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1. Summary

1.1 Abstract (German)

Daten aus Beobachtungsstudien und langjdhrige Erfahrung von Anwendern legen nahe, daf3
medizinisch liberwachtes therapeutisches Fasten (periodisches Fasten, ,,Heilfasten, very low
calorie diet“) bei der Behandlung von Metabolischem Syndrom sowie chronischen
Schmerzsyndromen des Bewegungsapparates eine wirksame Mallnahme darstellt.
Zugeschrieben werden dem Fasten eine antiinflammatorische Wirkung, die Verlangsamung
von chronisch degenerativen Prozessen sowie die Induzierung von gesundheitsfordernder
Lebensstilinderung und stimmungsauthellende Effekte. Inzwischen wird Fasten international
zunehmend eingesetzt, u.a. Auch im Rahmender der Integrativen Medizin in den USA und
China. Ziel der kontrollierten Pilotstudien dieser Dissertation ist es, die klinischen Effekte
einer Fastenbehandlung zu evaluieren und damit zur Einschitzung des Fastens als
gesundheitsfordernder komplementdrmedizinischer Behandlung beizutragen.

In der ersten Studie untersuchten wir die kombinierte Wirkung einer additiven
Phytotherapie nach Empfehlungen der Traditionellen Chinesischen Medizin (TCM) im
Zusammenhang mit einem kurzzeitigen, 5-tdgigen Fasten mit Energieaufnahme <550 kcal /
Tag bei Patienten mit Typ-2-Diabetes mellitus (T2DM). Es zeigte sich in beiden Gruppen
eine  Verbesserung metabolischer und glukoregulatorischer Parameter, in der
Kombinationstherapie aber mit stiarkerer Auspragung einschlielich eines reduzierter Bedarfs
an Antidiabetika nach drei Monaten. Ein integrativer Behandlungsansatz, der die Standard-
T2DM Behandlung, VLCD und ein TCM-Dekokt umfasst, konnte somit vorteilhafte
Wirkungen haben. In einer weiteren randomisiert-kontrollierten Studie untersuchten wir die
mittelfristige (vier Monate) metabolische Reaktion auf ein ambulantes periodisches Fasten
iiber 7 Tage nach der Buchinger Technik (Energicaufnahme ca. 300 kcal/Tag durch Sifte) bei
Patienten mit T2DM. Das Fasten fiihrte im Vergleich zur Kontrollgruppe mit konventioneller
Erndhrungsberatung zu Gewichtsabnahme, Verringerung des abdominalen Umfangs,
signifikanter Senkung des Blutdrucks und erhohter Lebensqualitit. Es wurden jedoch nur
nicht signifikante Verbesserungen fiir HbAlc, Insulin und HOMA-Index beobachtet. Diese
Ergebnisse legen nahe, dass verldngertes Fasten positive klinische Auswirkungen auf T2DM
haben konnte und somit als gut durchfiihrbare Therapieerginzung in gréfBeren
konfirmatorischen Studien weiter evaluiert werden sollte. In einer dritten Untersuchung
verglichen wir in einer kontrollierten Pilotstudie die therapeutischen Effekte der
rheumatologisch-stationdren Komplex Therapie (RT) mit denen der integrativen Medizin
(IM), einschlieBlich des Schwerpunktes einer stationdren Fastentherapie mit begleitender
Mind Body Medizin bei Patienten mit Fibromyalgie Syndrom. Die Ergebnisse deuten darauf
hin, dass eine multimodale IM-Behandlung mit Fasten-Therapie und Mind Body Medizin der
CM kurzfristig iiberlegen und mittelfristig nicht unterlegen sein konnte. Dariliber hinaus
veroffentlichten wir einen narrativen Review Artikel, zur aktuellen Studienlage beziiglich der
Wirksamkeit von Fastenbehandlungen zur Behandlung und Vorbeugung von Erkrankungen.



1.2 Abstract (English)

There is large empirical and observational evidence that medically supervised modified
fasting is efficacious in the treatment of metabolic syndrome and chronic pain syndromes.
Beneficial effects of fasting are attributed to distinct anti-inflammatory effects and the
deceleration of chronic degenerative pathways, accompanied by enhancement of health-
related lifestyle modification and mood enhancement. Recently, there is increasing
international use and demand of fasting therapy within the concept of integrative medicine,
e.g. in the U.S. and China. The goal of the studies that make up this dissertation is to evaluate
the clinical effects of fasting therapy with controlled pilot trials, hence, contribute to the
evaluation of fasting therapy as a health-promoting complementary treatment.

In the first study, we evaluated the effects of a Traditional Chinese Medicine (TCM) herbal
decoction combined with short-term fasting over 5 days (energy intake < 550 kcal/day) on the
therapeutic response in type 2 diabetes mellitus (T2DM) patients. Both groups showed
improvement of glycemic control, but with combination therapy a more pronounced
glucoregulatory and metabolic effect including the reduced use of anti-diabetic medication
could be found after three months. These results point to a putative beneficial effect of a
combination approach of fasting and traditional herbal Chinese Medicine in T2DM treatment.
To further explore the clinical effect of fasting therapy on T2DM, in the second study, we
investigated the mid-term (four months) metabolic response of prolonged fasting (7 days,
energy intake < 300 kcal/day) in patients with T2DM within a randomized controlled
outpatient study. Fasting led to greater weight decrease, reduction of abdominal
circumference, significant decrease of blood pressure and increased quality-of-life. However,
only non-significant improvements were observed for HbAlc, insulin and HOMA-index.
These results suggest that prolonged fasting is feasible and might have beneficial clinical
effects on T2DM. The effectiveness should be proven in larger confirmatory trials. In the
third study, we conducted a controlled pilot study to compare the therapeutic effects on
fibromyalgia treated with conventional rheumatological inpatient care (RT) versus integrative
medicine (IM) including fasting therapy. Findings indicate that a multimodal IM treatment
with fasting therapy might be superior to CM in the short term and not inferior in the mid-
term. Beyond, we published a narrative review summarizing the current state of fasting

therapy for treating and preventing diseases.



1.3 Introduction

Fasting as a medical treatment has been claimed to be a valuable therapeutic method for
chronic and acute diseases in a multitude of traditional and ethnomedical systems worldwide
(Buchinger 1932; Fahrner 1991). In the last two decades, modified fasting attracted a
growing popularity in the German public, i.e. as a self-care method for prevention and health
promotion and particularly to initiate lifestyle modification (Lutzner 2002; Hartel and Volger
2004). Moreover, fasting cures have been developed and successfully established in a couple
of specialized fasting sanatoriums, thereby embedding defined periods of modified or subtotal
fasting within holistic lifestyle modification programmes and a focus on Mind-Body Medicine
and aspects of spirituality.

Physiologically, nutritional energy supply below a threshold of about 500 kcal/day leads to
strong neuroendocrine responses accompanied by rapid mobilization of glycogen stores
(phase I), followed by metabolism of fat mass via lipolysis after a fasting duration longer than
24 hours (phase II) before the phase of late starvation with accelerated protein loss (phase III).
A maintained daily intake of some calories reduces protein catabolism by a significant amount
(Owen 1998). Therefore, the daily intake between 200 and 500 kcal is established in clinical
fasting and defines the currently most frequently used form of therapeutic fasting, the “fasting
cure” or “Buchinger fasting” (Buchinger 2000; Wilhelmi de Toledo et al. 2002; Wilhelmi de
Toledo et al. 2013). Very-low-calorie-diets (VLCD) allow a higher nutritional intake up to
800 kcal/day (Wilhelmi de Toledo et al. 2013). Yet, while VLCD also leads to substantial
weight loss, the adaptive physiological and psychological responses are reduced and the
mind-body medicine approach is not included. Finally, continuous caloric restriction is
defined as a long term reduction in energy intake without malnutrition, mostly consisting of a
30-40% reduction of daily nutritional energy intake (Varady and Hellerstein 2007). Caloric
restriction is commonly used in experimental animal research. As an alternative to traditional
caloric restriction, intermittent fasting has also been established. One of the intermittent
regimens involves a “feast day” on which food is consumed ad libitum that alternates with a
“fast day” on which food is withheld (Varady and Hellerstein 2007; Varady 2009), which is
the so-called alternate-day fasting. The feast and the fast periods are typically 24h and
commonly weight is not changed by alternating diets. Another category of the intermittent
fasting is the 5-2-days eating/fasting method. For this fasting method, five days of one week
have normal caloric energy intake, while the other two days include a maximum calorie intake
of 500 per day for women and 600 for men. All the fasting methods above are characterized
by a reduction of calorie intake. Instead, as a particular form, intermittent fasting and time-
restricted eating allow to consume an unchanged energy intake, but modulate the meal

frequency (Rothschild 2014). A popular form of time-restricted eating involves fasting for 16
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hours per day and eating during the consecutive 8 hours, typically on the same schedule each
day.

Fasting now is an upcoming issue in China with its developing economy and an increasing
number of population suffering from metabolic syndrome due to excessive nutritional intake.
In this context, fasting therapy has been introduced in the first hospitals in China. As one of
the pioneers the Department of Traditional Chinese Medicine in the First affiliated Hospital of
the Sun-Yat Sen University (Guangzhou, http://www.gzsums.net/zhuanke_614.aspx) already
established the fasting therapy as a standard in-patient and out-patient treatment for patients
with metabolic syndrome. Moreover, they combine the fasting therapy with other therapeutic
tools of TCM to improve the treatment effects and relieve the adverse effects of fasting. I
worked on TCM in the First Affiliated Hospital of the Sun-Yat Sen University before my
scientific work at Charité Berlin. There is an ongoing cooperation for research in fasting
therapy between Sun-Yat Sen University and Charité Berlin.

Very-low-calorie-diets had come to clinical researcher’s attention since the 1990s due to its
effects on weight loss, lifestyle modification and improvement of cardiovascular risk factors
in the obese patients with T2DM (Henry and Gumbiner 1991; Kelley et al. 1993; Capstick et
al. 1997; Lara-Castro et al. 2008; Lin et al. 2009; Krebs et al. 2008; Baker et al. 2009; Jazet
et al. 2007). Recently, a study on a rat model of type 2 diabetes in molecular level
demonstrated that fasting/VLCD improves glucose metabolism before weight loss through
beneficial metabolic effects on liver function (Perry et al. 2018). There are multiple
mechanisms related to the putative beneficial effects of fasting therapy in T2DM and the
metabolic syndrome, including reduced DAG-PKCe-induced hepatic insulin resistance,
reduced hepatic glycogenolysis, and reduced hepatic acetyl-CoA content and gluconeogenesis
(Perry et al. 2018).

On the other hand, there are characteristic descriptions on the physical signs and the
constitution of T2DM patients in TCM indicating a specific treatment according to the
concept of TCM with a focus on herbal treatments. These treatments are typically combined
with diet. In T2DM the characterisitc pattern is described as so-called “turbid mucus
distressing the spleen” according to the principles of TCM. Hence, at the Chinese centre we
developed a new treatment, combining short-term modified fasting/VLCD with a TCM herbal
treatment, i.e. modified Ling-Gui-Zhu-Gan decoction, which is postulated to warm and
resolve mucus (wen-hua-tan-yin) as well as to strengthen the spleen and to remove turbidity
(Jian-pi-xie-zhuo). Preliminary clinical observations suggested that this treatment approach
may promote the acceptance of caloric restriction and, moreover, may improve glycemic

control. We evaluated the clinical effects of this integrative treatment with a 5-day peridoic



fasting period and additive herbal therapy for the first time by means of a randomized
controlled pilot study (D. Chen and C. Li et al. 2012).

