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Abstract: A ketogenic diet characterized by high fat and low carbohydrate can drive the body to
produce a large number of ketone bodies, altering human metabolism. Unlike normal cells, tumor
cells have difficulty in consuming ketone bodies. Therefore, the application of ketogenic diets in
cancer therapy is gaining attention. However, the effect of ketogenic diets on body parameters
of cancer patients is not well established. This meta-analysis aimed to summarize the effects of
ketogenic diets on cancer patients in earlier controlled trials. PubMed, Embase, and Cochrane
Library were searched for clinical trials that enrolled cancer patients who received ketogenic diets
intervention. Ten controlled trials were included in this meta-analysis. Data were extracted and
checked by three authors independently. Pooled effect sizes revealed a significant effect of ketogenic
diets on body weight (SMD —1.83, 95% CI —2.30 to —1.35; p < 0.00001) and fat mass (SMD —1.52,
95% CI —1.92 to —1.07; p < 0.00001). No significant effect on blood glucose, insulin, or lipid profile
except triglycerides was found in the analysis. It had no effect on liver and kidney function except
that GGT were decreased a little. There were no significant changes in IGF-1 and TNF-« related to
tumor growth. Mental health improvement of cancer patients was supported by several trials. Taken
together, findings in this study confirmed that the ketogenic diet was a safe approach for cancer
patients reducing body weight and fat mass. In addition, cancer treatment-related indicators changed
insignificantly. Ketogenic diets may be beneficial to the quality of life of cancer patients. However,
intervention duration in most studies is shorter than 6 months, and the effect of a long-term ketogenic
diet is still required further validation. More trials with a larger sample size are necessary to give a
more conclusive result; PROSPERO registration number: CRD42021277559.

Keywords: ketogenic diets; body composition; metabolic parameters; cancer patients; food
function; nutrition

1. Introduction

The ketogenic diet is a diet characterized by high fat and low carbohydrate. The
traditional ketogenic diets with a ketogenic index of 4:1 consist of 90% fat, 8% protein,
and 2% carbohydrates. Various protocols suggested an average of 70-80% fat, 5-10%
carbohydrates, and 10-20% proteins, which were found in literature [1]. Under ketogenic
diets, the body’s energy source is mainly ketone bodies derived from fat metabolism. This
will greatly change the metabolism of the body. In 1921, Wilder RM [2] have found that
ketogenic diets could treat refractory epilepsy and reduce the seizure frequency of patients
with epilepsy. In recent years, ketogenic diets have had therapeutic effects on multiple
neurological disorders, including epilepsy, Alzheimer’s disease, Parkinson’s disease, and
glioma [3]. It was also used to try to control the blood glucose level in patients with type 2
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diabetes, obesity, hypercholesterolemia, and polycystic ovary syndrome [4,5]. Ketogenic
diets are considered to be a safe and effective non-drug treatment for metabolic diseases.

Early in 1930, Warburg found that tumor cells tend to use glycolysis even when
oxygen was sufficient. This phenomenon was called a Warburg Effect, which was, aerobic
glycolysis [6]. Compared with oxidative phosphorylation, glycolysis produces energy
quickly but inefficiently. More than 200-fold glucose is consumed by tumor cells to meet
the energy demands of rapid growth compared with normal cells [7]. Moreover, the
mitochondria of tumor cells lack the key enzymes to consume ketones, which makes
it difficult for tumor cells to obtain energy from ketones. The dependence on aerobic
glycolysis makes tumor cells vulnerable to damage in the case of glucose deficiency [8].

Recently, researchers have found that ketogenic diets could effectively improve tumor
control and survival time in glioma [9], pancreatic cancer [10], lung cancer [11], prostate
cancer [12], and breast cancer [13]. The application of ketogenic diets in tumor treatment
has gradually attracted researchers” attention. Ketogenic diets may change cell metabolism
and affect tumor growth. Recent studies have shown that ketogenic diets could not only
limit tumor growth, but also increase the tolerance of normal cells to radiotherapy and
chemotherapy [14], and enhance the anticancer effects of PD-1 blockade [15].

Cancers bring serious physical and mental burden to patients. Promoting cancer
treatment and improving the quality of life of cancer patients are the main goals of cancer
researches. Although there have been many studies on ketogenic diets as an adjuvant
treatment for cancer, its effect on body composition and metabolic parameters of cancer
patients is still unclear. Therefore, this systematic review and meta-analysis was conducted
to summarize earlier controlled clinical trials assessing the effect of ketogenic diets on
cancer patients’ body composition and metabolic parameters including body weight, body
mass index (BMI), fat mass, blood glucose, lipid profiles, and so on.

2. Materials and Methods

This systematic review was registered with the International Prospective Register of
Systematic Reviews (PROSPERO) on 8 October 2021 (registration number CRD42021277559)
and followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [16].

2.1. Data Sources, Search Strategy, and Selection Criteria

We identified relevant studies using medical subject headings (MeSH) and text words
related to ketogenic diets and cancer. The systematic literature search was performed in
Pubmed, EMBASE, and Cochrane Central Register of Controlled Trials (CENTRAL) until
April 2022. Combinations of search terms were shown in Table S1 (Supplement materials).
There was no restriction of language and time in the selection of literature. To avoid missing
any publication, a manual-search was also performed for all reference lists of related clinical
trials and reviews to include other potentially eligible trials. Screening and study selection
were conducted by two authors (H.Z., H.J.) independently.

2.2. Inclusion and Exclusion Criteria

Randomized controlled trials and cohort studies that met the following criteria were
selected: participants were adults diagnosed with cancer/tumor; dietary intervention must
include ketogenic diets (or the subtype of ketogenic diets). Articles were excluded if they:
were non-human species; have no comparison group; were conference abstracts, book
chapters, reviews, or other forms without detailed empirical data and have no exposure or
outcome of interest.

Based on the above inclusion and exclusion criteria, the titles and abstracts of the
selected articles were screened independently by three authors who were not blinded to
the authors and the article titles. The full-text versions of potentially eligible articles were
retrieved for further evaluation. Any discrepancy that occurred during this process was
resolved by consensus.
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2.3. Data Extraction and Quality Assessment

The two authors (H.Z., H.].) extracted the relevant data independently using a Mi-
crosoft Excel customized sheet for a data extraction based on the PICOS principle. Any
discrepancy was settled through joint discussion with the third author (J.X.). The corre-
sponding author was contacted through email for missing data. The following information
was extracted: first author, publication year, study design, age of participants, cancer
type, details about intervention and control diets, number of participants in both groups,
duration of intervention, and outcome (body weight, lipid profile, biochemical indices,
etc.). Engauge Digitizer software was used to extract numerical data published as figures
in the articles. When the studies measured outcomes in a variety of ways, the result was
converted to a uniform scale (mean =+ standard deviation).

Risk of bias was assessed according to the Cochrane Handbook recommendations
using the “risk of bias” method. Several methodological domains were examined to
classify bias: selection bias (random sequence generation and allocation concealment),
performance bias (blinding of participants and personnel), detection bias (blinding of
outcome assessment), attrition bias (incomplete outcome data), reporting bias (selective
reporting), and other bias (carry over effect in cross-over RCTs). Disagreement was resolved
through discussion among authors. Additionally, we rated the quality of each evidence as
high, moderate, low, and very low in effect estimates for outcomes of change from baseline,
based on the Grading of Recommendations, Assessment, Development, and Evaluation
(GRADE) approach, in which studies are evaluated on five aspects: risk of bias, consistency
of effect, directness, precision, and publication bias [17].

2.4. Statistical Analysis

Meta-analyses were conducted using a Review Manager (RevMan) Version 5.4.1
(Revman International, Inc, New York, NY, USA). We used a Cochran-Mantel-Haenszel
test and inverse-variance method to perform a meta-analysis. Continuous variables of N,
mean, standard deviation (SD), and median (25th percentile, 75th percentile) were extracted
from each intervention and control group of the included studies. All the resulting variables
were uniformly converted to mean & SD for merging. For the original study that reported
only the median, we converted the median of baseline and post-intervention data to
mean + SD by calculating the closest approximation of mean and SD from the median and
interquartile range (IQR) [18-21]. To do this, standardized mean differences (SMD) and
their 95% confidence intervals (CI) were calculated to assess the change in each selected
variable. During the analysis process, all the standard errors of the mean (SEM) were
converted into SD by using the formula SD = SEM x /N [22]. Heterogeneity across the
studies was quantitatively evaluated by I? index. When I? value > 50%, the random-
effects model would be adopted. Otherwise, the fixed effects model would be used. If
high heterogeneity was exhibited, the potential source of heterogeneity was explored by
analyzing each study. In addition, p-value < 0.05 was regarded to be statistically significant.

3. Results
3.1. Study Selection

A total of 561 articles were identified. After the removal of 66 duplicate records,
495 potential records were left. A total of 340 articles were excluded based on their titles
and abstracts. In the left 155 articles, 46 articles are in vitro or animal experimental studies
and 31 articles are reviews. There are 20 articles that are not full-text or without public data.
In addition, 39 articles were excluded for 9 case reports, 2 protocols, 8 prospective studies,
6 retrospective studies, and 14 non-controlled trials as shown in Figure 1. Two of the rest
articles were excluded because the results were irrelevant [23] and intervention did not
accord with the inclusive criteria [24]. Flow diagram of the literature search process was
illustrated in Figure 1.
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561 of records identified through database
searching:

PubMed (n =472)

Embase (n = 25)

Cochrane Library (n = 64)

66 duplicates records excluded

495 of records after duplicates

removed

340 of records excluded by title and

abstract screening.

155 of records screened

136 of articles excluded, with reasons:
non-full text (n = 20)

in vitro or animal experimental studies (n=46)
reviews (n = 31)

case reports (n =9)
protocal (n = 2)
prospective study (n = 8)
retrospective study (n = 6)

non-controlled trial (n = 14)

19 of full-text articles assessed
for eligibility

2 articles were excluded:

irrelevantresults (n = 1)

intervention did not accord with the inclusive criteria (n=1)

10 of studies included in quantitative
synthesis (meta-analysis):
10 studies and 17 publications

Figure 1. Flow diagram of the literature search process.

Finally, a total of 10 studies and 17 articles were included for meta-analysis. Among
the 10 studies, Klement’s three studies were subgroup studies based on different cancer
patients in the same study [25].

3.2. Study Characteristics

All figures and tables should be cited in the main text as Figure 1, Table 1, etc. The
characteristics of eligible studies were summarized in Table S2 (Supplementary materials).
The trials included a total of 495 individuals in which 334 individuals had completed the
trials (242 participated in ketogenic diet intervention and 171 completed). The completion
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rate was 64.43% in the ketogenic diet group and 70.66% in the control group. The rate of
each study was shown in Table 1. The inclusion criteria with respect to age, BMI, or cancer
type appeared varied in each study, which were summarized in Table S2.

Table 1. Completion rate of studies.

Author, Year Diet Type EN;IS?;Z(I); g, l::;)l;::izfl Completion Rate ?‘E: %lt}{{;;i?,g]s

Cohen 2018 [26-28] 1%(]:)5 g? ;g 2;553% é
o

Ok 2018 [29] gg ;g 190 2388"2 Z
Kang 2019 [30] LSIE)D ;8 3 Zgggzﬁ é
Khodabakhshi 2019 [31-33] IS<DD 2(7) 38 %83"2 5
Klement 2019 [34] IiDD 157 157 }8888"2 8
Augustus 2020 [35] I\/?I?D gg %g 1800%00(1;:0 ?
Klement 2020 [36,37] IS<DD g; ;8 38257302 8
Voss 2020 [38,39] KSD]?IF ;g ;3 2288"2 g
Kammerer 2021 [40] Iig 2(1) 32 Zggg‘;: g
Klement 2021 [41,42] IiDD ;Z fg %:(1)90;: é

Abbreviations: American Cancer Society (ACS) diet, ketogenic diet (KD), general diet (GD), low-carbohydrate
ketogenic diet (LCKD), modified ketogenic diet (MKD), standard diet (SD).

The comparator group patients received ketogenic diets with more than 55% energy
from fat. Intervention in study (Voss 2020 [38,39]) was a ketogenic diet followed with
short-term fasting. The study (Kdmmerer 2021 [40]) also reported the effect of a low
carbohydrates diet intervention, but it was not within the scope of this article. All of the
control group patients received standard diets except (Cohen 2018 [26-28]), which was
an American Cancer Society (ACS) diet. Duration of the trials varied from 1 to 20 weeks.
The duration of study (Kammerer 2021 [40]) was the longest (20 weeks). The effect of
6 and 12 weeks were reported in the study (Khodabakhshi 2019 [31-33]). Here, only the
data of 12 weeks were extracted and analyzed. The durations of (Augustus 2020) [35],
(Kang 2019) [30] and (Cohen 2018 [26-28]) were 4, 12, and 16 weeks, respectively. The
duration of (Klement 2019 [34], 2020 [36,37], 2021 [41,42]) was 2 to 8 weeks. The duration
of (Ok 2018 [29]) and (Voss 2020 [38,39]) was less than 2 weeks.

Among the ten studies, four of them included breast cancer patients, (Khod-
abakhshi 2019 [31-33]), (Klement 2020 [36,37]) and (Kdmmerer 2021 [40]). The trial
(Cohen 2018 [26-28]) included female patients with ovarian or endometrial cancer. The
remaining five studies included both male and female patients. The trials (Ok 2018 [29])
and (Kang 2019 [30]) included patients with pancreatic, ampulla of vater, common bile
duct and duodenal cancer. Participants in trials (Klement2019 [34], Voss 2020 [38,39],
Klement 2021 [41,42]) were head and neck cancer, glioma, and colorectal cancer pa-
tients, respectively.

3.3. Study Quality of Trials

Individual trial appraisal on each risk of bias was reported in Figure 2. Three of the
studies had a high risk of selection bias (Klement 2019 [34], Klement 2020 [36,37], and
Klement 2021 [41,42]). The participants were assigned to different groups according to their
personal desires. Since the intervention was dietary, the intervention group was informed
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in all studies (high risk), except (Khodabakhshi 2019 [31-33]) (unclear). Placebo was used in
control group in this study (Khodabakhshi 2019 [31-33]). All of the studies did not mention
the blinding of outcome assessment (unclear). The attrition, reporting and other biases
were low risk. Otherwise, the risk of bias assessment of the included studies was generally
acceptable. The evidence profiles for the comparison ketogenic diets vs. non-ketogenic
diets on body weight(moderate), BMI (very low), fat mass (moderate), total cholesterol
(low), HDL-C (low), LDL-C (moderate), triglycerides (low), blood glucose (low), insulin
(moderate), IGF-1 (moderate), ketone body (low), 3-hydroxybutyrate (very low), creatine
(very low), and free T3 (very low) are shown in Table S3.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias) |

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias) N

Other bias

0% 25% 50% 75% 100%

. Low risk of bias

|:| Unclear risk of bias . High risk of bias

Figure 2. Risk of bias assessment of trials.

3.4. The Effects of Ketogenic Diets on Body Composition
3.4.1. Body Weight

Eight trials (302 participants) were included in the analysis of body weight outcomes
in baseline and post-intervention (Figure 3A). The ketogenic diets group has a small effect
size on body weight in post-intervention subgroup (SMD —0.25, 95% CI —0.73 to 0.24,
12 = 74%, p = 0.32). The overall effects of both subgroups were non-statistic. Both subgroups
showed high levels of heterogeneity (baseline: I? = 67%, post-intervention: I? = 74%). The
study (Cohen 2018 [26-28]) was the main source of heterogeneity. After removing the study
(Cohen 2018 [26-28]), the I? in baseline and post-intervention were both reduced to 0%,
and the effect size in post-intervention was (SMD —0.06, 95% CI —0.31 to 0.19, p = 0.61,
Figure S1A). There was little change from the analysis before.

