
492  |  	﻿�  J Clin Periodontol. 2021;48:492–502.wileyonlinelibrary.com/journal/jcpe

Received: 27 August 2020  | Revised: 19 December 2020  | Accepted: 23 December 2020

DOI: 10.1111/jcpe.13419  

O R I G I N A L  A R T I C L E  C L I N I C A L  P E R I O D O N T O L O G Y

Prolonged multimodal fasting modulates periodontal 
inflammation in female patients with metabolic syndrome: 
A prospective cohort study

Christina Laetitia Pappe1 |   Nico Steckhan2,3,4 |   Daniela Hoedke1 |   Søren Jepsen5  |   
Geralinde Rauch6 |   Theresa Keller6 |   Andreas Michalsen2,3 |   Henrik Dommisch1,7

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in 
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 The Authors. Journal of Clinical Periodontology published by John Wiley & Sons Ltd.

1Department of Periodontology, Oral 
Medicine and Oral Surgery, Charité—
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Abstract
Aim: To determine the potential anti-inflammatory effect of a multimodal periodic 
fasting programme on surrogate parameters of periodontal inflammation in hospital-
ized patients diagnosed for metabolic syndrome (MetS).
Material and methods: A total of 47 patients were recruited and hospitalized in an 
integrative ward for an intensified two-week multimodal fasting, diet and lifestyle 
programme. Patients were periodontally examined at baseline (t1), after the 2-week 
fasting protocol (t2) and, subsequently, 4  months after fasting (t3). The following 
parameters were determined: periodontal screening index (PSI), bleeding on prob-
ing (BOP), gingival crevicular fluid volume (GCF), plaque index (PI), C-reactive protein 
(CRP), blood pressure (BP), waist circumference (WC), fasting glucose (FGLU), triglyc-
erides (TRG), high-density lipoprotein (HDL) and HbA1c.
Results: A total of 28 female and 8 male patients fulfilled the defined criteria for MetS 
and were analysed separately by gender. At t2, BOP and GCF were reduced when 
compared to t1 (median: t2 = 39; t1 = 33.1%; p < .001 and t2 = 73.9; t1 = 59.3 Periotron 
units p = .02, respectively). BOP reduction correlated to FGLU (R = .37, p = .049) and 
weight reduction (R = .4, p = .04).
Conclusion: This study showed for the first time that clinically supervised periodic 
fasting in female patients with MetS may facilitate the reduction of periodontal 
inflammation.
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1  |  INTRODUC TION

The metabolic syndrome (MetS) is defined as a compilation of 
various diseases and conditions leading to a generalized metabolic 
dysregulation that is associated with, for example, hypertension, 
hyperlipidemia, obesity and insulin resistance (Grundy et al., 2004; 
Saklayen, 2018). This condition facilitates chronic inflammatory 
reactions and is associated with an increased risk of type 2 dia-
betes mellitus (T2DM) and cardiovascular diseases (Grundy et al., 
2005). Several definitions have been proposed, for example, by 
the World Health Organization (WHO, 1998), the Adult Treatment 
Panel (ATP3, 2001), the International Diabetes Federation (IDF, 
2005), the American Heart Association (AHA) and the National 
Heart, Lung, and Blood Institute (NHLBI, 2005) (Grundy et al., 
2005). Depending on the definition, the global prevalence of MetS 
is highly variable among countries and regions, and ranges be-
tween 24.3% and 45.5% (Saklayen, 2018). From 2003 to 2012, the 
overall prevalence of MetS was 35.6% and 30.3% in women and 
men, respectively, in the US population (Aguilar et al., 2015). It is 
estimated that one in five adults in Germany suffers from a MetS 
(Moebus et al., 2008).

Patients with MetS exhibit elevated serum levels of pro-inflam-
matory mediators, such as tumour necrosis factor-alpha (TNF-α), 
interleukin-6 (IL-6) and C-reactive protein (CRP), and, therewith, 
present an underlying pro-inflammatory status that cannot be in-
dependently treated (Bullo et al., 2003; Grundy et al., 2005; Ridker 
et al., 2003, 2004). Regarding the underlying pro-inflammatory 
status, similar mediators, such as IL-6, TNF-α and CRP, are also ele-
vated in patients with severe periodontitis (Loos, 2005; Loos et al., 
2000). It has been shown that CRP level correlated with the se-
verity of periodontitis, and it can be reduced when periodontitis 
has been successfully treated (D'Aiuto et al., 2004, 2006, 2010; 
Tonetti et al., 2007; Moura Foz et al., 2010; Polak & Shapira, 2018).

A number of cross-sectional studies showed an association be-
tween MetS and periodontitis (Genco et al., 2005; Saito et al., 2005; 
D'Aiuto et al., 2008; Khader et al., 2008; Li et al., 2009; Watanabe & 
Cho, 2014; Keller et al., 2015). A bidirectional relationship between 
MetS, obesity and periodontitis has been suggested, and various 
mechanisms have been proposed (Jepsen et al., 2020). Periodontitis 
is an independent risk factor for cardiovascular disease, and both 
diseases exhibit shared genetic risk factors (Dietrich et al., 2008; 
Schaefer et al., 2009, 2015; Aarabi et al., 2017; Sanz et al., 2020). 
Diabetes mellitus (DM) and periodontitis show a bidirectional rela-
tionship (Preshaw et al., 2012). Patients with DM are at higher risk 
to develop periodontitis along with a faster progression rate and 
greater disease severity. This risk is even greater in patients with 
uncontrolled diabetes (Sanz et al., 2018). In addition, in patients 
with and without DM severe periodontitis negatively influences the 
blood sugar control (Graziani et al., 2018).

Fasting has been shown to exhibit positive effects on inflam-
matory processes throughout the human body by neuroendocrine 
activation, reduced signalling of insulin and mTor, enhanced cellular 

repair mechanisms and reduction of mitochondrial oxidative stress 
(Michalsen & Li, 2013). Therefore, it has been proposed that fast-
ing may positively influence prevention and treatment of chronic 
inflammatory diseases (Michalsen & Li, 2013). In the context of 
MetS, first clinical studies demonstrated that prolonged (periodic) 
fasting may exert positive effects in patients with T2DM, obesity, 
hyperlipidaemia and arterial hypertension (Goldhamer et al., 2001; 
Papagiannopoulos et al., 2013; Stange et al., 2013;  Li et al., 2013, 
2017). So far, the potential influence of fasting on the periodontal 
inflammatory status is yet unknown.

Thus, the aim of the present study was to investigate the influ-
ence of a clinically controlled periodic fasting protocol on periodon-
tal inflammation in patients diagnosed with MetS. We hypothesized 
that fasting does influence periodontal inflammation in patients 
with MetS. Immediate fasting effects were validated using bleed-
ing on probing (BOP) as the primary outcome variable and change in 
Periotron® units (PU) as secondary outcome variable.

2  |  MATERIAL AND METHODS

2.1  |  Study design

This study was designed as a prospective clinical trial in a cohort of 
patients with metabolic syndrome (MetS) and approved by the in-
stitutional ethical review board of the Charité—Universitätsmedizin 
Berlin (EA4/054/15). Each patient agreed to participate had signed 
an informed consent prior to fasting and dental examination. The 
study protocol is outlined in Figure 1.

Clinical Relevance

Scientific rationale for study: The metabolic syndrome 
(MetS), characterized by the presence of obesity, hyper-
tension, dyslipidaemia and dysglycaemia, significantly 
increases the risk of type 2 diabetes and cardiovascular 
disease for the affected patients. Therapeutic interven-
tions may include fasting programmes that can help to 
reduce their systemic inflammatory status. An associa-
tion between MetS and periodontitis is well established. 
However, at present it is not known whether fasting can 
also influence the status of periodontal inflammation.
Principal findings: This study indicated for the first time that 
a controlled fasting period may reduce periodontal inflam-
mation (bleeding on probing) in MetS patients.
Clinical implications: The results suggest that controlled 
fasting in patients with metabolic syndrome has beneficial 
effects on periodontal inflammation and might thus be of 
therapeutic value for patients affected by both MetS and 
periodontitis.
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2.2  |  Study population

All patients were recruited in the Department of Clinic for 
General Medicine, Integrative Medicine, Institute for Social 
Medicine, Epidemiology, and Health Economics (Charité—
Universitätsmedizin Berlin, Immanuel Hospital Berlin, Berlin, 
Germany) between August and November 2016 after being clini-
cally diagnosed with MetS. The included patients were hospital-
ized for fasting intervention.

