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Abstract: Ketogenic diets (KDs) may be a helpful complement in the prevention of and therapy for
several diseases. Apart from their non-cariogenic properties, it is still unclear how KDs affect oral
parameters. The aim of this study was to investigate the influence of a KD on clinical periodontal
parameters. Twenty generally healthy volunteers with an average age of 36.6 years underwent a
KD for 6 weeks. Their compliance was monitored by measuring their urinary ketones daily and by
keeping 7-day food records. Clinical oral parameters included plaque (PI), gingival inflammation
(GI), a complete periodontal status (probing depths, bleeding on probing), and general physical
and serologic parameters at baseline and after 6 weeks. The results showed a trend towards lower
plaque values, but with no significant changes from baseline to the end of the study with regard to
the clinical periodontal parameters. However, their body weight and BMI measurements showed
a significant decrease. The regression analyses showed that the fat mass and the BMI were signifi-
cantly positively correlated to periodontal inflammation, while HDL, fiber, and protein intake were
negatively correlated to periodontal inflammation. The KD change did not lead to clinical changes in
periodontal parameters in healthy participants under continued oral hygiene, but it did lead to a
significant weight loss.

Keywords: ketogenic diet; periodontal inflammation; gingivitis; oral health

1. Introduction

Ketogenic diets (KDs) are characterized by a very low-carbohydrate intake (<10% en-
ergy) which induces a state of physiological ketosis with increased use of ketone bodies as
an energy source [1]. KDs are used and investigated as potential dietary supports or as ther-
apy for a wide range of diseases, such as intractable childhood epilepsy [2], type 2 diabetes,
polycystic ovary syndrome, neurodegenerative diseases [3], and cancer [4,5]. Furthermore,
the KD is a popular approach for achieving weight loss [3,6]. While its safety and efficacy
were investigated with regard to various anthropomorphic outcomes (body weight, body
mass index (BMI), waist circumference, etc.), serological outcomes (cholesterol, markers of
blood sugar and insulin resistance, etc.), and body functions (blood pressure, peak oxygen
uptake (VO2peak) and peak power, handgrip strength, etc.) [7-9], there is a lack of data
with regard to clinical oral parameters. This seems surprising since caries are a process that
is fundamentally dependent on digested fermentable carbohydrates [10]. Furthermore,
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there is growing evidence that avoiding sugar and processed carbohydrates in a diet can
significantly reduce gingival inflammation, which is a prerequisite for periodontitis, even
without changes in plaque values [11-14]. There are two basic mechanisms assumed about
how processed carbohydrates can lead to an alteration of gingival inflammation by a
local and a systemic pro-inflammatory effect. Kashket et al. were able to show that the
supragingival plaque can metabolize processed carbohydrates to short-chain fatty acids,
which, in turn, promote an inflammatory reaction of the gingiva [15]. The systemic effect is
assumed to be mediated by high blood sugar peaks with an associated increase in oxidative
stress and the formation of advanced glycation end products [10,16]. However, there is also
evidence that carbohydrate consumption significantly alters the plaque formation on both
teeth and dental implants [17,18], which also has an impact on gingival inflammation [19].
Since caries and periodontitis are the most common diseases in mankind [20], there is a
fundamental need for research in therapeutics.

On the other side, there are aspects of KDs which may have a negative impact on
periodontal parameters, such as a possible higher intake of saturated fatty acids or an
increase in LDL values [16,21]. Furthermore, to the best of the author’s knowledge, it
is not described if a drop in serum pH values might have a negative impact on the oral
system [22].

Thus, the aim of the current study was to exploratively evaluate the effect of a six-week
ketogenic diet on clinical periodontal parameter participants within a larger main study
about KDs. Due to the lack of studies regarding KDs and oral parameters, this study
focused on generally healthy participants with continued oral hygiene as a first step.

2. Materials and Methods
2.1. Ethics and Trial Registration

The study was a part of a larger study titled “Impact of a 6-week non-energy-restricted
ketogenic diet on physical fitness, body composition and biochemical parameters in healthy
adults” [8]. The aim of the main study was to evaluate a six-week KD on endurance and
physical performance in young healthy adults because prior studies to this time were only
available for athletes. The results showed that KDs had no relevant impact on physical
fitness that would impair daily activities or aerobic training [8]. The study protocol
was approved by the Ethics Commission of the Albert-Ludwigs-University of Freiburg,
Germany (494/14). All subjects signed a written consent form. The study was registered in
an international trial register (German Clinical Trial Register number DRKS00009605).

2.2. Study Design and Recruitment

This study was designed as an interventional uncontrolled clinical trial. The par-
ticipants were recruited from employees of the University Medical Center Freiburg via
advertising from February to June 2016 at the Department of Medicine 1. Besides their
participation in the main study, participants were asked to take part in the oral examina-
tion conducted at the Department of Operative Dentistry and Periodontology, Faculty of
Medicine, University of Freiburg, Germany.

2.3. Participants
All participants needed to meet the following inclusion criteria:

Adults in good general health with a BMI in the range of 19-30 kg/m?;
Age > 18 years.