Four studies reported changes from baseline in body weight. Meta-analysis demon-
strated that participants received ketogenic diets were more likely to experience a greater
weight reduction compared with those on comparator diets (SMD —1.29, 95% CI —0.73 to
0.24; I? = 79%; p < 0.00001, Figure 3B). Heterogeneity originates from (Klement 2019 [34] and
Voss 2020 [38,39]) these two studies. There were only five participants in the intervention
group of (Klement 2019 [34]), which had a certain impact on the results. The intervention
duration of (Voss 2020 [38,39]) was less than 10 days, which might have a weak effect on
body weight. After removing the two studies (Klement 2019 [34] and Voss 2020 [38,39]),
the effect size changed to (SMD —1.83, 95% CI —2.30 to —1.35, 2 = 0%, p < 0.00001, Figure
S1B). It can be inferred from the above results that ketogenic diets had a moderate to large
effect on the body weight of cancer patients.
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(A) Bodyweight: post-intervention versus baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference

_Study or Subgroup _Mean _ SD Total Mean _ SD Total Weight IV.Random.95%Cl  IV.Random.95%Cl

1.1.1 Baseline

Augustus 2020 64.36 9.95 16 6287 8.93 20 13.3% 0.16 [-0.50, 0.81] N

Cohen 2018 812 45 25 89 74 20 13.3% -1.32[-1.98, -0.67] -

Kéammerer 2021 67.2 11.83 20 69.06 14.03 25 14.2% -0.14 [-0.73, 0.45] [

Kang 2019 63.82 29.95 9 56.53 23.51 9 10.1% 0.26 [-0.67, 1.19] - 1=

Khodabakhshi 2019 717 119 30 705 17 30 15.3% 0.08 [-0.43, 0.59] T

Klement 2019 67.23 9.819 5 7359 14.62 17 9.3% -0.44 [-1.45, 0.56] N

Klement 2020 7622 157 29 7132 17.39 30 15.2% 0.29[-0.22, 0.80] 1™

OK 2018 646 112 9 56.2 7.2 8 9.3% 0.84 [-0.17, 1.84] a1 =

Subtotal (95% CI) 143 159 100.0%  -0.06 [-0.48, 0.36] <>

Heterogeneity: Tau* = 0.23; Chi* = 20.96, df = 7 (P = 0.004); I* = 67%
Test for overall effect: Z = 0.26 (P = 0.79)

1.1.2 Post intervention

Augustus 2020 6049 9.16 16 63.21 9.07 20 13.2% -0.29 [-0.95, 0.37] -1

Cohen 2018 751 4.5 25 86 72 20 12.8% -1.83 [-2.54,-1.12] - =

Kammerer 2021 64.34 10.02 20 66.41 1296 25 14.0% -0.17 [-0.76, 0.42] -1

Kang 2019 60.97 26.71 9 5368 2243 9 10.7% 0.28 [-0.65, 1.21] R B
Khodabakhshi 2019 654 111 30 692 173 30 14.7% -0.26 [-0.77, 0.25] =

Klement 2019 62.8 12.37 5 6893 13.72 17 10.0% -0.44 [-1.45, 0.57] - = [

Klement 2020 73.81 14.76 29 722 178 30 14.7% 0.10[-0.41, 0.61] -1

0K 2018 606 9.5 9 527 72 8 9.9% 0.88[-0.13, 1.89] T
Subtotal (95% Cl) 143 159 100.0% -0.25[-0.73, 0.24] ->

Heterogeneity: Tau? = 0.35; Chi* = 27.16, df = 7 (P = 0.0003); I = 74%
Test for overall effect: Z = 1.00 (P = 0.32)

-2 -1 0 1 2
Favours [experimental] Favours [control]

Test for subaroup differences: Chi? = 0.34. df = 1 (P = 0.56). I* = 0%

(B) Bodyweight: change from baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean _ SD Total Mean SD__ Total Weight 1V, Fixed, 95% Cl 1V, Fixed, 95% ClI
Klement 2019 -443 295 5 -466 471 17 127% 0.05 [-0.95, 1.05] I
Klement 2020 -286 202 29 046 127 30 32.1% -1.95[-2.58, -1.32] —=
Klement 2021 -4.02 2383 18 -0.08 1.84 23 24.1% -1.66 [-2.39, -0.94] e
Voss 2020 21 18 20 -0.7 14 22 31.2% -0.86 [-1.49, -0.22] -
Total (95% Cl) 72 92 100.0%  -1.29 [-1.64, -0.93] L 4

Heterogeneity: Chi? = 13.98, df = 3 (P = 0.003); I* = 79% Y

134 4 2 0 2 4
Test for overall effect: Z = 7.10 (P < 0.00001) Favours [experimental] Favours [control]

(C) BMI: post-intervention versus baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean SD__Total Weight V. Random.95% Cl IV, Random, 95% CI
1.2.1 Baseline
Augustus 2020 2222 233 16 22.82 23 20 18.8% -0.25[-0.91, 0.41] - m
Kammerer 2021 2421 427 20 27.21 5.75 25 22.7% -0.57 [-1.17, 0.03] - =
Khodabakhshi 2019 278 57 30 2844 5.8 30 31.9% -0.11[-0.62, 0.40] .
Voss 2020 27 4.07 25 274 433 25 26.6% -0.09 [-0.65, 0.46] N
Subtotal (95% Cl) 91 100 100.0% -0.24 [-0.52, 0.05] -

Heterogeneity: Tau? = 0.00; Chi? = 1.70, df = 3 (P = 0.64); I? = 0%
Test for overall effect: Z = 1.63 (P = 0.10)

1.2.2 Post intervention

Augustus 2020 2089 223 16 2294 227 20 212%  -0.89[-1.58,-0.20] —_—
Kémmerer 2021 2283 36 20 2559 4.86 25 249%  -0.62[-1.23,-0.02] —]
Khodabakhshi 2019 259 37 30 2847 4.1 30 29.0%  -0.65[-1.17,-0.13] —

Voss 2020 273 34 20 269 43 22 24.8% 0.10 [-0.51, 0.71] —
Subtotal (95% Cl) 86 97 100.0%  -0.51[-0.91, -0.10] -

Heterogeneity: Tau? = 0.08; Chi? = 5.47, df = 3 (P = 0.14); I? = 45%
Test for overall effect: Z = 2.45 (P = 0.01)

-2 -1 0 1 2
Favours [experimental] Favours [control]

Test for subaroup differences: Chi? = 1.14. df = 1 (P = 0.29). I? = 12.2%

(D) BMI: change from baseline
Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD__Total Weight 1V, Fixed, 95% C| i Y

Klement 2021 -1.1273 0.9027 18 -0.0897 0.674 23 100.0% -1.30 [-1.99, -0.62]

Total (95% Cl) 18 23 100.0%  -1.30 [1.99, -0.62] -
Heterogeneity: Not applicable t t t
Test for overall effect: Z = 3.73 (P = 0.0002)

-4 -2 0 2 4
Favours [experimental] Favours [control]

Figure 3. Cont.
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(E) Fat mass: post-intervention versus baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD__ Total Weight V. Rand 95% Cl IV, Random. 95% CI
1.3.1 Baseline
Cohen 2018 379 153 25 4441 20.6 20 19.1% -0.34 [-0.93, 0.25] - =
Kammerer 2021 2182 8.35 20 26.45 7.53 25 18.8% -0.58 [-1.18, 0.03] e |
Khodabakhshi 2019 358 5.1 30 345 75 30 22.6% 0.20 [-0.31,0.71] =
Klement 2019 525 5.1 4 5043 845 17 8.0% 0.25[-0.84, 1.34] -
Klement 2020 31.66 11.36 29 2877 1284 30 22.3% 0.23 [-0.28, 0.75] -
0K 2018 137 6.2 8 182 52 9 93% -0.75 [-1.75, 0.24] - - 1
Subtotal (95% CI) 116 131 100.0% -0.13 [-0.47, 0.21] -

Heterogeneity: Tau? = 0.07; Chi? = 8.06, df = 5 (P = 0.15); I* = 38%
Test for overall effect: Z = 0.72 (P = 0.47)

1.3.2 Post intervention
Cohen 2018

Kammerer 2021
Khodabakhshi 2019
Klement 2019

Klement 2020

0K 2018

Subtotal (95% CI)
Heterogeneity: Tau? = 0.00; Chi* = 5.08, df = 5 (P = 0.41); = 1%
Test for overall effect: Z = 1.85 (P = 0.06)

Test for subaroun differences: Chi? = 0.30. df = 1 (P = 0.58). I = 0%

327 149 25 412 196 20 185%  -0.49(-1.08,0.11] —
1945 682 20 2382 799 25 183%  -0.57[1.17,0.03] —]

291 74 30 308 75 30 254%  -0.23[-0.74,0.28) —
5104 671 4 472 798 17 55% 0.47 [-0.63, 1.57) —
2971 1097 29 2891 1292 30 25.2% 0.07 [:0.44, 0.58] —

142 64 8 171 49 9 7%  -0.49[-1.46,0.48] —

116 131 100.0%  -0.25[-0.50, 0.01] S 4
2 A 0 1 2

Favours [experimental] Favours [control]

(F) Fat mass: change from baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference
—Study or Subgroup Mean  SD Total Mean SD Total Weight V. Random, 95% Cl 1V, Random. 95% ClI
Cohen 2018 -4.99 553 25 -28 5.07 20 27.0% -0.40 [-1.00, 0.19] — =
Klement 2019 1.99 4 -323 285 17  20.3% 0.62[-0.49, 1.73] I
Klement 2020 1.59 29 0.1 1.18 30 27.1% -1.53 [-2.12, -0.95] —
Klement 2021 278 17 -0.061 1.78 23 25.5% -1.50 [-2.21, -0.78] —
Total (95% Cl) 75 90 100.0% -0.78 [-1.63, 0.07] o

Heterogeneity: Tau? = 0.60; Chi? = 17.03, df = 3 (P = 0.0007); I? = 82%
Test for overall effect: Z = 1.80 (P = 0.07)

-2 -1 0 1 2
Favours [experimental] Favours [control]

Figure 3. Forest plot for the effects of ketogenic diets on body weight, BMI and fat mass. (A,B) were
subgroup effects of the baseline versus post-intervention and effect of change from baseline on body
weight; (C,D) were ones on BMI; (E,F) were ones on fat mass [26—42].

3.4.2. BMI

We found a statistical effect of ketogenic diets on BMI values in post-intervention
(SMD —0.51,95% CI —0.91 to —0.10; 4 trials and 183 participants, I? = 45%, p = 0.01, Figure 3C).
We analyzed again that BMI in post intervention without study (Voss 2020 [38,39]), and the
effect was significant (SMD —0.70, 95% CI —1.04 to —0.36, p < 0.0001, 2 = 0%, Figure S1C).
Analysis of BMI change from baseline also revealed a statistical decrease with ketogenic
diets interventions (SMD —1.30, 95% CI —1.99 to —0.62, p = 0.0002), but only one trial was
involved in the analysis (Klement 2021 [41,42]) (Figure 3D).

3.4.3. Fat Mass

Six studies (302 participants) were analyzed for fat mass. The post-intervention value
showed ketogenic diets had a small effect on fat mass (SMD —0.25, 95% CI —0.50 to
0.01; I2 = 1%; p = 0.06, Figure 3E). Analysis of fat mass changes from baseline revealed a
beneficial effect of ketogenic diets compared with controls but without significant difference
(SMD —0.78, 95% CI —1.63 to 0.07; 12 = 82%, p = 0.07, Figure 3F). Analysis was repeated
after excluding (Klement 2019 [34]); the results appeared to have a large and significant
effect (SMD —1.14, 95% CI —1.89 to 0.38; I = 77%, p = 0.01, Figure S1D). When the studies
(Cohen 2018 [26-28] and Klement 2019 [34]) were excluded, the heterogeneity decreased
and the overall conclusion showed a statistical difference (SMD —1.52, 95% CI —1.92 to
—1.07; 12 = 0%, p < 0.00001, Figure S1E).
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3.5. Effect on Blood Glucose, Insulin, and IGF-1
3.5.1. Blood Glucose

Seven studies were involved in analysis of blood glucose in baseline and post-intervention.
The overall effect in post intervention was small, non-statistic, and high heterogeneity
(SMD —0.48, 95% CI —1.04 to 0.09, p = 0.10, 12 = 82%, Figure 4A). After removing three stud-
ies (Augustus 2020 [35] and Khodabakhahi 2019 [31-33]), the effect size in post-intervention
was little (SMD —0.09, 95% CI —0.47 to 0.29, p = 0.64, I> = 46%, Figure S2A). Only one
study (20 participants) reported changes from the baseline in blood glucose. Analysis of
change from baseline of blood glucose showed a statistic and moderate effect (SMD —0.63,
95% CI —1.25 to —0.01, p = 0.05, Figure 4B). The number of participants included in the
analysis was too small to make definitive conclusions.

3.5.2. Insulin

Seven studies reported insulin changes in the post ketogenic dietary intervention. Analy-
sis of insulin in post-intervention showed a statistic effect (SMD —0.67, 95% CI —1.29 to —0.04,
p = 0.04, 12 = 85%, Figure 4C). The data in study (Kammerer 2021 [40]) lead to high hetero-
geneity in analysis of baseline. However, the high heterogeneity did not disappear after
removing (Kdmmerer 2021 [40]) (Figure S2B). Kang 2019 [30] and Klement 2020 [36,37] were
also responsible for high heterogeneity in analysis of post intervention. After removing
these studies, the high heterogeneity disappeared (SMD —0.75, 95% CI —1.14 to —0.36,
p = 0.0002, I? = 39%, Figure S2C). Meanwhile, the subgroup difference changed to signifi-
cant (p = 0.03). Analysis of change from baseline in insulin included three studies. The effect
was little and non-statistic (SMD —0.15, 95% CI —0.49 to 0.19, p = 0.38, 2 = 0%, Figure 4D).
Taken together, we suggested that ketogenic diets might have a small effect on insulin, and
the significant difference was generated due to the exclusion of heterogeneous results.

(A) Blood glucose: post-intervention versus baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD _Total Weight IV, Random. 95% C V. Random, 95% C
1.4.1 Baseline
Augustus 2020 86.15  8.56 16 85 5.9 20 12.5% 0.16 [-0.50, 0.81] -
Cohen 2018 102.3 17.9 23 1022 16.1 20 14.6% 0.01 [-0.59, 0.60] -1
Kammerer 2021 86.53 1.46 20 87.28 1.35 25 14.6% -0.53 [-1.13, 0.07] - |
Kang 2019 99.11 83.04 9 12232 884 9 6.8% -0.26 [-1.19, 0.67] - = [_
Khodabakhshi 2019 1104 118 30 1064 27.2 30 19.1% 0.19[-0.32, 0.70] -1
Klement 2020 104.76 23.2 29 96.24 7.84 30 18.4% 0.49 [-0.03, 1.01] |
Klement 2021 11544 39.55 18 118.07 51.59 23 13.9% -0.06 [-0.67, 0.56] - 1
Subtotal (95% CI) 145 157 100.0% 0.04 [-0.21, 0.30] >
Heterogeneity: Tau? = 0.02; Chi* = 7.25, df =6 (P = 0.30); I’ =17%
Test for overall effect: Z = 0.34 (P = 0.73)
1.4.2 Post intervention
Augustus 2020 748 6.204 16 844 7.358 20 13.6% -1.37 [-2.10, -0.63] -
Cohen 2018 93 15.1 23 98.7 1.2 20 147% -0.42[-1.02,0.19] = =]
Kammerer 2021 8754 158 20 8787 157 25 14.8% -0.21[-0.80, 0.38] N
Kang 2019 132.14 246.43 9 106.25 77.68 9 12.0% 0.13[-0.79, 1.06] -1
Khodabakhshi 2019 84.5 1.3 30 105.2 15.8 30 14.9% -1.49 [-2.06, -0.91] -
Klement 2020 103.15 16.29 29 96.76 9.31 30 15.4% 0.48 [-0.04, 1.00] | D
Klement 2021 108.73  22.51 18 13127 61.96 23 14.5% -0.45[-1.08, 0.17] -
Subtotal (95% CI) 145 157 100.0% -0.48 [-1.04, 0.09] —~
Heterogeneity: Tau? = 0.46; Chi? = 32.89, df = 6 (P < 0.0001); I* = 82%
Test for overall effect: Z = 1.66 (P = 0.10)

-2 -1 0 1 2

Test for subaroun differences: Chi* = 2.74. df = 1 (P = 0.10). I* = 63.5%

(B) Blood glucose: change from baseline
Ketogenic diet Non-ketogenic diet

_Study or Subgroup _Mean _ SD Total Mean _ SD Total Weight

Std. Mean Difference

Favours [experimental] Favours [control]

Std. Mean Difference

Voss 2020 -11.2 26 20 1.4 1.2 22 100.0%

Total (95% CI) 20 22 100.0%
Heterogeneity: Not applicable

Test for overall effect: Z = 1.98 (P = 0.05)

Figure 4. Cont.

