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Background: The DIETFITS trial reported no significant difference in 12-month 
weight loss between a healthy low-fat and healthy low-carbohydrate diet. 
Participants were instructed to restrict fat or carbohydrates to levels consistent 
with a ketogenic or ultra low-fat diet for 2   months and to subsequently increase 
intakes until they achieved a comfortable maintenance level.

Objective: To compare 3- and 12-month changes in body weight and 
cardiometabolic risk factors between a subsample of participants who reported 
3-month fat or carbohydrates intakes consistent with either a ketogenic-like diet 
(KLD) or ultra low-fat diet (ULF).

Design: 3-month and 12-month weight and risk factor outcomes were compared 
between KLD (n  =  18) and ULF (n  =  21) sub-groups of DIETFITS participants 
(selected from n  =  609, healthy overweight/obese, aged 18–50   years).

Results: Less than 10% of DIETFITS participants met KLD or ULF criteria at 3-months. 
Both groups achieved similar weight loss and insulin resistance improvements at 
3-months and maintained them at 12- months. Significant differences at 3-months 
included a transient ~12% increase in LDL cholesterol (LDL-C) for KLD with a 
concomitant greater reduction in log(TG/HDL), a measure of LDL-C’s atherogenic 
potential. The latter was maintained at 12-months, despite substantial diet recidivism 
for both groups, whereas LDL-C levels were similar for ULF at baseline and 12-months. 
KLD participants achieved and maintained the greatest reductions in added sugars 
and refined grains at 3- months and 12-months, whereas ULF participants reported 
a 50% increase in refined grains intake from baseline to 12-months.

Conclusion: Among the ~10% of study participants that achieved the most 
extreme restriction of dietary fat vs. carbohydrate after 3   months, weight loss and 
improvement in insulin sensitivity were substantial and similar between groups. At 
12   months, after considerable dietary recidivism, the few significant differences in 
diet quality and blood lipid parameters tended to favor KLD over ULF.
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1. Introduction

The consumption of added sugars and refined carbohydrates has 
significantly grown in the past five decades with a concomitant increase 
in the global rates of obesity, diabetes and cardiovascular disease 
(CVD) (1, 2). While a substantial reduction in added sugars and 
refined carbohydrate intake has become a priority in current public 
health guidelines (3), there is still little consensus on the optimal ratios 
of carbohydrates and fats for promoting weight loss and optimizing 
CVD risk factors. Multiple diets promoting reduction of added sugar 
and refined grain consumption with varying ranges of carbohydrate 
and fat content have been associated with significant improvements in 
body weight and cardiovascular disease (CVD) risk factors (4). At one 
extreme is the ketogenic diet, which restricts net carbohydrates to 
≤20–50 g per day (5–13), and at the opposite end of the spectrum are 
ultra low-fat diets like the Ornish and Pritikin diets, which recommends 
a drastic reduction of fat to <10% of total daily calories (14–16).

Several randomized clinical trials (RCTs) have compared weight 
loss and chronic disease factors on low-carbohydrate (LC) and low-fat 
diets (LF), with a preponderance of studies reporting greater benefits 
for LC at 6-months but not at 12-months (17–20). However, these 
studies displayed a high variability in the definitions of “low-carb” and 
“low-fat” and in the reporting of adherence to these two dietary 
approaches (21, 22). We recently reported that there was no significant 
difference in 12-month weight loss among 609 healthy subjects with 
overweight/obesity assigned to a Healthy Low Carbohydrate diet 
(HLC) or Healthy Low Fat diet (HLF) (23). However, both diets 
minimized added sugar and refined grains and, hence, reduced overall 
carbohydrate consumption from baseline (23). In addition, with such 
a large study population, variability in both adherence and weight loss 
success was substantial. Following the main publication of our 
findings, we received many queries regarding the outcomes for the 
subset of participants in the study that had been most adherent and 
achieved the greatest dietary changes from their baseline diets for both 
intervention diets. This analysis is a response to those queries.

In order to explore the potential health impacts of diets with greater 
differentiation in relative carbohydrate and fat content, in this secondary 
analysis of the DIETFITS study we selected the participants from the 
HLC group who reported achieving the greatest carbohydrate 
restriction - a dietary pattern that resembled a ketogenic diet (ketogenic-
like diet, KLD), and the participants from the HLF group who reported 
achieving the greatest fat restriction - a dietary pattern that resembled an 
ultra low-fat diet (ultra low-fat, ULF). The 3-month intermediate time 
point was used for selecting these subsets because this was when 
participant enthusiasm and engagement was assessed to be highest; at 
the end of the 12-month protocol very few individuals from the original 
n = 609 DIETFITS participants reported dietary patterns that resembled 
KLD or ULF. Changes in weight and chronic disease risk factors were 
contrasted between these two selected subgroups at the 3-month time 
point, and then longer-term dietary pattern adherence was examined at 
12-months, along with weight and risk factor comparisons.

2. Subjects and methods

2.1. Design and participants

The original trial, Diet Intervention Examining The Factors 
Interacting with Treatment Success (DIETFITS), was a single-site, 

parallel-group, randomized trial of 609 men (n = 263) and women 
(n = 346) with overweight or obesity conducted at the Stanford 
Prevention Research Center from January 2013 to May 2016 and 
designed to whether baseline genetic or cardiometabolic factors would 
explain differential weight loss for those assigned to either a HLC or a 
HLF diet (23).The detailed primary study protocol has been reported 
elsewhere (24). Participants were generally healthy women and men, 
aged 18–50 years, with body mass index (BMI) 28–40 kg/m2. The 
dietary protocol consisted of two phases, Limbo and Titrate, whose 
goal was to help participants achieve the lowest intake of fat or 
carbohydrates they could realistically maintain beyond the end of the 
trial. During the first eight weeks of Limbo phase, participants were 
instructed to cut back on fat or carbohydrate intake progressively until 
they achieved a daily intake of no more than 20 g of carbohydrate 
(HLC) or fat (HLF), which is consistent with a ketogenic or ultra 
low-fat dietary pattern, respectively. During the Titrate phase, 
participants were instructed to increase their fat or carbohydrate 
intake slowly, by 5–15 g each week, until they achieved a comfortable 
maintenance level. In this phase participants were instructed to strive 
for the lowest intake of fat or carbohydrates they could realistically 
maintain for the 12-month intervention period, and even beyond the 
end of the trial should they experience positive benefits from their diet 
assignment. Emphasis on diet Quality was a common feature of both 
intervention arms. All subjects were instructed to (1) maximize 
vegetable intake; (2) minimize added sugars, refined grains, and trans 
fats; and (3) focus on minimally-processed whole foods, prepared at 
home when possible.