The exclusion criteria were as follows:

low-carbohydrate nutrition already prior to the study;
Impaired liver and renal function, kidney stones;
Pregnancy or lactation period;

Diabetes mellitus and any fatty acid-metabolism disorders;
Smoking.
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2.4. Intervention

The experimental intervention consisted of a KD without caloric restriction over a
period of 6 weeks in accordance with a modified Atkins diet [23]. Prior to the study
period, the participants were instructed by a dietitian. The participants were provided
with handouts describing the main aspects of a KD and given a list of suitable foods with
a very low carbohydrate content. They were advised to eat ad libitum but to limit their
carbohydrate intake to a maximum of 2040 g/day to derive at least 75%, 15-20%, and
5-10% of total energy from fats, protein, and carbohydrates, respectively. The participants
were allowed to vary the food according to their preferences within the framework of
the KD. In addition, they were instructed to make the change gradually, step by step,
during the first week in order to avoid unwanted side effects (such as constipation) [8].
A detailed description of the foods recommended to avoid and to eat can be found in
the supplementary material of Cervenka et al. [24]. Their compliance was monitored by
taking daily measurements of urinary ketones using self-testing strips (Ketostix, Bayer
Vital GmbH, Leverkusen, Germany) and two semi-quantitative 7-day food records before
and during the last week of the intervention. The participants were instructed to measure
ketonuria in the morning time since a pre-study with 12 participants measuring both
ketonuria and $-hydroxybutyrate (BHB) in the serum showed that this was the most
reliable time for testing [25]. The measurements in the evening and night time showed
much higher values for ketonuria compared to serum BHB.

The participants were instructed to accurately record the amounts and types of food
and beverages using a digital portable scale (KS 22, Beurer GmbH, Ulm, Germany). The
nutrient analysis of the 7-day food records was performed with nutritional database
software (Prodi 6.5 basis, Nutri-Science GmbH, Stuttgart, Germany). All participants were
advised not to alter their physical activities during the study period. Physical activity was
assessed using a validated questionnaire [26].

2.5. General and Clinical Oral Measurements

As part of the main study, the fat mass (FM), the body weight, the BMI, and the
serological measurements were assessed. The FM was determined via air displacement
plethysmography (ADP) using a calibrated BodPod device (Cosmed USA Inc., Concord,
CA, USA). The serological measurements included the C-reactive protein (CRP), the blood
glucose concentration, insulin, cholesterol, triglycerides (TG), the high-density lipoprotein
(HDL), the low-density lipoprotein (LDL), and the insulin-like growth factor (IGF-1).

The clinical oral measurements were assessed by a dentist (SE) and included plaque,
gingival inflammation, and a periodontal status including pocket probing depths (PPD),
bleeding on probing (BOP), gingival recessions, and the clinical attachment loss (CAL).
Based on PPDs and BOP, the periodontal inflamed surface area (PISA) was calculated [27].
Furthermore, participants were interviewed with regard to their oral hygiene behavior,
including oral hygiene products and the frequency of use. Plaque was measured with
the plaque index (PI) described by Silness and Loe [28] using a dental probe (Emil Huber
GmbH, Karlsruhe, Germany). Gingival inflammation (GI) was measured according to
Loe and Silness [28]. Periodontal measurements were performed with a pressure-sensitive
periodontal probe DB764R (Aesculap AG, Tuttlingen, Germany). In order to assess the
intra-rater reliability regarding the PPDs, half of the participants were measured twice in
the first quadrant after the assessment of the periodontal status.

2.6. Statistical Analysis

The sample size calculation was carried out within the main study for the primary
outcome peak oxygen uptake (VO2peak) [8]. Accordingly, the current study had no prede-
fined primary and secondary outcomes but followed an explorative approach. The median,
mean, standard deviation, minimum and maximum were calculated for a descriptive
description of the data. A graphical representation was made by boxplots. By means of
t-tests for paired samples, a before-after comparison was performed. A linear regression
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model was fitted per time point for an investigation of the influence of different influencing
variables on the clinical parameters. It was also used to examine the changes in the clinical
parameters. Due to the explorative character of this study, no correction for multiple testing
was carried out. All data were analyzed using STATA 14.1 (StataCorp LP, Lakeway Drive
College Station, TX, USA). p < 0.05 was considered as statistically significant.

3. Results

Twenty participants were recruited and completed the investigation, without any
dropouts. The group consisted of 16 women and 4 men with a mean age of 36.6 years
varying from 25 to 57 years. With regard to oral hygiene procedures, all participants
brushed their teeth between 1 and 3 times daily and used additional oral hygiene products
in varying frequencies (Table 1).

Table 1. Oral hygiene behavior of the experimental group.

Oral Hygiene Behavior

Mean Frequency (Per Day) Standard Deviation Minimum-Maximum

Tooth brushing
Interdental cleaning
Use of mouth rinse

1.95 0.39 1-3
0.49 0.55 0-2
0.41 0.68 0-2

3.1. Intragroup Differences

The factors PI, GI, BOP, PPD, CAL, and PISA did not change significantly from
baseline to the end. With regard to PI, there was a trend toward lower scores at the final
examination (p = 0.096; Table 2). The repeated measurements of the first quadrant showed
high intra-rater reliability with an intraclass-correlation (ICC) of 0.98.

Table 2. Intragroup differences for clinical periodontal parameters from baseline to the final examination.