IV, Fixed, 95% CI 9
-0.63 [-1.25, -0.01]
-0.63 [1.25, -0.01] —~—
2 A 0 1 2

Favours [experimental] Favours [control]
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(C) Insulin: post-intervention versus baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference

_Study or Subgroup Mean  SD Total Mean SD Total Weight IV.Random.95%Cl  |V.Random.95%Cl

1.9.1 Baseline

Cohen 2018 10.5 6.4 23 14.2 9.8 20 14.7% -0.45 [-1.05, 0.16] =T

Kammerer 2021 1279 1.89 20 16.61 2.35 24 13.5% -1.74 [-2.45, -1.04] -

Kang 2019 26.67 52.63 9 33.16 31.05 9 11.0% -0.14 [-1.07, 0.78] B

Khodabakhshi 2019 9 6.6 30 8.2 73 30 15.9% 0.11[-0.39, 0.62] T

Klement 2020 11.6 10.76 29 10.16 6.05 30 15.9% 0.16 [-0.35, 0.67] T

Klement 2021 1143 7.25 18 17.71 14.8 23 14.4% -0.51[-1.14, 0.12] =

Voss 2020 12.6 52 20 13.22 7.61 21 14.6% -0.09 [-0.71, 0.52] =

Subtotal (95% Cl) 149 157 100.0% -0.36 [-0.82, 0.10] R

Heterogeneity: Tau? = 0.28; Chi* = 22.94, df = 6 (P = 0.0008); I* = 74%
Test for overall effect: Z = 1.53 (P = 0.13)

1.9.2 Post intervention

Cohen 2018 6.7 41 23 121 6.7 20 14.6% -0.97 [-1.61,-0.33] —m
Kammerer 2021 12.11 1.6 20 16.28 1.89 24 13.5% -2.32[-3.10, -1.54] -

Kang 2019 11.58 10.52 9 614 263 9 122% 0.68 [-0.28, 1.63] T
Khodabakhshi 2019 57 4 30 6.9 4.5 30 15.4% -0.28 [-0.79, 0.23] =
Klement 2020 929 76 29 835 497 30 15.4% 0.14 [-0.37, 0.66] T
Klement 2021 8.89 5.2 18 2045 125 23 14.4% -1.13 [-1.79, -0.46] -

Voss 2020 69 37 22 17.25 1917 18  14.5% -0.77 [-1.42, -0.13] L

Subtotal (95% CI) 151 154 100.0% -0.67 [-1.29, -0.04] -

Heterogeneity: Tau? = 0.59; Chi* = 39.11, df = 6 (P < 0.00001); I> = 85%
Test for overall effect: Z = 2.10 (P = 0.04)

4 " 4 4
+ + t

-4 -2 0 2 4
Favours [experimental] Favours [control]

Test for subaroup differences: Chi? = 0.61. df = 1 (P = 0.44). I = 0%

(D) Insulin: change from baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD__Total Weight 1V, Fixed, 95% Cl V. Fﬁi# ?E% Cl
Klement 2020 -1.19 638 29 -078 3.08 30 43.2% -0.08 [-0.59, 0.43]
Klement 2021 0.37 5.12 17 163 6.71 19 26.2% -0.20 [-0.86, 0.45] - =1
Voss 2020 -28 85 20 09 234 22 30.6% -0.20 [-0.81, 0.40] - =1
Total (95% Cl) 66 71 100.0% -0.15[-0.49, 0.19] q
Heterogeneity: Chi? = 0.13, df = 2 (P = 0.94); I> = 0% _’1 : {5 (') 0?5 ‘:

Test for overall effect: Z = 0.88 (P = 0.38) Favours [experimental] Favours [control]

(E) IGF-1: post-intervention versus baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD otal Weight V. Random, 95% CI IV, Rand 95% Cl
1.10.1 Baseline
Cohen 2018 120.3 408 23 116 61.3 20 15.6% 0.08 [-0.52, 0.68] - T
Kammerer 2021 14.44 12.28 20 7.37 5.27 25 15.2% 0.77 [0.16, 1.38]
Khodabakhshi 2019 151 52 30 147 56 30 20.1% 0.07 [-0.43, 0.58] -
Klement 2020 198.82 78.72 29 216.76 56.85 30 19.7% -0.26 [-0.77, 0.25] — =T
Klement 2021 182.75 65.05 18 173.72 65.33 23 15.0% 0.14 [-0.48, 0.75) e
Voss 2020 2071 783 20 1832 8534 19 14.4% 0.29 [-0.35, 0.92] | =
Subtotal (95% Cl) 140 147 100.0% 0.15[-0.12, 0.43] <>

Heterogeneity: Tau? = 0.03; Chi® = 6.67, df = 5 (P = 0.25); I* = 25%
Test for overall effect: Z = 1.12 (P = 0.26)

1.10.2 Post intervention

Cohen 2018 100.7 44 23 11 59.9 20 16.2% -0.19[-0.80, 0.41] ]
Kammerer 2021 13.86 12.12 20 7.75 4.99 25 16.1% 0.68 [0.07, 1.28] -
Khodabakhshi 2019 133 61 30 150 48 30 18.9% -0.31[-0.81, 0.20] = ==
Klement 2020 187.24 92.53 29 186.46 63.72 30 18.8% 0.01 [-0.50, 0.52] B
Klement 2021 135.77 47.21 18 175.72 79.33 23 15.4% -0.58 [-1.21, 0.05] ===
Voss 2020 179.9 797 22 2196 1043 15 14.6% -0.43 [-1.09, 0.23] — =
Subtotal (95% Cl) 142 143 100.0% -0.13 [-0.47, 0.21] >
Heterogeneity: Tau? = 0.09; Chi? = 10.35, df = 5 (P = 0.07); I? = 52%
Test for overall effect: Z = 0.75 (P = 0.45)
-2 -1 0 1 2

§ & Favours [experimental] Favours [control]
Test for subaroun differences: Chi? = 1.65. df = 1 (P = 0.20). I* = 39.4%

(F) IGF-1: change from baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference
% Cl IV, Random, 95% CI
Klement 2020 -2296 57.85 29 -13.48 39.34 30 36.5% -0.19 [-0.70, 0.32] —.—
Klement 2021 -18.18 47.39 17 51 47.78 21 31.2% -0.48 [-1.13,0.17] —=T
Voss 2020 249 50.1 20 -5.2 53.2 22 32.3% 0.57 [-0.05, 1.19] =
Total (95% Cl) 66 73 100.0% -0.03 [-0.62, 0.55] ?

-2 -1 0 1 2
Favours [experimental] Favours [control]

Heterogeneity: Tau? = 0.17; Chi? = 5.82, df = 2 (P = 0.05); I* = 66%
Test for overall effect: Z=0.11 (P = 0.91)

Figure 4. Forest plot for the effects of ketogenic diets on blood glucose, insulin and IGF-1. (A,B) were
subgroup effects of the baseline versus post-intervention and effect of change from baseline on blood
glucose; (C,D) were ones on insulin; (E,F) were ones on IGF-1 [26-28,30-33,35-42].
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3.5.3. IGF-1

IGF-1 (insulin-like growth factor-1) plays an important role in cell proliferation, dif-
ferentiation, metabolism, apoptosis, and angiogenesis. Six studies (283 patients) were
included in the analysis of post-intervention in IGF-1(SMD —0.13, 95% CI —0.47 to 0.21,
p = 0.45, 12 = 52%, Figure 4E). Removing the study (Kammerer 2021 [40]), which was the
main reason for the heterogeneity of analysis in baseline, the effect of ketogenic diets in
post-intervention was small and statistical (SMD —0.27, 95% CI —0.53 to —0.01, p = 0.04,
12 = 0%, Figure S2D). Three studies reported the change from baseline in IGF-1. The effect
was (SMD —0.03, 95% CI —0.62 to 0.55, p = 0.91, I? = 66%, Figure 4F). According to the
data in the article (Voss 2020 [38,39]), we found that IGF-1 decreased in ketogenic diets
intervention group but increased in the non-ketogenic diets group. This is inconsistent with
the data of change from baseline. After removing this study (Voss 2020 [38,39]), analysis of
change from baseline showed that ketogenic diets had a small effect on IGF-1, but without
a significant difference (SMD —0.30, 95% CI —0.70 to 0.10, p = 0.14, 2 = 0%, Figure S2E).

3.6. Effects of Ketogenic Diets on Lipid Profiles
3.6.1. Total Cholesterol

Based on data from seven trials (261 participants), we found a moderate effect of keto-
genic diets on total cholesterol in post-intervention values (SMD 0.69, 95% CI —0.19 to 1.56;
p =0.12, I = 90%, Figure 5A). However, subgroup differences were not significant compar-
ing effects of baseline and post intervention (p = 0.68). Differences in baseline data among
study participants may be the reason for the high heterogeneity. After removing the study
(Augustus 2020 [35]) and (Kammerer 2021 [40]), the 12 in baseline analysis reduced to 37%.
The heterogeneity in post intervention also disappeared, and the differences between sub-
groups were still not significant (p = 0.86, Figure S3A). Two studies reported the change
from baseline in total cholesterol. Analysis of change from baseline showed that keto-
genic diets intervention had no effect on total cholesterol (SMD 0.10, 95% CI —0.33 to 0.52,
p = 0.66, 1? = 0%, Figure 5B).

3.6.2. HDL-C

Analysis results of HDL-C were illustrated in Figure 4C,D. The effect size of post inter-
vention was moderate, non-statistic, and had high heterogeneity (SMD 0.48, 95% CI —0.32
to 1.28,p =0.24, 12 = 87%, Figure 5C). Data in the study (Kammerer 2021 [40]) caused high
heterogeneity in the analysis of baseline. After removing the study (Kdammerer 2021 [40]),
the analysis result in baseline and post intervention were (SMD 0.07, 95% CI —0.28 to 0.43,
p =0.69, I? = 26%) and (SMD 0.14, 95% CI —0.17 to 0.45, p =0.38§, IZ = 0%), respectively
(Figure S3B). The effect size of change from baseline was small (SMD 0.29, 95% CI —0.26
to 0.65, p = 0.30, I2 = 58%, Figure 5D). After removing the study (Klement 2021 [41,42]),
2 decreased to 0%, and SMD was 0.02 (95% CI —0.41 to 0.44, p = 0.94, Figure S3C). It can be
inferred that ketogenic diets had little effect on HDL in cancer patients.

3.6.3. LDL-C

Six studies (220 participates) were included in the analysis in post intervention on
LDL-C. Although the analysis results of post intervention in LDL-C suggested a large
effect (SMD 0.93, 95% CI —0.01 to 1.86, p = 0.05, 12 = 90%, Figure 5E), there was no statistic
subgroup difference between baseline and post intervention (p = 0.39). After removing the
study (Kammerer 2021 [40]), I? in post intervention decreased to 0%, and the effect size
became small (SMD 0.35, 95% CI 0.05 to 0.65, p = 0.65, Figure S3D). The subgroup difference
was non-statistic (p = 0.72). Analysis of change from baseline supports the point above
(SMD 0.03, 95% CI —0.46 to 0.52, p = 0.91, 12 = 48%, Figure 5F). Therefore, we reasoned that
the ketogenic diets had little effect on LDL-C.
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(A) Total cholesterol: post-intervention versus baseline
Non-ketogenic diet

Ketogenic diet

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD__Total Weight IV, Rand 95% ClI 1V, Rand 95% ClI
1.7.1 Baseline

Augustus 2020 1451 31.43 16 159.5 29.39 20 14.7% -0.46 [-1.13, 0.20] =

Cohen 2018 205 37 23 211 43 20 15.1% -0.15 [-0.75, 0.45] -

Kammerer 2021 23398 854 20 2175 5.79 25 14.0% 2.27 [1.50, 3.03] -
Kang 2019 184.7 46.1 9 1558 462 9 126% 0.60 [-0.35, 1.55] =
Klement 2020 22418 32.08 29 199.78 37.49 30 15.6% 0.69 [0.16, 1.22] =

Klement 2021 206.91 37.33 18 210.65 36.81 23 15.0% -0.10 [-0.72, 0.52] -1

OK 2018 180.2 457 10 1557  46.1 9 12.9% 0.51[-0.41, 1.43] e
Subtotal (95% Cl) 125 136 100.0% 0.46 [-0.18, 1.11] “

Heterogeneity: Tau? = 0.62; Chi? = 36.40, df = 6 (P < 0.00001); I? = 84%
Test for overall effect: Z = 1.40 (P = 0.16)

1.7.2 Post intervention

Augustus 2020 132.35 30.94 16 1553 28.07 20 14.7% -0.76 [-1.45, -0.08]
Cohen 2018 214 60 23 208 44 20 15.0% 0.11[-0.49, 0.71]
Kammerer 2021 248.72 11.76 20 2111 472 25 12.8% 4.31[3.21,5.41]
Kang 2019 180 271 9 156 485 9 13.6% 0.58 [-0.37, 1.53]
Klement 2020 220.27 47.62 29 196.92 33.08 30 15.3% 0.56 [0.04, 1.08]
Klement 2021 184.26 28.54 18 18289 407 23 14.9% 0.04 [-0.58, 0.65]
OK 2018 173.8 321 10 156 48.4 9 13.7% 0.42[-0.49, 1.33]
Subtotal (95% CI) 125 136 100.0% 0.69 [-0.19, 1.56]

Heterogeneity: Tau? = 1.24; Chi? = 62.22, df = 6 (P < 0.00001); I* = 90%

Test for overall effect: Z = 1.54 (P = 0.12)

Test for subaroup differences: Chi? = 0.17. df = 1 (P = 0.68). I = 0%

(B) Total cholesterol: change from baseline

Cohen 2018

Ketogenic diet

23

ean
-2.9

Non-ketoge!

nic diet

al_Weigh
20 50.3%

Std. Mean Difference
959

0.27 [-0.33, 0.87)

9.1 519 31.4
Voss 2020 21 152 20 -0.7 18.8 22 49.7% -0.08 [-0.69, 0.53]
Total (95% CI) 43 42 100.0% 0.10 [-0.33, 0.52]

Heterogeneity: Tau? = 0.00; Chi? = 0.64, df = 1 (P = 0.42); 1> = 0%

(R

4 2
Favours [experimental] Favours [control]

=]
N
N

Std. Mean Difference
m. 95%

-2 -1 0 1 2

Test for overall effect: Z = 0.44 (P = 0.66)