Prolonged periodic fasting is a strong physiological stimulus equivalent to a mild-to-
moderate biological stress and activates numerous endocrine and neurobiological responses
from systemic levels up to molecular signal pathways (Varady et al. 2007; Gredilla et al.
2001; Hall et al. 2013; Choi et al. 2013; Bierhaus et al. 2005; Brecchia et al. 2006). Two
prospective but uncontrolled studies found beneficial effects of a 7-day modified subtotal
fasting period (200-300 kcal/day) on insulin sensitivity, blood pressure and regulation of
adipokines (Li et al. 2013; Stange et al. 2013). Furthermore, a recent small randomized trial
evaluating a fasting-mimicking diet with periodic restricted nutritional energy intake (up to
600 kcal/day) found beneficial effects on cardiovascular risk factors and blood lipids in
healthy subjects after 3 months (Brandhorst et al. 2015). However, so far there are no data
from randomized trials in humans evaluating the clinical effects of prolonged periodic fasting
(> 5days) in patients with T2DM. Therefore, we aimed to investigate the mid-term metabolic
and clinical effects of a one-week outpatient fasting program in persons with T2DM by means
of an explorative randomized pilot study (C. Li et al. 2017).

The general pain-relieving effect of fasting is a frequent empirical observation made by
fasting therapists. Clinical experience and preliminary evidence from uncontrolled
prospective studies suggest that an integrative approach including nutritional and fasting
therapies may help to decrease symptoms and increase the quality-of-life in patients with
fibromyalgia that is a complex clinical pain syndrome (Michalsen and Hoffmann et al. 2005;
Michalsen and Riegert et al. 2005). Prolonged fasting has been found effective in several
randomized trials on rheumatoid arthritis (Kjeldsen-Kragh et al. 1991; Miiller et al. 2000).
The anti-inflammatory, pain relieving, anti-nociceptive, and mood-enhancing effects of
fasting and caloric restriction have been well described in experimental and clinical studies
(Johnstone 2007; Michalsen 2010; Molina et al. 1995; Nenonen 1998). Patients with
rheumatoid arthritis and fibromyalgia frequently report that elimination diets and meal
skipping alleviate their symptoms (Michalsen and Riegert et al. 2005; Haugen et al. 1991;
Kjeldsen-Kragh et al. 1992). In a trial with a heterogeneous sample of chronic pain patients
fasting led to enhancement of mood and well-being (Michalsen and Schneider et al. 2003).
Fasting in its typical in-patient treatment approach is delivered as a multimodal complex
treatment. It is critical to assess better the effectiveness of this complex treatment approach
including fasting therapy within the concept of Integrative Medicine (IM) and to compare it to
the rheumatological conventional multimodal treatment approach. Therefore, we conducted a

first controlled nonrandomized pilot study to compare an integrative treatment strategy



including fasting cure with a conventional rheumatologic (RT) treatment strategy (A.
Michalsen and C. Li et al. 2013).

1.4 Methods

Methods are discussed separately for the therapeutic response of short-term fasting/ VLCD
combined with TCM decoction on T2DM (D. Chen and C. Li et al. 2012), the clinical effects
of prolonged fasting therapy on T2DM (C. Li et al. 2017) and the comparison of RT versus
IM for treating fibromyalgia (A. Michalsen and C. Li et al. 2013).

In the first study (D. Chen and C. Li et al. 2012), all patients were admitted to the First
affiliated Hospital of the Sun-Yat Sen University (Guangzhou, China) for in-patient treatment
of T2DM. A total of 60 eligible patients (34 male and 26 female) participated in the trial. The
study was designed as a clinical randomized pilot study. All patients were allocated randomly
to either the intervention group or to the control group. Each group consisted of 30 patients.

Patients in the intervention group were treated internally with a modified Ling-Gui-Zhu-Gan
decoction combination with a 5-day modified fasting/VLCD. The modified Ling-Gui-Zhu-
Gan decoction contained Sclerotium Poriae Cocos (fu ling) 20 g, Ramulus Cinnamoni Cassiae
(gui zhi) 12 g, Rhizoma Atractylodis Macrocephalae (bai zhu) 15 g, Radix Glycyrrhizae
Preparata (zhi gan cao) 9 g, Radix Codonopsis Pilosulae (dang shen) 30g, and Radix et
Rhizoma Rhei (da huang) 9 g.

As previously described (Chen et al. 2010), the dietary fasting/VLCD treatment consists of
three phases: (1) the pre-fasting phase, (2) the 5-day strict modified fasting/VLCD phase and
(3) the food reintroduction phase. The pre-fasting phase consists of 1-2 dietary “relief” days
with an intake of fruits and vegetables only, aiming to prepare patients for the fasting phase,
to adapt digestion and to stepwise control subjective perception of hunger. The fasting/VLCD
phase followed throughout the subsequent 5 days started with the intake of 10-20 g thenardite
powder for bowel-cleaning purposes. During fasting patients were advised to sip hot millet
soup, prepared with < 150 g millet and 1000 ml water, along with drinking 3 Lof mineral
water per day. Patients could also choose to drink moderate quantities of sugar-free sports
beverages every day to maintain electrolyte balance. Solid food was refrained throughout the
modified fasting phase. Nutritional energy intake was limited to < 550 kcal/day. After the
fasting phase patients reintroduced solid food items stepwise, increasing food intake gradually
to an amount still smaller than standard diabetic diets. During the fasting phase the modified
Ling-Gui-Zhu-Gan decoction was administered twice a day. Prescription of the decoction was
continued for maximum one month, according to the condition of the patients.

The in-patient treatment period comprised 7 days in both groups: in the fasting/VLCD group

5 modified fasting days and one day for relief and food reintroduction respectively; in the
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control group 7 days for continuous nutritional therapy and diet control, physical therapy and
educational programs.

After fasting, patients of both groups received dietary counseling and were asked to follow
the suggested nutrition program. All patients were suggested to engage in moderate physical
activity (walking) twice a day for 60 min. Anti-diabetic drugs were not changed during the
study, but physicians could adapt the dosage of the drugs according to patients’ plasma
glucose. No other drugs were added during the therapy. Within the following 3 months, all
participants were required to re-visit the outpatient clinic once in two weeks in order to assess
diabetic control and to supervise the implementation of recommended physical activities and
diets as well as to adapt the oral dosage of anti-diabetic drugs.

Fasting plasma glucose (FG), 2-h plasma glucose after oral glucose tolerance-test (2hG), and
glycated hemoglobin Aic (HbAi1c) were measured by standard methods. FG was measured by
the glucose oxidase technique and HbAc level was measured by Bio-Rad HPLC. Serum total
cholesterol (TC) and triglycerides (TG) were measured by Olympus 2700 automatic
biochemical standard analysis. Documentation of oral dosage of anti-diabetic drugs and
records of hypoglycemic events and symptoms of strong hunger, palpitations, cold sweats,
tremor, pale face were based on interviews and semi-standardized inventories. FG levels of
<3.9 mmol/L during monitoring were defined as hypoglycemic. All measurements were
performed at baseline and at the 3-months study follow-up visit.

All normally distributed variables were expressed as mean + standard deviation (m £ SD)
and data were compared using a t-test. Group comparisons for discrete variables were
performed using a chi-square-test. Differences were considered statistically significant at a p
< 0.05 level. All data were analyzed with the Statistical Package for the Social Sciences
(SPSS for Windows version 17.0). As this was an explorative pilot-study no adjustments for
multiple testing were performed.

The second study (C. Li et al. 2017) was designed as a randomized controlled clinical pilot
outpatient study. 46 persons with T2DM met the inclusion criteria and gave their written
informed consent. They were randomly assigned to either the fasting group or control group.
Study procedures and data collection were carried out at the outpatient department of the
Immanuel Hospital Berlin, Department of Internal and Complementary Medicine and at a
specialized diabetes outpatient clinic.

The fasting group received an initial fasting program followed by recommendations for a
Mediterranean diet. The fasting program consisted of 2 pre-fasting days with moderate caloric
restriction followed by 7 modified fasting days according to the method of Buchinger
(Wilhelmi de Toledo et al. 2013) and subsequent stepwise re-introduction of ordinary food

items over 3 days. Fasting took place only once in the 4 months period. During the initial 2
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pre-fasting days subjects received a low-calorie (approx. 1200 kcal) and low-salt diet with
intake of pure cooked rice and vegetables only. The fasting period started on the evening of
study day 3 and lasted to the evening of study day 11. During the fasting period, participants
received unrestricted amounts of water, herbal tea (no black or green tea), 200 ml fruit juice
and small standardized quantities of light vegetable soup with a maximum total daily energy
intake of 300 kcal. Participants were advised to drink at least 2.5 L of fluids daily. The fasting
period was followed by three low-calorie diet days with stepwise reintroduction of solid food.
A normocaloric diet was reached again thereafter and participants were then advised to follow
the recommendations of a Mediterranean diet.

Participants allocated to the control group were advised to follow the principles of a
Mediterranean diet and were offered participation in the fasting program after termination of
the study (waiting list design).

During the study, participants continued their usual daily and professional activities. No
other therapies were delivered. Compliance with the fasting procedure was recorded using
personal interviews by study physicians. All participants received standard medical care as
determined by their individual requirements.

All measurements were performed at baseline and at a follow-up visit after 16 + 2 weeks on

an outpatient basis. Subjects’ height and body weight were measured following a standardized
protocol while patients wore light clothing and no shoes after an overnight fast. Body mass
index (BMI) was calculated as weight [kg]/height® [m?].
Blood pressure and heart rate were measured using an automatic sphygmomanometer
(Dynamap, Criticon, Norderstedt, Germany) after participants had rested in a seated position
for 5 min. A blood sample was drawn at baseline and after 16 weeks. Insulin sensitivity was
estimated with the homeostasis model assessment (HOMA) and calculated as fasting plasma
glucose (mmol/L) x serum insulin (uU/mL)/25. Blood count and assays for blood lipids,
haemoglobin Aic (HbAic) and C-peptide were performed with standard methods. Serum
concentrations of insulin were measured by immunonephelometric methods. Adverse events
were monitored by standardized questionnaires.

As a pilot study it aimed to enhance the probability of success in the larger subsequent
pivotal trial that is anticipated. It was not used primarily for hypothesis testing, but in
explorative context. We hypothesized a significant beneficial effect of fasting versus diet on
HbAc. Further endpoints included serum glucose, blood lipids, blood pressure and quality of
life and safety outcomes. The sample size was based on the pragmatics of recruitment, the
necessities for examining feasibility and on the basis of the results of the previous
uncontrolled studies (Li et al. 2013; Stange et al. 2013). We defined a minimum sample size

of n = 30 participants. All statistical analyses were carried out on the basis of the intention-to-
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treat population after excluding the early drop-outs (participants that withdrew informed
consent before beginning of the interventions). Missing data were not replaced. As this was
not a confirmatory clinical trial we did not adjust for multiple testing.

If not indicated otherwise, results were expressed as means + standard deviation. Change of
values before and after fasting was calculated by Wilcoxon signed rank test. Group
differences were calculated on mean change from baseline using Wilcoxon rank sum test.
ANCOVA assumptions were checked in order to introduce some adjustment for the baseline
differences between groups but found non normality of distribution using the Shapiro-Wilk
test. Therefore and because of small samples size we used non parametric tests in the final
analyses. When performing ANCOVA the overall results did not change relevantly. A p-value
<0.05 was considered as statistically significant. All statistical computations were performed
using the computing environment R (version 3.2.1). Additional software packages (xIsx,
psych, ggplot2, tidyr, coin, car, ez, (all updated)) were used.

