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ABSTRACT

Background: Eating a high-quality diet or adhering to a given dietary strategy may influence weight loss. However, these 2 factors have not been
examined concurrently for those following macronutrient-limiting diets.

Objective: To determine whether improvement in dietary quality, change in dietary macronutrient composition, or the combination of these factors is
associated with differential weight loss when following a healthy low-carbohydrate (HLC) or healthy low-fat (HLF) diet.

Design: Generally healthy adults were randomly assigned to HLC or HLF diets for 12 mo (n = 609) as part of a randomized controlled weight loss study.
Participants with complete 24-h dietary recall data at baseline and 12-mo were included in this secondary analysis (total N = 448; N = 224 HLC, N = 224
HLF). Participants were divided into 4 subgroups according to 12-mo change in HEI-2010 score [above median = high quality (HQ) and below median =
low quality (LQ)] and 12-mo change in macronutrient intake [below median = high adherence (HA) and above median = low adherence (LA) for net
carbohydrate (g) or fat (g) for HLC and HLF, respectively]. Baseline to 12-mo changes in mean BMI were compared for those in HQ/HA, HQ/LA, LQ/
HA subgroups with the LQ/LA subgroup within HLC and HLF.

Results: For HLC, changes (95 % confidence level [CI]) in mean BMI were -1.15 kg/m2 (-2.04, -0.26) for HQ/HA, -0.30 (-1.22, 0.61) for HQ/LA, and
-0.80 (-1.74, 0.14) for LQ/HA compared with the LQ/LA subgroup. For HLF, changes (95% CI) in mean BMI were -1.1 lkg/m2 (-2.10, -0.11) for HQ/HA,
-0.26 (-1.26, 0.75) for HQ/LA, and -0.66 (-1.74, 0.41) for LQ/HA compared with the LQ/LA subgroup.

Conclusion: Within both HLC and HLF diet arms, 12-mo decrease in BMI was significantly greater in HQ/HA subgroups relative to LQ/LA subgroups.
Neither HQ nor HA alone were significantly different than LQ/LA subgroups. Results of this analysis support the combination of dietary adherence and
high-quality diets for weight loss.

Clinical Trial Registry: clinicaltrials.gov (Identifier: NCT01826591).

Keywords: diet quality, low-carbohydrate, low-fat, weight loss, Healthy Eating Index

Introduction 2017 and 2018, and it is predicted that by 2030, nearly 1 in 2 adults will
have obesity [I, 2]. Obesity, dietary risks, hypertension, elevated

According to the Centers for Disease Control National Center for ~ fasting plasma glucose, and hyperlipidemia make up 5 of the top 6 risk
Health Statistics, 42.4% of adults in the United States had obesity in factors for early mortality in the United States [3]. Dietary modification

Abbreviations: CI, Confidence Interval; DBP, Diastolic Blood Pressure; DIETFITS, Diet Intervention Examining The Factors Interacting with Treatment Success; HA, High
Adherence; HEI-2010, Healthy Eating Index 2010; HLC, Healthy Low-Carbohydrate; HLF, Healthy Low-Fat; HQ, High Quality; LA, Low Adherence; LC, Low-Carbohydrate; LF,
Low-Fat; LQ, Low Quality; RDN, Registered Dietitian Nutritionist; SBP, Systolic Blood Pressure.

* Corresponding Author.
E-mail address: cgardner@stanford.edu (C.D. Gardner).

https://doi.org/10.1016/j.ajcnut.2023.10.028

Received 16 February 2023; Received in revised form 17 October 2023; Accepted 31 October 2023; Available online 4 November 2023

0002-9165/© 2023 The Authors. Published by Elsevier Inc. on behalf of American Society for Nutrition. This is an open access article under the CC BY license (http:/
creativecommons.org/licenses/by/4.0/).


mailto:cgardner@stanford.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajcnut.2023.10.028&domain=pdf
https://ajcn.nutrition.org/
https://doi.org/10.1016/j.ajcnut.2023.10.028
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ajcnut.2023.10.028
https://doi.org/10.1016/j.ajcnut.2023.10.028

M.E. Hauser et al.

via a variety of healthy diet approaches has been shown to improve
cardiometabolic risk factors and reduce weight [4, 5]. Therefore, it has
long been a cornerstone of most successful weight loss strategies both
in research and practice. Low-carbohydrate (LC) and low-fat diets (LF)
are among the most studied approaches, but neither has been shown to
be consistently superior for weight loss in the general population
[5-10]. Previous studies suggest that eating a high-quality diet or
adhering to a given dietary strategy may influence weight loss; how-
ever, these 2 factors have not been examined concurrently for those
following macronutrient-limiting diets.

Although evidence supports the use of LC or LF diets in weight loss
efforts [5], the benefits of simultaneously focusing on achieving higher
quality diets are unclear. To determine whether improvement in dietary
quality, change in dietary macronutrient composition, or the combi-
nation of these factors associated with differential weight loss and
change in cardiovascular disease risk factors, a post hoc secondary
analysis was conducted using data from the Diet Intervention Exam-
ining The Factors Interacting with Treatment Success (DIETFITS)
weight loss trial [11] in which randomly assigned participants follow a
healthy low-carbohydrate (HLC) or healthy low-fat (HLF) diet for 12
mo. The dataset presented a unique opportunity because the interven-
tion dually emphasized both reduction in macronutrient intake and
improvement in dietary quality [12], whereas the majority of LC versus
LF weight loss studies primarily focuses on macronutrient reduction [8,
10, 13-19].

In this exploratory analysis, we aimed to determine whether those
who most improved the quality of their diet, those who most decreased
their net carbohydrate or fat intake, or both were more successful in
their weight loss endeavors than those who did not improve their di-
etary quality nor reduce their assigned macronutrient intake to the same
degree when assigned to follow HLC or HLF diets. Secondarily, we
aimed to determine the impact of these factors on changes in cardio-
vascular disease risk factors, including blood pressure, fasting insulin,
glucose, and lipids.