(C) HDL-C: post-intervention versus baseline

Favours [experimental]

Favours [control]

Ketogenic diet

Non-ketogenic diet

Std. Mean Difference

Std. Mean Difference

_Study or Subgroup _Mean SD Total Mean SD__Total Weight IV. Random, 95% Cl IV, Rand 95% Cl
1.8.1 Baseline
Cohen 2018 7 15 23 64 18 20 17.4% 0.42[-0.19, 1.02] ™
Kammerer 2021 80.18 3.8 20 6518 271 25 15.1% 4.55[3.41,5.70] e
Kang 2019 444 9.7 9 439 1.3 9 16.1% 0.05 [-0.88, 0.97] =
Klement 2020 71.7 1875 29 66.88 12.01 30 17.7% 0.30[-0.21, 0.82) ™
Klement 2021 57.94 1263 18 6745 21.52 23 17.4% -0.51 [-1.14,0.11] ==
0K 2018 434 9.7 10 438 11.2 9 16.2% -0.04 [-0.94, 0.86) .
Subtotal (95% Cl) 109 116 100.0% 0.73 [-0.30, 1.76] e
Heterogeneity: Tau? = 1.49; Chi* = 60.03, df = 5 (P < 0.00001); I* = 92%
Test for overall effect: Z = 1.38 (P = 0.17)
1.8.2 Post intervention
Cohen 2018 72 13 23 65 15 20 17.5% 0.49 [-0.12, 1.10] [
Kammerer 2021 7548 4.34 20 6536 2711 25 16.0% 2.82[1.97,3.67) -
Kang 2019 396 853 9 424 6.9 9 15.4% -0.34 [-1.28, 0.59] — =
Klement 2020 73.06 24.18 29 6748 1519 30 18.1% 0.27 [-0.24, 0.79] S inili
Klement 2021 64.69 14.27 18 6279 17.89 23 17.5% 0.11[-0.50, 0.73] -
OK 2018 38.4 8.8 10 424 6.9 9 155% -0.48 [-1.40, 0.44] D
Subtotal (95% Cl) 109 116 100.0% 0.48 [-0.32, 1.28] o
Heterogeneity: Tau? = 0.85; Chi? = 38.41, df = 5 (P < 0.00001); I* = 87%
Test for overall effect: Z = 1.18 (P = 0.24)
-4 -2 0 2 4

Test for subaroup differences: Chi? = 0.14.df = 1 (P =0.71). = 0%

(D) HDL-C: change from baseline

Ketogenic diet

Non-ketogenic diet

Std. Mean Difference
o

Cohen 2018 1.3 139 23 0.8 8.9 20 34.5% 0.04 [-0.56, 0.64]
Klement 2021 5.38 10.83 18 -2.87 6.96 20 31.3% 0.90 [0.23, 1.57]
Voss 2020 2 77 20 -1.9 9 22 34.2% -0.01 [-0.62, 0.59]
Total (95% CI) 61 62 100.0% 0.29 [-0.26, 0.85]

Heterogeneity: Tau? = 0.14; Chi? = 4.75, df = 2 (P = 0.09); I = 58%

Test for overall effect: Z = 1.03 (P = 0.30)

Figure 5. Cont.
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Std. Mean Difference
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(E) LDL-C: post-intervention versus baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean _ SD Total Mean SD_ Total Weight IV, Random, 95% Cl 1V, 95% Cl
1.7.1 Baseline
Cohen 2018 112 31 23 119 34 20 19.5% -0.21[-0.81, 0.39] e
Kéammerer 2021 14197 693 20 137.23 548 25 19.1% 0.76 [0.15, 1.37] -
Kang 2019 1129 386 9 86 36.5 9 9.7% 0.68 [-0.28, 1.64] T
Klement 2020 143.36 39.48 29 1174 29.19 30 23.0% 0.74[0.21,1.27] —=
Klement 2021 13345 31.29 18 116.28 36.55 23 18.5% 0.49[-0.14, 1.12] el
OK 2018 110.8 37 10 86 36.5 9 10.2% 0.64 [-0.29, 1.57] 1=
Subtotal (95% Cl) 109 116  100.0% 0.50[0.17, 0.82] <&

Heterogeneity: Tau? = 0.05; Chi? = 7.08, df = 5 (P = 0.21); I = 29%
Test for overall effect: Z = 2.97 (P = 0.003)

1.7.2 Post intervention

Cohen 2018 123 55 23 119 40 20 17.6% 0.08 [-0.52, 0.68] -
Kéammerer 2021 158.39 8.39 20 128.83 5.1 25 15.0% 4.30 [3.20, 5.40] = 5
Kang 2019 112 276 9 974 419 9 15.9% 0.39 [-0.54, 1.33] i =
Klement 2020 141.26 47.38 29 113.82 26.83 25 17.8% 0.69[0.14, 1.24] e
Klement 2021 109.47 26.62 18 103.03 35 23 17.5% 0.20 [-0.42, 0.82] T
OK 2018 1084 283 10 974 419 9 16.1% 0.30 [-0.61, 1.20] =T =
Subtotal (95% Cl) 109 111 100.0% 0.93 [-0.01, 1.86] e
Heterogeneity: Tau? = 1.20; Chi? = 48.60, df = 5 (P < 0.00001); I* = 90%
Test for overall effect: Z = 1.94 (P = 0.05)
-4 -2 0 2 4
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Test for subaroup differences: Chi? = 0.73. df = 1 (P = 0.39). 2= 0% (exp ! [ 1

(F) LDL-C: change from baseline

ic diet Non-kets ic diet Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD otal Weight 1V, Random. 95% CI IV, Rand 95% Cl
Cohen 2018 1.2 428 23 05 258 20 34.0% 0.32[-0.28, 0.92] T
Klement 2021 -29.96 21.48 18 -20.84 1561 22 32.3% -0.48 [-1.12,0.15) —
Voss 2020 97 221 20 4 263 22 33.7% 0.23[-0.38, 0.84] -
Total (95% Cl) 61 64 100.0% 0.03 [-0.46, 0.52] ,

+ + + + +
-2 -1 0 1 2
Favours [experimental] Favours [control]

Heterogeneity: Tau? = 0.09; Chi? = 3.83, df = 2 (P = 0.15); I> = 48%
Test for overall effect: Z=0.12 (P = 0.91)

(G) Triglyceride: post-intervention versus baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD otal Weight IV, Random. 95% CI 1V. 95% Cl
1.5.1 Baseline
Cohen 2018 108 48 23 134 59 20 17.4% -0.48 [-1.09, 0.13] ™
Kéammerer 2021 7824 511 20 108.95 8.59 25 15.4% -4.16 [-5.23, -3.08] —
Kang 2019 137.9 89 9 1208 745 9 16.1% 0.20 [-0.73, 1.13] i
Klement 2020 1154 41.21 29 96.77 40.93 30 17.7% 0.45[-0.07, 0.96] =
Klement 2021 107.31 185 18 120.03 51.07 23 17.3% -0.31[-0.93, 0.31] =
OK 2018 131.8 86.1 10 1207 745 9 16.2% 0.13[-0.77, 1.03] T
Subtotal (95% CI) 109 116 100.0% -0.64 [-1.67, 0.38] -

Heterogeneity: Tau? = 1.47; Chi? = 59.85, df = 5 (P < 0.00001); I? = 92%
Test for overall effect: Z = 1.23 (P = 0.22)

1.5.2 Post intervention

Cohen 2018 97 33 23 111 46 20 17.5%  -0.35[-0.95,0.26] —=r
Kammerer 2021 7678 538 20 10925 1131 25 157%  -3.48[4.43,-2.52] —

Kang 2019 131 497 9 1106 512 9 15.8% 0.39 [-0.55, 1.32] o
Klement 2020 8024 2443 29 10853 5563 30 17.9%  -0.65[-1.17,-0.12] -
Klement 2021 8132 5819 18 1369 3655 23 17.2%  -1.15[-1.82,-0.48] —

OK 2018 1257 498 10 1105  51.1 9 159% 0.29 [-0.62, 1.19) ——
Subtotal (95% Cl) 109 116 100.0%  -0.81[-1.71, 0.08] A

Heterogeneity: Tau® = 1.09; Chi* = 45.29, df = 5 (P < 0.00001); I* = 89%
Test for overall effect: Z = 1.78 (P = 0.07)

Favours [experimental] Favours [control
Test for subarouo differences: Chi? = 0.06. df = 1 (P = 0.81). I = 0% [exp I { I

(H) Triglyceride: change from baseline
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udy or Subgrou an a D Weigh 95% a m, 95% Cl
Cohen 2018 -11.3 407 23 -228 351 20 24.9% 0.30 [-0.31, 0.90] =
Klement 2020 -21.92 4272 29 -0.08 3569 30 27.2% -0.55 [-1.07, -0.03] -
Klement 2021 6.11  30.6 18 1584 4549 22 24.3% -0.24 [-0.87, 0.38] =T
Voss 2020 -337 456 20 97 384 22 23.7% -1.01 [-1.66, -0.37] -
Total (95% CI) 90 94 100.0%  -0.37[0.89, 0.15] -

Heterogeneity: Tau? = 0.19; Chi* = 9.11, df = 3 (P = 0.03); I? = 67%

Test for overall effect: Z = 1.41 (P = 0.16) -2 -1 0 1 2

Favours [experimental] Favours [control]

Figure 5. Forest plot for the effects of ketogenic diets on lipid profiles. (A,B) were subgroup effects
of the baseline versus post-intervention and effect of change from baseline on total cholesterol;
(C,D) were ones on HDL-C; (E,F) were ones on LDL-C; (G,H) were ones on triglycerides [26-33,35-42].
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3.6.4. Triglycerides

Analysis of triglycerides in post intervention appeared to a large effect (SMD —0.81,
95% CI —1.71t0 0.08, p = 0.07, 12 = 89%, Figure 5G). However, there was no statistic subgroup
difference (p = 0.81). The heterogeneity of baseline was very high, which might be due
to the heterogeneity of participants’ data itself (Kdmmerer 2021 [40]). After removing the
study (Kammerer 2021 [40]) and (Klement 2021 [41,42]), the effect size in post intervention
changed to small (SMD —0.20, 95% CI —0.67 t0 0.28, p = 0.41, 12 = 44%, Figure S3E). Analysis
of change from baseline showed a small effect (SMD —0.37, 95% CI —0.89 to 0.15, p = 0.03,
12 = 67%). After removing the study (Cohen 2018 [26-28]), the effect of ketogenic diets on
triglycerides was moderate and statistically significant (SMD —0.59, 95% CI —1.00 to —0.18,
p = 0.005, I> = 30%, Figure S3F).

3.7. Ketosis
3.7.1. Ketone Body and Ketosis Events

Ketone bodies are a product of fatty acid metabolism, which is composed of acetoacetic
acid, - hydroxybutyrate, and acetone. The most commonly used test method of ketone
bodies is a urine test. The detection of blood ketone bodies is more accurate. Six studies
reported detection of ketone body or 3-hydroxybutyrate. Based on the subgroup analysis
of baseline and post intervention, Ketogenic diets seemed to have a non-statistical effect
on ketone body (SMD 0.71, 95% CI —1.53 to 2.95, p = 0.53, Figure 6A). However, in the
study (Kang 2019 [30]), the concentration of blood ketone body in participants was high
before intervention, which confused the analysis results. Meanwhile, the blood ketone body
concentration of participants in ketogenic diets group increased significantly in the second
week, but decreased in the fourth week (Kang 2019 [30]). After removing the study, we
found that ketogenic diets had a statistic effect on ketone body (SMD 1.83, 95% CI1.22 to
2.44, p < 0.00001, Figure S4A). Analysis of change from baseline confirmed this (SMD 1.25,
95% CI 0.27 to 2.23, p = 0.01, Figure 6B). Ketosis events were reported in two studies
(Cohen2018 [26-28] and Ok 2018 [29]). Analysis of Ketosis events showed that ketogenic
diets increased the risk of ketosis (Odds rate 7.11, 95% CI 1.97 to 25.72, p = 0.003, Figure 6C).

3.7.2. B-Hydroxybutyrate

B-hydroxybutyrate was one of the ketone body components, signal of ketosis. Five
studies (182 participants) were included in analysis of -hydroxybutyrate. Although
the subgroup of post intervention showed a large effect (SMD 0.85, 95% CI 0.30 to 1.41,
p =0.002, I? = 63%, Figure 6B), the analysis of baseline also showed a small effect (SMD
0.48, 95% CI10.18 to 0.78, p = 0.002, Figure 6B). The subgroup difference was not signif-
icant (p = 0.24). After removing the study (Klement 2021 [41,42]), the analysis result
of post intervention was consistent with that before removal (SMD 0.65, 95% CI 0.20 to
1.09, p = 0.004, 12 = 29%, Figure S4B). In addition, the subgroup difference remained non-
significant (p = 0.55, Figure S4B). The analysis results of change from the baseline suggested
a statistic and moderate effect (SMD 0.79, 95% CI 0.26 to 1.32, p = 0.004). However, only
one study included in the analysis.
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(A) Ketone body: post-intervention versus baseline

ic diet N ic diet Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD otal Weight IV, Random, 95% CI 1\ % Cl
1.11.1 Baseline
Kang 2019 213 0.793 9 207 114 9 231% 0.06 [-0.87, 0.98]
Khodabakhshi 2019 0.007 0.025 30 0.003 0.018 30 76.9% 0.18 [-0.33, 0.69]
Subtotal (95% Cl) 39 39 100.0% 0.15 [-0.29, 0.60] >

Heterogeneity: Tau? = 0.00; Chi? = 0.05, df = 1 (P = 0.82); I = 0%
Test for overall effect: Z = 0.67 (P = 0.50)

1.11.2 Post intervention

Kang 2019 167 0952 9 23 159 9 487% -0.46 [-1.40, 0.48] —. 5
Khodabakhshi 2019 0.923 0699 30 0.007 0.026 30 51.3% 1.83[1.22, 2.44]
Subtotal (95% Cl) 39 39 100.0% 0.71 [-1.53, 2.95] ———

Heterogeneity: Tau? = 2.45; Chi? = 16.02, df = 1 (P < 0.0001); I? = 94%
Test for overall effect: Z = 0.63 (P = 0.53)

4 2 0 2 4
Favours [experimental] Favours [control]

Test for subaroun differences: Chi* = 0.23. df =1 (P = 0.63). 2 = 0%

(B) Ketone body: change from baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference
udy o g lean D Tota Mean D otal Weigh R n. 95% m, 95% C
Klement 2020 0.517 0.65 29 0.074 045 30 53.2% 0.78[0.25, 1.32] L
Voss 2020 19 156 20 0 0.2 22 46.8% 1.79 [1.086, 2.51] =
Total (95% Cl) 49 52 100.0% 1.25[0.27, 2.23] .

Heterogeneity: Tau? = 0.40; Chi? = 4.76, df = 1 (P = 0.03); 1> =79% y .