The third study (A. Michalsen and C. Li et al. 2013) was conducted as a prospective,
controlled nonrandomized study. All participants were inpatients from two departments of the
Immanuel Hospital Berlin specialized in the treatment of rheumatic and chronic pain diseases,
(1) patients of the Department of Integrative and Complementary Medicine and, (2) patients
of the Department of Internal Medicine and Rheumatology. The primary diagnosis and reason
for hospital admission of all participants was primary fibromyalgia. The study sample
consisted of consecutively admitted inpatients during a 9-month period, who regularly stayed
14 £ 2 days in hospital for multidisciplinary treatment.

The conventional rheumatologic (RT) treatment consisted of a complex multidisciplinary
treatment schedule with group physiotherapy, hydrotherapy, thermal therapy, psychosomatic
therapy, aerobic exercise, pool exercise, cognitive behavioral therapy, and education. The
Integrative and Complementary Medicine (IM) approach used the same treatment elements.
In addition, fasting therapy and nutritional therapy supported by a group-based Mind-Body-
Medicine concept was applied. The patients of both departments received a similar global
amount of treatments with a total of 1600 to 2200 treatment minutes within the 2-week
hospital period.

The fasting method was adapted from the Buchinger fasting approach (Wilhelmi de Toledo et
al. 2013). A fasting period with 7 to 8 days of subtotal caloric restriction (daily energy intake
<500 kcal) was predefined. Fasting was preceded by one or two prefasting days, using an 800
kcal/day monodiet of fruit, rice, or potatoes according to patients’ choice. Fasting then began
the following day with ingestion of an oral laxative, Natrium sulfuricum (“Glauber’s salt”,
20-40 g). During fasting an enema or, if not wished by the patient, a mild laxative was
applied every other day. The patients were recommended to drink 2-3 L of fluids each day

10



(mineral water, small quantities of juice, and herbal teas). Vegetable broth was taken at lunch.
The daily energy intake during the fast amounted to 350 kcal/day. For breaking the fast an
apple was eaten. The breakfast was followed by stepwise reintroduction of food with the aim
of normocaloric intake by vegetarian meals on the third postfasting day.

Inpatient treatments for fibromyalgia syndrome are recommended by German S-3 guidelines
(Hauser et al. 2009) and by health insurance companies for patients which do not respond
adequately to outpatient care, including multimodal outpatient treatment. Patients are referred
to both departments by internists, family practitioners and rheumatologists comparably with
patients’ preference for Integrative Medicine and fasting treatment being the main criteria for
choice of hospital department.

All measures were assessed by trained study nurses at baseline, after 2 weeks (at dismissal
from hospital) and at study week 12 (10 weeks after dismissal). The primary outcome
measure was the change in the Fibromyalgia Impact Questionnaire (FIQ) score from baseline
to the end of the in-hospital intervention. The FIQ is a validated, multidimensional measure to
assess the severity of fibromyalgia as rated by patients. The total score ranges from 0 to 100,
with higher scores indicating more severe symptoms (Burckhardt et al. 1991). Global pain
status was assessed additionally by asking the patients for the global severity of the disease-
related pain by means of a self-rating 100 mm Visual Analogue Scale (VAS) with a value of
100 indicating maximum pain and 0 indicating no pain.

Pre-specified other secondary outcomes included (1) a 100 mm visual analogue scale for
self-rated global quality of sleep; (2) the German version of the Spielberger State-Trait
Anxiety Inventory (STAI), which consists of 20 items relating to state anxiety and 20 items
relating to trait anxiety (Spielberger 1986); (3) the Bf-S Zerssen well-being scale, which
measures momentary emotional well-being and consist of three answer categories with higher
scores indicating lower well-being (Von Zerssen and Koeller 1976); (4) the German version
of the Hospital Anxiety and Depression Scale (HADS) (Barth and Martin 2005), a validated
standard measure for anxiety and depression which uses a 14-item scale with seven of the
items related to anxiety and seven related to depression (Snaith 2003); (5) the German version
of the Pain Perception Scale for Adolescents (SES), which assesses sensory pain perception in
chronic pain patients (Nagel et al. 2002). Subjects height and body weight were measured
following a standardized protocol. BMI was calculated as weight (kg)/height> (m). Seated
blood pressure was measured after 5 min rest with a calibrated sphygmomanometer at the
nondominant arm by trained nurses.

As the study was designed as a nonrandomized pilot study no sample size calculation was
conducted. However, we planned to include 60 patients giving a study sample of about 50

patients if assumed a drop-out rate of 15%. Baseline differences were calculated by Kruskal-
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Wallis test. All outcome criteria were analyzed by intention-to-treat. For each outcome we
fitted a generalized estimation equation (GEE), analysis of covariance (ANCOVA) which
included treatment group (binary covariate), and the respective baseline value (linear
covariable) as independent variables. Treatment effects were estimated within these models,
and reported as adjusted group differences including their respective 95% confidence intervals
(CI) and p values. All p values were based on two-sided tests, and p < 0.05 was considered
significant. All statistical computations were performed with SAS/STAT statistical software

version 9.1 (SAS institute, Cary, North Carolina, USA).

1.5 Results

Results will be discussed separately for the three studies.

In the first study (D. Chen and C. Li et al. 2012), a total of 60 persons were enrolled in the
study, 30 in each group. There were no significant differences between the two groups at
baseline. All patients in the intervention group completed the trial. 4 patients in the control
group stopped the trial because of repeated hypoglycemic events. A similar decrease of
weight was observed in the intervention group and the control group after 3 months.

Importantly, the VLCD combined with TCM decoction significantly improved the glycemic
control and lipid levels, whereas the only VLCD induced slight improvement. Patients in the
intervention group showed pronounced and clinically relevant decreases in the levels of FG,
2hG, HbA1c, TC and TG, while patients in the control group only showed mild decreases of
these parameters, resulting in significant group differences (Table 1). Moreover, occurrence
of hypoglycemic events was also improved (Table 2). Throughout the study 4 patients in the
control group dropped out because of repeated hypoglycemic events, while patients in the
intervention group tended to be more capable of controlling appetite and no hypoglycemia
occurred. Furthermore reduced acute hunger, and fewer symptoms of palpitations or tremors
were observed. In addition, with the 3-month study period, much more patients in the
intervention group had stopped their oral antidiabetics or decreased the dosage than the
patients in the control group (Table 3). This indicates a superior clinical effect of the VLCD
combined with TCM decoction for treating T2DM.

For the second study (C. Li et al. 2017), a total of 46 persons were enrolled in the study,
with 23 in each group. 17 persons in the fasting group completed the entire fasting period. 2
participants dropped out due to headache and gastric pain, respectively. And 4 more lost
motivation to fast in the course of the program. Despite randomization there were some
relevant baseline differences between groups for insulin sensitivity (p = 0.07), glucose (p =
0.001) and diastolic blood pressure (p = 0.048). Baselines values for HbA ., C-peptide, blood

lipids, renal function and quality of life were balanced between groups.
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After 4 months, mean weight decreased by 3.5 = 4.5 kg in the fasting group and by 2.0 + 4.8
kg in the control group. Fasting was accompanied by a significant decrease in abdominal
circumference, systolic and diastolic blood pressure, and an increase in quality of life as
assessed by the WHO-5. For all other metabolic outcomes, including HbA ¢, insulin, HOMA-
index and blood lipids, the fasting group showed non-significant improvements than the
control group with exception of mean total cholesterol which decreased non-significantly
more in the control group (table 4).

48 participants were enrolled in the third study (A. Michalsen and C. Li et al. 2013): 20 in
the department of Rheumatology and 28 in the department of Integrative and Complementary
Medicine. Data assessments were complete for study visits 1 (baseline) and 2 (week 2). After
12 weeks, data from 25 patients of the department of Integrative and Complementary
Medicine and 17 of the department of Rheumatology were available. Patients of the
Department of Rheumatology showed more serious symptoms compared to ones of the
Department for Integrative and Complementary Medicine at the baseline level (Table 5).

The FIQ score decreased substantially in the Integrative Medicine Group and to a
significantly greater extent compared to the Rheumatologic group after 2 weeks (Table 5). At
12 weeks, the FIQ score increased again in both groups showing improvements of only 12%
for the integrative and fasting approach and 6% for the control group, resulting in a
nonsignificant difference between the groups. At 2 weeks, the Integrative Medicine group had
greater mean improvements in all secondary outcomes and most pronounced in the scores of
quality of sleep, pain, pain perception, and anxiety. At 12 weeks, the pain score and pain
perception score only showed a trend towards a beneficial outcome for the Integrative
Medicine group compared to the Rheumatology group. All psychological outcomes were
better in the Integrative Medicine group compared to the Rheumatologic group, however
group differences were reduced and no longer statistically significant with the exception of
anxiety. All of the outcomes deteriorated again compared to the 2-weeks data resulting in

mild mid-term treatment effects compared to baseline levels.

1.6 Discussion

In the following section results from the three studies are discussed.

In D. Chen and C. Li et al. 2012, we evaluated the clinical effects of short-term modified
fasting/VLCD combined with modified Ling-Gui-Zhu-Gan decoction on T2DM for the first
time by means of a randomized controlled pilot study. The results demonstrate a clear and
clinically relevant effect of this combined integrative treatment on improving glycemic

control, need of anti-diabetic medication and reduction of hypoglycemic events.

13
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In China, the prevalence of diabetes mellitus is increasing rapidly. However, because of the
large variety of ethnic groups and related lower energy dietary in China, heavy obesity is rare
compared to Western countries. Modified fasting/VLCD is established as intensified dietary
approaches to initiate weight loss processes and to improve weight control. Preliminary data
also suggest that periods of fasting might be useful in improving insulin sensitivity and
diabetic control (Henry and Gumbiner 1991).

Since Mc Garry (Mc Garry 2001) named T2DM as a “glycolipid disease” in 2001, the
treatment of T2DM has shifted from a mere control of glucose levels to a control of glucose
and lipids at the same time. Concomitantly, with improved glycemic control we found
beneficial reductions in blood lipids in the patients of the intervention group. According to the
knowledge of modern Chinese medicine, the pathogenesis of T2DM and hyperlipidemia is
related to dysfunction of transportation and transformation of the spleen, resulting in
insufficient metabolism of nutrients which then are thought to lead to an accumulation of
mucus, fat and to dampness and turbidity. The Ling-Gui-Zhu-Gan decoction aims to warm
and resolve mucus (wen-hua-tan-yin), to strengthen the spleen and to remove turbidity (jian-
pi-xie-zhuo). Hence, a combination of the modified Ling-Gui-Zhu-Gan decoction with
fasting/ VLCD may foster the renewing of the so called “spleen function of transformation and
transportation” (Chen and Qin 2010).

In TCM it is believed that the spleen also governs processes of pharmacokinetics in human
bodies based on the notion of homology of Chinese Medicine and food. So if the spleen
shows dysfunction, this will have detrimental effects on metabolism and pharmacokinetics
will also show pathological characteristics. Thus it might be the case that the TCM treatment
also restores patients’ therapeutic responses to drugs and increase insulin sensitivity by
recovering spleen function (Chen and Qin 2010).

The mean BMI of patients in this study was only slightly over 25 kg/m?. However, all
patients adhered to and well-tolerated the modified fasting treatment. Therefore, we regard the
combined treatment approach as suitable for nonobese T2DM patients. Yet, this integrative
therapeutic concept should be further evaluated by differentiate the anti-diabetic effects of
each single treatment module, and explore to what extend the results of this trial can be
transferred to Western populations.