2.2. Dietary assessment

Dietary intake was recorded using unannounced 24-h multiple-
pass recall interviews. Diet recalls were collected using Nutrition Data 
System for Research (NDS-R, University of Minnesota), a computer-
based dietary analysis program designed for the collection and 
analyses of 24-h dietary recalls. Nutrient profiles are compiled using 
data provided by the NDSR software and sourced from the NCC Food 
and Nutrient Database (25). Data from 3 dietary recalls for each time 
point (baseline, 3-, 12-months), 2 on weekdays and 1 on a weekend 
day, were averaged and used to determine overall dietary intake for 
each time point. Six-month data were available, but not included in 
this analysis.

2.3. Anthropometric and laboratory 
measures

Anthropometric measures and blood samples were captured at 
baseline, 3-, and 12- months. Body weight was recorded without shoes 
to the nearest 0.1 kg using a calibrated Scale-tronix clinical scale. 
Height was measured to the nearest 0.1 cm using a Seca wall-mounted 
stadiometer. All measurements were taken by a nurse at the Stanford 
Clinical & Translational Research Unit (CTRU) at each time point. All 
clinic visits started between 7:00 and 9:30 am, with participants in a 
fasted state for at least 10–12 h. Blood samples were taken at baseline, 
3, 6 and 12 months via venipuncture by trained nurses or phlebotomists. 
Blood was collected into purple top EDTA vacutainer tubes. Samples 
were processed, aliquoted, and frozen directly by the CTRU lab after 
being drawn. Samples were stored in a − 80° freezer until the time of 
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processing for analysis. Lipids were assessed at all four times points 
(i.e., baseline, 3, 6, and 12 months) from a fasting blood sample. Plasma 
triglycerides, total- and HDL-cholesterol were measured by enzymatic 
endpoint analysis on a clinical chemistry analyzer (Liasys 330). 
LDL-cholesterol was calculated using the Friedewald equation. 
Triglyceride and cholesterol measurements are standardized through 
the CDC-NHLBI lipid standardization program. Insulin levels were 
assessed by radioimmunoassay by the Core Laboratory for Clinical 
Studies Washington University School of Medicine, St. Louis, Missouri. 
Glucose levels were analyzed using a Beckman Glucose Analyzer II 
(BGA II) by electrochemical technique. Insulin resistance status was 
determined by calculating the Homeostasis Model Assessment of 
Insulin Resistance (HOMA-IR) as described previously (26). 6-month 
data were available, but not included in this analysis.

2.4. Diet group criteria and outcome 
analysis

KLD and ULF subjects were selected at 3-months, as this was the 
timepoint with the highest reported restriction of carbohydrates or fat, 
and the most complete weight and cardiometabolic data (i.e., least 
drop-out). Out of 549 subjects with intake data at 3-months, 
we conservatively excluded those who reported <1,200 kcal per day 
due to underreporting concerns (n = 128/549 subjects excluded, 23%). 
For KLD, the threshold of net carbohydrates (carbohydrates minus 
fiber) was set at <30 g per day, based on the recommended range of 
20-50 g used in previous studies (27). This resulted in the inclusion of 
18/205 subjects in KLD from the HLC group. For ULF the cutoff of fat 
intake was initially defined as <10% of daily calories from fat based on 
original recommendations of the Ornish diet (28). However, since 
only 5 of 216 subjects met the <10% fat cutoff, this was increased to 
15% (about 20 g/day) that resulted in the identification of 21 ULF 
subjects, a number reasonably comparable to the KLD group.

2.5. Statistics

The primary aim of this study was to test whether changes in 
baseline to 3-month outcomes [weight, HDL-C, triglycerides, log(TG/
HDL-C), LDL-C, and HOMA-IR] were different among the two study 
population subgroups; KLD and ULF. Baseline demographic, 
anthropometric and cardiometabolic variables data are presented 
using basic descriptive data. Patterns of nutrition intake at baseline, 
3- and 12-months were also summarized descriptively using means 
and standard errors by diet and timepoint.

Linear mixed effects models (29) with fixed effects for diet, time 
(baseline, 3-, or 12-months), and all diet by time interactions, and a 
random intercept for participant were used to test all primary study 
hypotheses to account for the correlated nature of within participant 
changes while using all available data. The models allowed estimation 
of within-diet baseline to 3-month changes and also comparisons 
(using two-sided Wald tests) between diets of these 3- and 12-month 
changes. No adjustments for multiple testing were made given that 
this was a hypothesis generating secondary analysis of a subset of 
participants from a large, randomized trial. All statistical tests were 
two-tailed with type 1 error assumed to be 0.05. All analyses were 
conducted using R version 4.1.2 (30).

3. Results

3.1. Baseline characteristics of the study 
population

The KLD (n = 18) and ULF (n = 21) groups included participants 
exclusively from the HLC and HLF arms, respectively. There were no 
significant between-group differences in baseline demographic or 
anthropometric data and laboratory measurements (Table 1). Baseline 
daily intake of total calories, fats, protein and added sugars and refined 
grains was also similar between groups (Table 2). The ULF group 
reported a marginally significantly greater baseline daily intake of total 
carbohydrates compared to the KLD group (KLD: 250.4 ± 18.3; ULF: 
292.4 ± 17.7 grams; p = 0.047). However, baseline daily intake of net 
carbohydrates (total carbohydrates minus fiber) was similar between 
the two groups.

3.2. Intake of macronutrient, added sugars, 
and refined carbohydrates

All groups reported similar reductions in caloric intake at 
3-months relative to baseline. As expected, and by design, there were 
significant between group differences in the intake of macronutrients 

TABLE 1 Baseline demographics and cardiometabolic variables for KLD 
and OLD.