Methods

Study design

Our post hoc secondary analysis utilized data from the DIETFITS
study, of which detailed methods have previously been published [12].
In brief, this was a single-site, parallel-group, randomized controlled
weight loss trial of 609 free-living, generally healthy males and pre-
menopausal females aged 18 to 50 y, with BMI from 28 to 40 kg/rnz,
who were randomly assigned to HLC or HLF diets for 12 mo to
determine whether genetics (via 3-single nucleotide polymorphisms) or
metabolic predispositions (insulin secretion) at baseline resulted in
differential weight loss for those assigned to either diet. Randomization
was performed using an allocation sequence determined by comput-
erized random-number generation (Blockrand in R version 3.4.0, R
Project for Statistical Computing) in block sizes of 8 (with 4 in-
dividuals going to each diet group) by a statistician not involved in
intervention delivery or data collection. The trial enrollment was from
January 29, 2013 through April 14, 2015, and the data of the final
follow-up was from May 16, 2016. The study was conducted in the San
Francisco Bay Area of California. Key exclusion criteria included—-
pregnancy or nursing, uncontrolled metabolic disease, diabetes, cancer,
liver, kidney, or heart disease, and taking psychiatric medications or
medications known to affect weight or energy expenditure, serum
lipids, serum glucose, or blood pressure.
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The DIETFITS trial was overseen by the Stanford University
Institutional Review Board and was registered with clinicaltrials.gov
(Identifier: NCT01826591). All study participants provided written
informed consent. All data from the DIETFITS randomized trial were
managed using the REDCap electronic data capture tool hosted at
Stanford University [20].

After baseline data collection, participants’ random assignment to
the HLC or HLF diet was revealed at their first intervention class. The
intervention consisted of 22 sessions of class-based instruction con-
ducted by registered dietitian nutritionists (RDNs) held over 12 mo
within diet groups. Classes were conducted weekly for 8 wk, then
every 2 wk for 2 mo, then every 3 wk until Month 6, and then monthly
through Month 12. Dietary goals included reducing net carbohydrate or
fat intake to 20 g or less for 8 wk, then slowly increasing over time until
each participant found the level of intake they could sustain indefi-
nitely, reducing intake of highly processed foods and added sugars, and
maximizing intake of vegetables and other whole foods. There was no
explicit energy restriction. Dietary data collection was conducted via 3
unannounced, 24-h dietary recalls using a standardized, multiple-pass
approach [21] that included 2 weekdays and 1 weekend day at the
data collection time points of baseline, 3, 6, and 12 mo.

For the current analysis, participants who provided complete 24-h
dietary recall data at baseline and 12 mo were included (total N =
448; N = 224 HLC, N = 224 HLF) (Supplemental Figure 1). Diet
quality scores were calculated from each dietary recall using the
Healthy Eating Index-2010 (HEI-2010) [22-25]. Then, scores from the
3 recalls from each time point for each participant were averaged to
yield a single score per participant for each time point. Within each diet
assignment arm, participants were divided into 4 subgroups according
to 12-mo change in diet quality score [HEI-2010, above the median
was defined as high quality (HQ); below the median was defined as low
quality (LQ)] and 12-mo change in macronutrient intake [below the
median was defined as high adherence (HA) and above the median was
defined as low adherence (LA) for net carbohydrate (g) or fat (g) for
HLC and HLF, respectively]. For the low-carbohydrate diet, the cutoff
used for quality was 4.2 (median 12-mo change in HEI-2010), and the
cutoff used for adherence was -103.2 (g) (median 12-mo change in
carbohydrate). For the low-fat diet, the cutoff used for quality was 8.5
(median 12-mo HEI-2010), and the cutoff used for adherence was
-29.7(g) (median 12-mo change in fat). Median values for 12-mo
change in HEI-2010 and macronutrient intake by diet assignment are
provided in Supplemental Tables 1 and 2. Therefore, the 4 subgroups
for each diet were HQ/HA, HQ/LA, LQ/HA, and LQ/LA.

This study was a post hoc secondary analysis. The predefined
primary outcome was 12-mo change in BMI. Predefined secondary
outcomes included 12-mo change in the following cardiometabolic
measures: systolic blood pressure (SBP), diastolic blood pressure
(DBP), fasting plasma glucose, insulin, triglycerides, HDL choles-
terol, and LDL cholesterol concentrations. The reference subgroup
was LQ/LA. All clinical measurements (body weight, height, blood
pressure, and a fasting blood draw, which would be analyzed for in-
sulin, glucose, lipids, and triglycerides concentrations) were collected
by the Stanford Clinical Translational Research Unit at each data
collection time point [12].

Statistical analysis

Descriptive statistics were used to display baseline demographic,
clinical characteristics, and dietary components for each subgroup
(Table 1 and Table 2). Descriptive statistics, including mean and
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TABLE 1
Baseline characteristics by dietary quality and adherence to diet for those assigned to a healthy low-carbohydrate diet (n = 304).">*
Variable High quality, High quality, Low quality, Low quality, Total N = 224 Missing 12-mo
high adherence low adherence high adherence low adherence dietary data
(HQ/HA) (HQ/LA) (LQ/HA) (LQ/LA) N =280
N =67 N =45 N =45 N =67
Sex (N, %)

Female 42 (62.7) 27 (60.0) 24 (53.3) 39 (58.2) 132 (58.9) 47 (58.8)
Male 25 (37.3) 18 (40.0) 21 (46.7) 28 (41.8) 92 (41.1) 33 (41.2)
Age (y) 41.22 (6.15) 40.05 (6.58) 41.33 (7.04) 39.98 (6.80) 40.6 (6.6) 38.98 (6.97)