The inclusion criteria were as follows: age 18–80 years; diagnosis 
for MetS; planned therapeutic fasting therapy; non-smoker for at 
least two years; and signed informed consent.

The exclusion criteria were as follows: general medical condi-
tions that do not allow fasting therapy; patients with the history of 
endocarditis; intake of antibiotics (minimum 4  months before); al-
cohol abuse; drug abuse; psychological disorders; eating disorder; 
dementia; pregnancy; and breast feeding.

The enrolled patients were examined for periodontal and meta-
bolic parameters at baseline. When applying MetS criteria described 
by AHA/NHLBI (Grundy et al., 2005), the initial MetS diagnosis by cli-
nicians needed re-evaluation in some cases. Due to gender-specific 
variations in fasting, immune response and fat distribution, data for 
females and males were separately analysed (Goschke et al., 1976; 
Ross et al., 1994; Giefing-Kroll et al., 2015).

F I G U R E  1  Flow chart of the number of included patients at t1 and t2 (examination phase), and t3 (follow-up) after correction for 
excluded patients and dropouts
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2.3  |  Fasting intervention

Patients diagnosed with MetS were hospitalized for a two-week 
multimodal Buchinger fasting programme. This therapeutic ap-
proach included a course of medically controlled fasting fol-
lowing the criteria proposed by Buchinger (Buchinger, 1979; Li 
et al., 2013). During fasting, patients prepared received specific 
nutrients, and the maximum daily calories were limited to 300–
500 kcal/1256–2092 kJ. Fasting was continued for a minimum of 
4 and a maximum of 10 days depending on the patient's general 
health and well-being. Further information is given in the elec-
tronic supplementary file.

Patient-reported outcomes (PROMs) related to fasting, such as 
headache, dizziness, fatigue, appetite or euphoria, were determined 
by medical interviewing and rated by the patients.

2.4  |  Clinical examination

Each of the included patients received dental examination at three 
time points (t1 = baseline; t2 =  immediately following fasting for 
measurement of primary outcome variables; and t3  =  at four-
month follow-up). The examination included the bleeding on prob-
ing (BOP) at 6 sites per tooth (Ainamo & Bay, 1975) (full-mouth 
bleeding scores (FMBS)) and periodontal screening index (PSI) 
(Meyle & Jepsen, 2000), plaque index (PI) (O'Leary et al., 1972) and 
measurement of the gingival crevicular fluid (GCF) in Periotron 
units (PU) collected from both interproximal areas of two upper 
premolars (Periotron© 8000; Oraflow Inc, Long Island, New York, 
USA). GCF samples were collected under dry conditions (using 
cotton rolls) from the mesial and distal aspect of both upper first 
premolars using PerioPaper® (Oralflow Inc) for 30 s. Subsequently, 
PUs were determined and mean values were calculated. Between 
measurements, the Periotron® instrument was cleaned using 
70% ethanol, dried and calibrated using a dry PerioPaper® strip. 
Then, BOP was determined using a pressure calibrated periodon-
tal probe (0.25 N; Kerr; Hawe Click-Probe© 3/6/9/12, 3/Art. No. 
1390, Kerr GmbH, Biberach, Deutschland). Measurements were 
performed by a calibrated examiner (CP). Each patient was asked 
not to perform oral hygiene procedures 2  h prior to the dental 
examination.

Additionally, medical history, measurements of blood pressure 
(BP) and waist circumference (WC), and blood samples were taken 
at t1 and t2. Each patient was re-contacted for follow-up measure-
ments at t3. The following blood parameters were determined: 
C-reactive protein (CRP), high-density lipoprotein (HDL), fasting glu-
cose (FGLU), triglycerides (TRG) and HbA1c (t1). Body weight (BW) 
and the body mass index (BMI) were determined using the BF508 
balance (Omron, Medical Technology, Hoofddorp, the Netherlands).

Patients did not receive oral hygiene instructions (OHI) or in-
formation regarding their dental and periodontal status at t1 and 
t2. It was crucial that oral hygiene procedures and behaviours did 
not change during the fasting period, and therewith to minimize a 

potential “Hawthorne effect” (bias). Following t2, patients received 
oral hygiene instructions, and their dental and periodontal status was 
explained. Periodontal therapy was recommended if appropriate.

Further information is given in the electronic supplementary file.

2.5  |  Statistical analyses

The statistical analyses were performed using R (R Version 3.4.0 (2017-
04-21), RStudio Inc. Version 1.0.143, The R Foundation for Statistical 
Computing, Wien, Austria). Prior to statistical evaluation, values in 
per cent (BOP, plaque) were arcSinus-transformed using Microsoft© 
Excel (Microsoft© Excel for Mac, Version 16.12 (180410), Microsoft 
Corporation, Redmond, USA). This was an explorative study analysing 
various parameters and research questions. Statistical tests were not 
adjusted for multiplicity. Therefore, given p-values should be descrip-
tively interpreted. Wilcoxon's signed-rank test was used to compare 
the different time points (t1 vs. t2, as primary outcome). In order to 
evaluate changes in outcome parameters, a ratio was calculated divid-
ing t1 and t2 (primary) as well as t1 and t3 values (follow-up). These 
ratios and parameters from all time points were used for Spearman's 
correlation analyses (R). A subgroup of the remaining patients at t3 
was analysed using Wilcoxon's signed-rank test comparing t1 and t3. 
In case of missing data, no replacement was performed. In all tables, 
median and 25% (Q1)/75%(Q3) quartiles are given.

3  |  RESULTS

3.1  |  Population and drop-out analyses

A total of 47 patients (38 females, 9 males) had signed the informed 
consent for participation. Two patients (1 female, 1 male) dropped 
out as they felt uncomfortable with periodontal probing. Nine fe-
males did not fulfil the MetS criteria as proposed by AHA/NHLBI 
and were, therefore, excluded (Figure 1). A total of 36 patients (28 
female and 8 male) with confirmed MetS were included and evalu-
ated for metabolic and periodontal parameters before and after 
fasting. Twenty-three women depicted a BMI over 30, 26 were di-
agnosed with hypertension and 15 with T2DM. From those, 5 were 
under antidiabetic medication. Patients exhibited elevated glucose 
levels, elevated triglycerides levels and low HDL levels accordingly 
to the criteria. For the analysed population, demographic informa-
tion as well as periodontal and MetS-related parameters are de-
picted in Table 1 and supplementary Table S2.

Each of the included patients was contacted for follow-up exam-
ination (t3). Five patients could not be contacted as they moved, 7 
patients declined because of the far distance, 5 patients reported im-
paired general health preventing them from travelling, and 8 patients 
were not interested in any type of follow-up. Two patients needed 
to be excluded as they were systematically treated for periodontitis, 
and 3 women did not fulfil the initially applied criteria for MetS. At t3, 
15 patients (10 female, 5 male) could be examined (Figure 1).
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In the following, data derived from female patients are pre-
sented, and descriptive data for men are shown in electronic sup-
plementary files.

3.2  |  Medical interventions, 
examinations and outcome

All females were hospitalized for the duration of 14 days. The me-
dian strict fasting period lasted 8 days (Q1 = 7- Q3 = 9) (Table 2). 
During that time, patients received nutritional advice and moder-
ate physical therapy. Additionally, 25 females were psychologically 
supervised. After the first days of fasting, 4 females discontinued 
intake of antidiabetic and antihypertensive medication, while blood 
sugar was routinely controlled on a daily basis. During the fasting 

period, 13 female patients reduced the dosage and 4 stopped the 
intake of medication for BP control. For 1 patient, the statin medica-
tion could be discontinued. Twelve female patients received addi-
tional phytotherapeutics. Further, 17 women were substituted with 
vitamin D, and 4 women received high-dose i.v. vitamin C (250 ml 
0.9% NaCl, 7.5 g ascorbic acid) three times every other day.

Following the fasting period (t2), patients showed a reduction in 
all metabolic parameters. (BW, BMI, WC, BP, FGLU, TRG and HDL, 
p < .002), whereas CRP level did not change over time (4.2–4.9 mg/L, 
p = .178). After fasting, the number of patients diagnosed with MetS 
dropped from 28 to 15. Detailed information is given in Tables 2 and 
3, and supplementary Table S1.