KLD ULF p-valuea

n=18 n=21

Diet

Healthy Low Carb 18 (100.0%) 0 (0.0%) <0.0001

Healthy Low Fat 0 (0.0%) 21 (100.0%)

Sex

Female 9 (50.0%) 7 (33.3%) 0.60

Male 9 (50.0%) 14 (66.7%)

Age (years) 42.0 (±6.8) 41.2 (±5.6) 0.50

Weight (kg) 103.8 (±14.3) 102.8 (±15.6) 0.32

Race/ethnicity

White 16 (88.9%) 14 (66.7%) 0.26

Hispanic 2 (11.1%) 3 (14.3%)

Asian 0 (0.0%) 3 (14.3%)

Other 0 (0.0%) 1 (4.8%)

HDL 47.4 (±10.7) 47.0 (±8.8) 0.35

LDL 121.0 (±33.1) 109.4 (±27.7) 0.53

Triglycerides 219.1 (±29.1) 137.0 (±67.6) 0.22

Log(TG/HDL ratio) 1.2 (±0.9) 1.0 (±0.4) 0.44

HOMA-IR 4.7 (±2.5) 4.3 (±3.6) 0.88

DXA percent fat 36.5 (±6.5) 34.1 (±5.8) 0.55

Missing 6 (33.3%) 9 (42.9%)

BMI (kg/m2) 35.0 (±2.7) 33.3 (±3.2) 0.065

aWilcoxon rank-sum for continuous variables, e.g., age, and Fisher’s exact test for categorical 
variables, e.g. race.
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(Table 2 and Figures 1A,B). Although all DIETFITS participants were 
instructed to minimize added sugars and refined carbohydrates, their 
reduction was significantly greater for KLD than ULF at 3-months with 
an average difference in daily intake of ~20 g of added sugars and ~ 80 g 

FIGURE 1

Macronutrient, added sugar, and refined grains intake for KLD and 
ULF. (A): Mean intake (Kcal/day; ± standard error of mean) of protein 
(black), carbohydrates (gray), and fat (white) for KLD and ULF at 
baseline, 3 months, and 12 months. (B): Mean intake (grams/day; ± 
standard error of mean) of total sugar, added sugars, and refined 
grains for KLD and ULF at baseline, 3 months, and 12 months. p-
values for null hypothesis that nutrition variables are equivalent 
between diets at a given timepoint; from a linear mixed effects 
model including fixed effects for time, diet, and time*diet interaction, 
and a random effect for study participant.

KLD ULF p-valuea

n=18 n=21

12 Months 6.0 (±2.1) 17.6 (±2.7) <0.01

Total sugars (g)

Baseline 93.6 (±8.6) 105.6 (±11.1) 0.73

3 Months 16.5 (±2.3) 94.7 (±6.0) <0.001

12 Months 35.2 (±5.1) 95.3 (±11.1) <0.001

ap-values for null hypothesis that nutrition variables are equivalent between diets at a given 
timepoint; from a linear mixed effects model including fixed effects for time, diet, and 
time*diet interaction, and a random effect for study participant.
bMean (±standard error of mean).

TABLE 2 (Continued)TABLE 2 Nutrition variables for KLD and ULF at baseline, 3 months, and 
12 months.

KLD ULF p-valuea

n=18 n=21

Calories (kcal/day)

Baseline 2265 (±133)b 2392 (±136) 0.42

3 Months 1482 (±63) 1543 (±45) 0.70

12 Months 1665 (±118) 1938 (±145) 0.13

Carbohydrates (g/day)

Baseline 250 (±18) 292 (±18) 0.05

3 Months 38 (±4) 264 (±8) <0.0001

12 Months 96 (±14) 264 (±20) <0.0001

Net carb (g/day)

Baseline 226 (±17) 265 (±17) 0.05

3 Months 16 (±7) 227.3 (±7) <0.0001

12 Months 77 (±12) 236 (±19) <0.0001

Fat (g/day)

Baseline 97 (±7) 86.2 (±6.5) 0.23

3 Months 100 (±6.0) 20 (±1.1) <0.0001

12 Months 90.3 (±9.3) 51.9 (±5.8) <0.0001

Protein (g/day)

Baseline 91 (±5) 100 (±4) 0.33

3 Months 110 (±7) 84 (±6) 0.01

12 Months 109 (±11) 98 (±6) 0.28

Added sugars (g/day)

Baseline 54 (±8) 45 (±7) 0.25

3 Months 3 (±1) 23 (±4) 0.01

12 Months 10 (±3.4) 32 (±5) 0.01

Refined grains (g/day)

Baseline 93 (±18.1) 114 (±24) 0.47

3 Months 3 (±1) 81 (±22) <0.01

12 Months 41(±13) 166 (±30) <0.001

Fat (%)

Baseline 37.2 (±1.1) 31.3 (±1.3) <0.01

3 Months 58.6 (±1.9) 11.1 (±0.5) <0.001

12 Months 46.9 (±2.8) 22.4 (±1.3) <0.001

Carbohydrates (%)

Baseline 43.5 (±1.9) 48.4 (±1.7) 0.07

3 Months 9.8 (±1.3) 66.4 (±1.8) <0.001

12 Months 22.7 (±3.2) 53.4 (±1.8 <0.001

Protein (%)

Baseline 16.7 (±0.9) 17.2 (±0.7) 0.76

3 Months 30.9 (±1.4) 21.0 (±1.4) <0.001

12 Months 27.3 (±2.1) 21.1 (±1.2) <0.01

Sugar (%calories)

Baseline 22.6 (±2.9) 18.0 (±2.4) 0.21

3 Months 2.0 (±0.5) 16.2 (±3.4) <0.001

(Continued)
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of refined grains between KLD vs. ULF. As presented in Table 2, net 
carbohydrate intake (g/day) was significantly lower for KLD vs. ULF 
(KLD: 15.5 ± 7.2; ULF: 227.3 ± 6.5; p = <0.001), whereas fat intake was 
significantly lower for ULF vs. KLD (KLD: 99.7 ± 6.0; ULF: 19.9 ± 1.1; 
p = <0.001). Protein intake (g/day) was significantly higher for KLD 
compared to ULF (KLD = 110.1 ± 7.1 g; ULF = 83.5 ± 5.9 g; p = <0.001).

The pattern of statistical differences between the two groups 
persisted at 12-months, although the reported intakes of carbohydrates 
and fat increased for KLD and ULF, respectively. For KLD, the reported 
net carbohydrate intakes increased ~60 g/day reaching ~80 g/day, 
whereas fat intakes remained relatively stable around 90 g/day. For ULF, 
the reported fat intakes increased ~30 g/day reaching 50 g/day, whereas 
carbohydrate intakes remained relatively stable at around 230 g/day. At 
12-month the reported intakes of refined grains increased for both KLD 
and ULF from 3-months. However, they remained >50% lower than at 
baseline for KLD, whereas they were almost 50% higher than at baseline 
for ULF. The reported 12-month added sugars intake was higher than 
at 3-months but lower than at baseline for both groups.