Intra-p-Value

Oral Parameter Time Mean (Standard Deviation) (95%Conf. Interval) (Baseline vs. End)
o me ee o
G 062 (029 a0
Por 027 011 070
215017 i
B 260 (040 i
413 (1250 St

PI = plaque index; GI = gingival index; BOP = bleeding on probing; PPD = pocket probing depth; CAL = clinical attachment level; PISA
= periodontal inflamed surface area. With regard to the anthropomorphic data and physical activity, body weight and BMI showed
a significant decrease from baseline to the end (Table 3). Regarding the fat mass, there was a trend towards lower values at the final

examination.

Table 3. Intragroup differences for anthropomorphic parameters and physical activity from baseline to the final examination.

Intra-p-Value

Parameter Time Mean (Standard Deviation) (95% Conf. Interval) .
(Baseline vs. End)
. Baseline 69.20 (10.65) 64.21-74.17
Body weight (kg) End 67.34 (9.26) 63.01-71.67 0.0003
Baseline 23.60 (3.25) 22.08-25.13
2 %
BMI (kg/m?) End 2297 (2.77) 21.67-24.26 0.0002
Baseline 22.75 (9.32) 18.39-27.11
Fat mass (kg) End 21.99 (8.33) 18.09-25.89 0.0675
Physical activity Baseline 39.31 (19.51) 30.17-48.44 01600
(MET-hours/week) End 43.29 (24.47) 31.83-54.74 :

MET = metabolic equivalent of task., ** p < 0.01.
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The serological parameters, glucose, and IGF-1 showed a significant decrease from
baseline to the end (Table 4). The LDL value showed a significant increase from baseline
to the end, while the HDL did not change from baseline to the end. Changes in nutrient
intake from baseline to the final examination are presented in Table 5.

Table 4. Intragroup differences for serological parameters from baseline to the final examination.

Intra-p-Value

Serological Parameter Time Mean (Standard Deviation) (95% Conf. Interval) (Baseline vs. End)
CRP (mg/L) i 305 .00 07153 02127
Ghmeimgray i EAE TERT e
T - T < SR
oy e S0@D o e -
S b e
LDL (mg/dL) BaEsilcilne 1(1)57;:28 gg:g(l); 1900(59815_—112355..5995 0.0495*
Total cholesterol (mg/dL) ~ Paelne o7 gggg; Rl 03283
Moy Ve T e e
CRP :0 %—lreactive Protein, IGF-1 = insulin-like growth factor 1, HDL = high-density lipoprotein, LDL = low-density lipoprotein. * p < 0.05,
*p < 0.01.

Table 5. Intragroup differences for nutrient intake from baseline to the final examination.

Intra-p-Value

Nutritional Parameter Time Mean (Standard Deviation)  (95% Conf. Interval) (Baseline vs. End)
Keal Baseline 2245.03 (371.00) 2071.40-2418.66 0.7576
End 2209.53 (561.18) 1956.89-2472.17
S TR R R
Fat(g) Baﬁiﬁm 19765;.3,398((2586.223(2) 18437..1088_—110999'.6618 <0.0001 "
Carbohydrates (g) Ba]zilcilne 2432(?'195 ((14136"1‘1;) 22?:52;%22? <0.0001 **
Fores e 27 DANA oy
I - BT B
e e
Monounsaturated fats (g) Ba};ilcilne Z;g% E;}é; ggig:g;gg <0.0001 **
Polyunsaturated fats (g) BaEIell(;ne ;igg EZZ;; égﬁ:;ggg <0.0001 **
Linolenic acid (n-3) (g) Bagfllcil“e :—11,:(;1 ggg; ;jj:é:g‘f 0.0036 **
T s
Eicosapentaenoic acids (EPA) (g) Ba]gilcilne 8(1)5 Eg?g; 82(1):832 0.0055 **
Docosahexaenoic acids (DHA) (g) o' o Egg T 0.0204 *

*p <0.05,* p < 0.01.
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3.2. Regression Analysis

Regarding the age, gender, and oral hygiene behavior parameters (interdental cleaning
and use of oral mouthwashes), there were no significant associations to clinical parameters
neither at baseline nor in the end. The results of the regression analysis with regard
to anthropomorphic parameters, physical activity, serological parameters, and dietary
parameters are shown in Table 6. With regard to the clinical inflammatory parameter (GI,
BOP), there were significant pro-inflammatory associations to the BMI and fat mass and
significantly anti-inflammatory associations to the HDL, fiber, and protein intake. With
regard to plaque, there were also significantly positive associations to the BMI and fat mass
and significantly negative associations to the MET, HDL, Kcal, and fat and protein intake.

Table 6. Regression coefficients of the linear regression of different parameters on clinical oral parameters at baseline (T1)
and at the end of the study period (T2).

