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Introduction: There is a large heterogeneity in LDL-cholesterol change
among individuals adopting ketogenic diets. Interestingly, lean
metabolically healthy individuals seem to be particularly susceptible, with
an inverse association between body mass index and LDL-cholesterol
change. The lipid energy model proposes that, in lean healthy individuals,
carbohydrate restriction upregulates systemic lipid trafficking to meet energy
demands. To test if anthropometric and energy metabolism markers predict
LDL-cholesterol change during carbohydrate restriction.

Methods: Ten lean, healthy, premenopausal women who habitually
consumed a ketogenic diet for >6 months were engaged in a three-phase
crossover study consisting of continued nutritional ketosis, suppression of
ketosis with carbohydrate reintroduction, and return to nutritional ketosis.
Each phase lasted 21 days. The predictive performance of all available
relevant variables was evaluated with the linear mixed-effects models.

Results: All body composition metrics, free Tz and total T4, were significantly
associated with LDL-cholesterol change. In an interaction model with BMI and
free Ts, both markers were significant independent and interacting predictors of
LDL-cholesterol change. Neither saturated fat, HOMA-IR, leptin, adiponectin,
TSH, nor rT3 was associated with LDL-cholesterol changes.
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Discussion: Among lean, healthy women undergoing carbohydrate
restriction, body composition and energy metabolism markers are major
drivers of LDL-cholesterol change, not saturated fat, consistent with the lipid

energy model.
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Thyroid markers and body composition predict LDL-cholesterol change in lean

healthy women on a Ketogenic Diet: Experimental support for Lipid Energy Model
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GRAPHICAL ABSTRACT

1 Introduction

Ketogenic diets (KDs) are becoming increasingly popular for
the treatment of a wide range of chronic medical conditions,
including epilepsy (1), neurodegenerative diseases (2), mental
health disorders (3), diabetes (4), and many other chronic
conditions not necessarily associated with an elevated body mass
index (BMI). However, there is a large degree of heterogeneity in

Abbreviations: fHB, D-B-hydroxybutyrate; BMI, body mass index; LDLc, low-
density lipoprotein cholesterol; HDLc, high-density lipoprotein cholesterol;
LMHR, lean mass hyperresponders; FM, fat mass; FMI, fat mass index; FatOx,
fat oxidation; fT;, free triiodothyronine; FEMI, fat-free mass index; LPL,
lipoprotein lipase; NK, nutritional ketosis; RQ, respiratory quotient; rTj,
reverse triiodothyronine; SuK, suppressed ketosis; SUK, Standard United
Kingdom Diet; TG, triglycerides; Ty, thyroxine; TSH, thyroid-stimulating
hormone; VLDL, very low-density lipoprotein.
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LDL-cholesterol (LDLc) changes to KD, with some individuals
exhibiting decreases in LDLc, many exhibiting minimal change,
and yet some exhibiting large increases on the order of 100s of mg/
dL (5, 6).

At present, the sources of this heterogeneity are poorly
understood and/or misunderstood, deterring the clinical
implementation of this nutritional therapy. Interestingly (and
counterintuitively), a major source of heterogeneity in the LDLc
response may be BMI, with a normal BMI (<~25 kg/m?) associated
with larger increases in LDLc when compared with higher BMIs (6).

One hypothesis to explain this phenomenon is the lipid energy
model (LEM) (7), which posits that the increase in LDLc exhibited
by lean individuals on KD is a result of upregulation in systemic
lipid trafficking to meet energy demands. Briefly, in lean individuals,
a KD induces larger increases in circulating free fatty acids that are
subsequently taken up by hepatocytes, resynthesized into
triglycerides (TGs), and exported on very low-density lipoprotein
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(VLDL) particles. These VLDLs are depleted of their TG cargo by
lipoprotein lipase (LPL) at peripheral adipocytes and oxidative
tissues, resulting in TG-depleted LDL particles and an increase in
HDL-cholesterol (HDLc) as HDL particles accept cholesterol from
VLDL during LPL-mediated turnover.

The LEM also predicts that energy demand can influence LDLc
changes too, as VLDL export and peripheral turnover should
increase to meet the needs of increased peripheral tissue
demands, all else being equal. In this three-phase crossover study,
involving 10 lean, healthy women on KDs, we aim to confirm prior
reports of an inverse association between BMI and LDLc on KD and
test if thyroid hormones—well-documented regulators of energy
metabolism—also predict LDLc change.