At t3, 3 out of 10 patients were still under the same blood sugar 
control medication as corrected while fasting. Patients still exhibited 
a reduced BW and BMI, while BP, WC and HbA1c did not change 
compared with baseline (Table 4, supplementary Table S1).

At t1, CRP showed correlations with WC (Spearman's R  =  .45, 
p = .015), FGLU (R = .42, p = .029), HbA1c (R = .48, p = .009) and TRG 
(R = .54, p = .008; Table 5).

For male patients, data are displayed in supplementary Tables 
3–5.

TA B L E  1  Baseline values (t1) for female patients

t1

Females

n (%) Median Q1 Q3

Age (years) 28 (100) 63 55.75 67.5

BW (kg) 28 (100) 89.8 78.58 114.28

WC (cm) 28 (100) 111 103.75 125.5

BMI 28 (100) 34.95 31.10 42.13

BMI ≥25 5 (18)

BMI ≥30 23 (82)

Non-smokers

Lifelong 20 (71.4)

>2 years 8 (28.6)

BP (mmHg)

Systolic 28 (100) 135 130 140

Diastolic 80 80 90

FGLU (mg/dl) 28 100 96.4 87.85 142.3

HbA1c (%) 28 (100) 5.9 5.28 6.33

TRG (mg/dl) 27 (96.4) 163.6 122.06 195.56

HDL level (mg/
dl)

25 (89.3) 50.3 42.50 58

CRP (mg/l) 28 (100) 3.8 1.78 7.98

Number of teeth 28 (100) 22.5 17.50 26

PI (%) 28 (100) 69.2 54.09 82.97

PSI

Code 3 6 (21)

Code 4 22 (79)

BOP (%) 28 (100) 39.01 32.02 51.41

GCF (Periotron 
units)

28 (100) 73.88 60.69 88.5

Abbreviations: BMI, body mass index; BOP, bleeding on probing; BP, 
blood pressure; BW, body weight; CRP, C-reactive protein; FGLU, 
fasting glucose; GCF, gingival crevicular fluid; HbA1c, percentage 
of glycated haemoglobin, HDL, high-density lipoprotein; PI, plaque 
index; PSI, periodontal screening index; TRG, triglycerides; WC, waist 
circumference.

TA B L E  2  Differences between baseline (t1) and t2

t1–t2

Females

n (%) Median Q1 Q3

Hospitalization 
(days)

28 (100) 14 13 15

Fasting period (days) 28 (100) 8 7 9

Juice fasting 20 (71.4)

Gruel fasting 8 (28.6)

t1 t2

n (%) n (%)

Hypertension 
(>130/85 mmHg)

26 (92.9) 7 (25)

Hypertension 
medication

24 (85.7) 20 (71.4)

BP medication 
reduced

13 (46.4)

Diabetes mellitus 
(anamnese)

15 (53.6)

FGLU (>100 mg/dl) 13 (46.4) 3 (10.7)

Diabetes medication 5 (17.5) 1 (3.6)

TRG ≥150 mg/dl 17 (60.7) 4 (14.3)

Lipid medication 4 (14.3) 3 (10.7)

HDL level <50 mg/dl 10 (35.7) 16 (57.1)

MetS diagnose 28 (100) 15 (53.6)

Abbreviations: BP, blood pressure; FGLU, fasting glucose; HDL, high-
density lipoprotein; MetS, metabolic syndrome; TRG, triglycerides.
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3.3  |  Periodontal examinations and outcome

At baseline, PSI evaluation showed a code 3 in at least 2 sextants in 6 
female patients and at least 1 sextant of code 4 in 22 females. In the 
group of female patients, BOP correlated with WC (R = .42, p = .025), 
and GCF correlated with the patient's age (R =  .43, p =  .023) at t1 
(Table 5). The detailed comparison of t1 and t2 is depicted in Table 3. 
At t2, PI remained unchanged, BOP (39%–33.1%, p < .001) and GCF 
(73.9–59.3 PU, p =  .021) were reduced when compared to t1. The 
relative reduction of BOP (Q-BOP) correlated with fasting time 
(R = .36, p = .062), baseline glucose (R = .37; p = .049) and weight re-
duction (R = .4, p = .04). A suggested correlation had been observed 
in HbA1c levels (R = .3, p = .131) (Table 5).

At t3, the number of teeth and PI remained unchanged. From 
10 female patients, 6 presented maximal PSI code 3 and 4 patients 
a code 4. BOP and GCF were still reduced at t3 (37.2%–21.9%, 
p =  .009 and 73.9 PU – 43.6 PU, p =  .009, respectively). The rela-
tive reduction of BOP correlated with the relative reduction of WC 
(R = .71, p = .0027), dental visits or HbA1c reduction did not show an 
effect. A summary of all time points (t1, t2, t3) comparing data from 
t1 and t3 is given in Table 4 and supplement Table S1.

For male patients, data are displayed in the supplementary 
Tables 3–5.

3.4  |  PROMs and adverse events

Generally, fasting was well tolerated and accepted. Symptoms that 
often go along with fasting were rated as irrelevant by all patients. 
One female patient with severe periodontal destruction (stage III, 
grade B periodontitis) experienced a periodontal abscess two days 

after study entry. Another female patient suffering from angina pec-
toris-like complaints was extensively medically examined, including 
electrocardiogram and precise blood sample analyses, but without 
results that pointed towards coronary heart disease.

4  |  DISCUSSION

Periodontitis is a complex non-communicable chronic inflammatory 
disease affecting a significant percentage of the worldwide popula-
tion, and it is considered as the 6th most common human disease 
(Kassebaum et al., 2014; Tonetti et al., 2017). Associations between 
periodontitis and systemic diseases, such as DM and cardiovascular 
diseases, are well known (Sanz et al., 2018, 2020). Patients present-
ing symptoms referring to the MetS also suffer from periodontitis 
more frequently (D'Aiuto et al., 2008; Li et al., 2009; Morita et al., 
2010; Watanabe & Cho, 2014; Jepsen et al., 2020). Underlying the 
bidirectional relationship therapeutic interventions for either DM or 
periodontitis facilitate improvement of parameters for both diseases 
(D'Aiuto et al., 2018; Sanz et al., 2018). To date, it is unknown whether 
periodic fasting as a form of severe caloric restriction and a promis-
ing therapeutic intervention also affects periodontal inflammation in 
patients with MetS. In this context, calorie restriction was found to 
be effective to facilitate T2DM disease remission (Lean et al., 2018). 
Thus, we aimed to periodontally examine patients with MetS prior 
to fasting, immediately after fasting and at a follow-up time point 
4  months later. Patients did not receive OHI or periodontal inter-
vention before or while fasting. It was crucial to determine whether 
there is a sole effect of fasting on periodontal inflammation. In gen-
eral, an anti-inflammatory and metabolic effect has been described 
for patients when fasting (Michalsen & Li, 2013). As patients were 

TA B L E  3  Comparison of findings at t1 versus t2 in female patients

Females n

t1 t2

p-valueMedian Q1 Q3 Median Q1 Q3

BW (kg) 28 89.8 78.58 114.28 86.9 75.1 108.7 <.001

BMI 28 34.9 31.1 42.13 33.6 29.53 40.13 <.001

WC (cm) 28 111 103.75 125.5 107 99.75 121 <.001

BP (mmHg) <.001

Systolic 28 135 130 140 120 117.5 126.25 <.001

Diastolic 28 80 80 90 75 70 80

FGLU (mg/dl) 26 99.1 90.1 142.3 76.6 68.95 86.50 <.001

TRG (mg/dl) 22 173.7 136.07 198.41 135.2 114.41 147.22 <.001

HDL (md/dl) 19 50.3 44.45 59.95 46.4 38.7 50.3 .002

CRP (mg/l) 26 4.2 2 8.13 4.9 2.83 8.15 .178

BOP (%) 28 39 32.02 51.41 33.1 22.2 43.98 <.001

GCF (PU) 28 73.9 60.69 88.5 59.3 40.38 76.31 .021

PI (%) 28 69.2 54.09 82.97 69.3 43.38 80.34 .446

Note: Statistical analyses were performed using the Wilcoxon signed-rank test.
Abbreviations: BMI, body mass index; BOP, bleeding on probing; BP, blood pressure; BW, body weight; CRP, C-reactive protein; FGLU, fasting 
glucose; GCF, gingival crevicular fluid; HDL, high-density lipoprotein; PI, plaque index; TRG, triglycerides; WC, waist circumference.
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hospitalized for a multimodal fasting and lifestyle programme, it was 
critical to choose reproducible parameters that can be determined 
at bedside, and therefore, BOP was considered as primary and GCF 
as secondary outcome parameters, and the periodontal screening 
index was chosen to screen for periodontal diseases. Similarly, it was 
crucial to precise and define for MetS. Variations in the prevalence 
of Mets have been described when applying different definitions as 
proposed by the IDF and compared to NCEP-ATP III. Thus, the AHA/
NHBLI definition was chosen because values for the prevalence of 
MetS were rather intermediate (Guize et al., 2008). The high num-
ber of excluded patients—after applying the criteria—shows the dif-
ficulty using them in daily practice.