3.3. Changes in weight, blood lipids, and 
insulin resistance

At 3-months, weight loss was similar between KLD and ULF 
(Table 3). LDL-C decreased by ~3% for ULF, whereas it increased by 
~12% for KLD with a significant between-group difference [KLD: 
14.9 mg/dL (3.4, 26.4); ULF: −2.9 mg/dL (−13.8, 8.0); p = 0.03]. On the 
other hand, compared to ULF, KLD resulted in a significantly greater 
reduction in the log(TG/HDL-C) also known as atherogenic index of 
plasma (AIP), a measure of the atherogenic potential of an individual’s 

LDL profile [KLD: −0.53 (−0.77, −0.28); ULF: −0.13 (−0.36, 0.11); 
p = 0.02]. Both KLD and ULF resulted in a similar ~30% reduction in 
insulin resistance (HOMA-IR) from baseline that persisted at 
12-months with no significant between-group difference.

At 12-months, when substantial dietary recidivism was reported 
by both the KLD and ULF groups, LDL-C and weight loss were 
similar for KLD and ULF, whereas KLD maintained significantly 
greater improvements in log(TG/HDL) compared to ULF [KLD: 
−0.62 (−0.87, −0.37); ULF: −0.09 (−0.32, 0.15); p = 0.003 (Table 4)]. 
Overall, at 12-months both KLD and ULF lost ~10 kg of body weight 
and experienced a ~ 30% reduction in insulin resistance, whereas TG 
and HDL changed similarly and only modestly in the ULF groups at 
12-months.

4. Discussion

In this secondary analysis of the DIETFITS study we examined 
3-month and 12-month changes in weight loss and CVD risk factors 
among the <10% of participants who reported consuming a very-low 
carbohydrate ketogenic-like diet (KLD) or an ultra low-fat diet (ULF) 
at 3-months. Compared to ULF, KLD resulted in a transient but 
significantly greater increase in LDL-C at 3-months with a 
concomitant significantly greater reduction in the log(TG/HDL). At 
12-months, LDL-C was similar for KLD and ULF, whereas KLD 
maintained significantly greater improvements in log(TG/HDL) 
compared to ULF. In terms of diet quality, refined grain intake was 
reduced significantly more for KLD than ULF at both 3-months. At 
12-months the consumption of refined grains remained less than 50% 
of baseline levels for KLD, whereas it increased almost 50% from 

TABLE 3 Baseline to 3-month changes in clinical variables for KLD and ULF.

KLD ULF p-valuea

Weight (kg)a -9.8 (-12.8, -6.8) -8.7 (-11.6, -5.8) 0.59

HDL (mg/dl) 1.7 (-1.8, 5.1) -3.0 (-6.4, 0.3) 0.05

LDL (mg/dl) 14.9 (3.4, 26.4) -2.9 (-13.8, 7.9) 0.03

Trig (mg/dl) -108.6 (-184.8, -32.4) -25.1 (-97.8, 47.6) 0.12

Log (TG/HDL ratio) -0.53 (-0.77, -0.28) -0.13 (-0.36, 0.11) 0.02

HOMA-IR -1.4 (-2.3, -0.4) -1.4 (-2.3, -0.4) 0.98

Sugar (%calories) -20.6 (-25.9, -15.2) -1.84 (-6.8, 3.1) <0.001

Total sugars (g) -77.1 (-97.1, -57.1) -11.0 (-29.5, 7.5) <0.001

ap-values, estimates, and 95% confidence intervals from a linear mixed effects model including fixed effects for time, diet, and time*diet interaction, and a random effect for study participant.

TABLE 4 Baseline to 12-month changes in clinical variables for KLD and ULF.

KLD ULF p-value

Weight (kg)a -9.9 (-12.9, -6.9) -10.5 (-13.3, -7.6) 0.78

HDL (mg/dl) 4.9 (1.3, 8.5) 0.1 (-3.3, 3.5) 0.05

LDL (mg/dl) 5.0 (-6.7, 16.7) -3.3 (-14.1, 7.6) 0.31

Trig (mg/dl) -113.7 (-191.2, -36.2) -13.0 (-85.7, 59.7) 0.06

Log TG/HDL ratio -0.62 (-0.87, -0.37) -0.09 (-0.32, 0.15) <0.01

HOMA-IR -1.3 (-2.3, -0.30) -1.6 (-2.5, -0.6) 0.67

Sugar (%calories) -16.6 (-22.2, -11.1) -1.1 (-6.2, 4.0) <0.001

Total sugars (g) -57.9 (-78.6, -37.1) -10.8 (-29.9, 8.4) 0.001

ap-values, estimates, and 95% confidence intervals from a linear mixed effects model including fixed effects for time, diet, and time*diet interaction, and a random effect for study participant.
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baseline for ULF, possibly due to compensatory mechanisms for the 
decreased intake of calories from fat. Both groups substantially 
reduced added sugars, although these reductions were significantly 
greater for KLD compared to ULF at both 3-months and 12-months; 
KLD and ULF reported consuming ~80% and ~ 30% less added sugar 
than at baseline, respectively.

Our analysis provides a snapshot of the DIETFITS participants 
assigned to HLC or HLF that most successfully restricted dietary 
carbohydrates or fat, respectively, at 3-months. Participants were 
instructed to consume <20 g of carbohydrates or fat for the HLC or 
HLF, respectively, during the first 2 months of Limbo phase, and to 
subsequently increase intakes until they achieved their lowest level of 
intake that they could realistically maintain in the long term. 
Following these instructions, few subjects assigned to either diet arm 
achieved and maintained at 3-months macronutrient intakes 
approximating those initial targets: <30 g/day of carbohydrates for the 
18 subjects in KLD out of 205 assigned to HLC, and < 15% of fat, 
equivalent to about 20 g/day, for the 21 subject in ULF out of 216 
assigned to HLF. These dietary patterns underscore notable parallels: 
KLD aligns with the principles of the Atkins induction diet, while ULF 
shares resemblances with well-known ultra low-fat regimens like the 
Ornish and Pritikin diets. Even these subjects who most successfully 
restricted dietary carbohydrates or fat at 3-months reported 
substantial overall recidivism toward baseline intake values of 
carbohydrates or fat by 12-months. Nevertheless, ULF maintained an 
average fat intake of ~50 g/day at 12-months, and KLD maintained an 
average intake of ~80 g/day of net carbohydrates. Compared to the 
larger DIETFITS population (23), at 12-months both KLD and ULF 
lost twice as much weight (~ −10 kg vs. ~ −5 kg) and experienced a 
two times greater improvement in insulin resistance (30% vs. 15%).