2 Methods
2.1 Ethical approval

Ethical approval was obtained by the College of Liberal Arts and
Sciences Research Ethics Committee, University of Westminster,
United Kingdom (ETH2122-0634). All procedures were conducted
in accordance with the Declaration of Helsinki and UK legislation.

2.2 Study design

This study was an open-labeled, non-randomized crossover trial
with three phases, each 21 days in duration: nutritional ketosis (NK;
P1); suppressed ketosis (SuK) on higher carbohydrate UK Eatwell
Guidelines, Standard United Kingdom (SUK; P2) guidelines; and
returned to NK (P3). Participants were n = 10 healthy women.
Recruitment criteria included healthy premenopausal lean (BMI < 25
kg/m?®) women, who were not taking hormonal contraception, were
non-smokers, and had been adherent to a KD for =6 months (mean 3.9
+ 2.3 years) to ensure sufficient time for metabolic adaptation. To
confirm a state of NK, a daily capillary D-B-hydroxybutyrate (BHB)
measurement was done between 16:00 and 18:00 before the evening
meal during the 6 months prior to commencing the study.
Standardized evening measurements were chosen as a more rigorous
threshold (as compared with morning measurements after overnight
fasting) to increase the probability that participants were in NK most of
the time.

These analyses emerged from a larger recently published study.
Further methodological details can be found here (8).

During the first 21-day phase, participants maintained NK,
defined as BHB >0.5 mmol/L, and similar to those exhibited during
their routine KD. On day 22, participants attended the Human
Physiology Laboratory at the University of Westminster at 08:00
after an overnight fast (>12 h) for baseline anthropometric and
biochemical testing.

Days 23-43 (21 days inclusive) marked phase 2 (SuK), in which
participants aimed to suppress BHB to <0.3 mmol/L. To accomplish
this, participants were instructed to adhere to the UK Eatwell
Guideline (9), which recommends consuming a predominance of
calories from carbohydrates (e.g., 55% kcal from carbohydrates on a
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2,000 kcal diet is 275 g/day net carbohydrate), similar to most
standard healthy eating guidelines worldwide. After the SuK phase
on day 44, participants reported to the laboratory at 08:00 after an
overnight fast for measurements, as previously. Days 45-65 marked
phase 3, a return to NK.

All anthropometric measurements used Seca® (mBCA 514
Medical Body Composition Analyzer, Gmbh&Co. KG, 996
Hamburg, Germany). Fat oxidation (FatOx) was extrapolated
from the respiratory quotient (RQ) and measured with Quark
RMR 1004 (COSMED srl, Rome, Italy). All participants lay
supine for 15 min before measurements were taken.

Since thyroid hormones are well-documented regulators of
energy expenditure (10, 11), we also sought to analyze if they are
independent predictors of LDLc throughout the study. Dietary
composition was assessed from daily dietary records on days 1,
14, and 21 of each phase using Food Processor® (ESHA Research,
Salem, Oregon, United States).

2.3 Statistical analysis

Data management and statistical analyses were performed using
R version 2023.09.0 + 463, and all data manipulation was performed
using dplyr::. To account for a repeated measures design, we used
linear mixed-effects models with a random slope for each
participant to compare the influence of different physiological
variables on LDLc across the study. All models used the R
function ImerTest:Imer.

Multidimensional predictive performance comparisons were
made with performance::compare_performance and considered the
Akaike information criterion (AIC), Bayes information criterion
(BIC), root mean square error (RMSE), intraclass correlation
coefficients (ICCs), and marginal R

The sample size of the study was calculated based on pilot
feasibility data with five participants who underwent all three
phases with changes in insulin and insulin-like growth factor 1
(IGF-1) as the primary outcome. A sample size of n =9 (n = 3 for
IGF-1), was obtained using G*Power (v3.1) with an ICC = 0.5, an
alpha level of 0.05, a target statistical power of 0.80, and a medium
effect size of f = 0.5.

Our sensitivity analyses tested if other physiological variables,
also known to influence lipid and lipoprotein metabolism [leptin,
adiponectin, fasting insulin, homeostatic model for insulin
resistance (HOMA-IR), fat oxidation, and saturated fat], took
over the significance of BMI as an LDLc change predictor
(suggestive of full mediation).