Clinical Oral Parameter

GI PPD BOP PISA
Parameter T1 T1 T2 T1 T2 T1 T2 T1 T2
BMI 0.053 * 0.052 * 0.032 0.005 0.033 * 0.014 * 0.011 22.323 % 21.807
MET —0.010 ** —0.006 * —0.005 —0.004 —0.004 —0.002 —0.001 —0.001 —2.282 —2.472
Fat mass 0.012 0.013 0.006 0.001 0.010 * 0.005 * 0.005 6.902 * 8.312*%
Glucose —0.014 —0.007 —0.008 —0.009 0.001 0.004 0.002 4.451 4.909
CRP 0.009 0.034 0.014 —0.008 —0.001 0.013 0.002 16.121 2.636
HDL —0.009 —0.007 * —0.007 —0.007 * —0.001 —0.004 —0.001 —0.002 —1.056 —2.867
LDL 0.004 0.002 0.001 0.001 0.001 0.001 —0.001 1.378 —0.841
Kcal 0.001 —0.001 * 0.001 —0.001 —0.001 —0.001 * —0.001 —0.001 —0.106 —0.113
CHOs —0.001 —0.001 0.001 —0.001 0.001 —0.001 0.001 —1.393 * 1.399
Fat 0.001 —0.003 * 0.001 —0.001 —0.001 —0.002 * —0.001 —0.001 —0.409 —1.062
Proteins 0.001 —0.007 * 0.005 —0.003 —0.005 —0.005 ** 0.001 —0.003 * —0.081 —3.860 *
Fibre —0.020 —0.016 —0.014 —0.018 % —0.005 —0.002 —0.003 —0.005 —7.768 —6.899
EPA —0.741 0.237 0.660 0.577 —0.187 0.253 0.102 652.12 91.365
DHA —0.523 0.006 0.383 0.224 —0.107 0.138 0.077 358.164 88.329

PI = plaque index; GI = gingival index; PPD = pocket probing depth; BOP = bleeding on probing; PISA = periodontal inflamed surface area;
CRP = C-reactive Protein; HDL = high-density lipoprotein, LDL = low-density lipoprotein; BMI = body mass index; MET = metabolic
equivalent of task; CHOs = carbohydrates; EPA = Eicosapentaenoic acids; DHA = Docosahexaenoic acids; * p < 0.05, ** p < 0.01.

4. Discussion
4.1. Changes in Clinical Oral Parameters

The aim of the present study was to exploratively investigate the effects of a very low-
carb, ketogenic diet on clinical oral parameters along with serological, anthropomorphic,
and nutritional parameters in an uncontrolled clinical trial. The results showed that after
six weeks of intervention, there were no significant changes in the clinical oral parameters,
except a trend towards lower plaque values. Accordingly, the ketogenic diet did not lead
to a worsening nor an increase in periodontal health. This result must be discussed with
regard to various factors. First, it must be mentioned that the investigated population
consisted of healthy, relatively young volunteers with adequate oral hygiene and low
baseline plaque and gingivitis values. The mean GI value of 0.68 represented a value
between 0 (=no gingivitis) to 1 (=mild gingivitis), with no participants showing severe
gingivitis [28]. Compared to an epidemiological study by Li et al. showing a mean GI-value
of 1.06 in a population of 1000 US participants with a comparable mean age of 37.9 years,
the investigated population showed less gingivitis. This might be due to continued oral
hygiene measures since oral hygiene is very effective in gingivitis reduction [21]. This is in
accordance with the presented low mean PI of 0.49, which is in a comparable low range of
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young, healthy adults evaluated in a German population [29]. With regard to the found
trend towards lower plaque values at the end of the study, an additional post hoc power
analysis showed that with 20 patients, a difference in PI of 0.2 could have been detected
with 80% power and an alpha of 5%.

Against the background of the rather low GI and PI values, the current study setting
was both limited to allow a further deterioration due to the high efforts in oral hygiene as
well as to show further positive effects on GI since the baseline values were in a low range
already. This might be very different to an obese, periodontitis- or gingivitis-affected popu-
lation. Considering this together, further investigations of ketogenic diets on participants
with higher plaque values would be interesting. Baumgartner et al. showed that even
under the total absence of oral hygiene for four weeks, participants did experience a stable
low level of gingivitis (G = ~0.4) and even a significant decrease in BOP (A—12.2%) during a
sugar-free stone-age-adapted diet [14]. This is in accordance with a meta-analysis of Hujoel
showing a profound gingivitis-decreasing effect when reducing the dietary sugar [11] and
previous investigations of our own working group looking at low-carb diets and related
gingival effects [12,13]. These studies indicate that the classically assumed correlation
between plaque and gingival inflammation might only apply to pro-inflammatory Western
diet conditions with high consumption of processed carbohydrates, sugar, saturated fats
and animal proteins.

With regard to the study duration and the anticipated quick response of the gingival
tissues based on previous findings (within even 4 weeks of intervention), the current study
duration of 6 weeks would have been able to show clinical changes [12-14].

Additionally, from a cariogenic point of view, it would be interesting to study the
effects of ketogenic diets on the oral microbiome since there is a tremendous lack of
interventional studies on sugar-free (or even very low-carb diets) and caries development
and/or progression. Behind the background of current theories on caries etiology, the
almost total absence of fermentable carbohydrates would not allow any cariogenic shifts in
the oral microbiome or demineralization of dental hard tissues [10]. To the best knowledge
of the authors, there are only two interventional studies looking at the effects of a sugar-
free diet on oral microbiota [30,31]. Both studies showed a significant reduction of the
cariogenic strain Streptococcus mutans due to the omitted sugar. Translating these results
into the practical applications of a ketogenic diet, patients might also benefit from caries
protection. This is highly relevant for cancer patients since they are often compromised
with xerostomia due to radiation or immunotherapy [32].