4 2 0 2 4
Test for overall effect: Z = 2.51 (P = 0.01) Favours [experimental] Favours [control]

(C) Ketosis events
i

Random

ic diet Non-ketogenic diet Odds Ratio Odds Ratio
udy o a e al Weigh M-H, Random. 9 9
Cohen 2018 20 58.7%

11.70 [2.19, 62.62)

OK 2018 5 10 2 9 413% 3.50 [0.47, 25.90]
Total (95% CI) 33 29 100.0% 7.11 [1.97, 25.72]
Total events 18 4

0.001 01 1 10 1000
Favours [experimental] Favours [control]

Heterogeneity: Tau? = 0.00; Chi? = 0.82, df = 1 (P = 0.36); I = 0%
Test for overall effect: Z = 2.99 (P = 0.003)

(D) B-hydroxybutyrate: post-intervention versus baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD otal Weight IV, Random. 95% CI 1V, Randi 95% Cl
1.12.1 Baseline
Cohen 2018 036 069 23 02 0.09 20 24.8% 0.31[-0.29, 0.91] =
Kang 2019 0.142  0.057 9 0.116 0.064 9 10.3% 0.41[-0.53, 1.34] I
Klement 2019 0.3015 0.3645 5 0.2029 0.1225 17 89% 0.48 [-0.53, 1.49] 1 =
Klement 2020 0.139 0.109 29 0.083 0.066 30 33.0% 0.62[0.09, 1.14] -
Klement 2021 0.26 0.222 18  0.167 0.148 23 23.0% 0.50 [-0.13, 1.12] T
Subtotal (95% Cl) 84 99 100.0% 0.48 [0.18, 0.78] L 4
Heterogeneity: Tau? = 0.00; Chi* = 0.59, df = 4 (P = 0.96); I = 0%
Test for overall effect: Z = 3.12 (P = 0.002)
1.12.2 Post intervention
Cohen 2018 0.91 0.73 23 0.25 0.18 20 22.5% 1.18 [0.53, 1.83] T
Kang 2019 0.286 0.165 9 0273 0.152 9 171% 0.08 [-0.85, 1.00] - r
Klement 2019 1.6176 1.9778 4 0.7988 1.1608 17  14.2% 0.59 [-0.51, 1.70] = =
Klement 2020 0.67 0.553 29 0.357 0.632 30 25.4% 0.52 [-0.00, 1.04] il
Klement 2021 0.862 0.609 18 0.137 0.119 23 20.8% 1.73[0.99, 2.46] T
Subtotal (95% Cl) 83 99 100.0% 0.85[0.30, 1.41] -
Heterogeneity: Tau? = 0.24; Chi? = 10.93, df = 4 (P = 0.03); I = 63%
Test for overall effect: Z = 3.02 (P = 0.002)

2 1 0 1 2

Favours [experimental] Favours [control
Test for subaroun differences: Chi? = 1.37. df = 1 (P = 0.24). I = 26.8% lexp 1 [ 1

(E) B-hydroxybutyrate: change from baseline
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o o i 959 959/,
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0.790.26, 1.32]
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Heterogeneity: Not applicable
Test for overall effect: Z = 2.90 (P = 0.004)
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Figure 6. Forest plot for the effects of ketogenic diets on ketone bodies, ketosis and 3-hydroxybutyrate.
(A,B) were subgroup effects of the baseline versus post-intervention and effects of change from
baseline on ketone body; (D,E) were ones on 3-hydroxybutyrate; (C) was risk ratio for ketosis in
comparison of ketogenic group and control group [26-39,41,42].



Nutrients 2022, 14, 4192

16 of 26

3.8. Renal Function Test
3.8.1. Creatinine

Analysis of creatinine included five studies (223 participants). The analysis result of
post intervention showed a moderate effect (SMD —0.52, 95% CI —1.19 to 0.15, p = 0.13,
12 = 82%, Figure 7A). Heterogeneity in both the baseline and post intervention was very
high. In order to remove a potential confounding factor, we repeated meta-analysis after
excluding the study (Khodabakhshi 2019 [31-33]), which caused the high heterogeneity
in analysis of the baseline. I? in analysis of baseline reduced to 33%, while in post inter-
vention was 86% (SMD —0.45, 95% CI —1.37 to 0.47, p = 0.34, Figure S5A). In Kang’s study,
the detection method of creatinine was LC-MS, which was different from other studies.
Creatinine concentration decreased in the second week of ketogenic diets intervention,
but increased in the fourth week. After removing the study (Khodabakhshi 2020 [31-33])
and (Kang 2019 [30]), the analysis result of post intervention showed a large and statistic
significant effect (SMD —0.86, 95% CI —1.65 to —0.06, p = 0.04, 12 = 80%, Figure S5B). High
heterogeneity was still existing. Only one study reported the change from baseline in
creatinine. Analysis of it showed a small but non-statistical effect (SMD —0.46, —0.98 to
0.04, p = 0.09, Figure 7B).

(A) Creatinine: post-intervention versus baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference
Study or Subgroup _ Mean SD Total Mean SD__ Total Weight V. Random, 95% CI 1V, Random, 95% CI
1.17.1 Baseline
Kammerer 2021 0.342 0.025 20 0.338 0.035 25 20.5% 0.13 [-0.46, 0.72] -
Kang 2019 1318 877 9 654 545 9 19.3% 0.87 [-0.11, 1.84] T
Khodabakhshi 2019 1.4 0.001 30 088 0.15 30 19.1% 4.84 [3.81,5.87] — =
Klement 2020 0.808 713 30 0.842 0.133 29 20.7% -0.00 [-0.51, 0.51] -
Klement 2021 0.873 0.19 18 0.944 0.189 23 20.4% -0.37 [-0.99, 0.25] i
Subtotal (95% CI) 107 116 100.0% 1.04 [-0.35, 2.43] i

Heterogeneity: Tau? = 2.37; Chi? = 81.37, df = 4 (P < 0.00001); I> = 95%
Test for overall effect: Z = 1.46 (P = 0.14)

1.17.2 Post intervention

Kammerer 2021
Kang 2019
Khodabakhshi 2019
Klement 2020
Klement 2021
Subtotal (95% Cl)

Test for overall effect: Z = 1.52 (P = 0.13)

0306 003 20 036 0.032 25 19.8%  -1.70[-2.40,-1.01] —
232 935 9 1502 493 9 16.1% 1.04 [0.04, 2.04) .
077 009 30 086 0.15 30 21.8%  -0.72[1.24,-0.19] -
0.755 0.109 30 0.839 0.123 29 21.7%  -0.71[-1.24,-0.19] -
087 0173 18 0.908 0.194 23 20.7% -0.20 [-0.82, 0.42) —=r
107 116 100.0%  -0.52[1.19, 0.15] -
Heterogeneity: Tau? = 0.47; Chi? = 21.97, df = 4 (P = 0.0002); I2 = 82%
-4 2 0 2 4

Test for subaroup differences: Chi? = 3.92. df = 1 (P = 0.05). I = 74.5%

Favours [experimental] Favours [control]

(B) Creatinine: change from baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference
_Study or Subgroup _Mean SD Total Mean SD  Total Weight IV, Fixed, 95% Cl IV, Fi % Cl
Klement 2020 -0.051 0.057 29 -0.022 0.068 29 100.0% -0.46 [-0.98, 0.07]
Total (95% CI) 29 29 100.0% -0.46 [-0.98, 0.07]

Heterogeneity: Not applicable
Test for overall effect: Z = 1.71 (P = 0.09)

-2 -1 0 1 2
Favours [experimental] Favours [control]

Figure 7. Cont.
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(C) BUN: post-intervention versus baseline

ic diet Non-} genic diet Std. Mean Difference Std. Mean Difference
ight IV, Rand: 95% CI 1V, Random, 95% CI
1.19.1 Baseline
Kammerer 2021 30.75 1.33 20 31.16 1.75 25 21.8% -0.26 [-0.85, 0.34] - "
Khodabakhshi 2019 18 14 30 15 4 30 29.4% 0.29 [-0.22, 0.80] T
Klement 2020 13.88 221 30 13 3.1 29 28.8% 0.32[-0.19, 0.84] T
Klement 2021 14.79 467 18 14.55 4.67 23 20.0% 0.05 [-0.57, 0.67] - I
Subtotal (95% Cl) 98 107 100.0% 0.13 [-0.14, 0.41] -
Heterogeneity: Tau? = 0.00; Chi* = 2.61, df = 3 (P = 0.46); I> = 0%
Test for overall effect: Z = 0.94 (P = 0.35)
1.19.2 Post intervention
Kammerer 2021 3299 1.34 20 3259 1.65 25 22.0% 0.26 [-0.33, 0.85) -
Khodabakhshi 2019 16 4 30 13.9 3 30 28.7% 0.59 [0.07, 1.10] =
Klement 2020 14.98 3.68 30 13.69 4.41 29 29.1% 0.31[-0.20, 0.83] T
Klement 2021 13.88 5.49 18 13.28 3.1 23 20.2% 0.14 [-0.48, 0.75] S
Subtotal (95% Cl) 98 107 100.0% 0.34 [0.07, 0.62] -
Heterogeneity: Tau? = 0.00; Chi? = 1.37, df = 3 (P = 0.71); I = 0%
Test for overall effect: Z = 2.43 (P = 0.02)
-2 -1 0 1 2

Favours [experimental] Favours [control!
Test for subarouo differences: Chi2 = 1.13. df = 1 (P = 0.29). I = 11.5% (exp I [ I

(D) Urea: post-intervention versus baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD otal Weight IV, Random. 95% CI IV, Rand 95% Cl
1.18.1 Baseline
Klement 2020 492 0.897 30 461 0.856 29 37.6% 0.35[-0.17, 0.86] T
Klement 2021 516 1.41 18 58 157 23 30.7% -0.42[-1.04,0.21] —s 1
Voss 2020 31.68 10.12 20 3343 10.66 22 31.7% -0.16 [-0.77, 0.44] — &
Subtotal (95% Cl) 68 74 100.0% -0.05 [-0.51, 0.41] -

Heterogeneity: Tau? = 0.08; Chi? = 3.75, df = 2 (P = 0.15); I = 47%
Test for overall effect: Z = 0.21 (P = 0.83)

1.18.2 Post intervention

Klement 2020 4.74 0.993 30 475 0.992 29 42.4% -0.01 [-0.52, 0.50]
Klement 2021 5.14 0.884 18 593 1.93 23 28.1% -0.50 [-1.12, 0.13]
Voss 2020 3067 84 20 30.36 9.67 21 29.5% 0.03 [-0.58, 0.65]
Subtotal (95% CI) 68 73 100.0% -0.13 [-0.47, 0.20]

Heterogeneity: Tau? = 0.00; Chi? = 1.79, df =2 (P = 0.41); I? = 0%
Test for overall effect: Z = 0.79 (P = 0.43)

s "
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Favours [experimental] Favours [control]

Test for subaroun differences: Chi? = 0.08. df = 1 (P = 0.77). I = 0%

(E) Uric acid: post-intervention versus baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference
—Study or Subgroup _Mean __ SD Total Mean _ SD Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% CI
1.20.1 Baseline
Kammerer 2021 485 128 20 535 135 25 52.8% -0.37 [-0.97, 0.22] — &
Voss 2020 585 1.57 20 484 111 22 47.2% 0.74 [0.11, 1.36] —
Subtotal (95% Cl) 40 47 100.0% 0.15 [-0.28, 0.58] -

Heterogeneity: Chi? = 6.31, df = 1 (P = 0.01); I* = 84%
Test for overall effect: Z = 0.68 (P = 0.49)

1.20.2 Post intervention

Kémmerer 2021 489 0803 20 524 153 25 59.7% -0.27 [-0.86, 0.32] —&—
Voss 2020 807 224 20 5 13 21 40.3% 1.65 [0.94, 2.37) —
Subtotal (95% CI) 40 46 100.0% 0.50 [0.05, 0.96] -

Heterogeneity: Chi? = 16.47, df = 1 (P < 0.0001); I> = 94%
Test for overall effect: Z = 2.17 (P = 0.03)
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Test for subaroun differences: Chi? =1.22. df =1 (P =0.27). 2 =18.1%

Figure 7. Forest plot for the effects of ketogenic diets on renal function. (A,C-E) were subgroup
effects of the baseline versus post-intervention on creatinine, BUN, urea and uric acid; (B) was the
effect of change from baseline on creatinine [31-33,36—42].

3.8.2. BUN and Urea and Uric Acid

Figure 7C illustrated the analysis results of blood urea nitrogen (BUN) in baseline
and post intervention. Four studies and 205 participants were included in the analysis.
Although the analysis of post intervention showed a small and statistic significant effect
(SMD 0.34, 95% CI 0.07 to 0.62, p = 0.02), there was no significant difference between
subgroup (p = 0.29). Analysis of urea in baseline and post intervention was illustrated in
Figure 7D. The analysis results suggested ketogenic diets had no effect on urea (SMD —0.13;
95% CI —0.47 to 0.20, p = 0.43). Two studies and 106 participants were included in the
analysis of uric acid in Figure 7E. A small to moderate effect with high heterogeneity was
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found in analysis of post intervention (SMD 0.50, 95% CI 0.05 to 0.96, p = 0.03, I? = 94%). By
analyzing the two studies separately, we found no evidence of an effect of ketogenic diets
on uric acid. There were no significant differences between subgroups (p = 0.27).

3.9. Liver Function Test

Analysis results of alanine aminotransferase (ALT), aspartate transaminase (AST),
albumin, and gamma-glutamyl transpeptidase (GGT) were illustrated in Figure 8. No effect
of ketogenic diets was found on ALT (SMD 0.03, 95% CI —0.25 to 0.3, p = 0.55, IZ = 0%),
AST (SMD —0.09, 95% CI —0.40 to 0.22, p = 0.95), and albumin (SMD 0.24, 95% CI —0.04
to 0.51, p = 0.76). The effect size of analysis in the GGT baseline was moderate (SMD 0.69,
95% CI 0.20 to 1.17, p = 0.13) and in post intervention was small (SMD —0.22, 95% CI —0.54
to 0.11, p = 0.69). The subgroup difference was statistical (p = 0.002). GGT might be
decreased by ketogenic diets intervention.

(A) ALT: post-intervention versus baseline

Ketogenic diet
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random, 95% ClI

Std. Mean Difference Std. Mean Difference

IV, Random, 95% Cl

Non-ketogenic diet

1.13.1 Baseline
Kammerer 2021 2545 2.04 20 26.07 1.91 25 23.3% -0.31 [-0.90, 0.28] L
Khodabakhshi 2019 25 30 27 13 30 27.8% 0.05 [-0.46, 0.586] N
Klement 2020 51.01 62.92 29 2483 1593 30 26.9% 0.57 [0.05, 1.09] _—
Klement 2021 29.18 15.64 18 2445 11.45 23 22.0% 0.35 [-0.28, 0.97] R
Subtotal (95% CI) 97 108 100.0% 0.17 [-0.20, 0.54] -
Heterogeneity: Tau? = 0.06; Chi? = 5.27, df = 3 (P = 0.15); I = 43%
Test for overall effect: Z = 0.90 (P = 0.37)
1.13.2 Post intervention
Kammerer 2021 2494 292 20 2451 1.97 25 21.8% 0.17 [-0.42, 0.76) 1=
Khodabakhshi 2019 16 30 25 22 30 29.4% -0.15 [-0.66, 0.35] —
Klement 2020 2542 10.36 29 2495 1225 30 29.0% 0.04 [-0.47, 0.55) B
Klement 2021 25.61 12.35 18 23.76 15.3 23 19.8% 0.13 [-0.49, 0.75] T
Subtotal (95% Cl) 97 108 100.0% 0.03 [-0.25, 0.30] -
Heterogeneity: Tau? = 0.00; Chi* = 0.83, df = 3 (P = 0.84); I’ = 0%
Test for overall effect: Z = 0.21 (P = 0.83)

-2 -1 0 1 2

Favours [experimental] Favours [control]

Test for subaroup differences: Chi* = 0.36. df = 1 (P = 0.55). I? = 0%

(B) AST: post-intervention versus baseline

1.14.1 Baseline
Kémmerer 2021
Khodabakhshi 2019
Klement 2020
Klement 2021
Subtotal (95% Cl)

Heterogeneity: Tau? = 0.09; Chi? = 6.21, df = 3 (P = 0.10); I? = 52%
Test for overall effect: Z = 0.36 (P = 0.72)

1.14.2 Post intervention
Kammerer 2021
Khodabakhshi 2019

Klement 2020 23.36
Klement 2021 23.59

Subtotal (95% Cl)