Education (N, %)
Less than high school 0(0.0) 2 (4.4) 0(0.0) 1(1.5) 3(1.3) 1(1.2)
High school graduate 0(0.0) 1(2.2) 1(2.2) 3(4.5) 5(2.2) 6(7.5)
Some college 12 (17.9) 7 (15.6) 4(8.9) 18 (26.9) 41 (18.3) 26 (32.5)
College graduate 33 (49.3) 20 (44.4) 22 (48.9) 20 (29.9) 95 (42.4) 23 (28.7)
Postgraduate degree 22 (32.8) 15 (33.3) 18 (40.0) 25 (37.3) 80 (35.7) 23 (28.7)
Race and ethnicity (N, %)4
White 43 (64.2) 24 (53.3) 32 (71.1) 39 (58.2) 138 (61.6) 44 (55.0)
Hispanic 12 (17.9) 9 (20.0) 8(17.8) 13 (19.4) 42 (18.8) 19 (23.8)
Asian 7 (10.4) 8 (17.8) 2(4.4) 7 (10.4) 24 (10.7) 6(7.5)
African American 0(0.0) 1(22) 3(6.7) 5(7.5) 9 (4.0) 4 (5.0)
Other® 5(7.5) 3(6.7) 0 (0.0) 3 (4.5) 11 (4.9) 7 (8.8)
Weight (kg)
Female 88.5 (12.2) 86.5 (12.4) 89.2 (12.1) 86.8 (12.2) 87.7 (12.1) 92.3 (13.0)
Male 104.5 (12.8) 110.7 (17.3) 104.6 (9.4) 104.6 (16.3) 105.8 (14.3) 109.5 (11.8)
BMI (kg/m?) 33.22 (3.14) 33.58 (3.55) 33.19 (3.50) 32.43 (3.36) 33.1 (3.4) 34.2 (3.5)
LDL (mg/dL) 118.25 (26.77) 114.80 (22.74) 118.55 (28.13) 114.91 (28.58) 116.6 (26.7) 108.9 (24.8)
HDL (mg/dL)

Female 52.0 (11.2) 52.1(9.5) 49.1 (10.7) 50.2 (9.0) 51.0 (10.1) 51.1 (11.7)
Male 40.6 (7.4) 43.0 (9.0) 46.3 (9.1) 45.2 (9.7) 43.8 (9.0) 42.5 (10.0)
Triglycerides (mg/dL) 142.40 (71.61) 123.14 (49.94) 150.23 (225.37) 123.78 (56.11) 134.5 (114.4) 116.8 (53.8)
SBP (mmHg) 122.97 (12.99) 122.39 (12.63) 122.32 (11.15) 123.40 (12.80) 122.9 (12.4) 123.3 (12.5)

DBP (mmHg) 81.07 (8.69) 80.84 (8.18) 81.13 (6.37) 81.43 (8.19) 81.2 (8.0) 81.6 (7.7)
Fasting insulin (WU/mL) 16.88 (6.51) 15.40 (6.14) 13.35 (4.81) 13.71 (7.72) 14.9 (6.7) 16.9 (10.9)
Fasting glucose (mL/dL) 100.54 (11.34) 96.53 (7.45) 96.27 (8.75) 97.87 (10.77) 98.1 (10.1) 98.8 (8.8)
Waist circumference (cm)
Female 104.1 9.1) 100.4 (13.4) 102.1 (7.9) 98.7 (9.9) 101.4 (10.3) 105.9 (10.6)
Male 113.2 (8.1) 114.8 (11.0) 109.9 (6.7) 110.9 (11.2) 112.1 (9.5) 114.4 (11.0)
Baseline Dietary Components
Total Energy (kcal) 2490.05 1843.27 2451.06 2024.14 2212.93 (639.23) 2251.52
(622.57) (469.64) (631.52) (578.05) (693.38)
Intake of Carbohydrate (g) 263.85 (68.14) 181.19 (53.89) 246.98 (62.71) 195.1 (63.98) 223.29 (71.68) 229.70 (80.80)
Intake of Fat (g) 101.14 (32.32) 78.05 (24.99) 100.99 (36.24) 86.34 (32.5) 92.04 (33.08) 94.09 (35.02)
HEI-2010 Score 48.7 (9.9) 51.22 (10.87) 61.88 (11.99) 61.26 (9.91) 55.61 (12.06) 53.10 (11.30)
12-mo dietary components —
Total energy (kcal) 1581.38 1745.44 1589.74 1852.35 1697.07 (480.22 —
(400.27) (500.43) (428.66) (531.05)
Intake of carbohydrate (g) 90.25 (37.76) 132.9 (53.67) 84.46 (51.19) 144.27 (69.49) 113.81 (60.25) —
Intake of fat (g) 85.47 (29.87) 86.22 (29.02) 86.04 (28.38) 87.13 (32.2) 86.23 (29.94) —
HEI-2010 Score 63.86 (8.78) 64.61 (10.8) 56.54 (11.35) 54.81 (9.48) 59.83 (10.82) —

Abbreviations: SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; HEI, Healthy Eating Index -2010.
! Dietary quality is defined by 12-mo minus baseline change in HEI-2010 score (above the median is high, below the median is low).
2 Dietary adherence is defined by 12-mo minus baseline change in grams of carbohydrate (below the median is high, above the median is low).

3 All values presented as Mean (SD) unless specified.

4 Self-reported by participants from the following options (White, Hispanic, Black, Asian, American Indian, Alaska Native, Pacific Islander and Other).

5 American Indian/Alaska Native/Pacific Islander and Other.

standard deviation, were calculated for each of the primary and sec-
ondary outcomes and dietary components for each subgroup for all
participants with data available (Table 3 and Table 4). Two multiple
linear regression models were used to compare the primary and sec-
ondary outcomes for those in the HQ/HA, HQ/LA, LQ/HA subgroups
versus the LQ/LA subgroup within HLC and HLF diet groups
(Table 5). Model 1 was adjusted for age, sex, and baseline weight,
whereas Model 2 additionally adjusted for either baseline net carbo-
hydrate or fat intake for the HLC and HLF diet groups, respectively.
Model 2 represents the main analyses for study primary and secondary
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outcomes. To ensure results were not related to baseline energy intake
or HEI-2010 total score, we also added these factors to Model 2
(Supplemental Table 5). No formal between-diet statistical compari-
sons were conducted, given likely bias of diet quality indices toward
low-fat versus low-carbohydrate diets (manuscript concurrently under
review), although confidence intervals are provided. There was no
correction for multiple testing as this was an exploratory, post hoc
secondary analysis.