Our finding that a very low-fat diet may lead to a compensatory 
increase in refined grain intake is in line with what was reported by the 
Women’s Health Initiative (WHI) Dietary Modification Trial, which 
showed that women who consumed a low-fat diet (<20% daily energy 
intake) increased intake of refined grains (+0.3 servings/d) (31). This 
suggests that, while a low fat diet has the potential to be cardioprotective 
if the total sugar intake is also kept low, more often there is a 
compensatory increase in the consumption of refined carbohydrates 
and added sugars. It is estimated that dietary carbohydrate intake 
among US adults make up 50% of our total energy intake with over 
40% of carbohydrates being of low-quality from refined grains, added 
sugars in foods and beverages, fruit juice, and potatoes (32).

Our data add to previous evidence indicating that very low-carb 
ketogenic diets can lead to a triad of higher LDL-C, higher HDL-C 
and lower TGs (5–10, 12, 13, 33–45). This triad is thought to reflect 
a shift toward an overall less atherogenic LDL profile (46, 47) — from 
TG-enriched small dense LDL particles (LDL-P, pattern B) to 
cholesterol-enriched large buoyant LDL-P (pattern A) (5, 11, 42, 48, 
49). Specifically, KLD induced a ~ 12% transient increase in LDL-C 
at 3-months with a concomitant greater decrease in log(TG/HDL), 
which is a marker of increased LDL-P size and an overall less 
atherogenic LDL profile (50). At 12-months, KLD maintained this 
greater improvement in log (TG/HDL), whereas LDL-C was similar 
for KLD and ULF.

This study has several strengths including a large parent trial 
(n = 609), comprehensive diet assessment, comprehensive set of 
cardiometabolic risk factors analyzed, and high macronutrient 
differentiation at 3-months in presence of similar caloric intake and 

reduction of added sugars and refined grain intake. Our analysis also 
has a number of important limitations. First, this was a post-hoc 
analysis that tested hypotheses that were not planned in the parent 
trial protocol. Most importantly, only a small number of subjects met 
the criteria for inclusion compared to the broader parent trial, which 
impairs the significance and generalizability of our findings. In 
addition, dietary intake data were self-reported even if collected in 
multiple pass recalls. Therefore, all the reported statistically significant 
associations or lack thereof must be  interpreted with caution. For 
example, despite non-statistically different baseline values in 
triglycerides, the physiological differences could still contribute to the 
observation that triglycerides and the atherogenic index improved in 
KLD. Finally, it is important to mention the difficulty in discerning the 
impact of diet versus weight loss on clinical outcomes and that long-
term studies on ketogenic diets are limited.

Clinicians can take away a few practical insights from this 
exploratory analysis. First, patients who successfully establish a very 
low “anchor” of carbohydrate or fat intake in the initial phase of a 
low-carb or low-fat intervention may achieve lower maintenance 
intakes and better outcomes than those who began with a higher 
anchor. Anchoring is an unconscious process whereby initial exposure 
to a number serves as a reference point or “anchor” thus influencing 
subsequent judgments (51–54). Both KLD and ULF participants 
achieved greater long-term restrictions of carbohydrates and fats, 
respectively, and greater weight loss and insulin improvements than 
the overall DIETFITS population. However, KLD and ULF dieters 
made up less than 10% of our study population, which likely reflects 
differences in personality, experience, and other socioeconomic 
factors known to affect the response to anchoring (55, 56). Second, the 
drastic reduction of dietary fat on an ultra low-fat diet may lead to a 
compensatory increase in the consumption of refined grains that 
persist even when people increase their fat intake to moderate levels 
after an initial ULF phase. In contrast, anchoring patients to a 
ketogenic diet in the first phase of a low-carb diet may lead to greater 
long-term reductions in added sugars and refined grains. Third, those 
who follow a KLD in the first 3-months of a low-carb intervention 
may experience a transient increase in LDL-C with sustained 
improvements in TG and HDL that persist even when people increase 
their carbohydrate intakes to moderate non-ketogenic levels of ~80 g/
day after an initial KLD phase. While both dietary approaches appear 
to reduce cardiometabolic risk factors, further research is needed to 
compare their effects to a Mediterranean Diet in an outcome study 
with cardiac endpoints and total mortality.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and 
approved by Stanford University Human Subjects Committee 
(Institutional Review Board). The patients/participants provided their 
written informed consent to participate in this study.

https://doi.org/10.3389/fnut.2023.1220020
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Aronica et al. 10.3389/fnut.2023.1220020

Frontiers in Nutrition 07 frontiersin.org

Author contributions

LA, JR, and CG designed research. JR analyzed data. LA, ML, JR, 
and CG wrote paper. All authors contributed to the article and 
approved the submitted version.

Funding

LA was supported by the European Union’s Horizon 2020 Research 
and Innovation Program under grant agreement no. 701944. CG was 
supported by the National Institute of Diabetes and Digestive and 
Kidney Diseases NIH 1R01DK091831, the Nutrition Science Initiative 
(NuSI), NIH 1 K12 GM088033, the National Heart, Lung, and Blood 
Institute NIH T32HL007034 and the Stanford Clinical and 
Translational Science Award (CTSA) to Spectrum NIH UL1 TR001085.

Acknowledgments

We thank Katie Toothman, Cate Ward, and Sebastian Caliri for 
their contributions to the initial ideation and analysis of this study.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2023.1220020/
full#supplementary-material

References
 1. Reynolds A, Mann J, Cummings J, Winter N, Mete E, Te Morenga L. Carbohydrate 

quality and human health: a series of systematic reviews and meta-analyses. Lancet. 
(2019) 393:434–45. doi: 10.1016/S0140-6736(18)31809-9

 2. Bray GA, Popkin BM. Dietary sugar and body weight: have we reached a crisis in 
the epidemic of obesity and diabetes? Health be damned! Pour on the Sugar. Diabetes 
Care. (2014) 37:950–6. doi: 10.2337/dc13-2085

 3. You A. Dietary guidelines for Americans. US Department of Health and Human 
Services and US Department of Agriculture. (2015) 7.