Heterogeneity: Tau? = 0.02; Chi? = 3.81, df = 3 (P = 0.28); I? = 21%
Test for overall effect: Z = 0.56 (P = 0.57)

Test for subarounp differences: Chi? = 0.00. df = 1 (P = 0.95). I? = 0%

Ketogenic diet
_Study or Subgroup Mean SD Total Mean SD Total Weight
34.27 31.05

23.26 6.04

28.88 20.07

Non-ketogenic diet Std. Mean Difference Std. Mean Difference

IV. Random, 95% CI IV, Random, 95% Cl
20 2595 1375 25 235%  0.35[0.24,0.95] -+
21 30 28 19 30 27.3%  -0.05[-0.56,0.46]
2343 735 30 424 4343 20 266%  -0.61[-1.13,-0.08) —
18 2262 950 23 226%  0.08 [-0.54,0.69] ——
98 107 1000%  -0.07 [-0.47, 0.33] -
20 2582 1196 25 226%  0.19[-0.40,0.78] —t—
8 30 24 10 30 282%  -0.44[-0.95,0.08] —
564 30 2236 666 29 283%  0.16[-0.35,067] ——
357 18 2614 1244 23 209%  -0.26 -0.88,0.36] —
08 107 1000%  -0.09 [-0.40, 0.22] -
2 B 0 1 2

Favours [experimental] Favours [control]

Figure 8. Cont.
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(C) Albumin: post-intervention versus baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random.95% Cl IV, Random. 95%¢Cl

1.20.1 Baseline
Kammerer 2021 4148 091 20 40,57 1.02 25 22.3% 0.92 [0.30, 1.54] =
Khodabakhshi 2019 45 033 30 44 043 30 27.7% 0.26 [-0.25, 0.77] T
Klement 2020 459 03 30 454 0.202 29 27.5% 0.19[-0.32, 0.70] -
Klement 2021 446 04 18 449 027 23 22.5% -0.09 [-0.71, 0.53] .
Subtotal (95% Cl) 98 107 100.0% 0.31[-0.07, 0.69] -
Heterogeneity: Tau? = 0.07; Chi? = 5.54, df = 3 (P = 0.14); I = 46%
Test for overall effect: Z = 1.59 (P = 0.11)
1.20.2 Post intervention
Kémmerer 2021 39.32 1.14 20 38.75 0.909 25 21.3% 0.55 [-0.05, 1.15) T =
Khodabakhshi 2019 45 033 30 45 037 30 29.9% 0.00 [-0.51, 0.51] .
Klement 2020 4.56 0.289 30 453 0.261 29 29.3% 0.11[-0.40, 0.62] B
Klement 2021 442 031 18 427 0.334 23 19.6% 0.45[-0.17, 1.08] T
Subtotal (95% Cl) 98 107 100.0% 0.24 [-0.04, 0.51] ‘
Heterogeneity: Tau? = 0.00; Chi? = 2.60, df = 3 (P = 0.46); I’ = 0%
Test for overall effect: Z = 1.68 (P = 0.09)

-2 -1 0 1 2
Favours [experimental] Favours [control
Test for subaroun differences: Chi? = 0.09. df = 1 (P = 0.76). I = 0% [exp I [ ]

(D) GGT: post-intervention versus baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD __ Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.15.1 Baseline
Kammerer 2021 28.09 5 20 2368 2.06 25 30.7% 1.18[0.54, 1.82] — &
Klement 2020 84 132.09 30 23.06 10.12 29 37.4% 0.64 [0.11, 1.16] —
Klement 2021 4949 505 18 3831 2852 23 31.9% 0.28 [-0.34, 0.90] =
Subtotal (95% Cl) 68 77 100.0% 0.69 [0.20, 1.17] -

Heterogeneity: Tau? = 0.09; Chi? = 4.02, df = 2 (P = 0.13); I2=50%
Test for overall effect: Z = 2.79 (P = 0.005)

1.15.2 Post intervention

Kammerer 2021 2397 426 20 2397 279 25 31.2% 0.00 [-0.59, 0.59] .
Klement 2020 175 809 30 2033 9.13 29 40.8% -0.32 [-0.84, 0.19] — &
Klement 2021 3515 3842 18 49.41 5263 23 28.0% -0.30 [-0.92, 0.32] -
Subtotal (95% Cl) 68 77 100.0% -0.22 [-0.54, 0.11] -

Heterogeneity: Tau? = 0.00; Chi* = 0.75, df = 2 (P = 0.69); I = 0%
Test for overall effect: Z = 1.29 (P = 0.20)

-2 -1 0 1 2
Favours [experimental] Favours [control]

Test for subaroup differences: Chi? = 9.18. df = 1 (P = 0.002). I? = 89.1%

Figure 8. Forest plot for the effects of ketogenic diets on liver function. (A-D) were subgroup effects
of the baseline versus post-intervention on ALT, AST, albumin, and GGT [31-33,36,37,40-42].

3.10. Free T3 and TNF-«

Two studies were included in analysis of free T3 and TNF-« (Figure 9). The effect size
in baseline and post intervention was (SMD —0.07, 95% CI —0.47 to 0.32) and (SMD —0.61,
95% CI —1.01 to —0.20), respectively. Comparing the analysis results of baseline and post,
we inferred that ketogenic diets might decrease free T3 (p = 0.06). The analysis of change
from the baseline in free T3 confirmed this point (SMD —0.75, 95% CI —1.42 to —0.09,
p =0.03). No effect of ketogenic diets was found on TNF-« (SMD 0.02, 95% CI —0.42 to
0.47, p = 0.44).
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(A) Free T3: post-intervention versus baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD  Total Weight V. Random. 95% ClI I\ Y
1.21.1 Baseline
Klement 2020 319 037 29 319 0.603 30 59.5% 0.00 [-0.51, 0.51]
Klement 2021 3.02 0.56 18 3.1 0.309 23 40.5% -0.18 [-0.80, 0.44]
Subtotal (95% Cl) 47 53 100.0% -0.07 [-0.47, 0.32]

Heterogeneity: Tau? = 0.00; Chi? = 0.19, df = 1 (P = 0.66); > = 0%
Test for overall effect: Z = 0.36 (P = 0.72)

1.21.2 Post intervention

Klement 2020 2.82 0.355 29 3.01 0439 30 60.8% -0.47 [-0.99, 0.05] &
Klement 2021 262 0.428 18 3 0469 23 39.2% -0.83 [-1.47,-0.18] =

Subtotal (95% Cl)

Heterogeneity: Tau? = 0.00; Chi? = 0.71, df = 1 (P = 0.40); I’ = 0%
Test for overall effect: Z = 2.95 (P = 0.003)

47 53 100.0%  -0.61 [-1.01, -0.20] -

-2 -1 0 1 2
Favours [experimental] Favours [control]

Test for subaroup differences: Chi? = 3.47. df =1 (P =0.06). I’ =71.2%

(B) Free T3: change from baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference
_Study or Subgroup  Mean SD Total Mean SD__ Total Weight IV, Random, 95% CI IV, R: % Cl
Klement 2020 -0.432 0.294 29 -0.086 0.339 30 52.7% -1.07 [-1.62, -0.53) i
Klement 2021 -0.156 0.531 18 0.019 0.328 22 47.3% -0.40 [-1.03, 0.23]
Total (95% Cl) 47 52 100.0%  -0.75 [-1.42, -0.09] -

Heterogeneity: Tau* = 0.14; Chi* = 2.52, df =1 (P = 0.11); I* = 60% y
Test for overall effect: Z = 2.23 (P = 0.03)

4 . i 4
T t t

-4 -2 0 2 4
Favours [experimental] Favours [control]

(C) TNF-a: post-intervention versus baseline

Ketogenic diet Non-ketogenic diet Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD__ Total Weight IV, Random, 95% Cl 1V, Random, 95% CI
1.22.1 Baseline
Kang 2019 620.78 940.71 9 788.87 1,451.4 9 29.9% -0.13 [-1.06, 0.79] - &
Khodabakhshi 2019 219 8.8 30 17.6 8.6 30 70.1% 0.49 [-0.03, 1.00] ——
Subtotal (95% Cl) 39 39 100.0% 0.30 [-0.25, 0.86]

Heterogeneity: Tau? = 0.05; Chi? = 1.31, df = 1 (P = 0.25); 12 = 24%
Test for overall effect: Z = 1.07 (P = 0.28)

1.22.2 Post intervention

Kang 2019 498.43 8133 9 666.52 829.14 9 23.0% -0.19[-1.12,0.73] -
Khodabakhshi 2019 18 8.6 30 17.3 73 30 77.0% 0.09 [-0.42, 0.59] =
Subtotal (95% CI) 39 39 100.0% 0.02 [-0.42, 0.47]

Heterogeneity: Tau? = 0.00; Chi? = 0.27, df = 1 (P = 0.60); 1= 0%
Test for overall effect: Z = 0.10 (P = 0.92)

2 A 0 1 2
Favours [experimental] Favours [control]

Test for subaroup differences: Chi? = 0.60. df = 1 (P = 0.44). I = 0%

Figure 9. Forest plot for the effects of ketogenic diets on free T3 and TNF-«. (A,C) were subgroup
effects of the baseline versus post-intervention on free T3 and TNF-o; (B) was the effect of change
from baseline on free T3 [30-33,36,37,41,42].

3.11. Quality of Life

The effects of ketogenic diets on the quality of life of cancer patients are summarized
in Table 2. Two trials (Kang 2019 [30] and Klement 2019 [34]) did not report results on
quality of life. Two trials (Ok 2018 [29] and Voss 2020 [38,39]) indicated no significant
difference in outcomes. The remaining six trials put forward positive conclusions that
ketogenic diets are beneficial to quality of life of cancer patients. These benefits included
enhancing mental health and physical health, reducing side effects, and so on. Five of
the six studies (except Cohen 2018 [26-28]) considered that ketogenic diets could improve
mental health. Confusingly, in the study (Khodabakhshi 2019 [31-33]), ketogenic diets
improved the quality of life compared with the control diet at 6 weeks, but there was no
significant difference between groups at 12 weeks.
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Table 2. Summary of quality of life in studies.

Author, Year

KD versus Non-KD

Cohen 2018 [26-28]

The physical component summary scores at 12 weeks were significantly higher
in the KD than that of the ACS. No difference in mental component summary.

Ok 2018 [29]

No significant difference.

Kang 2019 [30] Not reported.

Khodabakhshi 2019 [31-33]

A higher global quality of life and physical activity scores compared to the
control group at 6 weeks. No significant difference at 12 weeks.

Klement 2019 [34] Not reported.

Augustus 2020 [35]

Patients in KD group had an improvement over time in their self-reported
quality of life as well as mental health.

Klement 2020 [36,37]

In the KD group, emotional functioning was improved, and insomnia and
systemic therapy side effects decreased significantly during the study.

Voss 2020 [38,39] No significant difference.

Compared with SD group, KD group was able to improve their emotional and
social functioning scores as well as reduce their bloating symptom score

Kammerer 2021 [40] during the study. The decline of several functioning scores that occurred in

both groups was consistently less severe in the KD group. In particular,
physical and role functioning had decreased significantly only in the SD group.

KD improved overall quality of life significantly and remained the highest. In

Klement 2021 [41,42] addition, the KD group also achieved improvements in emotional functioning

and insomnia.

4. Discussion

As is known to all, we are what we eat. Diet plays an important role in health.
Many studies have shown that a high-fat diet can become an inducement and promotion
of cancer [43-46]. What about ketogenic diets? In this meta-analysis of 10 controlled
clinical trials, we investigated the effect of ketogenic diets relative to general diets on body
composition and characteristics in cancer patients. Body weight, BMI, and fat mass were
reduced post ketogenic diets intervention. Blood glucose and insulin were decreased but
without a statistical difference. Little effect was found on a blood lipid profile. The blood
ketone bodies level was raised significantly, and ketosis occurred. Ketogenic diets had little
effect on liver and kidney function. GGT was decreased in a certain degree. A significant
decrease in free T3 was also found after ketogenic diets intervention. In addition, more
trials agreed that ketogenic diets were beneficial to the quality of life of cancer patients.

In recent years, the association between obesity and cancer incidence rate and mor-
tality has been well confirmed [47,48]. From a prospective cohort study of more than
900,000 American adults, it could be speculated that obesity increased the risk of death
from cancer [49]. Many subsequent studies confirmed these findings. In 2012, cancers
attributed to overweight accounted for about 3.9% (544,300) of all cancer cases worldwide.
The statistical results suggest that there is a causal relationship between obesity and the
risk of at least 13 cancers [50]. Research on adjusting diet to promote cancer treatment is
growing vigorously. Reducing carbohydrate intake and improving fat supply will force
the body to metabolize fat for energy. Ketogenic diets are such a process that simulates
the metabolic state of fasting. Several clinical trials have shown that ketogenic diets could
reduce obesity representation of participants. Body weight, body mass index, fat mass, and
waist circumference could be significantly reduced [51-55]. Patients with NAFLD undergo-
ing a ketogenic diet achieved superior weight loss, with significant visceral adipose tissue
and liver fat fraction reductions when compared to the standard diet [56]. Ketogenic diets
might be an alternative dietary approach to decrease fat mass and visceral adipose tissue
without decreasing lean body mass [57,58]. Our meta-analysis confirmed that ketogenic
diets could decrease the fat mass of cancer patients.
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In recent years, control of blood glucose has become the focus of ketogenic diet
researches. In a three-month ketogenic diet study involving 55 cancer patients, it was found
that the total ketone body increased significantly, and the levels of fasting blood glucose and
insulin decreased significantly. No serious adverse events related to diet were observed [59].
A one month single-arm prospective study demonstrated that a ketogenic diet was generally
safe for patients with high grade gliomas. It changed metabolism, increased blood ketone
body, and decreased level of insulin. No change in fasting blood glucose was observed [60].
A meta-analysis of the effect of ketogenic diets on blood glucose in patients with obesity
or overweight showed that there was no significant decrease in blood glucose index in
a ketogenic diet group compared with the control group. Consistent with our results,
ketogenic diets had little effect on decreasing the blood glucose of cancer patients.

Will a high-fat ketogenic diet affect liver and kidney function? A prospective obser-
vational real-life study was conducted on patients with obesity and mild kidney failure
undergoing a 3-month ketogenic diet. The study found that weight and fat mass were
significantly reduced, and the metabolic parameters and metabolic rate were significantly
improved. There were no clinically relevant changes in liver and kidney function, and
no differences were found in efficacy and safety results. More than a quarter of patients
with mild renal failure reported normalization of glomerular filtration after dietary inter-
vention [61]. Our meta-analysis also found that ketogenic diets had no effect on liver and
kidney function, except the GGT level.

IGF-1 has been proved to increase the proliferation rate of many cancers and lead to
treatment resistance [62,63]. IGF-1 levels in patients with Laron syndrome are very low
and protected them from cancer [64], as is the case in animal models with low IGF-1 [65].
However, a significant effect of ketogenic diets on IGF-1 was not found in this meta-analysis
and neither was TNF-o.

Clinical trials have also proved that ketogenic diets could improve the quality of
life of patients with breast cancer [31,36]. Findings of a retrospective single-center study
suggested that metabolically supported chemotherapy with ketogenic diets may bring
about improvements in survival outcomes and treatment response rates in metastatic
NSCLC and pancreatic cancer, without additional safety concerns [11,66]. Other studies
have shown that ketogenic diet as an adjuvant to standardized chemo-radiation treatment
for glioblastoma multiforme was safe and feasible, but it had no substantial changes in
patients” quality of life, neurological function, and impairment [67]. In this study, we find
that most studies considered that ketogenic diets had benefits on quality of life of cancer
patients. Improvements in mental health were well recognized. Although there have been
many studies on ketogenic diets as an adjuvant treatment for cancer, more solid evidence is
still needed [1].