All statistical procedures were performed using SAS (SAS Institute,
Cary, NC, version 9.4) and R (R Foundation for Statistical Computing,
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TABLE 2

Baseline characteristics by dietary quality and adherence to diet for those assigned to a healthy low-fat diet (n = 305)

The American Journal of Clinical Nutrition 119 (2024) 174-184

1,2,3

High quality, High quality, Low quality, Low quality, Total N = 224 Missing 12-mo
high adherence low adherence high adherence low adherence dietary data
(HQ/HA) (HQ/LA) (LQ/HA) (LQ/LA) N =281
N = 64 N =48 N =48 N = 64
Sex (N, %)
Female 38 (59.4) 33 (68.8) 18 (37.5) 37 (57.8) 126 (56.2) 41 (50.6)
Male 26 (40.6) 15 (31.3) 30 (62.5) 27 (42.2) 98 (43.8) 40 (49.4)
Age (y) 39.9 (7.3) 40.4 (6.0) 40.3 (6.1) 39.3 (6.7) 39.94 (6.57) 37.72 (7.17)
Education (N, %)
Less than college degree 15 (23.5) 12 (25.0) 2(42) 17 (26.6) 46 (20.6) 24 (29.6)
College graduate 24 (37.5) 13 (27.1) 30 (62.5) 22 (34.4) 89 (39.7) 38 (46.9)
Postgraduate degree 24 (37.5) 23 (47.9) 16 (33.3) 25 (39.1) 88 (39.3) 19 (23.5)
Race and ethnicity (N, %)4
White 42 (65.6) 24 (50.0) 33 (68.8) 35 (54.7) 134 (59.8) 42 (51.9)
Hispanic 11 (17.2) 16 (33.3) 6 (12.5) 12 (18.8) 45 (20.1) 22 (27.2)
Asian 5(7.8) 4(8.3) 5(10.4) 7 (10.9) 21 (9.4) 9 (11.1)
African American 3(4.7) 2(4.2) 0 (0.0) 3(4.7) 8 (3.6) 2(2.5)
Other’ 3(4.7) 2(42) 4(8.3) 7 (10.9) 16 (7.1) 6 (7.4)
Weight (kg)
Female 93.2 (10.3) 87.5(9.2) 91.6 (13.6) 90.0 (13.4) 90.6 (11.6) 91.1 (11.1)
Male 107.1 (17.1) 105.2 (12.2) 106.5 (10.9) 101.9 (11.1) 105.2 (13.0) 107.1 (15.8)
BMI (kg/m?) 33.93.2) 33.0(3.1) 33.9(2.7) 33.0 (3.6) 33.45 (3.20) 33.36 (3.41)
LDL (mg/dL) 114.1 (30.7) 106.6 (26.9) 108.0 (33.1) 117.7 (33.1) 112.22 (31.28) 114.19 (29.60)
HDL (mg/dL)

Female 49.9 9.2) 50.5 (11.5) 53.9 (18.4) 50.4 (9.7) 50.8 (11.6) 50.7 (9.6)
Male 43.3 (7.8) 44.7 (9.0) 43.0 (12.2) 40.2 (7.5) 42.6 (9.4) 45.1 (7.4)
Triglycerides (mg/dL) 138.3 (75.8) 127.9 (101.4) 131.5 (65.6) 130.6 (71.0) 132.4 (78.3) 124.4 (55.8)
SBP (mmHg) 124.1 (12.2) 124.3 (14.5) 127.5 (14.0) 119.9 (12.4) 123.7 (13.4) 121.5 (11.1)

DBP (mmHg) 81.8 (6.6) 82.0 (8.4) 84.4 (9.1) 78.8 (6.5) 81.5(7.8) 80.3 (6.6)
Fasting insulin (pU/mL) 15.8 (8.0) 15.1 (11.5) 16.4 (7.6) 17.4 (24.8) 16.2 (15.3) 14.8 (6.4)
Fasting glucose (mL/dL) 99.3 (8.2) 97.8 (9.6) 98.6 (8.7) 97.9 (9.0) 98.4 (8.8) 98.6 (8.1)
Waist circumference (cm)
Female 104.5 (9.2) 103.5 (13.3) 104.9 (9.6) 103.2 (10.8) 103.9 (10.8) 102.3 (9.2)
Male 112.5 (11.6) 111.6 (8.3) 114.3 (8.4) 109.0 (8.4) 112.0 (9.4) 111.4 (10.5)
Dietary Components
Total Energy (kcal) 2555.5 (661.54) 1686.41 2560.23 (461) 1950.03 2197.29 (665.02) 2010.24
(457.73) (566.82) (732.12)
Intake of Carbohydrate (g) 264.24 (89.9) 181.43 (68.05) 249.76 (71.21) 205.19 (62.85) 226.52 (80.85) 200.99 (79.61)
Intake of Fat (g) 107.54 (31.38) 62.51 (22.62) 111.96 (26.54) 73.9 (28.07) 89.22 (34.43) 80.88 (35.11)

HEI-2010 Score
12-mo Dietary Components

52.82 (10.92)

53.51 (10.43)

Total Energy (kcal) 1621.24 1554.29
(450.59) (472.19)
Intake of Carbohydrate (g) 189.44 (67.22) 162.83 (67.04)
Intake of Fat (g) 47.95 (19.03) 55.3 (24.56)
HEI-2010 Score 69.9 (10.76) 71.15 (8.97)

58.79 (9.17) 61.23 (10.95) 56.65 (11.02) 52.40 (12.63)
1756.26 1914.07 1719.49 (516.36) —

(460.89) (588.09)

199.6 (64.86) 204.38 (72.38) 190.19 (69.49) —

55.54 (22.33) 702 (27.81) 57.51 (25.05) —

57.68 (8.88)

57.31 (12.23)

63.95 (12.29)

Abbreviations: SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; HEI, Healthy Eating Index -2010.
! Dietary quality is defined by 12-mo minus baseline change in HEI-2010 score (above the median is high, below the median is low).

2 Dietary adherence is defined by 12-mo minus baseline change in grams of fat (below the median is high, above the median is low).

3 All values presented as Mean (SD) unless specified.

4 Self-reported by participants from the following options (White, Hispanic, Black, Asian, American Indian, Alaska Native, Pacific Islander and Other).

5 American Indian/Alaska Native/Pacific Islander and Other.

version 3.3.2), and all statistical tests were evaluated using an alpha
cutoff of 0.05.

Results

Baseline characteristics by dietary quality and adherence to diet are
provided in Table 1 for those assigned to an HLC diet and in Table 2 for
those assigned to an HLF diet. Across both diet arms, study participants
were 56.8% female, with the majority of participants having at least
some college education. The racial and ethnic makeup was 58.8% non-
Hispanic White, 21.0% Hispanic, 9.9% Asian, and 6.6% other race or
ethnicity. Mean baseline weight was 106.2 kg for males and 89.8 kg for
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females. Mean BMI was 33.4 kg/mz’ and mean waist circumference
was 112.2 +9.8 cm for males and 103 +10.5 cm for females. Mean
lipid values were in the normal ranges (LDL <130mg/dL; HDL
>40mg/dL for males and HDL >50 for females; Triglycerides
<150mg/dL), and mean fasting glucose concentration was 98.4 mg/dl.
Mean HEI-2010 was 55.2 + 11.7. Mean HEI components at baseline
and 12 mo are provided in Supplemental Tables 3 and 4.