In the second study (C. Li et al. 2017), by randomized controlled pilot method we
investigated for the first time the mid-term (4 months) clinical and metabolic effects of a
prolonged (7 days) fasting therapy in patients with T2DM. The most pronounced effect was
seen for the weight loss, blood pressure reduction and improvement of quality of life. An

overall non-significant improvement on glucoregulation was found as well.
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Recent studies reported the beneficial effects of fasting and caloric restriction on blood lipids
and glucose control, insulin sensitivity, receptor sensitivity of atrial natriuretic peptides and
blood pressure in T2DM patients (Brandhorst et al. 2015; Malandrucco et al. 2012; Dessi-
Fulgheri et al. 1999; Li et al. 2013; Stange et al. 2013). Several possible mechanisms may
explain the beneficial effects of prolonged fasting. Long periods of fasting represent a strong
physiological stimulus and induce pronounced hormonal changes, e.g. stimulation of the
HPA-axis that may be interpreted as a hermetic stress reaction (Longo and Mattson 2014)

In our study the one-week fasting period was a stand-alone intervention and the follow-up of
4 months aimed to reveal any lasting effects of such an intervention. However, compared to a
small study that assessed the effects of an 8-week continuous VLCD (max. 700kcal/day)
(Steven and Taylor 2015) the weight loss and metabolic effect of the one-week fasting therapy
were rather modest. All retrievable literature does not investigate clearly the role of length of
fasting and its potential for lasting effects by periodic repeating of fasting or combining
prolonged and intermittent fasting to assure optimal effects. However, we believe that for
achieving more pronounced and stable effects in T2DM the prolonged initial fasting period
should to be followed by an intermittent fasting scheme (for example: 2:5 per week; 4 days
per months).

Beside the metabolic effects of the one-week fasting therapy, we found an increase in quality
of life through the intervention. The mood and quality of life-enhancing effects of fasting and
of calorie restriction have been described in earlier studies and several mechanisms have been
suggested (Michalsen 2010), among them increased central serotonin availability, endorphin
release and a modified sleep architecture. In an evolutionary context, mood-enhancement after
several days of food deprivation seems to be an important beneficial psychological adaptation
in the search for food and the chance for survival. In addition, the greater weight loss by
fasting may have contributed to better quality of life.

Some baseline differences between groups despite the randomized group allocation may
introduce bias in the group comparisons. We therefore performed ancillary statistical analyses
with adjustments for the major baseline differences, which did not change the overall results
and statistical significances. Nevertheless the interpretation of our data has to be done
cautiously.

In conclusion, our findings indicate that a periodic fasting treatment might be useful in the
management of diabetes type 2 and that further larger randomized trials are warranted.

In the third study (A. Michalsen and C. Li et al. 2013), with controlled nonrandomized trial
we compared the effectiveness of two time- and attention-balanced inpatient multimodal
treatment strategies: an Integrative Medicine approach that included fasting therapy versus the

conventional Rheumatologic therapy. While patients in the Rheumatologic group were more
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diseased at baseline, adjusted data analysis showed a more beneficial effect of the Integrative
Medicine approach after 2 weeks for all of the clinical outcomes. At week 12, effects in both
groups were reduced but still favored the Integrative Medicine approach. Thus, our results
point to a relevant immediate effect of the Integrative Medicine approach while the long term
effects appear to be only mild.

A recent study has evaluated the effects of a conventional multimodal inpatient treatment of
3 weeks within the setting of a specialized Rheumatologic rehabilitation hospital (Michalsen
and Kuhlmann 2006). For the outcomes that were used (Pain, HADS) the results of the
Integrative Medicine approach used in this study were also favorable, thus confirming our
results. However, only a few studies have investigated multimodal treatment programs for
fibromyalgia that focus on Integrative and Complementary Medicine. A small uncontrolled
study in 28 patients found an Ayurvedic program, also focusing on nutrition and mind-boy
techniques, to be effective with a lasting effect up to 24 months (Rasmussen 2009). Yet, the
treatment was not compared to another intervention, thus selection bias and unspecific effects
were most likely contributing factors to the effect.

In this study, we found a partially persisting mood-enhancing effect in the integrative
medicine group which may be related to fasting therapy. Previous research has documented
mood-enhancing effects of caloric restriction and fasting. Several mechanisms including
increased central serotonin availability have been described experimentally (Michalsen et al.
2010).

In view of our documented effects and safety of the Integrative Medicine approach further
research on the effectiveness of complex multimodal Integrative treatments and comparisons
with standard care in fibromyalgia is warranted. Such a study should have a larger sample
size, allocate patients randomly, and include an attention control for the fasting intervention.
Here the conventional group could be deprived of some specific food ingredient without
inducing fasting metabolism. As it is difficult to randomize patients into complete treatment
settings due to patient preferences and obligations of cost coverage, also outcome research
might be useful in benchmarking the best strategy in intensified treatment strategies of

fibromyalgia.
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Fibromyalgia poses a challenge for therapy. Recent guidelines suggest that fibromyalgia should be treated within a multidisciplinary
therapy approach. No data are available that evaluated multimodal treatment strategies of Integrative Medicine (IM). We conducted
a controlled, nonrandomized pilot study that compared two inpatient treatment strategies, an IM approach that included fasting
therapy and a conventional rheumatology (CM) approach. IM used fasting cure and Mind-Body-Medicine as specific methods. Of
48 included consecutive patients, 28 were treated with IM, 20 with CM. Primary outcome was change in the Fibromyalgia Impact
Questionnaire (F1Q) score after the 2-week hospital stay. Secondary outcomes included scores of pain, depression, anxiety, and
well being, Assessments were repeated after 12 weeks. At 2 weeks, there were significant improvements in the FIQ (P < 0.014)
and for most of secondary outcomes for the IM group compared to the CM group. The beneficial effects for the IM approach were
reduced after 12 weeks and no longer statistically significant with the exception of anxiety. Findings indicate that a multimodal IM
treatment with fasting therapy might be superior to CM in the short term and not inferior in the mid term. Longer-term studies

are warranted to assess the clinical impact of integrative multimodal treatment in fibromyalgia.

1. Introduction

Fibromyalgia is a complex clinical pain syndrome. Patients
typically suffer from widespread musculoskeletal pain,
fatigue, insomnia, and impairment of physical and psycho
logical quality of life [1, 2]. The international prevalence of
fibromyalgia ranges from 0.7 to 3.3% in the general adult
popu]ation with an increase in recent years and a continuous
majority of female patients [2-4].

The etiology of fibromyalgia is still unclear, although
research showed an abnormal pain processing and lowered
mechanical and thermal pain threshold by {MRI [5] as well
as dysfunction of descending pain modulatory systems, for
example, in the rostral anterior cingulate cortex (rACC) [6]
and distinct neurotransmitter activities in cerebrospinal fluid
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[7]. Further discovered dysfunctions of the neuroendocrine
axis could explain concomitant complaints as fatigue, irri-
table bowel, and mood disorders that are predominant in
most of the fibromyalgia patients [8]. An association with
psychosacial stressors is most likely [1, 8, 9].

Recent guidelines recommend a multimodal, multidisci-
plinary therapeutic approach involving medication, exercise,
patient education, and behavioraland psychosomatic therapy
[4, 10]. Due to frequent unsatistying results of conven-
tional treatment a substantial proportion of patients use
complementary and integrative approaches such as Mind-
body medicine, supplements, acupuncture, massage, and
various nutritional therapies [11]. Clinical experience and
preliminary evidence from uncontrolled prospective studies
suggest that an integrative approach including nutritional



[ OS]

and fasting therapies may help to decrease symptoms and
increase the quality-of-life in inpatients with fibromyalgia
[12, 13]. However, it would be useful to know how such an
Integrative Medicine approach compares with conventional
multimodal treatment which is established in specialized
hospital units of rheumatology or pain medicine.

Prolonged modified fasting (Fasting cure, fasting therapy)
with defined periods of voluntary abstention from solid
food and a daily total energy intake <500kcal has been
found effective in several randomized trials on rheumatoid
arthritis [14, 15]. The anti-inflammatory, pain relieving,
antinociceptive, and mood-enhancing effects of fasting and
caloric restriction have been well described in experimental
and clinical studies [16-19]. Both, patients with rheumatoid
arthritis and fibromyalgia frequently report that elimination
diets and meal skipping alleviate their symptoms [13, 20,
21]. In a controlled nonrandomized study on the influence
of a mediterranean diet or a fasting cure on the intestinal
microflora the subgroup of patients with fibromyalgia experi-
enced a greater improvement than nonfasters [ 13]. In another
trial with a heterogeneous sample of chronic pain patients
fasting led to an amelioration of mood and well-being [22].

In Germany, several academic hospital departments for
naturopathic and integrative medicine have accumulated
clinical experience in inpatient treatments of fibromyalgia.
Within the treatment concepts of the integrative approach,
modified fasting therapy is a mainstay of therapy. Notably,
fasting treatments have been found to enhance health-
promoting lifestyle modification [12], thus supporting a
further key element of integrative therapy in fibromyalgia,
mind-body medicine.

We conducted this first controlled nonrandomized pilot
study to compare an integrative treatment strategy including
fasting cure with a conventional rheumatologic treatment
strategy.

We investigated quality of life, pain intensity, and psycho
logical outcomes before and after the treatment of fibromyal-
gia in inpatients of two different departments of Internal
Medicine, Integrative Medicine, and Rheumatology, of the
same hospital, which is a tertiary center for Rheumatologic
diseases. We hypothesized that fasting and integrative treat-
ment would lead to a beneficial add-on effect with regards to
quality-of-life, pain, and further psychological outcomes at
time of hospital dismissal.

2. Material and Methods

2.1. Study Design and Participants. "The study was conducted
as a prospective, controlled nonrandomized study. The study
protocol was reviewed and approved by the Ethics Committee
of the Charité-University Medical Center, Berlin, and all
patients gave their informed consent to study participation.
Collection of data was performed by trained study personnel.

All study subjects were inpatients from two departments
of the Immanuel Hospital Berlin which is specialized in
the treatment of rheumatic and chronic pain diseases, (1)
patients of the Department of Integrative and Complemen-
tary Medicine and, (2) patients of the Department of Internal
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Medicine and Rheumatology. The primary diagnosis and
reason for hospital admission of all participants was primary
fibromyalgia. The study sample consisted of consecutively
admitted inpatients during a 9-month period, who regularly
stayed 14 + 2 days in hospital for multidisciplinary treatment.

Inclusion criteria were a manifest fibromyalgia, as diag-
nosed by a rheumatologist, pain specialist, or internist, an
age between 18 and 70 years, and a BMI between 20 and
-’ISkgfmz_ Patients with a start or change in drug therapy
of their FMS less than 6 weeks ago, clinical relevant pro
gressive or malignant diseases, current addiction or preg-
nancy, and inadequate cognitive abilities of cooperation were
not included in the study. Further exclusion criteria were
cating disorders, manifest liver disease, renal failure, gastric
ulcer, and severe comorbidity including cancer and AIDS,
premedication with immunosuppressive drugs (except cor-
ticosteroids) or coumarins, alcoholism, malnutrition, seri
ous chronic infections, psychosis, epilepsy, type-1 diabetes,
pregnancy, lactation, and a weight loss during the previous 3
months of >3 kg.