Compared with previous similar meta-analysis, our analysis included more newly
studies and statistics. In order to make the results more accurate and reliable, we excluded
the study of low-carbon diet and included the data of ketogenic diets intervention group
only. However, there are still several limitations in this meta-analysis. The first is that a
blinded outcome assessment could not be performed because the intervention in trials was
dietary modification. Meanwhile, diet was not strictly regulated and ingredients were not
uniform. These were detrimental to the accuracy of the trials results. Secondly, there was
heterogeneity in the results of the analysis. In addition to patients’ physical differences,
patients with different cancers and stages will also lead to heterogeneity. Subgroup analysis
in different cancers, cancer stages, and treatments are still lacking. Thirdly, the available
RCTs are still small enough to support us from making a firm conclusion. It needs more
RCTs on ketogenic diets to support. In addition, considering that duration of intervention in
most studies was less than 6 months, further research is needed to examine the maintenance
of the effect in a long period of time.
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5. Conclusions

Based on the results of current meta-analysis, we speculated that the ketogenic diet
is safe for cancer patients to reduce their body weight and fat mass. Dietary compliance
was lower in the ketogenic diets group than in the general diets. Ketogenic diets had no
significant effect on blood glucose, insulin, and lipid profile except triglycerides. GGT
decrease was found in the analysis of liver and kidney function changes. There were no
significant changes in IGF-1 and TNF-« related to tumor growth. Ketogenic diets may be
beneficial to the quality of life of cancer patients. There was inadequate evidence to support
the beneficial effects of ketogenic diets on cancer treatment. Large comparative studies are
warranted to draw robust conclusions.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/nu14194192/s1, Figure S1: Supplementary analysis of effects on
body composition; Figure S2: Supplementary analysis of effects on blood glucose, insulin and IGF-1;
Figure S3: Supplementary analysis of effects on lipid profiles; Figure S4: Supplementary analysis
of effects on ketosis Figure S5: Supplementary analysis of effects on creatinine; Table S1: Database,
Terms and Literature number; Table S2: Characteristics of included studies; Table S3: GRADE
evidence profile.

Author Contributions: H.Z. and H.J. make equal contributions to the article and designed the
study. H.Z., H.]. and ].X. performed the literature search, data extraction, and quality assessment,
independently. Z.Z. reviewed the data and analysis. H.Z. wrote the manuscript. J.S. and X.B.
supervised the study. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Natural Science Foundation of China (32172183),
the Shenzhen Science and Technology Program (JCY]20210324133602007), and Construction Funds of
Key Medical Disciplines in Longhua District, Shenzhen (MKD202007090211).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data described in the manuscript will be made publicly and freely
available without restriction.

Acknowledgments: We would like to thank the participants and researchers of ketogenic diets’
intervention trials and the authors who contributed to this paper.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Minzer, S. Effectiveness of Ketogenic Diets on the Survival of Adult Oncological Patients. Nutr. Cancer 2021, 73, 2155-2165.
[CrossRef] [PubMed]

2. Hanahan, D.; Weinberg, R.A. Hallmarks of cancer: The next generation. Cell 2011, 144, 646-674. [CrossRef]

3. Stafstrom, C.E.; Rho, ].M. The Ketogenic Diet as a Treatment Paradigm for Diverse Neurological Disorders. Front. Pharmacol.
2012, 3, 59. [CrossRef] [PubMed]

4. Choi, Y.J.; Jeon, S.-M.; Shin, S. Impact of a Ketogenic Diet on Metabolic Parameters in Patients with Obesity or Overweight
and with or without Type 2 Diabetes: A Meta-Analysis of Randomized Controlled Trials. Nutrients 2020, 12, 2005. [CrossRef]
[PubMed]

5. Paoli, A.; Mancin, L.; Giacona, M.C.; Bianco, A.; Caprio, M. Effects of a ketogenic diet in overweight women with polycystic
ovary syndrome. J. Transl. Med. 2020, 18, 104. [CrossRef] [PubMed]

6.  Hay, N. Reprogramming glucose metabolism in cancer: Can it be exploited for cancer therapy? Nat. Rev. Cancer 2016, 16, 635-649.
[CrossRef]

7. Chang, H.T,; Olson, L K.; A Schwartz, K. Ketolytic and glycolytic enzymatic expression profiles in malignant gliomas: Implication
for ketogenic diet therapy. Nutr. Metab. 2013, 10, 47. [CrossRef]

8.  Feng, S.; Wang, H,; Liu, ].; Aa, J.; Zhou, F; Wang, G. Multi-dimensional roles of ketone bodies in cancer biology: Opportunities for
cancer therapy. Pharmacol. Res. 2019, 150, 104500. [CrossRef]

9.  Rieger, J.; Bdhr, O.; Maurer, G.D.; Hattingen, E.; Franz, K.; Brucker, D.; Walenta, S.; Kémmerer, U.; Coy, ].E.; Weller, M.; et al.
ERGO: A pilot study of ketogenic diet in recurrent glioblastoma. Int. J. Oncol. 2014, 44, 1843-1852. [CrossRef]

10. Zahra, A.; Fath, M.A.; Opat, E.; Mapuskar, K.A,; Bhatia, S.K.; Ma, D.C; Iii, S.N.R.; Snyders, T.P.; Chenard, C.A.; Eichenberger-

Gilmore, ].M.; et al. Consuming a Ketogenic Diet while Receiving Radiation and Chemotherapy for Locally Advanced Lung


https://www.mdpi.com/article/10.3390/nu14194192/s1
https://www.mdpi.com/article/10.3390/nu14194192/s1
http://doi.org/10.1080/01635581.2020.1836243
http://www.ncbi.nlm.nih.gov/pubmed/33073624
http://doi.org/10.1016/j.cell.2011.02.013
http://doi.org/10.3389/fphar.2012.00059
http://www.ncbi.nlm.nih.gov/pubmed/22509165
http://doi.org/10.3390/nu12072005
http://www.ncbi.nlm.nih.gov/pubmed/32640608
http://doi.org/10.1186/s12967-020-02277-0
http://www.ncbi.nlm.nih.gov/pubmed/32103756
http://doi.org/10.1038/nrc.2016.77
http://doi.org/10.1186/1743-7075-10-47
http://doi.org/10.1016/j.phrs.2019.104500
http://doi.org/10.3892/ijo.2014.2382

Nutrients 2022, 14, 4192 24 of 26

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Cancer and Pancreatic Cancer: The University of lowa Experience of Two Phase 1 Clinical Trials. Radiat. Res. 2017, 187, 743-754.
[CrossRef]

Iyikesici, M.S. Feasibility study of metabolically supported chemotherapy with weekly carboplatin/paclitaxel combined with
ketogenic diet, hyperthermia and hyperbaric oxygen therapy in metastatic non-small cell lung cancer. Int. . Hyperth. 2019, 36,
445-454. [CrossRef] [PubMed]

Caso, J.; Masko, EM.; Ii, J.A,; Poulton, S.H.; Dewhirst, M.; Pizzo, S.V.; Freedland, S.J. The effect of carbohydrate restriction on
prostate cancer tumor growth in a castrate mouse xenograft model. Prostate 2013, 73, 449-454. [CrossRef] [PubMed]

Branca, J.J.V.; Pacini, S.; Ruggiero, M. Effects of Pre-surgical Vitamin D Supplementation and Ketogenic Diet in a Patient with
Recurrent Breast Cancer. Anticancer Res. 2015, 35, 5525-5532. [PubMed]

Klement, R.J. The influence of ketogenic therapy on the 5 R’s of radiobiology. Int. ]. Radiat. Biol. 2019, 95, 394-407. [CrossRef]
Ferrere, G.; Alou, M.T,; Liu, P.; Goubet, A.-G.; Fidelle, M.; Kepp, O.; Durand, S.; Iebba, V.; Fluckiger, A.; Daillére, R.; et al.
Ketogenic diet and ketone bodies enhance the anticancer effects of PD-1 blockade. JCI Insight 2021, 6, €145207. [CrossRef]
Mobher, D.; Shamseer, L.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P.; Stewart, L.A. Preferred reporting items for
systematic review and meta-analysis protocols (prisma-p) 2015 statement. Syst. Rev. 2015, 4, 1. [CrossRef]

Guyatt, G.H.; Oxman, A.D.; Vist, G.E.; Kunz, R.; Falck-Ytter, Y.; Alonso-Coello, P.; Schiinemann, H.]. GRADE: An emerging
consensus on rating quality of evidence and strength of recommendations. BM]J 2008, 336, 924-926. [CrossRef]

Luo, D.; Wan, X,; Liu, J.; Tong, T. Optimally estimating the sample mean from the sample size, median, mid-range, and/or
mid-quartile range. Stat. Methods Med. Res. 2018, 27, 1785-1805. [CrossRef]

Hozo, S.P,; Djulbegovic, B.; Hozo, I. Estimating the mean and variance from the median, range, and the size of a sample. BMC
Med. Res. Methodol. 2005, 5, 13. [CrossRef]

McGrath, S.; Zhao, X.; Steele, R.; Thombs, B.D.; Benedetti, A.; Levis, B.; Riehm, K.E.; Saadat, N.; Levis, A.W.; Azar, M.; et al.
Estimating the sample mean and standard deviation from commonly reported quantiles in meta-analysis. Stat. Methods Med. Res.
2020, 29, 2520-2537. [CrossRef]

Wan, X.; Wang, W.; Liu, J.; Tong, T. Estimating the sample mean and standard deviation from the sample size, median, range
and/or interquartile range. BMC Med. Res. Methodol. 2014, 14, 135. [CrossRef] [PubMed]

Higgins, J.; Green, S.R. Cochrane Handbook for Systematic Review of Interventions. Version 5.1.0. 2011. Available online:
www.handbook.cochrane.org (accessed on 1 September 2021).

Wenger, K.J.; Wagner, M.; Harter, PN.; Franz, K.; Bojunga, J.; Fokas, E.; Imhoff, D.; Rodel, C.; Rieger, J.; Hattingen, E.; et al.
Maintenance of Energy Homeostasis during Calorically Restricted Ketogenic Diet and Fasting-MR-Spectroscopic Insights from
the ERGO2 Trial. Cancers 2020, 12, 3549. [CrossRef] [PubMed]

Freedland, S.J.; Howard, L.; Allen, J.; Smith, J.; Stout, J.; Aronson, W.; Inman, B.A.; Armstrong, A.].; George, D.; Westman, E.;
et al. A lifestyle intervention of weight loss via a low-carbohydrate diet plus walking to reduce metabolic disturbances caused
by androgen deprivation therapy among prostate cancer patients: Carbohydrate and prostate study 1 (CAPS1) randomized
controlled trial. Prostate Cancer Prostatic Dis. 2019, 22, 428-437. [CrossRef] [PubMed]

Klement, R.J.; Sweeney, R.A. Impact of a ketogenic diet intervention during radiotherapy on body composition: I. Initial clinical
experience with six prospectively studied patients. BMIC Res. Notes 2016, 9, 143. [CrossRef] [PubMed]

Cohen, C.W.; Fontaine, K.R.; Arend, R.C.; Alvarez, R.D.; Leath, C.A., III; Huh, WK; Bevis, K.S.; Kim, K.H.; Straughn, ]. M., Jr.;
Gower, B.A. A Ketogenic Diet Reduces Central Obesity and Serum Insulin in Women with Ovarian or Endometrial Cancer. J. Nutr.
2018, 148, 1253-1260. [CrossRef]

Cohen, C.W.; Fontaine, K.R.; Arend, R.C.; Soleymani, T.; Gower, B.A. Favorable Effects of a Ketogenic Diet on Physical Function,
Perceived Energy, and Food Cravings in Women with Ovarian or Endometrial Cancer: A Randomized, Controlled Trial. Nutrients
2018, 10, 1187. [CrossRef]

Cohen, C.W,; Fontaine, K.R.; Arend, R.C.; Gower, B.A. A Ketogenic Diet Is Acceptable in Women with Ovarian and Endometrial
Cancer and Has No Adverse Effects on Blood Lipids: A Randomized, Controlled Trial. Nutr. Cancer 2020, 72, 584-594. [CrossRef]
Ok, J.H.; Lee, H.; Chung, H.Y.; Lee, S.H.; Choi, E.J.; Kang, C.M.; Lee, S.M. The Potential Use of a Ketogenic Diet in Pancreatobiliary
Cancer Patients After Pancreatectomy. Anticancer Res. 2018, 38, 6519-6527. [CrossRef]

Kang, C.M.; Yun, B.; Kim, M.; Song, M.; Kim, Y.-H.; Lee, S.H.; Lee, H.; Lee, S.M.; Lee, S.-M. Postoperative serum metabolites of
patients on a low carbohydrate ketogenic diet after pancreatectomy for pancreatobiliary cancer: A nontargeted metabolomics
pilot study. Sci. Rep. 2019, 9, 16820. [CrossRef]

Khodabakhshi, A.; Akbari, M.E.; Mirzaei, H.R.; Seyfried, T.N.; Kalamian, M.; Davoodi, S.H. Effects of Ketogenic metabolic
therapy on patients with breast cancer: A randomized controlled clinical trial. Clin. Nutr. 2021, 40, 751-758. [CrossRef]
Khodabakhshi, A.; Seyfried, T.N.; Kalamian, M.; Beheshti, M.; Davoodi, S.H. Does a ketogenic diet have beneficial effects on
quality of life, physical activity or biomarkers in patients with breast cancer: A randomized controlled clinical trial. Nutr. J. 2020,
19, 87. [CrossRef] [PubMed]

Khodabakhshi, A.; Akbari, M.E.; Mirzaei, H.R.; Mehrad-Majd, H.; Kalamian, M.; Davoodi, S.H. Feasibility, Safety, and Beneficial
Effects of MCT-Based Ketogenic Diet for Breast Cancer Treatment: A Randomized Controlled Trial Study. Nutr. Cancer 2020, 72,
627-634. [CrossRef] [PubMed]

Klement, R.J.; Schéfer, G.; Sweeney, R.A. A ketogenic diet exerts beneficial effects on body composition of cancer patients during
radiotherapy: An interim analysis of the KETOCOMP study. J. Tradit. Complement. Med. 2020, 10, 180-187. [CrossRef] [PubMed]


http://doi.org/10.1667/RR14668.1
http://doi.org/10.1080/02656736.2019.1589584
http://www.ncbi.nlm.nih.gov/pubmed/30931666
http://doi.org/10.1002/pros.22586
http://www.ncbi.nlm.nih.gov/pubmed/23038057
http://www.ncbi.nlm.nih.gov/pubmed/26408720
http://doi.org/10.1080/09553002.2017.1380330
http://doi.org/10.1172/jci.insight.145207
http://doi.org/10.1186/2046-4053-4-1
http://doi.org/10.1136/bmj.39489.470347.AD
http://doi.org/10.1177/0962280216669183
http://doi.org/10.1186/1471-2288-5-13
http://doi.org/10.1177/0962280219889080
http://doi.org/10.1186/1471-2288-14-135
http://www.ncbi.nlm.nih.gov/pubmed/25524443
www.handbook.cochrane.org
http://doi.org/10.3390/cancers12123549
http://www.ncbi.nlm.nih.gov/pubmed/33261052
http://doi.org/10.1038/s41391-019-0126-5
http://www.ncbi.nlm.nih.gov/pubmed/30664736
http://doi.org/10.1186/s13104-016-1959-9
http://www.ncbi.nlm.nih.gov/pubmed/26946138
http://doi.org/10.1093/jn/nxy119
http://doi.org/10.3390/nu10091187
http://doi.org/10.1080/01635581.2019.1645864
http://doi.org/10.21873/anticanres.13017
http://doi.org/10.1038/s41598-019-53287-y
http://doi.org/10.1016/j.clnu.2020.06.028
http://doi.org/10.1186/s12937-020-00596-y
http://www.ncbi.nlm.nih.gov/pubmed/32828130
http://doi.org/10.1080/01635581.2019.1650942
http://www.ncbi.nlm.nih.gov/pubmed/31496287
http://doi.org/10.1016/j.jtcme.2019.03.007
http://www.ncbi.nlm.nih.gov/pubmed/32670812