In this study, PSI code 3 or code 4 was detected in all included 
patients indicating moderate to severe periodontal inflammation in 
each examined female patient with MetS. Immediately after the fast-
ing period, a reduction of BOP and GCF was observed, while the oral 
hygiene procedures and behaviours remained unchanged (measured 
by PI evaluation). In addition, parameters relevant in the context of 
MetS, such as BW, BP, FGLU, TRG and HDL, were reduced upon fast-
ing. Together with the reduction of BW, the WC was also reduced. 
WC partly reflects the amount of visceral fat that plays a crucial role 
in patients with MetS (Chan et al., 2003). Within the visceral fat, a 
number of different cytokines and adipokines are synthesized that 
affect the CRP production in the liver (Bullo et al., 2003). An increase 
in WC and BMI is associated with systemic inflammation (Gonzalez 

et al., 2006; Unno et al., 2012). In relation to periodontitis, analyses 
from the 3rd National Health and Nutrition Examination (NHANES) 
revealed an association between increased BMI as well as hip-waist-
ratio and periodontal attachment loss, increased pocket probing 
depth and gingival bleeding (Wood et al., 2003). These findings 
were also reflected elsewhere (Chaffee & Weston, 2010; Haffajee 
& Socransky, 2009). In the present study, BOP and WC showed an 
association which is in concert with earlier reports (D'Aiuto et al., 
2008; Munoz-Torres et al., 2014). In contrast, the parameters BOP 
and BMI were not associated in this study, which may, however, 
be an age-related effect in the presented cohort (Al-Zahrani et al., 
2003). Furthermore, it is conceivable that changes in nutrition will 
eventually alter the immune response and/or homeostasis (Steckhan 
et al., 2016; Chapple et al., 2017; Dommisch et al., 2018). Thus, it 
may be assumed that the systemic effects of periodic fasting also 
lead to changes in the periodontal inflammatory response, which 
could be demonstrated in the present study. In our cohort, the PI 
remained unchanged throughout the study period. Without inter-
vention to remove/reduce the amount of biofilm, BOP levels should 
remain unchanged accordingly (Morrison et al., 1980; Tonetti et al., 
2015). However, not only BOP but also GCF levels were reduced 
following the fasting period. The correlation between the level of 
gingival inflammation as well as plaque accumulation and the volume 
of GCF has been extensively proven by experimental gingivitis stud-
ies (Loe et al., 1965; Dommisch et al., 2015, 2019).

TA B L E  4  Comparison of findings at t1 and t3 in female patients

Females

t1 t2 t3 t1 vs t3

n Median Q1 Q3 n Median Q1 Q3 n Median Q1 Q3 p-value

BW (kg) 10 89.7 81.92 96.88 86.3 77.78 93.62 86.7 77.4 97.25 .027

BMI 10 33.8 33.48 38.92 32.6 31.7 37.52 33 31.4 38.38 .027

WC (cm) 10 108 104.5 121.2 104.5 101.2 116.8 105 103.2 118 .052

BP (mmHg) 129 147.5 .646

Systolic 10 135 130 140 120 120 128 146 78.5 94.5 .082

Diastolic 10 80 80 87.5 77.5 70 80 85.5

HbA1c (%) 10 5.3 5.1 5.6 5.6 5.43 5.85 .056

TRG (mg/dl) 9 162.8 130.4 193.4 124.3 107.19 140.88 227 164 270 .055

HDL (md/
dl)

8 54.1 50.3 70.58 46.4 38.7 53.15 59.5 48.5 71.5 1.000

CRP (mg/l) 10 2.5 1.08 6.7 2.8 1.5 6.9 1.7 1 4.35 .183

BOP (%) 10 37.2 30.61 47.28 30.2 21.84 44.95 21.9 20.93 34.65 .009

GCF (PU) 10 73.9 68.81 84.81 65.4 43.31 79.69 43.6 36.75 58 .009

PI (%) 10 78.7 57.78 87.29 61.8 42.29 80.76 57.9 52.28 84.79 .108

Number of 
teeth

10 26 20 28 26 20 28 26 20 28

PSI (n)

Code 3 1 1 6 .025

Code 4 9 9 4 .025

Note: Statistical analyses were performed using the Wilcoxon signed-rank test.
Abbreviations: BMI, body mass index; BOP, bleeding on probing; BP, blood pressure; BW, body weight; CRP, C-reactive protein; FGLU, fasting 
glucose; GCF, gingival crevicular fluid; HDL, high-density lipoprotein; PI, plaque index; PSI, periodontal screening index; TRG, triglycerides; WC, waist 
circumference.
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There are several potential mechanisms by which MetS in-
creases the risk of periodontal inflammation (Jepsen et al., 2020) 
as it has been shown in the investigated cohort. In obese patients, 
adipose tissues exhibit an increased production of pro-inflamma-
tory adipokines (Krysiak et al., 2012; Adamczak & Wiecek, 2013), 
which contribute to increased protease secretion and bone re-
sorption relevant to the periodontium (Garlet, 2010; Taylor, 2010). 
In this context, the impact of bariatric surgery and its effect on 
periodontal inflammation have been discussed (Maria de Souza 
et al., 2018).

Several limitations of our study have to be considered. MetS is 
reflected by a variable combination of different diseases and con-
ditions, and therefore, the presented cohort is by definition highly 
heterogeneous (Grundy et al., 2004; Saklayen, 2018). To increase 

comparability, the criteria proposed by AHA/NHLBI were consid-
ered (Grundy et al., 2005), and patients who did not fulfil these cri-
teria were excluded from further analyses. During the fasting period, 
all patients were hospitalized which was an important advantage of 
this cohort study because compliance with the intervention can be 
well controlled. At the same time, however, hospitalization intro-
duced a limitation to the sample size of our population, and MetS 
inclusion criteria allowed analysis of female patients only. During 
clinical examination and measurements, blood sample analysis ex-
hibited some inconsistency due to individual analytical and medical 
needs. Therefore, there were several missing values in the follow-up 
blood sample analysis. Furthermore, from the initial cohort, only 15 
patients could be included in the follow-up analysis (t3). This ad-
ditional examination time point was intended to identify potential 
long-term effects of the 4- to 10-day fasting period. However, only a 
low number of patients could be recruited for re-examination, which 
hindered identification of significant changes in primary or sec-
ondary variables. Thus, results need to be interpreted with caution 
and rated as trends. Also, this investigation was designed as a pro-
spective cohort study without a control group. This aspect should 
be considered in future studies with a higher number of patients. 
Besides fasting, patients also received some additional therapies ac-
cording to the concept of the applied integrative fasting concept. 
Thus, the observed effects might be due not only to the pure fasting 
intervention.

In conclusion, this study showed, for the first time, a beneficial ef-
fect of a defined clinically controlled periodic fasting programme on 
periodontal inflammation in female patients with MetS. Periodontal 
inflammation as determined by BOP and GCF measurements was 
correlated to parameters relevant for patients with MetS. Clinically 
controlled fasting led not only to the expected reduction of BW, 
BMI, WC BP, FGLU, TRG and HDL but also to a reduction of BOP 
and GCF levels, while the PI remained unaffected throughout the 
study. Within the limitations of this study, it may be proposed that 
fasting should be considered as an adjunctive intervention to con-
ventional periodontal treatment regimens in obese patients. There 
may also be potential for fasting as an additional tool during primary 
and secondary prevention of periodontal inflammation. Future ran-
domized trials in patients with both MetS and periodontal disease 
are warranted.

CONFLIC T OF INTERE S T AND SOURCE OF FUNDING 
S TATEMENT
The authors declare that they have no conflict of interest.