There were no missing data at baseline. At 12 mo, 366 participants
(81.7%) included in this analysis provided all 3 24-h dietary recalls, 46
provided 2 recalls (10.3%), and 36 (8.0%) provided 1 recall. DIETFITS
participants who did not provide dietary recalls at 12 mo were excluded
from the analysis (N = 161, excluding 80 from HLC and 81 from



8LI

TABLE 3
Baseline to 12-mo change in primary and secondary outcome variables by dietary quality and adherence for those assigned to a healthy low-carbohydrate diet'*>.

N High quality, N High quality, N Low quality, N Low quality, N Total N Missing
high low high low N =224 N =280
adherence adherence adherence adherence
N =67 N =45 N =45 N =67

Primary outcome
BMI (kg/m?) 62 249 (2.33) 42 222 (2.84) 44 225 .11) 62 -1.73 (2.26) 210 2.16 (2.38) 70 233 (1.74)
Secondary outcomes
Fasting glucose (mL/dL) 62 -4.31 (9.94) 0 -1.96 (8.54) 43 -1.38 (9.79) 62 0.26 (9.68) 209 -1.88 (9.66) 70 -4.60 (4.45)
Fasting insulin (WU/mL) 62 3.87 (4.34) 9 2.90 (5.69) 43 2.05 (4.62) 62 0.05 (5.86) 210 2.14 (5.36) 70 -1.95 (2.53)
SBP (mmHg) 62 -5.41 (12.52) 9 4.19 (7.24) 44 -5.25 (1.78) 62 -0.56 (8.16) 210 -3.70 (9.61) 70 0.25 (5.27)
DBP (mmHg) 62 -3.57 (8.06) 4 245 (5.06) 44 -3.61 (5.39) 62 -1.04 (5.11) 209 2.61 (6.23) 70 -0.78 (3.75)
Triglycerides (mg/dL) 62 -40.77 (54.32) 42 -20.61 (48.50) 43 -52.73 (191.12) 62 -13.35 (36.78) 208 -31.05 (96.65) 70 -19.35 (37.21)
HDL-C (mg/dL) 62 3.19 (6.25) 0 0.92 (5.56) 0 2.76 (6.96) 62 3.81 (7.02) 208 2.83 (6.54) 70 -0.45 (5.29)
LDL-C (mg/dL) 62 5.39 (21.78) 0 4.17 (18.31) b3 2.34 (19.44) 62 2.08 (20.79) 224 3.54 (20.26) 70 2.53 (19.43)
Dietary components
Energy (kcal) 67 -908.67 (569.93) 45 -97.83 (381.11) 45 -861.32 67 -171.79 224 -515.86 - -
(566.08) (496.66) (634.27)
Carbohydrate (g) 67 -173.60 (58.28) 45 -48.29 (36.51) 45 -162.53 (45.49) 67 -50.83 (43.27) 224 -109.48 (76.31) - -
Fat (g) 67 -15.66 (37.60) 45 8.18 (28.18) 45 -14.95 (43.61) 67 0.79 (37.00) 224 -5.81 (38.13) - -
HEI-2010 Score 67 15.16 (7.11) 45 13.39 (5.99) 45 -5.35(8.78) 67 -6.45 (7.31) 224 4.22 (12.60) - -

Abbreviations: SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; HEI, Healthy Eating Index -2010.

! Dietary quality is defined by 12-mo minus baseline change in HEI-2010 score (above the median is high, below the median is low).

2 Dietary adherence is defined by 12-mo minus baseline change in grams of carbohydrate (below the median is high, above the median is low).
3 All values presented as Mean (SD). N columns are the number of participants whose data was available to include in the analysis of each outcome.
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TABLE 4
Baseline to 12-mo change in primary and secondary outcome variables by dietary quality and adherence for those assigned to a healthy low-fat diet'>>.

N High N High N Low N Low N Total N Missing
quality, quality, quality, quality, N =224 N=28l1
high low high low
adherence adherence adherence adherence
N =64 N =48 N =48 N =64

Primary outcome
BMI (kg/m?) 62 -2.54 (3.07) 41 -1.72 (1.67) 45 -1.99 (2.32) 59 -1.36 (2.39) 207 -1.92 (2.51) 73 -1.57 (2.38)
Secondary outcomes
Fasting glucose (mL/dL) 62 -4.95 (8.90) 42 2.13 (8.72) 45 -4.55 (10.14) 59 2.85 (7.45) 208 -3.70 (8.78) 73 -5.65 (4.93)
Fasting insulin (WU/mL) 62 -3.35 (5.96) 42 239 (8.81) 45 -0.95 (6.00) 59 -4.17 (24.99) 208 2.87 (14.49) 73 -3.58 (6.47)
SBP (mmHg) 61 -4.85 (9.05) 41 -5.88 (8.29) 45 -3.78 (9.22) 59 -0.33 (8.83) 208 -3.53 (9.07) 73 -2.43 (8.30)
DBP (mmHg) 61 -3.46 (5.52) 41 -3.08 (5.32) 45 -2.86 (5.98) 59 0.27 (4.90) 208 -2.19 (5.60) 73 1.07 (3.12)
Triglycerides (mg/dL) 62 -17.51 (62.03) 42 -18.86 (50.35) 45 -5.44 (43.37) 59 -3.36 (57.90) 208 -11.16 (54.99) 73 -11.06 (68.67)
HDL-C (mg/dL) 62 -1.03 (6.48) 4 0.25 (5.49) 45 -0.19 (5.97) 59 1.67 (5.48) 208 0.18 (5.95) 73 3.75 (5.11)
LDL-C (mg/dL) 62 -6.29 (23.31) 42 2.34 (18.78) 45 -3.87 (18.52) 59 0.42 (17.53) 208 2.12 (20.02) 73 -8.04 (16.14)
Dietary components
Energy (kcal) 64 934.26 (578.64) 48 -132.12 (380.04) 48 -803.98 (449.38) 64 -35.97 (430.93) 224 -477.80 (620.08) - -
Carbohydrate (g) 64 -74.80 (79.79) 43 -18.60 (66.48) 43 -50.16 (69.52) 64 -0.81 (68.13) 224 -36.33 (77.18) - -
Fat (g) 64 -59.58 (26.84) 48 721 (15.85) 43 -56.42 (23.57) 64 -3.70 (16.88) 224 -31.72 (34.10) - -
HEI-2010 Score 64 17.08 (5.85) 48 17.64 (7.22) 48 -1.11 (8.11) 64 -3.92 (8.28) 224 7.30 (12.47) - -