4.2. Changes in Non-Oral Parameters

With regard to the anthropomorphic parameters, there was a significant decrease in
body weight and BMI. This result is in line with several investigations showing a weight-
reducing effect of ketogenic diets [3,6], which is hypothesized to be due to higher rates of
resting energy expenditure, lower levels of insulin, and higher satiety [33,34]. Compared
to the general German population, this mean weight loss of about 1.9 kg happened in
participants with a normal BMI, whereas more than half of the age-matched general
population suffers from overweight or obesity [35].

Even if the long-term suitability of ketonic diets has to be questioned, periodontitis
patients who are overweight might benefit from the recommendation to at least reduce
the intake of processed carbohydrates since being overweight is also a dominant risk
factor for periodontal inflammation [36]. Interestingly, in this study, BMI also showed
several significant correlations to oral inflammatory parameters such as GI, BOP, and PISA.
However, the current ketogenic diet intervention was also accompanied by an increase in
serological LDL and total cholesterol levels and an increased intake of saturated fats and
dietary cholesterol. This has to be discussed critically since these parameters are not only
associated with higher periodontal inflammation but also with general diseases, such as
cardiovascular diseases [37,38], and the increase in LDL cholesterol seems to be common in
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ketogenic diets [9,33]. However, compared to a general Western population, the observed
LDL values were still in a low range [38].

With regard to the possible anti-inflammatory properties of omega-3 fatty acids on
periodontal inflammation [39], the study could not show any associations. This could be
due to the generally low clinical effect previously discussed or to the simultaneous increase
in omega-3 and omega-6 fatty acids, whose balance is shown to be an important factor
for the clinical effects of omega-3 fatty acids [40]. This factor could be improved in future
studies to recommend the intake of mainly plant-derived fats and proteins instead of animal
products, which—also within a low-carb diet—would be beneficial to overall health [41].
The recommendations of the current intervention included both animal- and plant-based
products and foods. This further differentiation between the sources of macronutrients
would also be very important with regard to the effects on the gut microbiome due to the
marked difference between the included pre- and probiotics [42].

4.3. Limitations

The study was clearly limited by a low number of participants and a missing control
group, which could verify the association of the observed effects to the intervention.
However, with regards to the clinical oral effects, it would be unlikely to observe different
outcomes under continued oral hygiene measures. Another aspect is that the intervention
and control groups can hardly be blinded, which, however, also applies to other dietary
studies. On the other side, the intake of non-blinded foods is the condition of real life.

The anthropomorphic effects were all in line with already described effects in the
literature. With regard to the serum values, an additional continuous measurement of
serum ketosis would be recommended in future studies to ensure the state of ketosis. This
should also include pH measurements of the serum and the saliva.

Furthermore, an investigation of the oral microbiome would have allowed a further
interpretation of caries- and periodontitis-associated microbiota. This should be included
in further studies. Due to the unequal distribution of women and men, future studies
might also stratify with regard to gender.

5. Conclusions

The ketogenic dietary change did not lead to clinical changes in periodontal param-
eters in healthy participants under continued oral hygiene, but it did lead to significant
weight loss.

Author Contributions: Conceptualization, ] PW., C.T., H.B., PU., and PR.-K; methodology, ] PW.,
C.T,, and K.V,; formal analysis, K.V.; investigation, S.EE.; resources, P.R.-K.; data curation, S.FE.;
writing—original draft preparation, J.P.W.; writing—review and editing, ] PW., C.T., H.B., PR.-K,,
K.V,, and P.U,; visualization, ] PW.; supervision, ].PW. and C.T.; project administration, J.P.W.;
funding acquisition, P.U., H.B., PR.-K., and ].P.W. All authors have read and agreed to the published
version of the manuscript.

Funding: The study was funded by the German Research Foundation (BE 5760/1-1) and with
institutional funds. The article processing charge was funded by the Baden-Wuerttemberg Ministry
of Science, Research and Art and the University of Freiburg in the funding programme Open
Access Publishing.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Ethics Committee of the University of Freiburg,
Germany (494/14; date of approval: 2016-01-08). The study was registered in an international trial
register (German Clinical Trial Register number DRKS00009605).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Acknowledgments: The authors want to thank Lena Strom and Heidi Mirandola for their support.



Nutrients 2021, 13, 4229 90of 10

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References

1.

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.
20.

21.
22.

23.

24.

25.

Veech, R.L. The Therapeutic Implications of Ketone Bodies: The Effects of Ketone Bodies in Pathological Conditions: Ketosis,
Ketogenic Diet, Redox States, Insulin Resistance, and Mitochondrial Metabolism. Prostaglandins Leukot. Essent. Fatty Acids 2004,
70, 309-319. [CrossRef]

Freeman, ].M.; Kossoff, E.H.; Hartman, A.L. The Ketogenic Diet: One Decade Later. Pediatrics 2007, 119, 535-543. [CrossRef]
Krieger, J.W.; Sitren, H.S.; Daniels, M.].; Langkamp-Henken, B. Effects of Variation in Protein and Carbohydrate Intake
on Body Mass and Composition during Energy Restriction: A Meta-Regression 1. Am. ]. Clin. Nutr. 2006, 83, 260-274.
[CrossRef] [PubMed]