Nutrients 2022, 14, 4192 25 of 26

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Augustus, E.; Granderson, I.; Rocke, K.D. The Impact of a Ketogenic Dietary Intervention on the Quality of Life of Stage II and III
Cancer Patients: A Randomized Controlled Trial in the Caribbean. Nutr. Cancer 2020, 73, 1590-1600. [CrossRef] [PubMed]
Klement, R.J.; Weigel, M.M.; Sweeney, R.A. A ketogenic diet consumed during radiotherapy improves several aspects of quality
of life and metabolic health in women with breast cancer. Clin. Nutr. 2021, 40, 4267-4274. [CrossRef] [PubMed]

Klement, R.J.; Champ, C.E.; Kdmmerer, U.; Koebrunner, P.S.; Krage, K.; Schéfer, G.; Weigel, M.; Sweeney, R.A. Impact of a
ketogenic diet intervention during radiotherapy on body composition: III-final results of the KETOCOMP study for breast cancer
patients. Breast Cancer Res. 2020, 22, 94. [CrossRef]

Voss, M.; Wagner, M.; von Mettenheim, N.; Harter, PN.; Wenger, K J.; Franz, K.; Bojunga, J.; Vetter, M.; Gerlach, R.; Glatzel, M.; et al.
A Prospective, Randomized Trial of Calorie-Restricted Ketogenic Diet and Fasting in Addition to Reirradiation for Malignant
Glioma. Int. J. Radiat. Oncol. 2020, 108, 987-995. [CrossRef]

Voss, M.; Wenger, K.J.; von Mettenheim, N.; Bojunga, J.; Vetter, M.; Diehl, B.; Franz, K.; Gerlach, R.; Ronellenfitsch, M.W.; Harter,
P.N.; et al. Short-term fasting in glioma patients: Analysis of diet diaries and metabolic parameters of the ERGO2 trial. Eur. J.
Nutr. 2021, 61, 477-487. [CrossRef]

Kédmmerer, U.; Klement, R.J.; Joos, ET.; Siitterlin, M.; Reuss-Borst, M. Low Carb and Ketogenic Diets Increase Quality of
Life, Physical Performance, Body Composition, and Metabolic Health of Women with Breast Cancer. Nutrients 2021, 13, 1029.
[CrossRef]

Klement, R.J.; Meyer, D.; Kanzler, S.; Sweeney, R.A. Ketogenic diets consumed during radio-chemotherapy have beneficial effects
on quality of life and metabolic health in patients with rectal cancer. Eur. J. Nutr. 2021, 61, 69-84. [CrossRef]

Klement, R.J.; Koebrunner, P.S.; Meyer, D.; Kanzler, S.; Sweeney, R.A. Impact of a ketogenic diet intervention during radiotherapy
on body composition: IV. Final results of the KETOCOMP study for rectal cancer patients. Clin. Nutr. 2021, 40, 4674-4684.
[CrossRef] [PubMed]

Mana, M.D.; Hussey, A.M.; Tzouanas, C.N.; Imada, S.; Barrera Millan, Y.; Bahceci, D.; Saiz, D.R.; Webb, A.T.; Lewis, C.A,;
Carmeliet, P; et al. High-fat diet-activated fatty acid oxidation mediates intestinal stemness and tumorigenicity. Cell Rep. 2021, 35,
109212. [CrossRef] [PubMed]

Tong, Y.; Gao, H.; Qi, Q.; Liu, X; Li, J.; Gao, J.; Li, P.; Wang, Y.; Du, L.; Wang, C. High fat diet, gut microbiome and gastrointestinal
cancer. Theranostics 2021, 11, 5889-5910. [CrossRef] [PubMed]

Labbé, D.P,; Zadra, G.; Yang, M.; Reyes, ].M.; Lin, C.Y.; Cacciatore, S.; Ebot, E.M.; Creech, A.L.; Giunchi, F,; Fiorentino, M.; et al.
High-fat diet fuels prostate cancer progression by rewiring the metabolome and amplifying the MYC program. Nat. Commun.
2019, 10, 4358. [CrossRef]

Yang, J.; Wei, H.; Zhou, Y.; Szeto, C.H.; Li, C.; Lin, Y.; Coker, O.O.; Lau, H.C.H.; Chan, A.W.H.; Sung, ] ].Y.; et al. High-Fat Diet
Promotes Colorectal Tumorigenesis Through Modulating Gut Microbiota and Metabolites. Gastroenterology 2022, 162, 135-149.e2.
[CrossRef]

Rapp, K.; Schroeder, J.; Klenk, J.; Stoehr, S.; Ulmer, H.; Concin, H.; Diem, G.; Oberaigner, W.; Weiland, S.K. Obesity and incidence
of cancer: A large cohort study of over 145 000 adults in Austria. Br. J. Cancer 2005, 93, 1062-1067. [CrossRef]

Renehan, A.G.; Tyson, M.; Egger, M.; Heller, R.F.; Zwahlen, M. Body-mass index and incidence of cancer: A systematic review
and meta-analysis of prospective observational studies. Lancet 2008, 371, 569-578. [CrossRef]

Calle, E.E.; Rodriguez, C.; Walker-Thurmond, K.; Thun, M.J. Overweight, Obesity, and Mortality from Cancer in a Prospectively
Studied Cohort of U.S. Adults. N. Engl. |. Med. 2003, 348, 1625-1638. [CrossRef]

Sung, H.; Siegel, R.L.; Torre, L.A.; Pearson-Stuttard, J.; Islami, F.; Fedewa, S.A.; Sauer, A.G.; Shuval, K.; Gapstur, S.M.; Jacobs, E.J.;
et al. Global patterns in excess body weight and the associated cancer burden. CA A Cancer |. Clin. 2019, 69, 88-112. [CrossRef]
Basciani, S.; Camajani, E.; Contini, S.; Persichetti, A.; Risi, R.; Bertoldi, L.; Strigari, L.; Prossomariti, G.; Watanabe, M.; Mariani, S.;
et al. Very-Low-Calorie Ketogenic Diets with Whey, Vegetable, or Animal Protein in Patients with Obesity: A Randomized Pilot
Study. J. Clin. Endocrinol. Metab. 2020, 105, 2939-2949. [CrossRef]

Goday, A.; Bellido, D.; Sajoux, I.; Crujeiras, A.B.; Burguera, B.; Luna, PP.G.; Oleaga, A.; Moreno, B.; Casanueva, FF. 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, €230. [CrossRef] [PubMed]

Merra, G.; Gratteri, S.; De Lorenzo, A.; Barrucco, S.; A Perrone, M.; Avolio, E.; Bernardini, S.; Marchetti, M.; Di Renzo, L. Effects of
very-low-calorie diet on body composition, metabolic state, and genes expression: A randomized double-blind placebo-controlled
trial. Eur. Rev. Med. Pharmacol. Sci. 2017, 21, 329-345. [PubMed]

Moreno, B.; Crujeiras, A.B.; Bellido, D.; Sajoux, I.; Casanueva, F.F. Obesity treatment by very low-calorie-ketogenic diet at two
years: Reduction in visceral fat and on the burden of disease. Endocrine 2016, 54, 681-690. [CrossRef]

Saslow, L.R.; Daubenmier, J.J.; Moskowitz, ].T.; Kim, S.; Murphy, E.J.; Phinney, S.D.; Ploutz-Snyder, R.; Goldman, V.; Cox, R.M,;
Mason, A.E; 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. [CrossRef]

Cunha, G.M.; Guzman, G.; De Mello, L.L.C.; Trein, B.; Spina, L.; Bussade, L ; Prata, ].M.; Sajoux, L.; Countinho, W. Efficacy of a
2-Month Very Low-Calorie Ketogenic Diet (VLCKD) Compared to a Standard Low-Calorie Diet in Reducing Visceral and Liver
Fat Accumulation in Patients with Obesity. Front. Endocrinol. 2020, 11, 607. [CrossRef]


http://doi.org/10.1080/01635581.2020.1803930
http://www.ncbi.nlm.nih.gov/pubmed/32791011
http://doi.org/10.1016/j.clnu.2021.01.023
http://www.ncbi.nlm.nih.gov/pubmed/33551218
http://doi.org/10.1186/s13058-020-01331-5
http://doi.org/10.1016/j.ijrobp.2020.06.021
http://doi.org/10.1007/s00394-021-02666-1
http://doi.org/10.3390/nu13031029
http://doi.org/10.1007/s00394-021-02615-y
http://doi.org/10.1016/j.clnu.2021.05.015
http://www.ncbi.nlm.nih.gov/pubmed/34233255
http://doi.org/10.1016/j.celrep.2021.109212
http://www.ncbi.nlm.nih.gov/pubmed/34107251
http://doi.org/10.7150/thno.56157
http://www.ncbi.nlm.nih.gov/pubmed/33897888
http://doi.org/10.1038/s41467-019-12298-z
http://doi.org/10.1053/j.gastro.2021.08.041
http://doi.org/10.1038/sj.bjc.6602819
http://doi.org/10.1016/S0140-6736(08)60269-X
http://doi.org/10.1056/NEJMoa021423
http://doi.org/10.3322/caac.21499
http://doi.org/10.1210/clinem/dgaa336
http://doi.org/10.1038/nutd.2016.36
http://www.ncbi.nlm.nih.gov/pubmed/27643725
http://www.ncbi.nlm.nih.gov/pubmed/28165552
http://doi.org/10.1007/s12020-016-1050-2
http://doi.org/10.1038/s41387-017-0006-9
http://doi.org/10.3389/fendo.2020.00607

Nutrients 2022, 14, 4192 26 of 26

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Gomez-Arbelaez, D.; Bellido, D.; Castro, A.L; Mayan, L.O.; Carreira, ]J.; Galban, C.; Olmos, M.M.; Crujeiras, A.B.; Sajoux, I;
Casanueva, EF. Body Composition Changes After Very-Low-Calorie Ketogenic Diet in Obesity Evaluated by 3 Standardized
Methods. |. Clin. Endocrinol. Metab. 2017, 102, 488-498. [CrossRef] [PubMed]

Vargas, S.; Romance, R.; Petro, J.L.; Bonilla, D.A.; Galancho, I; Espinar, S.; Kreider, R.B.; Benitez-Porres, J. Efficacy of ketogenic
diet on body composition during resistance training in trained men: A randomized controlled trial. J. Int. Soc. Sport. Nutr. 2018,
15, 31. [CrossRef]

Hagihara, K.; Kajimoto, K.; Osaga, S.; Nagai, N.; Shimosegawa, E.; Nakata, H.; Saito, H.; Nakano, M.; Takeuchi, M.; Kanki, H.;
et al. Promising Effect of a New Ketogenic Diet Regimen in Patients with Advanced Cancer. Nutrients 2020, 12, 1473. [CrossRef]
[PubMed]

Foppiani, A.; De Amicis, R.; Lessa, C.; Leone, A.; Ravella, S.; Ciusani, E.; Silvani, A.; Zuccoli, G.; Battezzati, A.; Lamperti, E.; et al.
Isocaloric Ketogenic Diet in Adults with High-Grade Gliomas: A Prospective Metabolic Study. Nutr. Cancer 2021, 73, 1004-1014.
[CrossRef]

Bruci, A.; Tuccinardi, D.; Tozzi, R.; Balena, A.; Santucci, S.; Frontani, R.; Mariani, S.; Basciani, S.; Spera, G.; Gnessi, L.; et al.
Very Low-Calorie Ketogenic Diet: A Safe and Effective Tool for Weight Loss in Patients with Obesity and Mild Kidney Failure.
Nutrients 2020, 12, 333. [CrossRef]

Gusscott, S.; Jenkins, C.E.; Lam, S.H.; Giambra, V.; Pollak, M.; Weng, A.P. IGFIR Derived PI3K/AKT Signaling Maintains Growth
in a Subset of Human T-Cell Acute Lymphoblastic Leukemias. PLoS ONE 2016, 11, €0161158. [CrossRef]

Tommelein, J.; De Vlieghere, E.; Verset, L.; Melsens, E.; Leenders, J.; Descamps, B.; Debucquoy, A.; Vanhove, C.; Pauwels, P;
Gespach, C.P; et al. Radiotherapy-Activated Cancer-Associated Fibroblasts Promote Tumor Progression through Paracrine IGF1R
Activation. Cancer Res. 2018, 78, 659—-670. [CrossRef]

Laron, Z. Lessons from 50 Years of Study of Laron Syndrome. Endocr. Pract. 2015, 21, 1395-1402. [CrossRef]

Pinkston, ].M.; Garigan, D.; Hansen, M.; Kenyon, C. Mutations that increase the life span of C. elegans inhibit tumor growth.
Science 2006, 313, 971-975. [CrossRef]

Iyikesici, M.S. Long-Term Survival Outcomes of Metabolically Supported Chemotherapy with Gemcitabine-Based or FOLFIRI-
NOX Regimen Combined with Ketogenic Diet, Hyperthermia, and Hyperbaric Oxygen Therapy in Metastatic Pancreatic Cancer.
Complement. Med. Res. 2020, 27, 31-39. [CrossRef] [PubMed]

Van Der Louw, E.].T.M,; Olieman, J.E; Bemt, PM.L.A.V.D.; Bromberg, ].E.C.; Hoop, E.O.-D.; Neuteboom, R.E,; Catsman-Berrevoets,
C.E,; Vincent, A.].P.E. Ketogenic diet treatment as adjuvant to standard treatment of glioblastoma multiforme: A feasibility and
safety study. Ther. Adv. Med. Oncol. 2019, 11, 1758835919853958. [CrossRef] [PubMed]


http://doi.org/10.1210/jc.2016-2385
http://www.ncbi.nlm.nih.gov/pubmed/27754807
http://doi.org/10.1186/s12970-018-0236-9
http://doi.org/10.3390/nu12051473
http://www.ncbi.nlm.nih.gov/pubmed/32438645
http://doi.org/10.1080/01635581.2020.1779759
http://doi.org/10.3390/nu12020333
http://doi.org/10.1371/journal.pone.0161158
http://doi.org/10.1158/0008-5472.CAN-17-0524
http://doi.org/10.4158/EP15939.RA
http://doi.org/10.1126/science.1121908
http://doi.org/10.1159/000502135
http://www.ncbi.nlm.nih.gov/pubmed/31527373
http://doi.org/10.1177/1758835919853958
http://www.ncbi.nlm.nih.gov/pubmed/31258628

	Introduction 
	Materials and Methods 
	Data Sources, Search Strategy, and Selection Criteria 
	Inclusion and Exclusion Criteria 
	Data Extraction and Quality Assessment 
	Statistical Analysis 

	Results 
	Study Selection 
	Study Characteristics 
	Study Quality of Trials 
	The Effects of Ketogenic Diets on Body Composition 
	Body Weight 
	BMI 
	Fat Mass 

	Effect on Blood Glucose, Insulin, and IGF-1 
	Blood Glucose 
	Insulin 
	IGF-1 

	Effects of Ketogenic Diets on Lipid Profiles 
	Total Cholesterol 
	HDL-C 
	LDL-C 
	Triglycerides 

	Ketosis 
	Ketone Body and Ketosis Events 
	-Hydroxybutyrate 

	Renal Function Test 
	Creatinine 
	BUN and Urea and Uric Acid 

	Liver Function Test 
	Free T3 and TNF- 
	Quality of Life 

	Discussion 
	Conclusions 
	References