 4. Katz DL, Meller S. Can we say what diet is best for health? Annu Rev Public Health. 
(2014) 35:83–103. doi: 10.1146/annurev-publhealth-032013-182351

 5. Bhanpuri NH, Hallberg SJ, Williams PT, McKenzie AL, Ballard KD, Campbell WW, 
et al. Cardiovascular disease risk factor responses to a type 2 diabetes care model 
including nutritional ketosis induced by sustained carbohydrate restriction at 1 year: an 
open label, non-randomized, controlled study. Cardiovasc Diabetol. (2018) 17:56. doi: 
10.1186/s12933-018-0698-8

 6. Hallberg SJ, McKenzie AL, Williams PT, Bhanpuri NH, Peters AL, Campbell WW, 
et al. Effectiveness and safety of a novel care model for the Management of Type 2 
diabetes at 1 year: an open-label, non-randomized, controlled study. Diabetes Ther. 
(2018) 9:583–612. doi: 10.1007/s13300-018-0373-9

 7. McKenzie AL, Hallberg SJ, Creighton BC, Volk BM, Link TM, Abner MK, et al. A 
novel intervention including individualized nutritional recommendations reduces 
Hemoglobin A1c level, medication use, and weight in type 2 diabetes. JMIR Diabetes. 
(2017) 2:e5. doi: 10.2196/diabetes.6981

 8. Saslow LR, Daubenmier JJ, Moskowitz JT, Kim S, Murphy EJ, Phinney SD, et al. 
Twelve-month outcomes of a randomized trial of a moderate-carbohydrate versus very 
low-carbohydrate diet in overweight adults with type 2 diabetes mellitus or prediabetes. 
Nutr Diabetes. (2017) 7:304. doi: 10.1038/s41387-017-0006-9

 9. Saslow LR, Kim S, Daubenmier JJ, Moskowitz JT, Phinney SD, Goldman V, 
et al. A randomized pilot trial of a moderate carbohydrate diet compared to a very 
low carbohydrate diet in overweight or obese individuals with type 2 diabetes 
mellitus or prediabetes. PLoS One. (2014) 9:e91027. doi: 10.1371/journal.
pone.0091027

 10. Saslow LR, Mason AE, Kim S, Goldman V, Ploutz-Snyder R, Bayandorian H, et al. 
An online intervention comparing a very low-carbohydrate ketogenic diet and lifestyle 
recommendations versus a plate method diet in overweight individuals with type 2 
diabetes: a randomized controlled trial. J Med Internet Res. (2017) 19:e36. doi: 10.2196/
jmir.5806

 11. Sharman MJ, Kraemer WJ, Love DM, Avery NG, Gomez AL, Scheett TP, et al. A 
ketogenic diet favorably affects serum biomarkers for cardiovascular disease in normal-
weight men. J Nutr. (2002) 132:1879–85. doi: 10.1093/jn/132.7.1879

 12. Westman EC, Yancy WS, Mavropoulos JC, Marquart M, McDuffie JR. The effect 
of a low-carbohydrate, ketogenic diet versus a low-glycemic index diet on glycemic 

control in type 2 diabetes mellitus. Nutr Metab (Lond). (2008) 5:36. doi: 
10.1186/1743-7075-5-36

 13. Yancy WS Jr, Olsen MK, Guyton JR, Bakst RP, Westman EC. A low-carbohydrate, 
ketogenic diet versus a low-fat diet to treat obesity and hyperlipidemia: a randomized, 
controlled trial. Ann Intern Med. (2004) 140:769–77. doi: 
10.7326/0003-4819-140-10-200405180-00006

 14. Ornish D, Brown SE, Scherwitz LW, Billings JH, Armstrong WT, Ports TA, et al. 
Can lifestyle changes reverse coronary heart disease? Lancet. (1990) 336:129–33. doi: 
10.1016/0140-6736(90)91656-U

 15. Lichtenstein AH, Van Horn L. Very low fat diets. Circulation. (1998) 98:935–9. doi: 
10.1161/01.CIR.98.9.935

 16. Esselstyn R. The engine 2 diet: The Texas Firefighter's 28-day save-your-life plan that 
lowers cholesterol and burns away the pounds: Grand Central Life & Style; (2009).

 17. Tobias DK, Chen M, Manson JE, Ludwig DS, Willett W, Hu FB. Effect of low-fat 
diet interventions versus other diet interventions on long-term weight change in adults: 
a systematic review and meta-analysis. Lancet Diabetes Endocrinol. (2015) 3:968–79. doi: 
10.1016/S2213-8587(15)00367-8

 18. Collaboration PH (2018). Available at: https://phcuk.org/wp-content/
uploads/2018/02/Summary-Table-Of-Randomised-Controlled-Trials-Comparing-Low-
Carb-To-Low-Fat-Diets-26.02.2018.pdf.

 19. Landry MJ, Crimarco A, Gardner CD. Benefits of low carbohydrate diets: a settled 
question or still controversial? Curr Obes Rep. (2021) 10:409–22. doi: 10.1007/
s13679-021-00451-z

 20. Snorgaard O, Poulsen GM, Andersen HK, Astrup A. Systematic review and meta-
analysis of dietary carbohydrate restriction in patients with type 2 diabetes. BMJ Open 
Diabetes Res Care. (2017) 5:e000354. doi: 10.1136/bmjdrc-2016-000354

 21. Mansoor N, Vinknes KJ, Veierød MB, Retterstøl K. Effects of low-carbohydrate 
diets v. low-fat diets on body weight and cardiovascular risk factors: a meta-analysis of 
randomised controlled trials. Br J Nutr. (2015) 115:466–79. doi: 10.1017/
S0007114515004699

 22. Sackner-Bernstein J, Kanter D, Kaul S. Dietary intervention for overweight and 
obese adults: comparison of low-carbohydrate and low-fat diets. A Meta-Analysis. PLoS 
One. (2015) 10:e0139817. doi: 10.1371/journal.pone.0139817

 23. Gardner CD, Trepanowski JF, Del Gobbo LC, Hauser ME, Rigdon J, Ioannidis JP, 
et al. Effect of low-fat vs low-carbohydrate diet on 12-month weight loss in overweight 
adults and the association with genotype pattern or insulin secretion: the dietfits 
randomized clinical trial. JAMA. (2018) 319:667–79. doi: 10.1001/jama.2018.0245