Additionally, we simulated data for every participant to test if a
larger consumption of saturated fat (290% of total energy intake)
would have changed our conclusions with the MS Excel function
randbetween with lower and upper bounds (of 180 to 200 g/day for
phases 1 and 3 and of 15 to 25 g/day for phase 2).

Finally, we tested if BMI and thyroid hormones were associated
to rule out that their association with LDLc was simply due to
potential collinearity.

The analysis code is available at https://github.com/
AdrianSotoM/LMHRW.
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3 Results

Participants had a mean BMI of 20.5 + 1.4 kg/m?, were 32.3 +
8.9 years of age, and had been on a KD for 3.9 + 2.3 years.
Adherence to each phase was confirmed with daily capillary BHB
tests (NK, phase 1 = 1.9 + 0.7; SuK, phase 2 = 0.1 + 0.1; NK, phase 3
= 1.9 + 0.6 mmol/L), and all 10 consistently achieved NK (3BHB >
0.5 mmol/L) and SuK (BHB < 0.03 mmol/L) as required by the
study design. Table 1 summarizes the changes in variables of
interest throughout the study.

As represented in Table 2, free trilodothyronine (fT5) and
thyroxine (T4), but neither TSH nor reverse T; (rT5), were associated
with LDLc. All body composition markers—BMI, fat mass index
(FMI), and fat-free mass index (FFMI), were associated with LDLc.

To build an interacting model between body composition and
energy metabolism, fT'; and BMI were chosen due to their overall
superior predictive performance. Both were independently and
significantly interacting predictors of LDLc. Figure 1 illustrates
the multidimensional predictive performance comparisons in

10.3389/fendo.2023.1326768

which the BMI:AT}; interaction model was the best predictor of all
models (patent in the largest area of its polygon).

As depicted in Figure 2, BMI remained stable throughout the study
in all participants, and those with lower BMIs had higher LDLc during
the first (NK) phase and larger LDLc changes across phases.

As shown in the sensitivity analyses in Table 3, BMI remained a
robust and significant predictor of LDLc change despite the
addition of any covariate, and no covariate remained significant
after accounting for the effect of BMI. Even when tested against a
saturated fat intake as high as 90% of total energy (1,800 kcal from
pure saturated fat on a 2,000 kcal diet), BMI remained a significant,
and virtually unchanged, predictor of LDLc change.

Finally, BMI was not significantly associated with any of the
measured thyroid markers.

4 Discussion

These experimental results are consistent with prior observational
data in showing that BMI is inversely related to LDLc change on a KD

TABLE 1 Anthropometric and lipid metabolism measurements throughout the study.

Phase 1 Phase 2 Phase 3
Mean (+ SD) Mean (+ SD) Mean

BMI 20.5 1.4 21.5 13 20.8 15 0.28

Fat mass index 5.5 1.0 6.1 1.0 5.7 1.0 0.37
Fat-free mass index 15.0 1.1 153 1.0 15.1 1.1 0.76

Fat oxidation (%) 97.8 4.2 87.8 13.6 98.7 1.9 0.01

CHO oxidation (%) 22 4.2 12.2 13.6 1.3 1.9 0.01
Insulin (pmol/L) 33.6 8.6 59.8 14.7 31.6 9.4 <0.001
Glucose (mmol/L) 44 0.5 5.1 0.6 44 0.3 0.003
HOMA-IR 1.1 0.3 2.3 0.7 1.0 0.4 <0.001

Adiponectin (ug/mL) 9.1 4.2 10.8 6.8 8.7 33 0.62

LDLc (mg/dL) 148.0 61.2 102.5 294 124.1 45.8 0.12

HDLc (mg/dL) 70.1 10.4 72.7 13.6 69.8 11.8 0.83

Triglycerides (mg/dL) 66.8 28.0 66.1 21.1 79.3 45.9 0.61
T3 (pmol/L) 3.85 0.3 5.5 0.7 39 0.4 <0.001

T, (pmol/L) 135 1.6 132 15 12.7 0.7 0.34

TSH (mIU/L) 14 0.7 1.6 0.8 1.3 0.8 0.67

rT5 (nmol/L) 0.3 0.1 0.3 0.1 0.3 0.1 0.64
Resting metabolic rate (kcal/day) 1,534 177 1,568 311 1,479 268 0.74
Energy intake (kcal/day) 1,834 236 1,830 232 1,757 176 0.66
CHO intake (g/day) 58.5 21.1 198.6 71.1 57.0 23.6 <0.001

Protein (g/day) 83.9 27.6 63.3 14.9 76.7 285 0.18

Sat fat intake (g/day) 33.7 124 20.9 7.1 28.9 15.1 0.07
Simulated sat fat (g/day) 196.3 33 19.9 33 194.6 33 <0.001

CHO, carbohydrate; sat fat, saturated fat.
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TABLE 2 Predictive performance of the models.