2.2, Interventions

2.2.1. Conventional Treatment. The conventional rheumato-
logic treatment approach consisted of a complex multidis

ciplinary treatment schedule with the following elements:
group physiotherapy, hydrotherapy, thermal therapy, psy

chosomatic therapy, aerobic exercise, pool exercise, cogni

tive behavioral therapy, and education. The integrative and
Complementary Medicine approach used the same treatment
elements. [n addition, fasting therapyand nutritional therapy
supported by a group-based Mind-Body-Medicine concept
was applied. The patients of both departments received a
similar global amount of treatments with a total of 1600 to
2200 treatment minutes within the 2-week hospital period,
according to agreements with health insurance companies in
Germany.

‘The method of fasting was adapted from the technique
described by Buchinger [23-26]. A fasting period with 7 to 8
days of subtotal caloric restriction (daily nutritional energy
intake <500 kcal) was predefined. Fasting was preceded by
one or two prefasting days, using a 800 kcal/day monodiet
of fruil, rice, or potatoes according to patients’ choice.
Fasting then began the following day with ingestion of an
oral laxative, Natrium sulfuricum (“Glauber’s salt’, 20-40 g).
During fasting an enema or, if not wished by the patient,
a mild laxative was applied every other day. 'The patients
were recommended to drink 2-3 L of fluids each day (mineral
water, small quantities of juice, and herbal teas). Vegetable
broth was taken at lunch. The daily energy intake during the
fast amounted to 350 kcal/day. For breaking the fast an apple
was slowly eaten. 'The breakfast was followed by slepwise
reintroduction of food with achievement of normocaloric
intake by vegetarian meals on the third postfasting day. In the
postfasting days a focus is set on reintroducing mindfulness
to ealing,

Both departments are well experienced with the treat-
ment of fibromyalgia syndrome and patients are received
ina general appreciating manner. Inpatient treatments for
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fibromyalgia syndrome are recommended by German §-3
guidelines [1] and by health insurance companies for patients
which do not respond adequately to outpatient care, includ-
ing multimodal outpatient treatment. Patients are referred
to both departments by internists, family practitioners, and
rheumatologists comparably with patients’ preference for
Integrative Medicine and fasting treatment being the main
criteria for choice of hospital department.

2.3, Measurements. All measures were assessed by trained
study nurses at three study visits, at baseline, after 2 weeks (at
dismissal from hospital) and at study week 12 (10 weeks after
dismissal). The primary outcome measure was the change
in the Fibromyalgia Impact Questionnaire (FIQ) score from
baseline to the end of the in-hospital intervention. The FI(} is
a validated, multidimensional measure to assess the severity
of fibromyalgia as rated by patients. The total score ranges
from 0 to 100, with higher scores indicating more severe
symptoms [27]. The validated German version was used [28].

Global pain status was assessed additionally by asking the
patients for the global severity of the disease-related pain by
means of a self-rating 100 mm Visual Analogue Scale (VAS)
with a value of 100 indicating maximum painand 0 indicating
no pain. Patients were carefully instructed before first self-
ratings on the correct use of the VAS.

Prespecified other secondary outcomes included (1) a
100 mm visual analogue scale for self-rated global quality
of sleep; (2) the German version of the Spielberger State-
Trait Anxiely Inventory (STAID), which consists of 20 items
relating to state anxiety and 20 items relating to trait anxiety
[29]; (3) the Bf-S Zerssen well-being scale, which measures
momentary emotional well-being and consist of three answer
categories with higher scores indicating lower well-being
[30]; (4) the German version of the Hospital Anxiety and
Depression Scale (HHADS) [31], a validated standard measure
for anxiety and depression which uses a 14-item scale with
seven of the items related to anxiety and seven related to
depression [32]; (5) the German version of the Pain Percep
tion Scale for Adolescents (SES), which assesses sensory pain
perceplion in chronic pain patients [33].

Subjects heightand body weight were measured following
a standardized protocol while patients wore light clothing
and no shoes after an overnight fast. BMI was calculated
as weight (k;;),‘heighl2 {m). Anthropometrical and clinical
data were collected by trained study personnel. Seated blood
pressure was measured afler 5min rest with a calibrated
sphygmomanometer at the nondominant arm by trained
nurses.

2.4, Statistical Analysis. As the study was designed as a
nonrandomized pilot study no sample size calculation was
conducted. However, we intended to include 60 patients and
assumed a drop-out rate of 15%, giving a study sample of
about 50 patients with full data sets.

Baseline differences were calculated by Kruskal-Wallis
test. All outcome criteria were analyzed by intention-to
treat; including all subjects, irrespective whether or not they
adhered to the protocol or gave a full set of data. For each
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outcome we fitted a generalized estimation equation (GEE),
analysis of covariance (ANCOVA) which included treat
ment group (binary covariate), and the respective baseline
value (linear covariable) as independent variables. Treatment
effects were estimated within these models, and reported as
adjusted group differences including their respective 95%
confidence intervals (CI) and P values. All reported P
values were based on two-sided tests, and a P-value < 0.05
was considered significant. All statistical computations were
performed with SAS/STAT statistical software version 9.1
(SAS inslitute, Cary, North Carolina, USA).

3. Results

3.1. Baseline. During the 9-month study recruitment period
we screened 56 screened patients with manifest fibromyalgia
which were admitted to one of the two hospital departments.
Of these, 48 volunteered to participate in our study; 20 in the
department of Rheumatology and 28 in the department of
Integrative and Complementary Medicine. Data assessments
were complete for study visits 1 (baseline) and 2 (week 2).
After 12 weeks data from 25 patients of the department
of Integrative and Complementary Medicine and 17 of the
department of Rheumatology were available.

Baseline characteristics of the study population revealed
a middle-aged and predominantly female study population.
Patients of the Department of Rheumatology showed a
significantly greater impaired quality of life, the primary
outcome, and had slightly higher pain scores and were
more emolionally distressed with slightly higher scores for
depression and anxiety compared to patients of the Depart-
ment for Integrative and Complementary Medicine (Table
1). Use of medication prior and during the hospital stay, for
example, with amitriptyline and other antidepressants, was
not different between groups.

3.2. Primary Outcome. The FIQ score decreased substantially
in the Integrative Medicine Group and to a significantly
greater extent compared to the Rheumatologic group after 2
weeks (Table 2). At 12 weeks, the FIQ) score increased again
in both groups resulting in improvements of only 12% for
the integrative and fasting approach and 6% for the control
group, resulting in a nonsignificant difference between the
groups.

3.3. Secondary Oufcomes. At 2 wecks, the Integrative
Medicine group had greater mean improvements in all
secondary outcomes and most pronounced in the scores of
quality of sleep, pain, pain perception, and anxiety (IHHADS,
STAI) (Table 2).

At 12 weeks, the pain score and pain perceplion score
only showed a trend towards a beneficial outcome for the
Integrative Medicine group compared to the Rheumatology
group. All psychological outcomes were better in the Integra-
tive Medicine group compared to the Rheumatologic group,
however group differences were reduced and no longer
statistically significant with the exception of anxiety. All of
the outcomes deteriorated again compared to the 2-weeks
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TapLE 1: Baseline characteristics.

Characteristics Integrative medicine group Rheumatology group P value
Male/Female, No. 0/28 2/18

Age, years 53.6 £ 10.8 518z 10.1 0.516
Body mass index, kg/m” 27845 03267 0.281
SBP, mm Hg 12232132 12852 13.7 0.072
DBEF mm Hg 76.8=7.8 788 = 10.1 0.656
Physical well-being 7.1+ 1.9 8.0+1.2 0.089
Practice of exercise, No. /(%) 21 (75.0%) 13 (65.09%) 0.452
Practice of Relaxation, No. /(%) 8 (28.5%) 5 (25.09) 0.784
FIQ score 54.3+15.0 68.0£ 8.9 0.004
Pain score 582+ 19.6 66,5+ 19.5 0.135
Quality of sleep 60.5 = 26.7 68.3=x27.6 0.191
STAI state score 504+11.2 584+ 13.0 0.027
STAI trait score 511112 543z 12.0 0.341
HADS-Anxiety 10.4+3.8 1351 0.607
HADS-Depression 8.3+48 11.1£52 0.055

Values are mean + SI) if not indicated otherwise. SBP: systolic blood pressure; DBP: diastolic blood pressure.

STAL State and Trait Anxiety questionnaire, FIQ: Fibromyalgia impact questionnaire; HADS: Hospital Anxiety and Depression scale.

data resulting in mild mid-term treatment effects compared
to baseline levels.

3.4. Safety. There were no serious adverse events in both
groups. About 35% in each group reported some minor side
effect. Within the Integrative Medicine group the first fast
ing days were frequently accompanied by dizziness, minor
headache, and tiredness. Patients in the Rheumatology group
reported frequently about muscle pain and tiredness, most
likely due to exercise and physical therapies. 24 out of 28
patients in the integrative Medicine group declared that they
would participate in fasting as again. 17 out of 20 patients
in the Rheumatology group declared that they would like to
repeat the treatment.

4, Discussion

In this controlled nonrandomized trial we compared the
effectiveness of two time- and attention-balanced inpatient
multimodal treatment strategies: an Integrative Medicine
approach that included fasting therapy versus the con-
ventional Rheumatologic therapy. While patients in the
Rheumatologic group were more diseased at baseline,
adjusted data analysis showed a more benelicial effect of the
Integrative Medicine approach after 2 weeks for all of the
clinical outcomes. At week 12, effects in both groups were
reduced but still favored the Integrative Medicine approach,
for example, for the psychological outcomes. The minimally
clinically important difference of the FIQ is estimated to
amount to 14%. In the present study the reduction of the
FIQ at 2 and 12 weeks was 30.2% and 12.2% with Integrative
Medicine versus 13.1% and 6.0% with multimodal Rheuma
tologic care. Thus, our results point to a relevant immediate
effect of the Integrative Medicine approach while the long
term effects appear to be only mild.
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We were surprised to see an only mild effectiveness of the
Rheumatologic multimodal treatment approach although it
combined several evidence-based treatment methods such as
aerobic exercise, pool exercise, thermal therapy, psychother-
apy, and cognitive behavioral therapy. However, it has to
be noted that patients that are admitted to an inpatient
treatment in Germany are highly selected as they have
to be documented nonresponders to outpatient treatments
according to requirements of health insurance companies
and thus may be especially difficult to treat.

A recent study has evaluated the effects of a conventional
multimodal inpatient treatment of 3 weeks within the setling
of a specialized Rheumatologic rehabilitation hospital [34].
For the outcomes that were used (Pain, HADS) the results
of the Integrative Medicine approach used in this study were
also favorable, thus confirming our results.

Principally, treatment of fibromyalgia is still unsatisfying
and most patients continue to be in considerable pain years
after the first diagnosis and experience reduced quality of
life. New approaches are needed and the majority of patients
with fibromyalgia frequently also use methods of comple
mentary medicine. Various types of exercise and mind-body
medicine have been advocated, yet long-term adherence is
limited. In Germany, nutritional therapies and fasting are
very popular. Fasting treatments have found to be effective
in the treatment of rheumatoid arthritis and pain syndromes,
furthermore they may support motivation and sell-efficacy
in health-promoting lifestyle modification [12, 15, 21, 35]. In
a preliminary study we observed a moderate pain-relieving
effect of fasting in fibromyalgia [13].

Of note, we found a partially persisting mood-enhancing
effect in the integrative medicine group which may be
related to fasting therapy. Previous research has documented
mood-enhancing effects of caloric restriction and fasting,
Several mechanisms including increased central serotonin
availability have been described experimentally [17].
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Only a few studies have investigated multimodal treat-
ment programs for fibromyalgia that focus on Integrative
and Complementary Medicine. A small uncontrolled study
in 28 patients found an Ayurvedic program, also focusing
on nutrition and mind-boy techniques, o be effective with
a lasting effect up to 24 months [36]. However, the treatment
was not compared to another intervention, thus selection bias
and unspecific effects were most likely contributing factors to
the effect.