 24. Stanton MV, Robinson JL, Kirkpatrick SM, Farzinkhou S, Avery EC, Rigdon J, et al. 
DIETFITS study (diet intervention examining the factors interacting with treatment 
success)  - study design and methods. Contemp Clin Trials. (2017) 53:151–61. doi: 
10.1016/j.cct.2016.12.021

https://doi.org/10.3389/fnut.2023.1220020
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2023.1220020/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2023.1220020/full#supplementary-material
https://doi.org/10.1016/S0140-6736(18)31809-9
https://doi.org/10.2337/dc13-2085
https://doi.org/10.1146/annurev-publhealth-032013-182351
https://doi.org/10.1186/s12933-018-0698-8
https://doi.org/10.1007/s13300-018-0373-9
https://doi.org/10.2196/diabetes.6981
https://doi.org/10.1038/s41387-017-0006-9
https://doi.org/10.1371/journal.pone.0091027
https://doi.org/10.1371/journal.pone.0091027
https://doi.org/10.2196/jmir.5806
https://doi.org/10.2196/jmir.5806
https://doi.org/10.1093/jn/132.7.1879
https://doi.org/10.1186/1743-7075-5-36
https://doi.org/10.7326/0003-4819-140-10-200405180-00006
https://doi.org/10.1016/0140-6736(90)91656-U
https://doi.org/10.1161/01.CIR.98.9.935
https://doi.org/10.1016/S2213-8587(15)00367-8
https://phcuk.org/wp-content/uploads/2018/02/Summary-Table-Of-Randomised-Controlled-Trials-Comparing-Low-Carb-To-Low-Fat-Diets-26.02.2018.pdf
https://phcuk.org/wp-content/uploads/2018/02/Summary-Table-Of-Randomised-Controlled-Trials-Comparing-Low-Carb-To-Low-Fat-Diets-26.02.2018.pdf
https://phcuk.org/wp-content/uploads/2018/02/Summary-Table-Of-Randomised-Controlled-Trials-Comparing-Low-Carb-To-Low-Fat-Diets-26.02.2018.pdf
https://doi.org/10.1007/s13679-021-00451-z
https://doi.org/10.1007/s13679-021-00451-z
https://doi.org/10.1136/bmjdrc-2016-000354
https://doi.org/10.1017/S0007114515004699
https://doi.org/10.1017/S0007114515004699
https://doi.org/10.1371/journal.pone.0139817
https://doi.org/10.1001/jama.2018.0245
https://doi.org/10.1016/j.cct.2016.12.021


Aronica et al. 10.3389/fnut.2023.1220020

Frontiers in Nutrition 08 frontiersin.org

 25. Feskanich D, Sielaff BH, Chong K, Buzzard IM. Computerized collection and 
analysis of dietary intake information. Comput Methods Prog Biomed. (1989) 30:47–57. 
doi: 10.1016/0169-2607(89)90122-3

 26. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. 
Homeostasis model assessment: insulin resistance and beta-cell function from fasting 
plasma glucose and insulin concentrations in man. Diabetologia. (1985) 28:412–9. doi: 
10.1007/BF00280883

 27. Phinney SD, Volek JS, Lexington KY. The art and science of low carbohydrate 
living: an expert guide to making the life-saving benefits of carbohydrate restriction 
sustainable and enjoyable. Beyond Obesity. (2011) 4–5.

 28. Ornish D, Omish D. Eat more, weigh less: Dr. Dean Ornish's life choice program for 
losing weight safely while eating abundantly. New York: Harper Collins (2001).

 29. Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-effects models using 
lme4 (2015) 67:48.

 30. Team RC. R: A language and environment for statistical computing. Vienna, Austria: 
R Foundation for Statistical Computing (2017).

 31. Howard BV, Van Horn L, Hsia J, Manson JE, Stefanick ML, Wassertheil-Smoller 
S, et al. Low-fat dietary pattern and risk of cardiovascular disease: the Women's Health 
Initiative randomized controlled dietary modification trial. JAMA. (2006) 295:655–66. 
doi: 10.1001/jama.295.6.655

 32. Shan Z, Rehm CD, Rogers G, Ruan M, Wang DD, Hu FB, et al. Trends in dietary 
carbohydrate, protein, and fat intake and diet quality among US adults, 1999-2016. 
JAMA. (2019) 322:1178–87. doi: 10.1001/jama.2019.13771

 33. Partsalaki I, Karvela A, Spiliotis BE. Metabolic impact of a ketogenic diet compared 
to a hypocaloric diet in obese children and adolescents. J Pediatr Endocrinol Metab. 
(2012) 25:697–704. doi: 10.1515/jpem-2012-0131

 34. Goday A, Bellido D, Sajoux I, Crujeiras AB, Burguera B, García-Luna PP, et al. 
Short-term safety, tolerability and efficacy of a very low-calorie-ketogenic diet 
interventional weight loss program versus hypocaloric diet in patients with type 2 
diabetes mellitus. Nutr Diabetes. (2016) 6:e230. doi: 10.1038/nutd.2016.36

 35. Gibas MK, Gibas KJ. Induced and controlled dietary ketosis as a regulator of 
obesity and metabolic syndrome pathologies. Diabetes Metab Syndr Clin Res Rev. (2017) 
11:S385–90. doi: 10.1016/j.dsx.2017.03.022

 36. Hernandez TL, Sutherland JP, Wolfe P, Allian-Sauer M, Capell WH, Talley ND, 
et al. Lack of suppression of circulating free fatty acids and hypercholesterolemia during 
weight loss on a high-fat, low-carbohydrate diet. Am J Clin Nutr. (2010) 91:578–85. doi: 
10.3945/ajcn.2009.27909

 37. Brehm BJ, Seeley RJ, Daniels SR, D’Alessio DA. A randomized trial comparing a 
very low carbohydrate diet and a calorie-restricted low fat diet on body weight and 
cardiovascular risk factors in healthy women. J Clin Endocrinol Metabol. (2003) 
88:1617–23. doi: 10.1210/jc.2002-021480

 38. Tay J, Brinkworth GD, Noakes M, Keogh J, Clifton PM. Metabolic effects of weight 
loss on a very-low-carbohydrate diet compared with an Isocaloric high-carbohydrate 
diet in abdominally obese subjects. J Am Coll Cardiol. (2008) 51:59–67. doi: 10.1016/j.
jacc.2007.08.050

 39. Brinkworth GD, Noakes M, Buckley JD, Keogh JB, Clifton PM. Long-term effects 
of a very-low-carbohydrate weight loss diet compared with an isocaloric low-fat diet 
after 12 mo. Am J Clin Nutr. (2009) 90:23–32. doi: 10.3945/ajcn.2008.27326

 40. Noakes M, Foster PR, Keogh JB, James AP, Mamo JC, Clifton PM. Comparison of 
isocaloric very low carbohydrate/high saturated fat and high carbohydrate/low saturated 

fat diets on body composition and cardiovascular risk. Nutr Metab. (2006) 3:7. doi: 
10.1186/1743-7075-3-7

 41. Tay J, Luscombe-Marsh ND, Thompson CH, Noakes M, Buckley JD, Wittert GA, 
et al. A very low-carbohydrate, low-saturated fat diet for type 2 diabetes management: 
a randomized trial. Diabetes Care. (2014) 37:2909–18. doi: 10.2337/dc14-0845