10.3389/fendo.2023.1326768

Model Estimate AIC Marginal R? RMSE p-value
LDLc ~ fT, -20.4 312.2 11% 22.9 0.003
LDLc ~ T, 14.2 314.8 15% 29.6 0.03

LDLc ~ TSH -5.6 320.1 0.07% 30.1 0.68
LDLc ~ rTs -46.7 325.5 0.07% 30.1 0.59
LDLc ~ BMI -25.1 307.8 42% 25.0 0.001
LDLc ~ FMI -325 315.2 26% 243 0.01
LDLc ~ FEMI -30.1 3113 37% 29.0 0.01
BMI = -56.9 0.005

LDL ~ BML: {Ts fT5 = -191.5 305.6 38% 20.2 0.03
BMLfT; _ 8.5 0.04

AIC, Akaike information criterion; marginal R% variability explained by the fixed effects; RMSE, root mean square error.

(6). While prior data primarily report that lower BMI is associated with
larger increases in LDLc upon adoption of KD, these data show the
inverse is also true: those with lower BMI also exhibit larger decreases
in LDLc upon carbohydrate reintroduction.

It is not surprising that all anthropometric measurements (BMI,
FMI, FFMI) were significant predictors of LDLc given their
expected collinearity among lean women. While BMI is an
imperfect indicator of body composition, we focused on it as it is
more widely available, and it yields the most conservative estimate
size (B = —25) for our primary outcome and explains better the
observed variability than the other anthropometric biomarkers (R*
= 0.42 vs. 0.26 and 0.37 for FMI and FFMI, respectively).

How do anthropomorphic measurements compare in
predictive power to a more widely recognized influencer of LDLc
levels: saturated fat intake? As shown in our sensitivity analysis,
BMI dominates over saturated for determining LDLc change, even
when >90% of total calories were derived from saturated fat.

Consistent with what has been documented in randomized
crossover trials (12), fT5; was lower in the NK phases when
compared with the SuK (higher carbohydrate) phase.
Additionally, we found that fT5 and T, (but not TSH or rTj;)
were predictive of LDLc change, which is consistent with the role of
thyroid hormones in regulating systemic lipid energy trafficking to
meet energy demands during carbohydrate restriction.

While this thyroid marker pattern may appear reminiscent of a
“sick euthyroid syndrome,” a condition in which patients with
critical illness demonstrate changes in peripheral thyroid hormone
levels (13), we caution against this interpretation for the following
reasons. i) We studied healthy participants. ii) As shown in Table 1,
energy intake, weight, resting metabolic rate, TSH, and rT;
remained unchanged across throughout the study. iii) It is not yet
clear how macronutrient shifts affect thyroid hormone sensitivity,
and akin to what is observed in insulin or leptin resistance, the levels
of a hormone may be inversely associated with its sensitivity.

RMSE AIC

Marginal R2

FIGURE 1

BMI

BMI:fT,

Fat Free Mass Index
Fat Mass Index

rT3

fT3

T4

TSH

Conditional R2

Multidimensional predictive performance comparison. AIC, Akaike information criterion; BIC, Bayes information criterion; conditional R?, explained
variability by both fixed and random effects; marginal R?, explained variability by fixed effects; ICC, intraclass correlation coefficient; RMSE, root mean

square error.
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LDL-cholesterol change by phase and BMI.

A chief strength of this study included the rigor with which
participants complied with the dietary regimen, as evidenced by all
participants achieving consistent NK during the NK phases and
consistent suppression of ketosis during the SuK phase, determined
by blood capillary testing combined with dietary records.
Additionally, all participants had a BMI <24 kg/m® and,
therefore, were “lean” and remained weight-stable, increasing the
internal validity of this study.

Limitations include that our sample size was not calculated with
LDLc changes as the primary outcome. However, it is unlikely that the
negative results in our sensitivity analyses are due to low statistical
power, as none had borderline statistical significance. Another
limitation is the relatively short duration of each phase, as noticeable
from the fact that 21 days was not sufficient for participants to return to

TABLE 3 Sensitivity analyses.