In view of our documented effects and safety of the
Integrative Medicine approach further research on the effec
tiveness of complex multimodal Integrative treatments and
comparisons with standard care in fibromyalgia is warranted.
Suchastudy should have a larger sample size, allocate patients
randomly, and include an attention control for the fasting
intervention. Here the conventional group could be deprived
of some specific food ingredient without inducing fasting
metabolism. As it is difficult to randomize patients into
complete treatment settings due to patient preferences and
obligations of cost coverage, also oulcome research might
be useful in benchmarking the best strategy in intensified
treatment strategies of fibromyalgia.

Some limitations relate to our study. First, we used a
nonrandomized study design as it is currently not possible
to randomize patients to hospital departments when costs
are covered by health insurance companies under usual care.
Nonrandomized studies may introduce a bias by patient
selection and different prognostic and response factors
between the groups. In fact, baseline values found patients of
the Rheumatologic department to be more diseased and more
distressed. However, most of the baseline differences were
statistically nonsignificant and all our data analysis included
baseline values as covariates. Of note, Physicians can refer
patients to both hospital departments only if they are doc-
umented nonresponders to intensive outpatient outpatient
treatment. The selection of the department (Rheumatology
or Integrative Medicine) is mainly influenced by patients’
preference. Here a specific selection bias may be introduced
as palients interested in integrative Medicine are possibly
more likely to search for comprehensive treatments in less
severe disease states. Second, our study population was of
limited size. Smaller study populations hold the risk of
overestimation of effects on the one side and nondetection
of moderate treatment effects on the other side. However,
if significant effects are found the magnitude of effects and
the related possible clinical relevance of the intervention is
emphasized, which our results reflect. A third limitation is the
short observation period of 3 months. Further studies should
include observation periods of 12 months and longer to assess
long-term symptom control.

A strength of our study relates to the fact, that both
departments are situated in the same hospital and that, beside
fasting and mind-body medicine, all other treatments were
comparable and applied by the same personnel. Thus setling
effects, attention effects and other nonspecific factors that
may otherwise introduce bias in comparative studies were
minimized.

In conclusion, our preliminary findings indicate that a
multimodal Integrative Medicine treatment approach that
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included fasting therapy might be superior to the multimodal
conventional Rheumatologic approach in the short-term in
patients with severe fibromyalgia. At 12 weeks neither of the
studied interventions was significantly superior or achieved
clinically relevant improvement. Longer-term studies are
warranted to assess the clinical impact and potential of
multimodal Integrative Medicine in fibromyalgia.

Conflict of Interests

The authors do not have any conflict of interests with the
content of the paper.

Acknowledgments

The study was supported by the Karl and Veronica Carstens
Foundation, Essen. The authors thank Professor Andreas
Krause and the colleagues of the Department of Rheumatol
ogy of the Immanuel Krankenhaus Berlin for their support
during the study.

References

[1] W. Hauser, W. Eich, M. Herrmann, D. O. Nutzinger, M.
Schiltenwolf, and P. Henningsen, “The Fibromyalgia syndrome:
classification, diagnosis, and treatment,” Dentsches Arzteblatt,
vol. 106, no. 23, pp. 383391, 2009.

[2] E Wolfe, K. Ross, J. Anderson, 1. J. Russell, and L. Hebert, “The
prevalence and characteristics of fibromyalgia in the general
population,” Arthritis and Rhewmatism, vol. 38, no. 1, pp. 19-28,
1995,

[3] I. C. Branco, B. Bannwarth, I. Failde et al, “Prevalence of
fibromyalgia: a survey in five European countries,” Seminars in
Arthritis and Rheumatism, vol. 39, no. 6, pp. 448-453, 2010.

[4] W. Hiuser, K. Thieme, and D. C. Turk, “Guidelines on the
management of fibromyalgia syndrome—a systematic review;’
European Journal of Pain, vol. 14, no. 1, pp. 5- 10, 2010.

[53] R H. Gracely and K. R. Ambrose, “Neuroimaging of fibromyal-
gia)" Best Practice ¢+ Research. Clinical Rheumatology, vol. 25,
pp. 271-284, 2011,

[6] K. B. Jensen, E. Kosek, I Petzke et al., “Evidence of dysfunc
tional pain inhibition in Fibromyalgia reflected in rACC during
provoked pain,” Pain, vol. 144, no. 1-2, pp. 95-100, 2009,

[7] I J. Russell and A. A. Larson, “Neurophysiopathogenesis

of fibromyalgia syndrome: a unified hypothesis,” Rheumatic

Disease Clinics of North America, vol. 35, no. 2, pp. 421-435,

2009,

. A. Desmeules, C. Cedraschi, E. Rapiti et al., “Neurophys-

iologic evidence for a central sensitization in patients with

fibromyalgia,” Arthritis and Rhewmatism, vol. 48, no. 5, pp.

1420-1429, 2003,

W, Hauser, (3. Schmutzer, E. Brahler, and H. Glaesmer, “A

cluster within the continuum of biopsychosocial distress can be

labeled “fibromyalgia syndrome”—evidence from a representa-
tive German population survey,” The Journal of Rheuwmatology,

vol. 36, no. 12, pp. 2806-2812, 2009,

[10] S. E Carville, S. Arendt-Nielsen, H. Bliddal et al, “EULAR
evidence-based recommendations for the management of
fibromyalgia syndrome,” Annals of the Rheumatic Diseases, vol.
67, no. 4, pp. 336-541, 2008,

[8

=



Evidence-Based Complementary and Allernative Medicine

[11] ]. Langhorst, W. Hauser, K. Bernardy, H. Lucius, M. Settan, A.
Winkelmann et al., “Complementary and alternative therapies
for fibromyalgia syndrome: systematic review, meta-analysis
and guideline,” Sclunerz, vol. 26, pp. 311-317,2012.

[12] A. Michalsen, B. Hoffmann, S. Moebus, M. Bécker, . Langhorst,

and (. |. Dobos, “Incorporation of fasting therapy in an

integrative medicine ward: evaluation of outcome, safety, and
effects on lifestyle adherence in a large prospective cohort
study.” Journal of Alternative and Complementary Medicine, vol.

11, no. 4, pp. 601-607, 2005,

A. Michalsen, M. Riegert, R. Liidtke et al, “Mediterranean

diet of extented fasting’s influence on changing the intestinal

microflora, immunoglobulin A secretion and clinical outcome
in patients with rheumatiod arthritis and fibromyalgia: an
observational study,” BMC Complementary and Alternative

Medicine, vol. 5, article 22, 2005.

J. Kjeldsen-Kragh, M. Haugen, C. F. Borchgrevink et al,

“Controlled trial of fasting and one-year vegetarian diet in

rheumatoid arthritis” The Lancet, vol. 338, no. 8772, pp.

899-902, 1991.

H. Miiller, E. Wilhelmi de Toledo, and K. L. Resch, "A systematic

review of clinical studies on fasting and vegetarian diets in the

treatment of rheumatoid arthritis” Scandinavian The Journal of

Rheumatology, vol. 30, pp. 1-10, 2000,

[16] A. M. Johnstone, “Fasting—the ultimate diet?” Obesity Reviews,
vol. 8, ne. 3, pp. 211-222, 2007,

[17] A. Michalsen, “Prolonged fasting as a method of mood
enhancement in chronic pain syndromes: a review of clinical
evidence and mechanisms,” Current Pain and Headache Reports,
vol. 14, no. 2, pp. 80-87, 2010.

[18] P E. Molina, Y. Hashiguchi, W. J. H. J. Meijerink, R. ]. Naukam,
R. Boxer, and N. N. Abumrad, “Modulation of endogenous
opiate production: effect of fasting,” Biochentical and Biophysical
Research Communications, vol. 207, no. 1, pp. 312-317, 1995.

[19] M. T. Nenonen, “Rheumatoid arthritis, fasting, diet and bac

teria: myths and enthusiasm: editorial,” Clinical Rheumatology,

vol. 17, no. 4, pp. 269-270, 1998,

M. Haugen, . Kjeldsen-Kragh, B. Y. Nordvag, and O. Forre,

“Diet and disease symptoms in rheumatic diseases. Results of

a questionnaire based survey,” Clinical Rheumatology, vol. 10,

no. 4, pp. 401-407, 1991,

J. Kjeldsen-Kragh, M. Haugen, and Q. Fforre, “Diet therapy in

rheumatoid arthritis,” The Lancet, vol. 339, no. 8787, article 250,

1992,

[22] A. Michalsen, S. Schneider, A. Rodenbeck, R. Liidtke, G.
Huether, and G. ]. Dobos, "The short-term effects of fasting
on the neuroendocrine system in patients with chronic pain
syndromes,” Nutritional Newroscience, vol. 6, no. 1, pp. 11-18,
2003,

[23] A. Buchinger, “Fasting” in Nowey DW: Clinicians Complete
Reference to Complementary and Alternative Medicine, Mosby,
St. Louis, Mo, USA, 2000,

[24] F Wilhelmi de Toledo, A. Buchinger, H. Burggrabe, M. Gais-
bauer, G. Holz, W. Kronsteiner et al., “Guidelines of fasting
therapy,” Forschende Komplementdrmedizin, pp. 189-199, 2002,

[25] Q. Buchinger, Das Heilfasten Und Seine Hilfsmethoden, Hip-
pokrates, Stuttgart, Germany, 1932

[26] H. Fahrner, Fasten Als Therapie, Hippokrates, Stuttgart, Ger
many, 1991,

[27] C.S.Burckhardt,S. R. Clark, and R. M. Bennett, “The fibromyal-
gia impact questionnaire: development and validation,” The
Journal of Rheumatology, vol. 18, no. 5, pp. 728-733, 1991.

[13

[14

[15

[20

[21

42

[28] M. Offenbaecher, M. Waltz, and P. Schoeps, “Validation of
a german version of the Fibromyalgia Impact Questionnaire
(FIQ-G),” The Journal of Rheumatology, vol. 27, no. 8, pp.
1984- 1988, 2000,

[29] C. Spielberger, State-Trait Anger, Resarch Edition, Professional
Manual, Psychological Assessment Resources, Odessa, Ukraine,
1986,

[30] D. Von Zerssen and D. Koeller, Die Beftndlichkeits-Skala {the
Well-Being Questionnaire), Belte-Test Gesellschaft, Weinheim,
Germany, 1976.

[31] J. Barth and C. R. Martin, “Factor structure of the Hospital
Anxiety and Depression Scale (HADS) in German coronary
heart disease patients,” Health and Quality of Life Outcomes, vol.
3, article 15, 2005.

[32] R P Snaith, “The hospital anxiety and depression scale,” Health
and Quality of Life Outcomes, vol. 1, article 29, 2003.

