had a smaller
percentage of African American participants and households with <$40,000 annual income
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than Look AHEAD participants not included in this investigation. These demographic
differences in this sample provide some indication of potential sampling bias from the
overall Look AHEAD sample, which may influence outcomes. The impact of changes in
physical activity on diet quality was also not able to be examined in this sample.
Additionally, a study design allowing comparisons between a reduced-energy, low-fat diet
composed of conventional foods and a reduced-energy, low-fat, PMR plan would enhance
understanding about how MR consumption itself affects diet quality.

Conclusion and Application

This investigation found after 12 months of following a reduced-energy, low-fat, PMR plan,
a greater proportion of ILI participants were meeting overall dietary recommendations
related to fat, cholesterol, and food group intake. Additionally, within ILI, a greater
proportion of participants consuming = 2 MRs/day than < 1 MR/day were meeting dietary
recommendations. Thus, for individuals with type 2 diabetes for whom weight loss has been
recommended, a PMR plan may assist with weight loss and improve overall diet quality.
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Figure 1.

Percentage of participants increasing consumption of low-fat food items from 0- to 12-
month in the Diabetes Support and Education (DSE) and Intensive Lifestyle Intervention
(ILI) conditions. * P < 0.05.
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Table 4

Percentage of Look AHEAD participants with complete dietary assessments who met the dietary
recommendations at 12 months (N = 2,397)
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Nutrient Recommendation Diabetes Support & Intensive Lifestyle P-value@
Education (n = 1,186) Intervention (n = 1,211)

% energy from fat < 30% 9.4 28.9 <0.0001
% energy from saturated fat <10% 19.1 50.6 <0.0001
Cholesterol <300 mg/day 60.3 79.9 <0.0001
Bread, cereal, rice & pasta 2 6 servings/day 24 12 <0.05

Fruit > 2 servings/day 36.2 455 <0.0001
Vegetable > 3 servings/day 374 474 <0.0001
Milk, yogurt & cheese > 2 servings/day 35.1 72.4 <0.0001
Meat, poultry, fish, dry beans, eggs & nuts > 2 servings/day 54.1 36.3 <0.0001
Fats, oils & sweets Limit, < 1 serving/day 37.7 59.5 <0.0001

a . .
P-values are for unadjusted Chi-square tests.
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