ACKNOWLEDG EMENTS
The authors kindly thank Marion von Zitzewitz and Verena Kanitz 
for excellent technical assistance. Further, the authors would 
like to thank the entire staff in the Department of Internal and 
Complementary Medicine of the Immanuel Hospital as well as the 
Department of Periodontology, Oral Medicine and Oral Surgery 
for excellent routine work in patient care and coordination of ap-
pointments. C.P. was financially supported by the Karl und Veronica 

TA B L E  5  Correlation analyses at t1, the comparison of t1 and t2, 
and the comparison of t1 and t3

t1 Spearman's R p-value

BOP WC .42 .025

BW .37 .055

BMI .35 .071

PI .36 .061

GCF CRP .12 .545

TRG .33 .137

HDL .13 .600

Age .43 .023

CRP BMI .35 .067

BW .30 .126

WC .45 .015

FGLU .42 .029

HbA1c .48 .009

TRG .54 .008

t1 vs t2 R p-value

Q-BOP Fasting period .36 .062

HbA1c at t1 .30 .131

FGLU at t1 .37 .049

Q-FGLU .38 .054

Q-BW .40 .04

Q-WC −.24 .23

Vitamin C .15 .44

t1 vs t3 R p-value

Q-BOP Q-HbA1c .30 .403

Q-WC .71 .027

Dental treatment .19 .599

Note: Statistical analyses were performed using Spearman's correlation (R).
Abbreviations: BMI, body mass index; BOP, bleeding on probing; BP, 
blood pressure; BW, body weight; CRP, C-reactive protein; FGLU, 
fasting glucose; GCF, gingival crevicular fluid; HDL, high-density 
lipoprotein; PI, plaque index; Q, quotient as the ratio of t1/t2 and  
t1/t3, respectively; TRG, triglycerides; WC, waist circumference. 
See supplementary Table S1.



500  |    PAPPE et al.

Carstens Foundation (Germany). The authors also thank Dr. Beate 
Stock-Schröer (Karl und Veronica Carstens Foundation) for kindly sup-
porting during the funding process and Jan Viktorov for his support 
during clinical measurement.

AUTHOR CONTRIBUTIONS
C. L. Pappe contributed to study conception, clinical periodontal 
examination, statistical evaluation and data interpretation, and criti-
cal reading of the manuscript; N. Steckhan contributed to clinical 
medical examination, fasting intervention, data interpretation, criti-
cal reading of the manuscript; D. Hoedke contributed to statistical 
evaluation and data interpretation, and critical reading of the manu-
script; S. Jepsen contributed to data interpretation and critical read-
ing of the manuscript; G. Rauch contributed to statistical analyses, 
data interpretation and critical reading of the manuscript; T. Keller 
contributed to statistical analyses, data interpretation, and critical 
reading of the manuscript; A. Michalsen contributed to study de-
sign and conception, coordination of the fasting protocol, funding, 
data interpretation and critical reading of the manuscript; and H. 
Dommisch* contributed to study design and conception, coordina-
tion of clinical examinations, funding, data interpretation, and writ-
ing of the manuscript.

DATA AVAIL ABILIT Y S TATEMENT
Data are available on request due to privacy/ethical restrictions.

ORCID
Søren Jepsen   https://orcid.org/0000-0002-4160-5837 
Henrik Dommisch   https://orcid.org/0000-0003-1043-2651 

R E FE R E N C E S
Aarabi, G., Zeller, T., Seedorf, H., Reissmann, D. R., Heydecke, G., 

Schaefer, A. S., & Seedorf, U. (2017). Genetic susceptibility contrib-
uting to periodontal and cardiovascular disease. Journal of Dental 
Research, 96(6), 610–617. https://doi.org/10.1177/00220​34517​
699786

Adamczak, M., & Wiecek, A. (2013). The adipose tissue as an endo-
crine organ. Seminars in Nephrology, 33(1), 2–13. https://doi.
org/10.1016/j.semne​phrol.2012.12.008

Aguilar, M., Bhuket, T., Torres, S., Liu, B., & Wong, R. J. (2015). Prevalence 
of the metabolic syndrome in the United States, 2003–2012. JAMA, 
313(19), 1973–1974. https://doi.org/10.1001/jama.2015.4260

Ainamo, J., & Bay, I. (1975). Problems and proposals for recording gingivi-
tis and plaque. International Dental Journal, 25(4), 229–235.

Al-Zahrani, M. S., Bissada, N. F., & Borawskit, E. A. (2003). Obesity 
and periodontal disease in young, middle-aged, and older adults. 
Journal of Periodontology, 74(5), 610–615. https://doi.org/10.1902/
jop.2003.74.5.610

Buchinger, O. (1979). Das Heilfasten und seine Hilfsmethoden als biolo-
gischer Weg (18. Aufl ed.). Hippokrates-Verlag.

Bullo, M., Garcia-Lorda, P., Megias, I., & Salas-Salvado, J. (2003). 
Systemic inflammation, adipose tissue tumor necrosis factor, and 
leptin expression. Obesity Research, 11(4), 525–531. https://doi.
org/10.1038/oby.2003.74

Chaffee, B. W., & Weston, S. J. (2010). Association between chronic peri-
odontal disease and obesity: A systematic review and meta-anal-
ysis. Journal of Periodontology, 81(12), 1708–1724. https://doi.
org/10.1902/jop.2010.100321

Chan, D. C., Watts, G. F., Barrett, P. H., & Burke, V. (2003). Waist cir-
cumference, waist-to-hip ratio and body mass index as predictors 
of adipose tissue compartments in men. QJM, 96, 441–447. https://
doi.org/10.1093/qjmed/​hcg069

Chapple, I. L., Bouchard, P., Cagetti, M. G., Campus, G., Carra, M. C., 
Cocco, F., & Schulte, A. G. (2017). Interaction of lifestyle, behaviour 
or systemic diseases with dental caries and periodontal diseases: 
Consensus report of group 2 of the joint EFP/ORCA workshop 
on the boundaries between caries and periodontal diseases. 
Journal of Clinical Periodontology, 44(Suppl 18), 39–51. https://doi.
org/10.1111/jcpe.12685.

D'Aiuto, F., Gkranias, N., Bhowruth, D., Khan, T., Orlandi, M., Suvan, J., 
Masi, S., Tsakos, G., Hurel, S., Hingorani, A. D., Donos, N., Deanfield, 
J. E., Lomax, A., Horvath, A., Zambon, R., Tay, S., Tatarakis, N., 
Spratt, D., Kingston, I., … Mellor, T. (2018). Systemic effects of 
periodontitis treatment in patients with type 2 diabetes: A 12 
month, single-centre, investigator-masked, randomised trial. Lancet 
Diabetes Endocrinol, 6(12), 954–965. https://doi.org/10.1016/
S2213​-8587(18)30038​-X

D'Aiuto, F., Nibali, L., Parkar, M., Patel, K., Suvan, J., & Donos, N. (2010). 
Oxidative stress, systemic inflammation, and severe periodon-
titis. Journal of Dental Research, 89(11), 1241–1246. https://doi.
org/10.1177/00220​34510​375830

D'Aiuto, F., Parkar, M., Andreou, G., Suvan, J., Brett, P. M., Ready, D., 
& Tonetti, M. S. (2004). Periodontitis and systemic inflammation: 
Control of the local infection is associated with a reduction in serum 
inflammatory markers. Journal of Dental Research, 83(2), 156–160. 
https://doi.org/10.1177/15440​59104​08300214

D'Aiuto, F., Parkar, M., Nibali, L., Suvan, J., Lessem, J., & Tonetti, M. S. 
(2006). Periodontal infections cause changes in traditional and 
novel cardiovascular risk factors: Results from a randomized 
controlled clinical trial. American Heart Journal, 151(5), 977–984. 
https://doi.org/10.1016/j.ahj.2005.06.018

D'Aiuto, F., Sabbah, W., Netuveli, G., Donos, N., Hingorani, A. D., 
Deanfield, J., & Tsakos, G. (2008). Association of the metabolic syn-
drome with severe periodontitis in a large U.S. population-based 
survey. Journal of Clinical Endocrinology and Metabolism, 93(10), 
3989–3994. https://doi.org/10.1210/jc.2007-2522

Dietrich, T., Jimenez, M., Krall Kaye, E. A., Vokonas, P. S., & Garcia, R. 
I. (2008). Age-dependent associations between chronic periodon-
titis/edentulism and risk of coronary heart disease. Circulation, 
117(13), 1668–1674. https://doi.org/10.1161/CIRCU​LATIO​
NAHA.107.711507