Abbreviations: SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; HEI, Healthy Eating Index -2010.
! Dietary quality is defined by 12-mo minus baseline change in HEI-2010 score (above the median is high, below the median is low).
2 Dietary adherence is defined by 12-mo minus baseline change in grams of fat (below the median is high, above the median is low).

3 All values presented as Mean (SD). N columns are the number of participants whose data was available to include in the analysis of each outcome.
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TABLE 5
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Baseline to 12-mo changes in primary and secondary outcomes for those with high dietary quality, high dietary adherence, or both versus those with low dietary

quality and adherence (Change (95% Confidence Interval)).

High quality, High adherence

High quality, Low adherence Low quality, High adherence

Primary outcome
BMI (kg/m?)

Low-carb: M1' -0.64 (-1.48, 0.20)
Low-carb: M2’ -1.15 (-2.04, -0.26)
Low-fat: M1' -0.98 (-1.88, -0.08)
Low-fat: M2? -1.11 (-2.10, -0.11)

Secondary outcomes
Fasting glucose (mL/dL)

Low-carb: M1' -4.51 (-7.94, -1.08)
Low-carb: M2? -5.40 (-9.12, -1.69)
Low-fat: M1' -1.92 (-5.12, 1.28)
Low-fat: M2° 2.13 (-5.66, 1.40)
Fasting insulin (pU/mL)
Low-carb: M1' -3.93 (-5.75, -2.10)
Low-carb: M2? -4.11 (-6.09, -2.13)
Low-fat: M1! 1.21 (-4.04, 6.47)
Low-fat: M2° -0.33 (-6.11, 5.44)
SBP (mmHg)
Low-carb: M1' -4.66 (-8.01, -1.31)
Low-carb: M2’ -5.54 (-9.16, -1.92)
Low-fat: M1' -4.00 (-7.23, -0.77)
Low-fat: M2° -4.46 (-8.03, -0.90)
DBP (mmHg)
Low-carb: M1' -2.40 (-4.59, -0.20)
Low-carb: M2’ -3.04 (-5.42, -0.67)
Low-fat: M1' -3.67 (-5.66, -1.68)
Low-fat: M2° -4.09 (-6.28, -1.89)
Triglycerides (mg/dL)
Low-carb: M1' -26.88 (-61.34, 7.58)
Low-carb: M2? 22.62 (-60.04, 14.81)
Low-fat: M1' -16.77 (-36.80, 3.25)
Low-fat: M2° -14.65 (-36.75, 7.45)
HDL-C (mg/dL)
Low-carb: M1' -0.73 (-3.06, 1.60)
Low-carb: M2’ -1.07 (-3.59, 1.46)
Low-fat: M1! -2.83 (-4.99, -0.66)
Low-fat: M2° -2.35 (-4.73, 0.03)
LDL-C (mg/dL)
Low-carb: M1 3.81(-3.44, 11.07)
Low-carb: M2’ 4.17 (-3.72, 12.06)
Low-fat: M1' -6.83 (-14.11, 0.44)
Low-fat: M2° -8.20 (-16.23, -0.18)

-0.43 (-1.36, 0.49)
-0.30 (-1.22, 0.61)
-0.30 (-1.29, 0.69)
-0.26 (-1.26, 0.75)

2.12 (-5.92, 1.68)
-1.88 (-5.70, 1.93)
0.72 (-2.79, 4.23)
0.80 (-2.76, 4.36)

2.93 (-4.95, -0.91)
-2.88 (-4.92, -0.85)
1.49 (-4.27, 7.26)
2.05 (-3.78, 7.87)

-3.32 (-7.03, 0.39)
-3.09 (-6.81, 0.63)
-5.61 (-9.16, -2.06)
-5.45 (-9.04, -1.85)

-1.24 (-3.68, 1.20)
-1.07 (-3.52, 1.37)
-3.39 (-5.57, -1.20)
-3.24 (-5.45, -1.02)

-8.21 (-46.38, 29.96)
-9.32 (-47.74, 29.10)
-15.85 (-37.83, 6.12)
-16.62 (-38.88, 5.65)

-2.82 (-5.39, -0.24)
2.73 (-5.32, -0.14)
-1.42 (-3.79, 0.96)
-1.58 (-3.98, 0.81)

2.59 (-5.45, 10.63)
2.49 (-5.60, 10.59)
1.56 (-6.42, 9.55)

2.05 (-6.03, 10.13)

-0.40 (-1.31, 0.52)
-0.80 (-1.74, 0.14)
-0.53 (-1.51, 0.44)
-0.66 (-1.74, 0.41)

-1.46 (-5.25, 2.32)
2.12 (-6.04, 1.81)
-1.79 (-5.26, 1.68)
2.01 (-5.84, 1.81)

-1.84 (-3.85, 0.17)
-1.97 (-4.07, 0.12)
4.38 (-1.32, 10.09)
2.73 (-3.52, 8.99)

-4.66 (-8.33, -0.99)
-5.35 (-9.17, -1.53)
-2.87 (-6.35, 0.62)
-3.36 (-7.20, 0.48)

-2.44 (-4.85, -0.03)
-2.95 (-5.46, -0.44)
-2.94 (-5.09, -0.79)
-3.38 (-5.74, -1.01)

-39.53 (-77.58, -1.49)
-36.41 (-75.96, 3.14)
-2.99 (-24.72, 18.74)
-0.72 (-24.64, 23.20)

-1.10 (-3.69, 1.48)
-1.34 (-4.02, 1.34)
2.03 (-4.38, 0.31)
-1.53 (-4.11, 1.05)

0.34 (-7.73, 8.42)
0.60 (-7.78, 8.98)

-3.90 (-11.80, 3.99)
-5.37 (-14.05, 3.32)

Results based on linear regression models performed separately for each outcome and for each diet intervention (low-carbohydrate and low-fat), with the low
quality, low adherence group as the reference group. Results display parameter estimates and 95% confidence intervals for all models.