Model Estimate p-value
. . BMI: -26.0 0.001
LDLc ~ BMI + adiponectin i K
Adiponectin -1.9 0.26
. . BMI: -22.1 0.02
LDLc ~ BMI + insulin .
Insulin: 0.4 0.40
BMI: -33.7 0.01
LDLc ~ BMI + leptin .
Leptin: —0.2 0.84
BMI: -21.0 0.01
LDLc ~ BMI + HOMA
HOMA: -11.5 0.21
LDLc ~ BMI + 290% energy BMI: -20.5 0.02
from saturated fat Sat fat: 0.09 0.23
fT5 ~ BMI 0.15 0.21
FT, ~ BMI —-0.06 0.76
TSH ~ BMI 0.19 0.12
rT5 ~ BMI 0.003 0.84

Frontiers in Endocrinology

baseline (elevated) LDLc on a KD. Of note, it has been reported that
some physiological adaptations to macronutrient shifting may persist
after 3 months (14). Nonetheless, since all participants followed a KD
for 26 months before enrolment, it is likely that a longer follow-up
would only have caused phase 3 to mirror phase 1 more closely and
have strengthened the main findings in this work. Future studies will
investigate the potential role of other potentially relevant hormonal
modulators in the LEM.

4.1 Conclusions

The amplitude of LDLc changes (both increases with KD adoption
and decreases with carbohydrate reintroduction) is larger when BMI is
lower. Additionally, fT} is an independent predictor of LDLc changes,
separate from BMI. These findings are consistent with and build upon
the lipid energy model and provide useful insight for lean people
considering adopting carbohydrate-restricted ketogenic diets.

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 humans were approved by the College of
Liberal Arts and Sciences Research Ethics Committee, University of
Westminster, United Kingdom (ETH2122-0634). The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

frontiersin.org


https://doi.org/10.3389/fendo.2023.1326768
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Cooper et al.

Author contributions

1C: Conceptualization, Funding acquisition, Investigation,
Methodology, Project administration, Resources, Supervision,
Validation, Writing - original draft, Writing - review & editing.
CS-P: Data curation, Formal analysis, Investigation, Methodology,
Writing — original draft, Writing - review & editing. NN:
Conceptualization, Formal analysis, Investigation, Methodology,
Supervision, Visualization, Writing - original draft, Writing -
review & editing. DF: Conceptualization, Investigation,
Methodology, Supervision, Visualization, Writing - review &
editing. YK: Investigation, Methodology, Project administration,
Writing - review & editing. KE: Investigation, Methodology, Project
administration, Writing - review & editing. LP: Investigation,
Methodology, Project administration, Writing - review & editing.
BE: Conceptualization, Project administration, Supervision,
Writing - review & editing. AS-M: Conceptualization, Data
curation, Formal analysis, Investigation, Methodology,
Supervision, Visualization, Writing - original draft, Writing -
review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article. This

References

1. Martin-Mcgill KJ, Jackson CF, Bresnahan R, Levy RG, Cooper PN. Ketogenic
diets for drug-resistant epilepsy. Cochrane Database Systematic Rev (2018) 2018:11.
doi: 10.1002/14651858.CD001903.pub4

2. Norwitz NG, Jaramillo JG, Clarke K, Soto A. Ketotherapeutics for
neurodegenerative diseases. In: International review of neurobiology. Cambridge,
Massachusetts: Academic Press Inc (2020) 155:141-68. doi: 10.1016/bs.irn.2020.02.003

3. Danan A, Westman EC, Saslow LR, Ede G. The ketogenic diet for refractory
mental illness: A retrospective analysis of 31 inpatients. Front Psychiatry (2022)
13:951376/BIBTEX. doi: 10.3389/FPSYT.2022.951376/BIBTEX

4. Nicholas AP, Soto-Mota A, Lambert H, Collins AL. Restricting carbohydrates and
calories in the treatment of type 2 diabetes: A systematic review of the effectiveness of “low-
carbohydrate” interventions with differing energy levels. In: Journal of nutritional science,
vol. 10. Cambridge, UK: Cambridge University Press (2021). doi: 10.1017/jns.2021.67

5. Bureén J, Ericsson M, Damasceno N, Sjodin A. A ketogenic low-carbohydrate high-fat
diet increases LDL cholesterol in healthy, young, normal-weight women: A randomized
controlled feeding trial. Nutrients (2021) 13(3):814. doi: 10.3390/nu13030814