Dommisch, H., Kuzmanova, D., Jönsson, D., Grant, M., & Chapple, I. 
(2018). Effect of micronutrient malnutrition on periodontal dis-
ease and periodontal therapy. Periodontology 2000, 78(1), 129–153. 
https://doi.org/10.1111/prd.12233

Dommisch, H., Skora, P., Hirschfeld, J., Olk, G., Hildebrandt, L., & Jepsen, 
S. (2019). The guardians of the periodontium-sequential and dif-
ferential expression of antimicrobial peptides during gingival in-
flammation. Results from in vivo and in vitro studies. Journal of 
Clinical Periodontology, 46(3), 276–285. https://doi.org/10.1111/
jcpe.13084

Dommisch, H., Staufenbiel, I., Schulze, K., Stiesch, M., Winkel, A., 
Fimmers, R., & Eberhard, J. (2015). Expression of antimicrobial 
peptides and interleukin-8 during early stages of inflammation: An 
experimental gingivitis study. Journal of Periodontal Research, 50, 
836–845. https://doi.org/10.1111/jre.12271

Garlet, G. P. (2010). Destructive and protective roles of cytokines in peri-
odontitis: A re-appraisal from host defense and tissue destruction 
viewpoints. Journal of Dental Research, 89(12), 1349–1363. https://
doi.org/10.1177/00220​34510​376402

Genco, R. J., Grossi, S. G., Ho, A., Nishimura, F., & Murayama, Y. (2005). 
A proposed model linking inflammation to obesity, diabetes, and 
periodontal infections. Journal of Periodontology, 76(11 Suppl), 
2075–2084. https://doi.org/10.1902/jop.2005.76.11-S.2075

https://orcid.org/0000-0002-4160-5837
https://orcid.org/0000-0002-4160-5837
https://orcid.org/0000-0003-1043-2651
https://orcid.org/0000-0003-1043-2651
https://doi.org/10.1177/0022034517699786
https://doi.org/10.1177/0022034517699786
https://doi.org/10.1016/j.semnephrol.2012.12.008
https://doi.org/10.1016/j.semnephrol.2012.12.008
https://doi.org/10.1001/jama.2015.4260
https://doi.org/10.1902/jop.2003.74.5.610
https://doi.org/10.1902/jop.2003.74.5.610
https://doi.org/10.1038/oby.2003.74
https://doi.org/10.1038/oby.2003.74
https://doi.org/10.1902/jop.2010.100321
https://doi.org/10.1902/jop.2010.100321
https://doi.org/10.1093/qjmed/hcg069
https://doi.org/10.1093/qjmed/hcg069
https://doi.org/10.1111/jcpe.12685
https://doi.org/10.1111/jcpe.12685
https://doi.org/10.1016/S2213-8587(18)30038-X
https://doi.org/10.1016/S2213-8587(18)30038-X
https://doi.org/10.1177/0022034510375830
https://doi.org/10.1177/0022034510375830
https://doi.org/10.1177/154405910408300214
https://doi.org/10.1016/j.ahj.2005.06.018
https://doi.org/10.1210/jc.2007-2522
https://doi.org/10.1161/CIRCULATIONAHA.107.711507
https://doi.org/10.1161/CIRCULATIONAHA.107.711507
https://doi.org/10.1111/prd.12233
https://doi.org/10.1111/jcpe.13084
https://doi.org/10.1111/jcpe.13084
https://doi.org/10.1111/jre.12271
https://doi.org/10.1177/0022034510376402
https://doi.org/10.1177/0022034510376402
https://doi.org/10.1902/jop.2005.76.11-S.2075


    |  501PAPPE et al.

Giefing-Kroll, C., Berger, P., Lepperdinger, G., & Grubeck-Loebenstein, B. 
(2015). How sex and age affect immune responses, susceptibility to 
infections, and response to vaccination. Aging Cell, 14(3), 309–321. 
https://doi.org/10.1111/acel.12326

Goldhamer, A., Lisle, D., Parpia, B., Anderson, S. V., & Campbell, T. 
C. (2001). Medically supervised water-only fasting in the treat-
ment of hypertension. Journal of Manipulative and Physiological 
Therapeutics, 24(5), 335–339. https://doi.org/10.1067/
mmt.2001.115263

Gonzalez, A. S., Guerrero, D. B., Soto, M. B., Diaz, S. P., Martinez-Olmos, 
M., & Vidal, O. (2006). Metabolic syndrome, insulin resistance 
and the inflammation markers C-reactive protein and ferritin. 
European Journal of Clinical Nutrition, 60(6), 802–809. https://doi.
org/10.1038/sj.ejcn.1602384

Goschke, H., Girard, J., & Stahl, M. (1976). Metabolic differences be-
tween males and females and between normal and obese subjects 
during total fast. Klinische Wochenschrift, 54(11), 527–533. https://
doi.org/10.1007/bf014​68974

Graziani, F., Gennai, S., Solini, A., & Petrini, M. (2018). A systematic re-
view and meta-analysis of epidemiologic observational evidence on 
the effect of periodontitis on diabetes an update of the EFP-AAP 
review. Journal of Clinical Periodontology, 45(2), 167–187. https://
doi.org/10.1111/jcpe.12837

Grundy, S. M., Brewer, H. B. Jr, Cleeman, J. I., Smith, S. C. Jr, Lenfant, 
C., American Heart, A., & Blood, I. (2004). Definition of meta-
bolic syndrome: Report of the National Heart, Lung, and Blood 
Institute/American Heart Association conference on scientific is-
sues related to definition. Circulation, 109(3), 433–438. https://doi.
org/10.1161/01.CIR.00001​11245.75752.C6

Grundy, S. M., Cleeman, J. I., Daniels, S. R., Donato, K. A., Eckel, R. H., 
Franklin, B. A., & Blood, I. (2005). Diagnosis and management of 
the metabolic syndrome: An American Heart Association/National 
Heart, Lung, and Blood Institute Scientific Statement. Circulation, 
112(17), 2735–2752. https://doi.org/10.1161/CIRCU​LATIO​
NAHA.105.169404

Guize, L., Pannier, B., Thomas, F., Bean, K., Jego, B., & Benetos, A. (2008). 
Recent advances in metabolic syndrome and cardiovascular dis-
ease. Archives of Cardiovascular Diseases, 101(9), 577–583. https://
doi.org/10.1016/j.acvd.2008.06.011

Haffajee, A. D., & Socransky, S. S. (2009). Relation of body 
mass index, periodontitis and Tannerella forsythia. Journal 
of Clinical Periodontology, 36(2), 89–99. https://doi.
org/10.1111/j.1600-051X.2008.01356.x

Jepsen, S., Suvan, J., & Deschner, J. (2020). The association of periodon-
tal diseases with metabolic syndrome and obesity. Periodontology 
2000, 83(1), 125–153. https://doi.org/10.1111/prd.12326

Kassebaum, N. J., Bernabe, E., Dahiya, M., Bhandari, B., Murray, C. J., & 
Marcenes, W. (2014). Global burden of severe periodontitis in 1990–
2010: A systematic review and meta-regression. Journal of Dental 
Research, 93(11), 1045–1053. https://doi.org/10.1177/00220​
34514​552491

Keller, A., Rohde, J. F., Raymond, K., & Heitmann, B. L. (2015). Association 
between periodontal disease and overweight and obesity: A sys-
tematic review. Journal of Periodontology, 86(6), 766–776. https://
doi.org/10.1902/jop.2015.140589

Khader, Y., Khassawneh, B., Obeidat, B., Hammad, M., El-Salem, K., 
Bawadi, H., & Al-akour, N. (2008). Periodontal status of patients 
with metabolic syndrome compared to those without metabolic 
syndrome. Journal of Periodontology, 79(11), 2048–2053. https://
doi.org/10.1902/jop.2008.080022

Krysiak, R., Handzlik-Orlik, G., & Okopien, B. (2012). The role of adi-
pokines in connective tissue diseases. European Journal of Nutrition, 
51(5), 513–528. https://doi.org/10.1007/s0039​4-012-0370-0

Lean, M. E., Leslie, W. S., Barnes, A. C., Brosnahan, N., Thom, G., 
McCombie, L., & Taylor, R. (2018). Primary care-led weight man-
agement for remission of type 2 diabetes (DiRECT): An open-label, 

cluster-randomised trial. Lancet, 391(10120), 541–551. https://doi.
org/10.1016/S0140​-6736(17)33102​-1