[33] B. Nagel, H. U. Gerbershagen, G. Lindena, and M. Plingsten,
“Development and evaluation of the multidimensional German
pain questionnaire,” Sciimerz, vol. 16, no. 4, pp. 263-270, 2002,

[34] M. Lange and F. Petermann, “Influence of depression on
fibromyalgia. A systematic review," Schmerz, vol. 24, no. 4, pp.
326-333, 2010,

[35] A. Michalsen, M. K. Kuhlmann, R. Liidtke, M. Bicker, J.
Langhorst, and G. J. Dobos, “Prolonged fasting in patients with
chronic pain syndromes leads to late mood-enhancement not
related to weight loss and fasting-induced leptin depletion.”
Nutritional Newroscience, vol. 9, no, 5-6, pp. 195-200, 2006,

[36] L. B. Rasmussen, K. Mikkelsen, M. Haugen, A. H. Pripp,
and Q. T. Forre, “Treatment of fibromyalgia at the Maharishi
Ayurveda Health Centre in Norway. A six-month follow-up
study,” Clinical and Fxperimental Rheumatology, vol. 27, no. 5,
pp. $46-550, 2009,



“Fasting Therapy for Treating and Preventing Disease — Current State of Evidence”

43



Review Article - Ubersichtsarbeit

Forschende
Komplementédrmedizin

Forsch Komplementmed 2013;20:444-453

Published online: December 18, 2013

DOI: 10.1159/000367765

Fasting Therapy for Treating and Preventing Disease -

Current State of Evidence

Andreas Michalsen®” Chenying Li*

*Institute of Social Medicine, Epidemiclogy, and Health Economics, Charité — Universitdtsmedizin Berlin,
" Dapartmeant of Internal and Complementary Medicine, Immanuel Hospital, Berlin, Germany
 Department of Traditional Chinese Medicine, First Affiliated Hospital, Sun Yat-Sen University, Guangzhou, China

Keywords
Fasting - Salutogenesis - Chronic diseases -
Complementary treatment

Summary

Periods of deliberate fasting with restriction of solid food intake
are practicad worldwide, mostly based on traditional, cultural or
religious reasons. There is large empirical and ohservational
evidence that medically supervised modified fasting (fasting
cure, 200-500 kcal nutritional intake per day) with periods of
7-21 days is efficacious in the treatment of rheumatic diseases,
chronic pain syndromes, hypertension, and metabolic syn-
drome. The beneficial effects of fasting followed by vegetarian
diet in rheumatoid arthritis are confirmed by randomized con-
trolled triale. Further bheneficial effects of fasting are supported
by observational data and abundant evidence from experimen-
tal research which found caloric restriction and intermittent fast-
ing being associated with deceleration or prevention of most
chronic degenerative and chronic inflammatory diseasaes. Inter-
mittent fasting may also be useful as an accompanying treat-
ment during chemotherapy of cancer. A further beneficial effect
of fasting relates to improvements in sustainable lifestyle modi-
fication and adoption of a healthy diet, possibly mediated by
fasting-induced mood enhancement. Various identified mecha-
nigms of fasting point to its potential health-promoting effects,
e.g., fasting-induced neuroendocrine activation and hormetic
stress response, increased production of neurotrophic factors,
reduced mitochondrial oxidative stress, general decrease of sig-
nals associated with aging, and promotion of autophagy. Fast-
ing therapy might contribute to the pravention and treatment of
chronic diseases and should be further evaluated in controlled
clinical trials and ohservational studies,

Schliisselworter
Fasten - Salutogenese - Chronische Erkrankungen -
Komplementare Therapie

Zusammenfassung

Zeitraume bewussten Fastans mit Beschrankung der Aufnahme
fester Nahrung werden weltweit praktiziert, meist auf Grundlage
traditioneller, kultureller ader religidser Uberzeugungen. Es gibt
umfangreiche Erkenntnisse aus empirischen und Beobachtungs-
studien die zeigen, dass medizinisch betreutes modifiziertes
Fasten (Therapeutisches Fasten, Heilfasten, 200-500 kcal Nah-
rungsaufnahme pro Tag) in einem Zeitraum von 7-21 Tagen in
der Behandlung von rheumatischen Erkrankungen, chronischen
Schmerzsyndromen, Bluthochdruck und des metabolischen
Syndroms wirksam ist. Die positiven Auswirkungen des Fastens
mit konsekutiver vegetarischer Ernahrung sind fir das Indikati-
onsgehiet der rheumatoiden Arthritis durch randomisierte kon-
trollierte Studien belegt. Weitere vorteilhafte Effekte des Fastens
sind von Daten aus Beobachtungsstudien und zahlreichen Er-
kenntnissen aus der experimentellen Forschung gestiitzt. Dem-
nach konnte festgestellt werden, dass die kalorische Restriktion
und intermittierendes Fasten mit Verzogerung oder Vorbeugung
der meisten chronischen degenerativen und chronisch-antziind-
lichen Erkrankungen einhergeht. Intermittierendes Fasten kann
moglicherweise auch als beglsitende Behandlung wahrend der
Chemotherapie von Krebserkrankungen zur Reduzierung von
Mebenwirkungen nitzlich sein. Eine weitere positive Wirkung
des Fastens bezieht sich auf Verbesserungen in der nachhaltigen
Lebensstilmodifikation und eine gesundheitsférdernde Erndh-
rungsumstellung, was moglicherweise durch die stimmungs-
steigernde Wirkung des Fastens begrindet ist. Verschiedene
identifizierte Machanismen des Fastens deuten auf dessen po-
tenzielle gesundheitsfordernde Wirkungen hin wie z.B. die durch
das Fasten induzierte neurcendokrine Aktivierung und hormeti-
sche Stressreaktion, die erhohte Produktion neurctropher Fak-
toren, reduzierten mitochondrialen oxidativen Stress, die Inhi-
hierung von Signalweagen, die mit Alterungsprozessen assoziiart
sind, sowia die Forderung von Autophagie. Therapeutisches
Fasten erscheint als vielversprechende Methode zur Vorbeu-
gung und Behandlung von chronischen Krankheiten, die Wirk-
samkeit sollte in randomisierten kontrollierten klinischen Stu-
dien sowie Beobachtungsstudien weiter untersucht werden.
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Introduction

The evolution of mankind was characterized by frequent
fluctuations of food availability varying between periods of
fasting or starvation and feast or overfeeding. The ability to
survive periods of fasting must have been of some survival
value and contrasts the unfavorable health effects of continu-
ous overfeeding of present times. Unsurprisingly, therefore
the human body exhibits adaplive responses to the lack of
food. When deprived of food, the human body employs vari-
ous behavioral, biochemical, physiclogical, and structural re-
sponses to reduce metabolism, which prolongs the period in
which energy reserves can cover all metabolic and physiologi-
cal needs [1].

In current times, when overfeeding is the standard situation
for many people in modern societies, the adaptation to a de-
fined period of fasting may not only be seen as an ability to
cover the acute needs of metabolism but also as an important
opportunity to recover from the persistent overdrive and con-
secutive down-regulation of the physiological and biological
systems, its receptors, and signal pathways.

Background and Fasting Methods

Fasting as a medical treatment has been claimed to be a
valuable therapeutic method for chronic and acute diseases in
a multitude of traditional and ethnomedical systems world-
wide [2, 3]. In the last 2 decades, modified fasting gained grow-
ing popularity in the German public, i.e. as a self-care method
for prevention and health promotion, particularly to initiate
lifestyle modification [4, 5].

Historically, the reasons for fasting involved both religious/
spiritual and medical aspects [0]. In traditional Luropean med-
icine, fasting was an established treatment method since the
ancient Greek Hippocratic school and thereafter recommend-
ed by most of older European medical schools for the treat-
ment of several acute and chronic diseases [7]. The application
of fasting in the context of medical treatment followed the em-
pirical observation that infections and acute diseases are fre-
quently accompanied by an anorectic response. In Europe,
based on the works of physicians like Buchinger [8]. Kraulf3 [9].
and Mayr, medical fasting attracted a growing number of pa-
tients from the 1950s on. Fasting cures were developed and
successfully established in a couple of specialized fasting sana-
toriums, thereby embedding defined periods of modified or
subtotal fasting within holistic lifestyle modification programs,
with focus on mind-body medicine and aspects of spirituality.

Physiologically, nutritional energy supply below a threshold
of about 500 kcal/day leads to strong neuroendocrine respons-
es accompanied by rapid mobilization of glycogen stores
(phase I), followed by metabolism of fat mass via lipolysis after
a fasting duration longer than 24 h (phase I}, and finally the
phase of late starvation with accelerated protein loss (phase
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[11). A maintained daily intake of even few calories reduces
protein catabolism by a significant amount [10]. Therefore, the
daily intake of 200-500 kcal is established in clinical fasting and
defines modified fasting being the currently most frequently
used form of therapeutic fasting. Very low calorie diets (VLCIDY)
allow a higher nutritional intake up to 800 keal/day. Yet, where-
as VLCD also lead to substantial weight loss, the adaptive
physiological and psychological responses are reduced and the
mind-body medicine approach is not included. Finally, caloric
restriction is defined as a long-term reduction in energy intake
without malnutrition, mostly consisting of a 30-40% reduction
of daily nutritional energy intake [11]. Caloric restriction is
commonly used in experimental animal research. As an alter-
native to traditional caloric restriction, intermittent or alter-
nate-day fasting has also been established. Intermittent regi-
mens usually involve a ‘feast day’ on which food is consumed
ad libitum that alternates with a ‘fast day’ on which food is
withheld [11.12].The feast and the fast periods are usually per-
formed for 24 h and commanly weight is not changed by alter-
nating diets. One of the most known religious [asting traditions
in humans is the period of Ramadan. During the fasting month
of Ramadan, Muslims abstain from food and drink from sun-
rise unfil sunset. Thus, Ramadan can be categorized as a short-
period intermittent fasting regimen.

Beside the most frequently used fasting method according
to Buchinger, there is a variety of other fasting methods and
techniques [13]. In Germany, in 1982 the Physician’s society
for fasting and nutrition was founded, and in 2002 the first
guidelines on fasting therapy were published by an expert pan-
el of this society [14].

Buchinger's method of fasting includes the limited intake
of vegetable or fruit juice and small amounts of vegetable
broth with a total nutritional energy intake between 200 and
400 keal/day [15]. Further components of Buchinger’s method
include the use of physical exercise, mind-body techniques, the
defined application of enemas, and intake of laxative salts.

Other standardized methods of extended medical fasting
were developed in the USA in the beginning of the 20th cen-
tury by physicians like Tanner, Dewey, and Hazzard [6, 16].
Their mainly used method of fasting consisted of water-only
fasting (partly with distilled water) and tea fasting, supported
by enemas and physical exercise. Since that time and despite
scientific documentation of its putative beneficial effects, little
attention has been given to medical fasting in USA, and the
method almost disappeared in medical care in Northern
America.

Recently, renewed interest arose with the rapidly growing
body of evidence from basic research consistently showing
that caloric restriction, either by continuous restricted caloric
energy intake or by intermittent fasting, may lead to substan-
tial beneficial physiological effects and disease prevention.
Notably, increases in lifespan and anti-aging effects mediated
by caloric restriction and fasting were repeatedly described for
a multitude of species, from the Caenorhabditis elegans up to
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Table 1. Main types
of fasting (selection)

Type of fasting

Mutriticnal profile

Further characteristic

Modified therapeutic fasting;
‘fasting cure’
Buchinger fasting

Very low calorie diet

Calorie restriction

Continuous calorie restriction
Intermittent fasting
Ramadan fasting

Total fasting

Water-only fasting

caloric intake 200-500kcal/day
by fluids and water ad libitum
200-500 keal by juice / vegetable

broth

caloric intake 600-800 kcal/day
by formulated liquid meals;
protein supplements

daily reduced caloric intake by
30-40%

alternate-day fasting (24 h);
5-2-days eating/fasting
daytime fasting for 29 days;
meal skipping

zero-diet (water/tea ad libitum)

fasting with distilled water-only

broad clinical indications. Rapid weight
loss; strong neuroendocrine adaplation

as modified fasting and holistic approach
including mind-body methods (enhancing
lifestyle change)

primary aim of weight loss

eg., experimental evidence; long term
adaption to underfeeding; decelerates
age-related diseases

increase of lifespan; reduced degeneration;
improved functional indexes

increase of lifespan; reduced degeneration,
improved functional indexes

health-related effects unclear or only mild

pronounced protein catabolism;
more adverse cffeets than modified fasting

pronounced protein catabolism;

more adverse effects than modified fasting

the rhesus monkey [1, 17-19]. These data were supported by
description of defined molecular mechanisms that are respon-
sible for these effects.