6. Norwitz NG, Feldman D, Soto-Mota A, Kalayjian T, Ludwig DS. Elevated LDL
cholesterol with a carbohydrate-restricted diet: evidence for a “Lean mass hyper-responder”
Phenotype. Curr Developments Nutr (2022) 6(1):nzab144. doi: 10.1093/cdn/nzab144

7. Norwitz NG, Soto-Mota A, Kaplan B, Ludwig DS, Budoft M, Kontush A, et al. The
lipid energy model: reimagining lipoprotein function in the context of carbohydrate-
restricted diets. Metabolites (2022) 12(5):460. doi: 10.3390/METABO12050460

Frontiers in Endocrinology

07

10.3389/fendo.2023.1326768

project was part of a self-funded Ph.D. at the University
of Westminster.

Conflict of interest

NN is co-author of a low-carbohydrate-diet cookbook; he
donates all royalty payments to nutrition research and education.
DF receives financial contributions from membership e.g.,
through Patreon for continued research and is a partner in Own
Your Labs LLC, with all proceeds contributed to the Citizen
Science Foundation.

The remaining 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.

8. Cooper ID, Kyriakidou Y, Edwards K, Petagine L, Seyfried TN, Duraj T, et al.
Ketosis suppression and ageing (KetoSAge): the effects of suppressing ketosis in long
term keto-adapted non-athletic females. Int J Mol Sci (2023) 24(21):15621.
doi: 10.3390/1JMS242115621

9. The Eatwell Guide - NHS. (n.). Available at: https://www.nhs.uk/live-well/eat-
well/food-guidelines-and-food-labels/the-eatwell-guide.

10. Lopez M, Alvarez CV, Nogueiras R, Diéguez C. Energy balance regulation by
thyroid hormones at central level. Trends Mol Med (2013) 19(7):418-27. doi: 10.1016/
j.molmed.2013.04.004

11. Vaitkus JA, Farrar JS, Celi FS. Thyroid hormone mediated modulation of
energy expenditure. Int ] Mol Sci (2015) 16(7):16158-75. doi: 10.3390/
IJMS160716158

12. Tacovides S, Maloney SK, Bhana S, Angamia Z, Meiring RM. Could the ketogenic
diet induce a shift in thyroid function and support a metabolic advantage in healthy
participants? A pilot randomized-controlled-crossover trial. PloS One (2022) 17(6):
€0269440. doi: 10.1371/JOURNAL.PONE.0269440

13. Lee S, Farwell AP. Euthyroid sick syndrome. Compr Physiol (2016) 6(2):1071-80.
doi: 10.1002/CPHY.C150017

14. Jansen LT, Yang N, Wong JMW, Mehta T, Allison DB, Ludwig DS, et al.
Prolonged glycemic adaptation following transition from a low- to high-carbohydrate
diet: A randomized controlled feeding trial. Diabetes Care (2022) 45(3):576-84.
doi: 10.2337/dc21-1970

frontiersin.org


https://doi.org/10.1002/14651858.CD001903.pub4
https://doi.org/10.1016/bs.irn.2020.02.003
https://doi.org/10.3389/FPSYT.2022.951376/BIBTEX
https://doi.org/10.1017/jns.2021.67
https://doi.org/10.3390/nu13030814
https://doi.org/10.1093/cdn/nzab144
https://doi.org/10.3390/METABO12050460
https://doi.org/10.3390/IJMS242115621
https://www.nhs.uk/live-well/eat-well/food-guidelines-and-food-labels/the-eatwell-guide
https://www.nhs.uk/live-well/eat-well/food-guidelines-and-food-labels/the-eatwell-guide
https://doi.org/10.1016/j.molmed.2013.04.004
https://doi.org/10.1016/j.molmed.2013.04.004
https://doi.org/10.3390/IJMS160716158
https://doi.org/10.3390/IJMS160716158
https://doi.org/10.1371/JOURNAL.PONE.0269440
https://doi.org/10.1002/CPHY.C150017
https://doi.org/10.2337/dc21-1970
https://doi.org/10.3389/fendo.2023.1326768
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Thyroid markers and body composition predict LDL-cholesterol change in lean healthy women on a ketogenic diet: experimental support for the lipid energy model
	1 Introduction
	2 Methods
	2.1 Ethical approval
	2.2 Study design
	2.3 Statistical analysis

	3 Results
	4 Discussion
	4.1 Conclusions

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