Abbreviations: SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure.
! Model 1 adjusted for age (y), sex (male/female), and baseline weight (kg).

2 Model 2 for low carbohydrate adjusted for age (y), sex (male/female), baseline weight (kg), and baseline net carbohydrate intake (g).
3 Model 2 for low fat adjusted for age (y), sex (male/female), baseline weight (kg), and baseline total fat intake (g).

HLF). Reasons for missing data were the majority (53%) unknown or
not provided by participants; other reasons were diet assignment
dissatisfaction, health, personal reasons, or a schedule change/move.
The number of participants missing data for the clinical measures (i.e.,
BMI, SBP, DBP, glucose, insulin, triglycerides, HDL cholesterol, LDL
cholesterol concentrations) within each quality/adherence subgroup
ranged between 1 and 7 (Table 3 and Table 4).

Absolute 12-mo changes in BMI were greatest for HQ/HA and
lowest for LQ/LA subgroups for both the HLC and HLF diets; values
for HQ/LA and LQ/HA were intermediate between the 2 (Table 3 and
Table 4). For the HLC diet group, fasting glucose, insulin concentra-
tions, and SBP followed a similar pattern, as did fasting glucose con-
centration, DBP, and LDL cholesterol concentration for the HLF diet
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group. The remainder of clinical measures showed variability between
group results for both diet groups (1).

The primary and secondary outcomes were analyzed via multiple
linear regression using LQ/LA as the reference group (Table 5). For
both the HLC and HLF diets, the HQ/HA subgroups had statistically
significant decreases in 12-mo mean BMI [change (95% CI): -1.15
(-2.04, -0.26) for HLC; -1.11 (-2.10, -0.11) for HLF] (Figure 1A,B).
The HQ/LA and LQ/HA subgroups also decreased mean BMIs more
than the reference group, though these results were not statistically
significant. For fasting glucose within HLC, all subgroups improved
compared with the reference group, but this was statistically significant
only for HQ/HA [-5.40 (-9.12, -1.69)]. For fasting glucose within HLF,
only HQ/HA and LQ/HA improved compared with the reference
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S17
(2.3)

Reference

-0.80 (-1.74, 0.14)

-0.30 (-1.22, 0.61)

-1.15 (-2.04, -0.26)

HQ/HA HQ/LA LQ/HA

Dietary quality and adherence groups

LQ/LA

1.4
(2.9)

Reference

-0.66 (-1.74, 0.41)

-0.26 (-1.26, 0.75)

-1.11 (-2.10, -0.11)

HQ/HA HQ/LA LQ/HA

Dietary quality and adherence groups

LQ/LA

FIGURE 1. Baseline to 12-mo change in BMI by dietary quality and adherence for those assigned to a healthy low-carbohydrate diet (A) or healthy low-fat diet
(B). Dietary quality is defined by 12-mo minus baseline change in HEI-2010 score (above the median is high, below the median is low); dietary adherence is
defined by 12-mo minus baseline change in grams of net carbohydrates (below the median is high, above the median is low). Bars display mean (SD) 12-mo
BMI change from baseline by diet quality/diet adherence groups. Numbers below the bars represent the changes in mean (95% CI) BMI compared with LQ/LA
group, determined from linear regression modeling of 12-mo BMI change on diet quality and adherence groups adjusted for age, sex, baseline weight, and
baseline net carbohydrate or total fat intake. Abbreviations: HQ, high quality; HA, high adherence; LQ, low quality; LA, low adherence.
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group, though these results were not statistically significant. Fasting
insulin values decreased significantly for the HQ/HA subgroup [-4.11
(-6.09, -2.13)] and the HQ/LA [-2.88 (-4.92, -0.85)] within the HLC
diet group. Systolic blood pressure decreased significantly for both the
HQ/HA [-5.54 (-9.16, -1.92)] and LQ/HA [-5.35 (-9.17, -1.53)] sub-
groups within the HLC diet group and for both the HQ/HA [-4.46
(-8.03, -0.90)] and HQ/LA [-5.45 (-9.04, -1.85)] subgroups with the
HLF diet group. DBP decreased significantly for all subgroups except
for HQ/LA within HLC; the greatest decreases were seen for the HQ/
HA subgroups [-3.04 (-5.42, -0.67) for HLC; -4.09 (-6.28, -1.89) for
HLF]. For triglycerides, values in all subgroups decreased compared
with LQ/LA, but the results were not statistically significant. Con-
centrations of HDL cholesterol were worse for all subgroups compared
with LQ/LA, but this was only statistically significant for the HQ/LA
subgroup within HLC. Values of LDL cholesterol decreased in HQ/HA
and LQ/HA within HLF; however, results were only statistically sig-
nificant for the HQ/HA subgroup [-8.20 (-16.23, -0.18)]. For sensitivity
analysis, adjustment for baseline caloric intake and baseline HEI 2010
score (Supplemental Table 5) did not meaningfully change the results.
There were slight changes to lipid values such that those at the border
of significance shifted slightly to cross the threshold in both directions.

Discussion

In this secondary analysis of a randomized controlled weight loss
trial for generally healthy adults with overweight and obesity, the
participants most successful in reducing their BMIs were those with
both higher level of adherence to their assigned diets and higher quality
diets. Additionally, this HQ/HA combination was associated with
clinically and statistically significant reductions in systolic and dia-
stolic blood pressures for those assigned to follow both HLC and HLF;
fasting glucose and fasting insulin concentrations improved only for
those assigned to the HLC diet. For the HLC group, HA seemed to
drive the associations for both systolic and diastolic blood pressures.
For the HLF group, HQ seemed to drive this association for systolic
blood pressure; for DBP, either HA or HQ was sufficient to see this
significant difference. Also, for the HLF group, HQ was associated
with improvements in triglycerides values, and HQ and adherence were
associated with slight worsening of HDL cholesterol values.