Li, C., Ostermann, T., Hardt, M., Ludtke, R., Broecker-Preuss, M., Dobos, 
G., & Michalsen, A. (2013). Metabolic and psychological response 
to 7-day fasting in obese patients with and without metabolic 
syndrome. Forsch Komplementmed, 20(6), 413–420. https://doi.
org/10.1159/00035​3672

Li, C., Sadraie, B., Steckhan, N., Kessler, C., Stange, R., Jeitler, M., & 
Michalsen, A. (2017). Effects of a one-week fasting therapy in patients 
with type-2 diabetes mellitus and metabolic syndrome - A randomized 
controlled explorative study. Experimental and Clinical Endocrinology & 
Diabetes, 125(9), 618–624. https://doi.org/10.1055/s-0043-101700

Li, P., He, L., Sha, Y. Q., & Luan, Q. X. (2009). Relationship of metabolic 
syndrome to chronic periodontitis. Journal of Periodontology, 80(4), 
541–549. https://doi.org/10.1902/jop.2009.080387

Loe, H., Theilade, E., & Jensen, S. B. (1965). Experimental gingivitis in man. 
Journal of Periodontology, 36, 177–187. https://doi.org/10.1902/
jop.1965.36.3.177

Loos, B. G. (2005). Systemic markers of inflammation in periodontitis. 
Journal of Periodontology, 76(11 Suppl), 2106–2115. https://doi.
org/10.1902/jop.2005.76.11-S.2106

Loos, B. G., Craandijk, J., Hoek, F. J., Wertheim-van Dillen, P. M., & van 
der Velden, U. (2000). Elevation of systemic markers related to 
cardiovascular diseases in the peripheral blood of periodontitis 
patients. Journal of Periodontology, 71(10), 1528–1534. https://doi.
org/10.1902/jop.2000.71.10.1528

Maria de Souza, G., Willya Douglas de Oliveira, D., Santos Lages, 
F., Andrade Fernandes, I., & Gabriel Moreira Falci, S. (2018). 
Relationship between bariatric surgery and periodontal status: 
A systematic review and meta-analysis. Surgery for Obesity and 
Related Diseases, 14(8), 1205–1216. https://doi.org/10.1016/j.
soard.2018.04.018

Meyle, J., & Jepsen, S. (2000). Der parodontale Screening-Index (PSI). 
Parodontologie, 11, 17–21.

Michalsen, A., & Li, C. (2013). Fasting therapy for treating and preventing 
disease - Current state of evidence. Forsch Komplementmed, 20(6), 
444–453. https://doi.org/10.1159/00035​7765

Moebus, S., Hanisch, J., Bramlage, P., Losch, C., Hauner, H., Wasem, J., 
& Jockel, K. H. (2008). Regional differences in the prevalence of 
the metabolic syndrome in primary care practices in Germany. 
Deutsches Aerzteblatt Online, 105(12), 207–213. https://doi.
org/10.3238/artze​bl.2008.0207

Morita, T., Yamazaki, Y., Mita, A., Takada, K., Seto, M., Nishinoue, N., 
& Maeno, M. (2010). A cohort study on the association between 
periodontal disease and the development of metabolic syndrome. 
Journal of Periodontology, 81(4), 512–519. https://doi.org/10.1902/
jop.2010.090594

Morrison, E. C., Ramfjord, S. P., & Hill, R. W. (1980). Short-term effects of 
initial, nonsurgical periodontal treatment (hygienic phase). Journal 
of Clinical Periodontology, 7(3), 199–211. https://doi.org/10.1111/
j.1600-051X.1980.tb019​63.x

Moura Foz, A., Alexandre Romito, G., Manoel Bispo, C., Luciancencov 
Petrillo, C., Patel, K., Suvan, J., & D'Aiuto, F. (2010). Periodontal 
therapy and biomarkers related to cardiovascular risk. Minerva 
Stomatologica, 59(5), 271–283.

Munoz-Torres, F. J., Jimenez, M. C., Rivas-Tumanyan, S., & Joshipura, 
K. J. (2014). Associations between measures of central adipos-
ity and periodontitis among older adults. Community Dentistry 
and Oral Epidemiology, 42(2), 170–177. https://doi.org/10.1111/
cdoe.12069

O'Leary, T. J., Drake, R. B., & Naylor, J. E. (1972). The plaque control re-
cord. Journal of Periodontology, 43(1), 38. https://doi.org/10.1902/
jop.1972.43.1.38

Papagiannopoulos, I. A., Sideris, V. I., Boschmann, M., Koutsoni, O. S., 
& Dotsika, E. N. (2013). Anthropometric, hemodynamic, met-
abolic, and renal responses during 5 days of food and water 

https://doi.org/10.1111/acel.12326
https://doi.org/10.1067/mmt.2001.115263
https://doi.org/10.1067/mmt.2001.115263
https://doi.org/10.1038/sj.ejcn.1602384
https://doi.org/10.1038/sj.ejcn.1602384
https://doi.org/10.1007/bf01468974
https://doi.org/10.1007/bf01468974
https://doi.org/10.1111/jcpe.12837
https://doi.org/10.1111/jcpe.12837
https://doi.org/10.1161/01.CIR.0000111245.75752.C6
https://doi.org/10.1161/01.CIR.0000111245.75752.C6
https://doi.org/10.1161/CIRCULATIONAHA.105.169404
https://doi.org/10.1161/CIRCULATIONAHA.105.169404
https://doi.org/10.1016/j.acvd.2008.06.011
https://doi.org/10.1016/j.acvd.2008.06.011
https://doi.org/10.1111/j.1600-051X.2008.01356.x
https://doi.org/10.1111/j.1600-051X.2008.01356.x
https://doi.org/10.1111/prd.12326
https://doi.org/10.1177/0022034514552491
https://doi.org/10.1177/0022034514552491
https://doi.org/10.1902/jop.2015.140589
https://doi.org/10.1902/jop.2015.140589
https://doi.org/10.1902/jop.2008.080022
https://doi.org/10.1902/jop.2008.080022
https://doi.org/10.1007/s00394-012-0370-0
https://doi.org/10.1016/S0140-6736(17)33102-1
https://doi.org/10.1016/S0140-6736(17)33102-1
https://doi.org/10.1159/000353672
https://doi.org/10.1159/000353672
https://doi.org/10.1055/s-0043-101700
https://doi.org/10.1902/jop.2009.080387
https://doi.org/10.1902/jop.1965.36.3.177
https://doi.org/10.1902/jop.1965.36.3.177
https://doi.org/10.1902/jop.2005.76.11-S.2106
https://doi.org/10.1902/jop.2005.76.11-S.2106
https://doi.org/10.1902/jop.2000.71.10.1528
https://doi.org/10.1902/jop.2000.71.10.1528
https://doi.org/10.1016/j.soard.2018.04.018
https://doi.org/10.1016/j.soard.2018.04.018
https://doi.org/10.1159/000357765
https://doi.org/10.3238/artzebl.2008.0207
https://doi.org/10.3238/artzebl.2008.0207
https://doi.org/10.1902/jop.2010.090594
https://doi.org/10.1902/jop.2010.090594
https://doi.org/10.1111/j.1600-051X.1980.tb01963.x
https://doi.org/10.1111/j.1600-051X.1980.tb01963.x
https://doi.org/10.1111/cdoe.12069
https://doi.org/10.1111/cdoe.12069
https://doi.org/10.1902/jop.1972.43.1.38
https://doi.org/10.1902/jop.1972.43.1.38


502  |    PAPPE et al.

deprivation. Forsch Komplementmed, 20(6), 427–433. https://doi.
org/10.1159/00035​7718

Polak, D., & Shapira, L. (2018). An update on the evidence for patho-
genic mechanisms that may link periodontitis and diabetes. Journal 
of Clinical Periodontology, 45(2), 150–166. https://doi.org/10.1111/
jcpe.12803

Preshaw, P. M., Alba, A. L., Herrera, D., Jepsen, S., Konstantinidis, A., 
Makrilakis, K., & Taylor, R. (2012). Periodontitis and diabetes: 
A two-way relationship. Diabetologia, 55(1), 21–31. https://doi.
org/10.1007/s0012​5-011-2342-y