Zorn, S.; Ehret, J.; Schauble, R.; Rautenberg, B.; Thorst, G.; Bertz, H.; Urbain, P; Raynor, A. Impact of Modified Short-Term Fasting
and Its Combination with a Fasting Supportive Diet during Chemotherapy on the Incidence and Severity of Chemotherapy-
Induced Toxicities in Cancer Patients—A Controlled Cross-over Pilot Study. BMC Cancer 2020, 20, 578. [CrossRef]

Fine, E.J.; Segal-Isaacson, C.J.; Feinman, R.D.; Herszkopf, S.; Romano, M.C.; Tomuta, N.; Bontempo, A.F,; Negassa, A.; Sparano,
J.A. Targeting Insulin Inhibition as a Metabolic Therapy in Advanced Cancer: A Pilot Safety and Feasibility Dietary Trial in
10 Patients. Nutr. Burbank Los Angel. Cty. Calif 2012, 28, 1028-1035. [CrossRef]

Coleman, ].L.; Carrigan, C.T.; Margolis, L.M. Body Composition Changes in Physically Active Individuals Consuming Ketogenic
Diets: A Systematic Review. J. Int. Soc. Sports Nutr. 2021, 18, 41. [CrossRef] [PubMed]

Tragni, E.; Vigna, L.; Ruscica, M.; Macchi, C.; Casula, M,; Santelia, A.; Catapano, A.L.; Magni, P. Reduction of Cardio-Metabolic
Risk and Body Weight through a Multiphasic Very-Low Calorie Ketogenic Diet Program in Women with Overweight/Obesity: A
Study in a Real-World Setting. Nutrients 2021, 13, 1804. [CrossRef] [PubMed]

Urbain, P; Strom, L.; Morawski, L.; Wehrle, A.; Deibert, P.; Bertz, H. Impact of a 6-Week Non-Energy-Restricted Ketogenic Diet on
Physical Fitness, Body Composition and Biochemical Parameters in Healthy Adults. Nutr. Metab. 2017, 14, 17. [CrossRef]
Burén, J.; Ericsson, M.; Damasceno, N.R.T.; Sjodin, A. A Ketogenic Low-Carbohydrate High-Fat Diet Increases LDL Cholesterol in
Healthy, Young, Normal-Weight Women: A Randomized Controlled Feeding Trial. Nutrients 2021, 13, 814. [CrossRef]

Nyvad, B.; Takahashi, N. Integrated Hypothesis of Dental Caries and Periodontal Diseases. J. Oral Microbiol. 2020, 12, 1710953.
[CrossRef] [PubMed]

Hujoel, P. Dietary Carbohydrates and Dental-Systemic Diseases. J. Dent. Res. 2009, 88, 490-502. [CrossRef] [PubMed]

Woelber, ].P.; Bremer, K.; Vach, K.; Konig, D.; Hellwig, E.; Ratka-Krtiiger, P.; Al-Ahmad, A.; Tennert, C. An Oral Health Optimized
Diet Can Reduce Gingival and Periodontal Inflammation in Humans—A Randomized Controlled Pilot Study. BMC Oral Health
2016, 17, 28. [CrossRef] [PubMed]

Woelber, ].P.; Gértner, M.; Breuninger, L.; Anderson, A.; Konig, D.; Hellwig, E.; Al-Ahmad, A.; Vach, K.; Dotsch, A.; Ratka-Kriiger,
P, et al. The Influence of an Anti-Inflammatory Diet on Gingivitis. A Randomized Controlled Trial. J. Clin. Periodontol. 2019, 46,
481-490. [CrossRef]

Baumgartner, S.; Imfeld, T.; Schicht, O.; Rath, C.; Persson, R.E.; Persson, G.R. The Impact of the Stone Age Diet on Gingival
Conditions in the Absence of Oral Hygiene. J. Periodontol. 2009, 80, 759-768. [CrossRef] [PubMed]

Kashket, S.; Van Houte, J.; Lopez, L.R.; Stocks, S. Lack of Correlation between Food Retention on the Human Dentition and
Consumer Perception of Food Stickiness. ]. Dent. Res. 1991, 70, 1314-1319. [CrossRef] [PubMed]

Woelber, ].P,; Tennert, C. Chapter 13: Diet and Periodontal Diseases. Monogr. Oral Sci. 2020, 28, 125-133. [CrossRef]

Harjola, U.; Liesmaa, H. Effects of Polyol and Sucrose Candies on Plaque, Gingivitis and Lactobacillus Index Scores. Observations
on Helsinki School Children. Acta Odontol. Scand. 1978, 36, 237-242. [CrossRef]

Vilarrasa, J.; Pefia, M.; Gumbau, L.; Monje, A.; Nart, J. Exploring the Relationship among Dental Caries, Nutritional Habits and
Peri-Implantitis. J. Periodontol. 2021, 92, 1306-1316. [CrossRef]

Loe, H.; Theilade, E.; Jensen, S.B. Experimental Gingivitis in Man. . Periodontol. 1965, 36, 177-187. [CrossRef]

Kassebaum, N.J.; Smith, A.G.C.; Bernabé, E.; Fleming, T.D.; Reynolds, A.E.; Vos, T.; Murray, C.J.L.; Marcenes, W.; GBD 2015 Oral
Health Collaborators; Abyu, G.Y;; et al. Global, Regional, and National Prevalence, Incidence, and Disability-Adjusted Life Years
for Oral Conditions for 195 Countries, 1990-2015: A Systematic Analysis for the Global Burden of Diseases, Injuries, and Risk
Factors. J. Dent. Res. 2017, 96, 380-387. [CrossRef]