Within the primary analysis of the DIETFITS trial [11], weight
change at 12 mo was —5.3 kg for the HLF diet compared with —6.0 kg
for the HLC diet (mean between group difference, 0.7 kg [95% CI,
—0.2 to 1.6 kg]). The findings of this post hoc analysis support prior
studies showing the importance of adherence to a given dietary strategy
for weight loss [26-28]. However, they also highlight the potential
added benefits of choosing a high-quality diet within varying dietary
strategies—such as low-carbohydrate or low-fat diets—for improved
weight loss and blood pressure [29-31]. Much of the research on
weight loss diet interventions has focused on a wide variety of dietary
changes that directly or indirectly result in reduction of caloric intake
[5]. Within the DIETFITS trial [11], calorie restriction was intention-
ally not part of the intervention but rather a change in the assigned
macronutrient (carbohydrate or fat), and improvements in diet quality
were the foci. However, in the AHA/ACC/TOS Guideline for Man-
agement of Obesity and Overweight in Adults, no explicit mention is
made of aiming to improve dietary quality as part of a weight loss diet
[5]. Clearly, this is an area that warrants further investigation. There are
several scientifically plausible reasons why a higher quality diet may
influence weight loss, including higher fiber content, lower calorie
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density, lower glycemic index, higher water content, and higher
nutrient density, among others [32-36]. On a population level in
observational studies, those with higher quality diets, as measured by
the Healthy Eating Index, also have lower BMIs [37-39].

Moreover, this analysis showed associations between high-quality
diets and improvements in metabolic measures such as fasting insulin
concentration and systolic and diastolic blood pressures for those
following low-fat diets. Additionally, improvements in fasting
glucose and insulin values were seen in the low-carbohydrate group
only for those with both HQ/HA diet. Improvements in insulin values
were seen in the low-carbohydrate group only for both HQ/HA and
HQ/LA. Due to the exploratory nature of this analysis, it is possible
that these findings were due to chance. However, given the increased
risk for metabolic disease among those with overweight and obesity,
adding a focus on dietary quality in weight loss dietary interventions
in order to potentially reduce risk of, or improve, related conditions
independent of weight loss alone is intriguing and supported by the
literature [38, 40-43].

Patterns of associations between dietary adherence/quality and
changes in lipids among those assigned to HLC and HLF diets were
less clear. Compared with the LA/LQ subgroup, none of the other
adherence/quality groups had significant changes in their LDL
cholesterol values. Triglyceride concentrations improved among only
the HQ/LA subgroup assigned to the low-fat diet only. HDL cholesterol
concentrations worsened very slightly among the HQ/HA subgroup
assigned to the low-fat diet. These findings could have been due to a
number of reasons, including chance, nondietary factors, or little room
to change, given baseline mean lipid values were at or very near goal
levels according to current guidelines [44]. Bias toward the null is also
a possibility, given the method used to divide participants into dietary
adherence/quality subgroups. Changes in dietary quality needed to
impact lipids concentrations may also be different than dietary changes
made that affected weight loss in this study. When considering lipids
values and the dietary adherence/quality relationship, more research is
needed.

The DIETFITS trial and this secondary analysis have several
strengths. The DIETFITS trial had a large sample size (N = 609) that
included females and males, had good retention (retention at 12 mo for
the DIETFITS main outcomes, which was defined as participants who
provided any data at 12 mo, was 79% for both groups), and a sufficient
duration (12 mo) to evaluate long-term dietary adherence, dietary
quality, and the impacts of these on primary and secondary outcomes.
The gold standard for self-reported dietary data collection (i.e., the
multipass 24-h recall) was used [45]. Study interventions were created
from evidence-based frameworks of behavior change [12, 46, 47].
Medications that can influence weight and metabolism were part of the
exclusion criteria; this is important because some of these same med-
ications can also influence food choices. Additionally, baseline char-
acteristics between participants included in the analysis and those with
missing data were comparable (Table 1). Because study participants
were generally healthy adults with overweight and obesity, it is
potentially generalizable to a large segment of the US population.
Statistical analysis controlled for baseline fat or carbohydrate intake
(Table 5), which would have otherwise influenced the results.

Due to the inherent limitations of a secondary analysis, partici-
pants in this study were not randomly assigned to dietary quality/
dietary adherence groups, making this essentially an observational
study. Another limitation is a likely bias toward the null for all
outcomes. This is because the method used to divide participants
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into diet quality/adherence groups was splitting at the median for 12-
mo change in macronutrient (i.e., fat or carbohydrate) intake and
median diet quality score (i.e., HEI). Many participants clustered
around the median (Supplemental Figures 2A and 2B). To the con-
trary, a strength of this study is that the statistically significant
findings are more likely to be real rather than found due to chance
because of this bias. Participants were relatively well-educated
compared with the general population and primarily non-Hispanic
White, potentially limiting generalizability. A quarter of DIETFITS
participants were excluded from this analysis due to missing 12-mo
dietary recalls; however, those with missing data were comparable to
those included in the analysis (Tables 1 and 2). Although high di-
etary quality is associated with better health in the literature [38,
40-43], there is no established cutoff above which it is considered
high compared with low dietary quality for the outcomes included in
the study. Similarly, although greater adherence to assigned diets
within a dietary weight loss intervention is associated with greater
weight loss [26-28], there is no clear cutoff for determining adher-
ence compared with nonadherence within dietary interventions [48].
This is especially true for DIETFITS as instructions given in the
study were to initially reduce to 20 grams of fat or net carbohydrate
for 8 wk and then increase intake until a level was reached that
participants could maintain long term. This maintenance level varied
by participant, and thus, median was chosen as a rational scientific
cutoff.

Further research is needed to assess the impact of dietary quality in
dietary interventions aimed at weight loss and improvement in car-
diovascular disease risk factors. The results of this secondary analysis
suggest that rather than focusing solely on changes in macronutrient
intake, such as low-carbohydrate and low-fat diets, additional benefits
may be gained through emphasizing eating a high-quality diet,
regardless of other dietary specifics. However, it should be noted that
the quality of the diet is also influenced by macronutrient intake. To
date, no studies have shown a negative impact on health of eating a
high-quality diet, and countless have shown numerous health benefits.
Therefore, in a clinical setting, risk-benefit calculation in deciding
whether to recommend high-quality diet regardless of other dietary
features is in favor of making this recommendation.
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