 42. Sharman MJ, Gómez AL, Kraemer WJ, Volek JS. Very low-carbohydrate and low-
fat diets affect fasting lipids and postprandial Lipemia differently in overweight men. J 
Nutr. (2004) 134:880–5. doi: 10.1093/jn/134.4.880

 43. Veum VL, Laupsa-Borge J, Eng Ø, Rostrup E, Larsen TH, Nordrehaug JE, et al. 
Visceral adiposity and metabolic syndrome after very high–fat and low-fat isocaloric 
diets: a randomized controlled trial. Am J Clin Nutr. (2017) 105:85–99. doi: 10.3945/
ajcn.115.123463

 44. Mansoor N, Vinknes KJ, Veierod MB, Retterstol K. Effects of low-carbohydrate diets 
v. low-fat diets on body weight and cardiovascular risk factors: a meta-analysis of randomised 
controlled trials. Br J Nutr. (2016) 115:466–79. doi: 10.1017/S0007114515004699

 45. Boden G, Sargrad K, Homko C, Mozzoli M, Stein T. EFfect of a low-carbohydrate diet 
on appetite, blood glucose levels, and insulin resistance in obese patients with type 2 diabetes. 
Ann Intern Med. (2005) 142:403–11. doi: 10.7326/0003-4819-142-6-200503150-00006

 46. Austin MA, King MC, Vranizan KM, Krauss RM. Atherogenic lipoprotein 
phenotype. A proposed genetic marker for coronary heart disease risk. Circulation. 
(1990) 82:495–506. doi: 10.1161/01.CIR.82.2.495

 47. Austin MA, Breslow JL, Hennekens CH, Buring JE, Willett WC, Krauss RM. Low-
density lipoprotein subclass patterns and risk of myocardial infarction. JAMA. (1988) 
260:1917–21. doi: 10.1001/jama.1988.03410130125037

 48. Krauss RM, Blanche PJ, Rawlings RS, Fernstrom HS, Williams PT. Separate effects 
of reduced carbohydrate intake and weight loss on atherogenic dyslipidemia. Am J Clin 
Nutr. (2006) 83:1025–31; quiz 205. doi: 10.1093/ajcn/83.5.1025

 49. Gardner CD, Fortmann SP, Krauss RM. Association of small low-density 
lipoprotein particles with the incidence of coronary artery disease in men and women. 
JAMA. (1996) 276:875–81. doi: 10.1001/jama.1996.03540110029028

 50. Dobiasova M, Frohlich J. The plasma parameter log (TG/HDL-C) as an atherogenic 
index: correlation with lipoprotein particle size and esterification rate in apoB-
lipoprotein-depleted plasma (FER(HDL)). Clin Biochem. (2001) 34:583–8. doi: 10.1016/
S0009-9120(01)00263-6

 51. Oechssler J, Roider A, Schmitz PW. Cognitive abilities and behavioral biases. J 
Econ Behav Organ. (2009) 72:147–52. doi: 10.1016/j.jebo.2009.04.018

 52. Chang C-C, Chao C-H, Yeh J-H. The role of buy-side anchoring bias: evidence from 
the real estate market. Pac Basin Financ J. (2016) 38:34–58. doi: 10.1016/j.pacfin.2016.02.008

 53. Dougal C, Engelberg J, Parsons CA, Van Wesep ED. Anchoring on credit spreads. 
J Financ. (2015) 70:1039–80. doi: 10.1111/jofi.12248

 54. Tversky A, Kahneman D. Judgment under uncertainty: heuristics and biases: 
biases in judgments reveal some heuristics of thinking under uncertainty. Science. (1974) 
185:1124–31. doi: 10.1126/science.185.4157.1124

 55. McElroy T, Dowd K. Susceptibility to anchoring effects: how openness-to-
experience influences responses to anchoring cues. Judgm Decis Mak. (2007) 2:48–53. 
doi: 10.1017/S1930297500000279

 56. Gibson AA, Sainsbury A. Strategies to improve adherence to dietary weight loss 
interventions in research and real-world settings. Behavioral Sciences. (2017) 7:44. doi: 
10.3390/bs7030044

https://doi.org/10.3389/fnut.2023.1220020
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/0169-2607(89)90122-3
https://doi.org/10.1007/BF00280883
https://doi.org/10.1001/jama.295.6.655
https://doi.org/10.1001/jama.2019.13771
https://doi.org/10.1515/jpem-2012-0131
https://doi.org/10.1038/nutd.2016.36
https://doi.org/10.1016/j.dsx.2017.03.022
https://doi.org/10.3945/ajcn.2009.27909
https://doi.org/10.1210/jc.2002-021480
https://doi.org/10.1016/j.jacc.2007.08.050
https://doi.org/10.1016/j.jacc.2007.08.050
https://doi.org/10.3945/ajcn.2008.27326
https://doi.org/10.1186/1743-7075-3-7
https://doi.org/10.2337/dc14-0845
https://doi.org/10.1093/jn/134.4.880
https://doi.org/10.3945/ajcn.115.123463
https://doi.org/10.3945/ajcn.115.123463
https://doi.org/10.1017/S0007114515004699
https://doi.org/10.7326/0003-4819-142-6-200503150-00006
https://doi.org/10.1161/01.CIR.82.2.495
https://doi.org/10.1001/jama.1988.03410130125037
https://doi.org/10.1093/ajcn/83.5.1025
https://doi.org/10.1001/jama.1996.03540110029028
https://doi.org/10.1016/S0009-9120(01)00263-6
https://doi.org/10.1016/S0009-9120(01)00263-6
https://doi.org/10.1016/j.jebo.2009.04.018
https://doi.org/10.1016/j.pacfin.2016.02.008
https://doi.org/10.1111/jofi.12248
https://doi.org/10.1126/science.185.4157.1124
https://doi.org/10.1017/S1930297500000279
https://doi.org/10.3390/bs7030044

	Weight, insulin resistance, blood lipids, and diet quality changes associated with ketogenic and ultra low-fat dietary patterns: a secondary analysis of the DIETFITS randomized clinical trial
	1. Introduction
	2. Subjects and methods
	2.1. Design and participants
	2.2. Dietary assessment
	2.3. Anthropometric and laboratory measures
	2.4. Diet group criteria and outcome analysis
	2.5. Statistics

	3. Results
	3.1. Baseline characteristics of the study population
	3.2. Intake of macronutrient, added sugars, and refined carbohydrates
	3.3. Changes in weight, blood lipids, and insulin resistance

	4. Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