Ridker, P. M., Buring, J. E., Cook, N. R., & Rifai, N. (2003). C-reactive pro-
tein, the metabolic syndrome, and risk of incident cardiovascular 
events: An 8-year follow-up of 14 719 initially healthy American 
women. Circulation, 107(3), 391–397. https://doi.org/10.1161/01.
cir.00000​55014.62083.05

Ridker, P. M., Wilson, P. W., & Grundy, S. M. (2004). Should C-reactive 
protein be added to metabolic syndrome and to assessment of 
global cardiovascular risk? Circulation, 109(23), 2818–2825. https://
doi.org/10.1161/01.CIR.00001​32467.45278.59

Ross, R., Shaw, K. D., Rissanen, J., Martel, Y., de Guise, J., & Avruch, L. 
(1994). Sex differences in lean and adipose tissue distribution 
by magnetic resonance imaging: Anthropometric relationships. 
American Journal of Clinical Nutrition, 59(6), 1277–1285. https://doi.
org/10.1093/ajcn/59.6.1277

Saito, T., Shimazaki, Y., Kiyohara, Y., Kato, I., Kubo, M., Iida, M., & 
Yamashita, Y. (2005). Relationship between obesity, glucose toler-
ance, and periodontal disease in Japanese women: The Hisayama 
study. Journal of Periodontal Research, 40(4), 346–353. https://doi.
org/10.1111/j.1600-0765.2005.00813.x

Saklayen, M. G. (2018). The global epidemic of the metabolic syndrome. 
Current Hypertension Reports, 20(2), 12. https://doi.org/10.1007/
s1190​6-018-0812-z

Sanz, M., Ceriello, A., Buysschaert, M., Chapple, I., Demmer, R. T., 
Graziani, F., & Vegh, D. (2018). Scientific evidence on the links be-
tween periodontal diseases and diabetes: Consensus report and 
guidelines of the joint workshop on periodontal diseases and di-
abetes by the International Diabetes Federation and the European 
Federation of Periodontology. Journal of Clinical Periodontology, 
45(2), 138–149. https://doi.org/10.1111/jcpe.12808

Sanz, M., Marco Del Castillo, A., Jepsen, S., Gonzalez-Juanatey, J. R., 
D'Aiuto, F., Bouchard, P., & Wimmer, G. (2020). Periodontitis and 
cardiovascular diseases: Consensus report. Journal of Clinical 
Periodontology, 47(3), 268–288. https://doi.org/10.1111/jcpe.13189

Schaefer, A. S., Bochenek, G., Jochens, A., Ellinghaus, D., Dommisch, 
H., Guzeldemir-Akcakanat, E., & Schreiber, S. (2015). Genetic ev-
idence for PLASMINOGEN as a shared genetic risk factor of cor-
onary artery disease and periodontitis. Circulation: Cardiovascular 
Genetics, 8(1), 159–167. https://doi.org/10.1161/CIRCG​ENETI​
CS.114.000554

Schaefer, A. S., Richter, G. M., Groessner-Schreiber, B., Noack, 
B., Nothnagel, M., El Mokhtari, N. E., & Schreiber, S. (2009). 
Identification of a shared genetic susceptibility locus for coronary 
heart disease and periodontitis. PLoS Genetics, 5(2), e1000378. 
https://doi.org/10.1371/journ​al.pgen.1000378

Stange, R., Pflugbeil, C., Michalsen, A., & Uehleke, B. (2013). Therapeutic 
fasting in patients with metabolic syndrome and impaired insulin 

resistance. Forsch Komplementmed, 20(6), 421–426. https://doi.
org/10.1159/00035​7875

Steckhan, N., Hohmann, C. D., Kessler, C., Dobos, G., Michalsen, A., 
& Cramer, H. (2016). Effects of different dietary approaches on 
inflammatory markers in patients with metabolic syndrome: A 
systematic review and meta-analysis. Nutrition, 32(3), 338–348. 
https://doi.org/10.1016/j.nut.2015.09.010

Taylor, J. J. (2010). Cytokine regulation of immune responses to 
Porphyromonas gingivalis. Periodontology 2000, 54(1), 160–194. 
https://doi.org/10.1111/j.1600-0757.2009.00344.x

Tonetti, M. S., D'Aiuto, F., Nibali, L., Donald, A., Storry, C., Parkar, M., 
& Deanfield, J. (2007). Treatment of periodontitis and endothelial 
function. New England Journal of Medicine, 356(9), 911–920. https://
doi.org/10.1056/NEJMo​a063186

Tonetti, M. S., Eickholz, P., Loos, B. G., Papapanou, P., van der Velden, U., 
Armitage, G., & Suvan, J. E. (2015). Principles in prevention of peri-
odontal diseases: Consensus report of group 1 of the 11th European 
Workshop on Periodontology on effective prevention of periodon-
tal and peri-implant diseases. Journal of Clinical Periodontology, 42, 
5–11. https://doi.org/10.1111/jcpe.12368

Tonetti, M. S., Jepsen, S., Jin, L., & Otomo-Corgel, J. (2017). Impact 
of the global burden of periodontal diseases on health, nutri-
tion and wellbeing of mankind: A call for global action. Journal of 
Clinical Periodontology, 44(5), 456–462. https://doi.org/10.1111/
jcpe.12732

Unno, M., Furusyo, N., Mukae, H., Koga, T., Eiraku, K., & Hayashi, J. (2012). 
The utility of visceral fat level by bioelectrical impedance analysis 
in the screening of metabolic syndrome - The results of the Kyushu 
and Okinawa Population Study (KOPS). Journal of Atherosclerosis 
and Thrombosis, 19(5), 462–470. https://doi.org/10.5551/jat.11528

Watanabe, K., & Cho, Y. D. (2014). Periodontal disease and metabolic 
syndrome: A qualitative critical review of their association. Archives 
of Oral Biology, 59(8), 855–870. https://doi.org/10.1016/j.archo​
ralbio.2014.05.003

Wood, N., Johnson, R. B., & Streckfus, C. F. (2003). Comparison of body 
composition and periodontal disease using nutritional assessment 
techniques: Third National Health and Nutrition Examination 
Survey (NHANES III). Journal of Clinical Periodontology, 30(4), 321–
327. https://doi.org/10.1034/j.1600-051X.2003.00353.x

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Pappe CL, Steckhan N, Hoedke D, 
et al. Prolonged multimodal fasting modulates periodontal 
inflammation in female patients with metabolic syndrome: 
A prospective cohort study. J Clin Periodontol. 2021;48:492–
502. https://doi.org/10.1111/jcpe.13419

https://doi.org/10.1159/000357718
https://doi.org/10.1159/000357718
https://doi.org/10.1111/jcpe.12803
https://doi.org/10.1111/jcpe.12803
https://doi.org/10.1007/s00125-011-2342-y
https://doi.org/10.1007/s00125-011-2342-y
https://doi.org/10.1161/01.cir.0000055014.62083.05
https://doi.org/10.1161/01.cir.0000055014.62083.05
https://doi.org/10.1161/01.CIR.0000132467.45278.59
https://doi.org/10.1161/01.CIR.0000132467.45278.59
https://doi.org/10.1093/ajcn/59.6.1277
https://doi.org/10.1093/ajcn/59.6.1277
https://doi.org/10.1111/j.1600-0765.2005.00813.x
https://doi.org/10.1111/j.1600-0765.2005.00813.x
https://doi.org/10.1007/s11906-018-0812-z
https://doi.org/10.1007/s11906-018-0812-z
https://doi.org/10.1111/jcpe.12808
https://doi.org/10.1111/jcpe.13189
https://doi.org/10.1161/CIRCGENETICS.114.000554
https://doi.org/10.1161/CIRCGENETICS.114.000554
https://doi.org/10.1371/journal.pgen.1000378
https://doi.org/10.1159/000357875
https://doi.org/10.1159/000357875
https://doi.org/10.1016/j.nut.2015.09.010
https://doi.org/10.1111/j.1600-0757.2009.00344.x
https://doi.org/10.1056/NEJMoa063186
https://doi.org/10.1056/NEJMoa063186
https://doi.org/10.1111/jcpe.12368
https://doi.org/10.1111/jcpe.12732
https://doi.org/10.1111/jcpe.12732
https://doi.org/10.5551/jat.11528
https://doi.org/10.1016/j.archoralbio.2014.05.003
https://doi.org/10.1016/j.archoralbio.2014.05.003
https://doi.org/10.1034/j.1600-051X.2003.00353.x
https://doi.org/10.1111/jcpe.13419