O’Neill, B.; Raggi, P. The Ketogenic Diet: Pros and Cons. Atherosclerosis 2020, 292, 119-126. [CrossRef]

Yancy, W.S.; Olsen, M.K.; Dudley, T.; Westman, E.C. Acid-Base Analysis of Individuals Following Two Weight Loss Diets. Eur. |.
Clin. Nutr. 2007, 61, 1416-1422. [CrossRef] [PubMed]

Kossoff, E.H.; McGrogan, J.R.; Bluml, R.M,; Pillas, D.J.; Rubenstein, J.E.; Vining, E.P. A Modified Atkins Diet Is Effective for the
Treatment of Intractable Pediatric Epilepsy. Epilepsia 2006, 47, 421-424. [CrossRef] [PubMed]

Cervenka, M.C.; Terao, N.N.; Bosarge, J.L.; Henry, B.J.; Klees, A.A.; Morrison, PE,; Kossoff, E.H. E-Mail Management of the
Modified Atkins Diet for Adults with Epilepsy Is Feasible and Effective. Epilepsia 2012, 53, 728-732. [CrossRef] [PubMed]
Urbain, P; Bertz, H. Monitoring for Compliance with a Ketogenic Diet: What Is the Best Time of Day to Test for Urinary Ketosis?
Nutr. Metab. 2016, 13, 77. [CrossRef]


http://doi.org/10.1016/j.plefa.2003.09.007
http://doi.org/10.1542/peds.2006-2447
http://doi.org/10.1093/ajcn/83.2.260
http://www.ncbi.nlm.nih.gov/pubmed/16469983
http://doi.org/10.1186/s12885-020-07041-7
http://doi.org/10.1016/j.nut.2012.05.001
http://doi.org/10.1186/s12970-021-00440-6
http://www.ncbi.nlm.nih.gov/pubmed/34090453
http://doi.org/10.3390/nu13061804
http://www.ncbi.nlm.nih.gov/pubmed/34073344
http://doi.org/10.1186/s12986-017-0175-5
http://doi.org/10.3390/nu13030814
http://doi.org/10.1080/20002297.2019.1710953
http://www.ncbi.nlm.nih.gov/pubmed/32002131
http://doi.org/10.1177/0022034509337700
http://www.ncbi.nlm.nih.gov/pubmed/19587153
http://doi.org/10.1186/s12903-016-0304-y
http://www.ncbi.nlm.nih.gov/pubmed/27716249
http://doi.org/10.1111/jcpe.13094
http://doi.org/10.1902/jop.2009.080376
http://www.ncbi.nlm.nih.gov/pubmed/19405829
http://doi.org/10.1177/00220345910700100101
http://www.ncbi.nlm.nih.gov/pubmed/1939824
http://doi.org/10.1159/000455380
http://doi.org/10.3109/00016357809004674
http://doi.org/10.1002/JPER.20-0879
http://doi.org/10.1902/jop.1965.36.3.177
http://doi.org/10.1177/0022034517693566
http://doi.org/10.1016/j.atherosclerosis.2019.11.021
http://doi.org/10.1038/sj.ejcn.1602661
http://www.ncbi.nlm.nih.gov/pubmed/17299473
http://doi.org/10.1111/j.1528-1167.2006.00438.x
http://www.ncbi.nlm.nih.gov/pubmed/16499770
http://doi.org/10.1111/j.1528-1167.2012.03406.x
http://www.ncbi.nlm.nih.gov/pubmed/22332768
http://doi.org/10.1186/s12986-016-0136-4

Nutrients 2021, 13, 4229 10 of 10

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

Frey, I; Berg, A.; Grathwohl, D.; Keul, J. Freiburg Questionnaire of physical activity—-development, evaluation and application.
Soz. Praventivmed. 1999, 44, 55-64. [CrossRef]

Nesse, W.; Abbas, E; van der Ploeg, I.; Spijkervet, EK.L.; Dijkstra, P.U.; Vissink, A. Periodontal Inflamed Surface Area: Quantifying
Inflammatory Burden. J. Clin. Periodontol. 2008, 35, 668—673. [CrossRef]

Loe, H.; Silness, J. Periodontal disease in pregnancy. i. prevalence and severity. Acta Odontol. Scand. 1963, 21, 533-551. [CrossRef]
Jockel-Schneider, Y.; Schlagenhauf, U.; Petsos, H.; Riittermann, S.; Schmidt, J.; Ziebolz, D.; Wehner, C.; Laky, M.; Rott, T.; Noack,
M.; et al. Impact of 0.1% Octenidine Mouthwash on Plaque Re-Growth in Healthy Adults: A Multi-Center Phase 3 Randomized
Clinical Trial. Clin. Oral Investig. 2021, 25, 4681-4689. [CrossRef]

Kristoffersson, K.; Birkhed, D. Effects of Partial Sugar Restriction for 6 Weeks on Numbers of Streptococcus Mutans in Saliva and
Interdental Plaque in Man. Caries Res. 1987, 21, 79-86. [CrossRef] [PubMed]

Wennerholm, K.; Birkhed, D.; Emilson, C.G. Effects of Sugar Restriction on Streptococcus Mutans and Streptococcus Sobrinus in
Saliva and Dental Plaque. Caries Res. 1995, 29, 54-61. [CrossRef]

Bustillos, H.; Indorf, A.; Alwan, L.; Thompson, J.; Jung, L. Xerostomia: An immunotherapy-related adverse effect in cancer
patients. Support Care Cancer 2021. Epub ahead of print. [CrossRef] [PubMed]

Bueno, N.B.; de Melo, I.5.V.; de Oliveira, S.L.; da Rocha Ataide, T. Very-Low-Carbohydrate Ketogenic Diet v. Low-Fat Diet for
Long-Term Weight Loss: A Meta-Analysis of Randomised Controlled Trials. Br. J. Nutr. 2013, 110, 1178-1187. [CrossRef]
Westman, E.C.; Feinman, R.D.; Mavropoulos, ]J.C.; Vernon, M.C.; Volek, J.S.; Wortman, J.A.; Yancy, W.S.; Phinney, S.D. Low-
Carbohydrate Nutrition and Metabolism. Am. . Clin. Nutr. 2007, 86, 276-284. [CrossRef] [PubMed]

14. DGE Erndghrungsbericht; Deutsche Gesellschaft fiir Erndhrung: Bonn, Germany, 2020.

Martinez-Herrera, M.; Silvestre-Rangil, J.; Silvestre, F.-]. Association between Obesity and Periodontal Disease. A Systematic
Review of Epidemiological Studies and Controlled Clinical Trials. Med. Oral Patol. Oral Cir. Bucal 2017, 22, e708-e715. [CrossRef]
Nepomuceno, R.; Pigossi, S.C.; Finoti, L.S.; Orrico, S.R.P; Cirelli, ].A.; Barros, S.P,; Offenbacher, S.; Scarel-Caminaga, R.M. Serum
Lipid Levels in Patients with Periodontal Disease: A Meta-Analysis and Meta-Regression. J. Clin. Periodontol. 2017, 44, 1192-1207.
[CrossRef] [PubMed]

Fernandez-Friera, L.; Fuster, V.; Lopez-Melgar, B.; Oliva, B.; Garcia-Ruiz, ].M.; Mendiguren, ].; Bueno, H.; Pocock, S.; Ibaniez, B.;
Fernandez-Ortiz, A.; et al. Normal LDL-Cholesterol Levels Are Associated With Subclinical Atherosclerosis in the Absence of
Risk Factors. J. Am. Coll. Cardiol. 2017, 70, 2979-2991. [CrossRef] [PubMed]

Kruse, A.B.; Kowalski, C.D.; Leuthold, S.; Vach, K.; Ratka-Krtiger, P.; Woelber, ].P. What Is the Impact of the Adjunctive Use
of Omega-3 Fatty Acids in the Treatment of Periodontitis? A Systematic Review and Meta-Analysis. Lipids Health Dis. 2020,
19, 100. [CrossRef]

Simopoulos, A.P. An Increase in the Omega-6/Omega-3 Fatty Acid Ratio Increases the Risk for Obesity. Nutrients 2016,
8, 128. [CrossRef]

Fung, T.T,; van Dam, R.M.; Hankinson, S.E.; Stampfer, M.; Willett, W.C.; Hu, EB. Low-Carbohydrate Diets and All-Cause and
Cause-Specific Mortality: Two Cohort Studies. Ann. Intern. Med. 2010, 153, 289-298. [CrossRef]

Gentile, C.L.; Weir, T.L. The Gut Microbiota at the Intersection of Diet and Human Health. Science 2018, 362, 776-780.
[CrossRef] [PubMed]


http://doi.org/10.1007/BF01667127
http://doi.org/10.1111/j.1600-051X.2008.01249.x
http://doi.org/10.3109/00016356309011240
http://doi.org/10.1007/s00784-021-03781-3
http://doi.org/10.1159/000261005
http://www.ncbi.nlm.nih.gov/pubmed/3466711
http://doi.org/10.1159/000262041
http://doi.org/10.1007/s00520-021-06535-9
http://www.ncbi.nlm.nih.gov/pubmed/34562169
http://doi.org/10.1017/S0007114513000548
http://doi.org/10.1093/ajcn/86.2.276
http://www.ncbi.nlm.nih.gov/pubmed/17684196
http://doi.org/10.4317/medoral.21786
http://doi.org/10.1111/jcpe.12792
http://www.ncbi.nlm.nih.gov/pubmed/28782128
http://doi.org/10.1016/j.jacc.2017.10.024
http://www.ncbi.nlm.nih.gov/pubmed/29241485
http://doi.org/10.1186/s12944-020-01267-x
http://doi.org/10.3390/nu8030128
http://doi.org/10.7326/0003-4819-153-5-201009070-00003
http://doi.org/10.1126/science.aau5812
http://www.ncbi.nlm.nih.gov/pubmed/30442802

	Introduction 
	Materials and Methods 
	Ethics and Trial Registration 
	Study Design and Recruitment 
	Participants 
	Intervention 
	General and Clinical Oral Measurements 
	Statistical Analysis 

	Results 
	Intragroup Differences 
	Regression Analysis 

	Discussion 
	Changes in Clinical Oral Parameters 
	Changes in Non-Oral Parameters 
	Limitations 

	Conclusions 
	References