Renewed interest in fasting also came from another per-
spective, the research on medical effects of [asting rituals as
practiced in religious traditions worldwide. Many religions
have a component of fasting involved. The common belief is
that fasting supports spiritual practice and focuses the mind.
Up to now, the most common forms of fasting studied in this
field are Ramadan fasting and the Daniel’s fast, which are
characterized by only moderate or short-term calorie restric-
tion, in contrast to the stricter medical fasting cures [20]. The
different main types of fasting are summarized in table 1.

So far, the effects of medically supervised fasting have been
studied for few indications by means of controlled trials. Fur-
ther evidence arises from epidemiological and experimental
studies on different fasting practices and from clinical trials
that used very-low calorie diets with a comparable severely
restricted energy intake, but without the supporting multimo-
dal therapeutic elements that are typically used in traditional
medical fasting. Experimental animal research on fasting, con-
trolled underfeeding and starvation, which by definition are
not voluntary, can be translated only to a limited extent to the
condition of human medical fasting. Hence, some uncertainty
in the appraisal of these results with regards to voluntary med-
ical fasting cannot be resolved. The existing evidence for the
main indications as derived [rom clinical, observational or epi-
demiological research, and the putative mechanisms are sum-
marized in the following,
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Mechanisms of Fasting Effects

General Mechanisms

Prolonged fasting is a strong physiological stimulus equiva-
lent to a mild-to-moderate biological stress and activates nu-
merous endocrine and neurobiological responses from sys-
temic levels up to molecular signal pathways. Regarding
health-promoting mechanisms, several general hypotheses
have been proposed.

Most prominent is the 1) stress-resistance hypothesis which
suggests that after calorie restriction or fasting, increased
siress resistance and cross-resistance (o other types of stres-
s0Ts oceur, permitting cells to better resist to genotoxic, oxida-
tive or metabolic insults [21-23]. Such a beneficial action and
compensation of low-intensity environmental stressors can be
classified as a hormetic response or hormesis, which describes
a biological dose-response phenomenon characterized by low-
dose stimulation and high-dose inhibition [24, 25]. Other ex-
amples of moderate or intermittent stressors inducing horme-
sis are exercise, UV radiation, and ischemic preconditioning
[26]. Interestingly, fasting promotes ischemic preconditioning
itsell [27].

2) The oxidative stress hypothesis proposes that fewer free
radicals are produced in the mitochondria due to reduced en-
ergy utilization [28], which results in less cellular damage [1].
However, there is also some controversy about the role of oxi-
dative stress in disease and longevity [29].

3) A third hypothesis suggests that fasting and calorie re-
siriction induce intrinsic cellular and organismal programs for
adaption to scarcity, thereby slowing down generally metabol-
ic processes which contribute to degeneration and aging [30].

Michalsen/Li



In this context, it is also deseribed that any type of food intake
activates the NF-KappaB (NI-kB) pathway, thereby promot-
ing cellular inflammation. Furthermore, other signalling path-
ways have been implicated in mediating these fasting effects,
¢.g., the known lifespan-regulating sirtuin pathway, the insulin-
like growth factor (IGI)-1 / insulin pathway, the target of ra-
pamyin (TOR) pathway, and the adenosine-monophosphate
(AMP) pathway |26, 31].

43 A fourth putative mechanism relates to autophagy, a
catabolic pathway involving the degradation of eellular com-
ponents through the lysosomal machinery. Autophagy acts asa
survival mechanism under conditions of stress, maintaining
cellular integrity by regenerating metabolic precursors, clear-
ing subcellular debris, and thus preventing cell death [32]. Nu-
trient depletion and fasting are potent physiological regulators
of autophagy [33], and regulation of a macromolecular com-
plex, mTORCI, may be critically involved. An abundance of
experimental research describes dysregulation and down-reg-
ulation of autophagy associated with the initiation or progres-
sion of cancer, immunological and neurodegenerative disease,
metabolie and cardiovascular disease, and aging. Experimental
evidence suggests that fasting and dietary restriction increases
autophagy and cellular clearance [34], however, the impact of
periods of fasting in humans on autophagy has not been
studied.

5} A further hypothesis relates to the organismic accumula-
tion of advanced glycation end products {AGEs) which are the
derivatives of glucose-protein or glucose-lipid reactions and
are mainly generated from diet [35]. Binding of AGEs to the
AGE receptor (RAGE) results in cellular activation, i.e. in-
creased expression of inflammatory mediators and oxidative
stress. AGEs have been repeatedly linked to the pathogenesis
and progression of inflammatory and age-related disease as
well as to increased NI-kB activity [36-38]. There is some pre-
liminary evidence that fasting may decrease AGE load in hu-
man bodies. In a small study in patients with rheumatoid ar-
thritis (RA) |39], a 54-day regimen with consecutive cycles of
fasting and calorie restriction resulted in decreased urinary ex-
cretion of the AGE pentosidin which was accompanied by a
reduction of disease activity. Further studies should address
the role of AG s in anti-inflammatory effects of fasting. As the
decrease of pentosidin levels was only evident after 25 days,
these studies should consider that extended fasting periods or
longer diet and fasting programs may be needed to show ef-
fects on AGEs.

Endocrine and Neurobiological Effects

Neuroendocrine responses of fasting have been investigated
by numerous physiological and clinical studies. Initially, during
fasting the hypothalamic-pituitary-adrenal (TTPA) axis [40-43]
is activated. The biological mechanisms of this activation are
not fully understood but include the reduced availability of cer-
cbral glucose, reduced insulin and leptin levels, and the sensa-
tion of hunger [40-45]. Fasting-induced leptin depletion has
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been identified as a strong signal for biological adaptation re-
sponding to starvation [46]. Further, a transcription factor has
been described which acts as a metabolic sensor in neurons of
the lateral hypothalamic area to integrate metabolic signals,
adaptive behavior, and physiological responses [47].

In human clinical studies, the fasting-induced neuroendo-
crine activation is associated with increased urinary and serum
concentrations of noradrenaline, adrenaline, dopamine, and
cortisol. This early hypopituitary adrenergic activation is fol-
lowed by decreased adrenergic levels in the medium term. Ina
prospective study with obese subjects [48], a fast over 16 days
led to substantial weight loss, paralleled by decreased basal
and exercise-induced serum concentrations of noradrenaline,
adrenaline, and dopamine.

Interestingly, this early mild stress response with a subse-
quent adaption process supports the view that fasting may be
a characteristic example of hormesis [24]. Extended fasting
over at least 5-7 days is [urther associated with increases in
concentrations of growth hormone, glucagon, and reductions
of the blood levels of thyrotropin (TSH) and 'T%/T, [49, 50].
Clinically, fasting leads to a pronounced initial (days 1-3)
natriuresis and diuresis. The mechanisms of fasting-induced
natriuresis remain partly unclear; however ketoacidosis and
fasting-induced increases of blood levels of aldosterone, gluca-
gon, and natriuretic peptides are involved [51]. Studies on
VLCD demonstrated an enhanced blood pressure-reducing
effect of natriuretic peptides, which points o improved recep-
tor sensitivity following a fasting intervention [52].

Different studies have shown that fasting leads to rapid de-
pletion of the adipokin leptin and reductions of insulin levels
|53-55]. Leptin depletion likely plays a crucial role in the neu-
roendocrine signalling and induces adaptive actions in re-
sponse to fasting [56]. Blood levels of insulin and IGF-1 are
decreased by fasting with a concomitant increase of adiponec-
tin. Further beneficial effects to the cardiometabolic system
relate to plasminogen activator inhibitor (PAT) and decreased
angiotensinogen.

Brain neurotransmitters may be implicated in the fasting-
induced neurobiclogical and central responses. The central
serotonergic system is strongly involved in the regulation of
food intake, and it also serves as transmitter system that is
readily affected by nutritional factors. Serotonin release and
turnover are known to increase during extended fasting [57,
58] Increased output of the serotonergic system is assumed to
be responsible for some of the characteristic nutritional effects
on certain brain functions such as elevated mood, increased
sleepiness, and reduced pain sensitivity. Studies on rats have
reported an increase in the availability of brain tryptophan
and serotonin during fasting [39, 60]. Further experimental
data indicate that semi-starvation is associated with down-
regulation of cortical serotonin transporters in the frontal cor-
tex of the rat and alteration of the serotonin output pattern
that also affects projection fields of the central serotonergic
system [01]. Thus, fasting-induced modulation of central sero-
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tonin availability may be a potential mechanism and would
also explain previously described effects of fasting treatments
in migraineurs [62], as pharmacological 3-IT receptor inhibi-
tion has been proven effective in the treatment of migraine.
The cerebral glucose decrease could promote neurogenesis
and synthesis of neurotrophic factors as well as chaperone
proteins [63-65]. For instance, intermittent fasting causes an
increase in brain-derived neurotrophic factor (BDNF), which
is involved in the regulation of serotonin metabolism, an in-
creased synaptic plasticity, improves cognitive function, and
increases the brain’s ability to resist aging [63-66]. Duan et al.
[67] further suggested that the increase in BDNF may partly
mediate the observed lifespan extension by intermittent fast-
ing. Recent research further indicates a reciprocal relationship
between BDNF and serotonergic signalling, in which BDNF
enhances serotonin production and release [68, 69].

Another potential mechanism of the frequently described
fasting-induced mood enhancement relates to the release of
endogenous opioids. Plasma levels of beta-endorphin in sub-
jects undergoing fasting periods between 5 and 10 days were
significantly increased during the fasting period, while there
was no direct association with body weight changes [70]. Also
differential regulation of the endogenous synthetic pathways
of morphine in response to fasting has been described. Brain
morphine levels in rats were elevated 5-fold after 24 h and
2-fold after 48 h of fasting [71]. Moreover, brain levels of the
endogenous cannabinoid 2-arachidonoyl glycerol (AG) were
found to be increased in fasting mice, while moderate dietary
restriction had no influence [72].

Finally, the production of ketone bodies could be involved in
improving mood, decreasing pain sensation, and promoting pro-
tection against hypoglycemia and different types of brain dam-
age |73-75], possibly through anticonvulsant properties [76-79].
Interestingly, recent studies [79, 80] have pointed to promising
therapeutic effects of the ketogenic diet, not only in seizure pre-
vention but also in degenerative and inflammatory neurological
diseases, such as Parkinson’s disease, Alzheimer's disease, and
multiple sclerosis. Results of another clinical trial investigating
the comparative effects of medical fasting and ketogenic diet in
patients with multiple sclerosis are expected in 2014.

Clinical Effects of Fasting

Rheumatic Diseases

Patients with RA frequently report that their symptoms are
alleviated by elimination-specific nutrients or fasting [81]. Sev-
eral early studies [82-84] found beneficial effects of fasting on
symptoms as well as on inflammatory parameters in patients
with RA. In a randomized trial [B5] investigating an initially
7-10 days fast followed by an individually adjusted vegetarian
diet, fasting patients obtained substantial reduction of disease
activity including a variety of laboratory markers over the
1-year study period. A systematic review [86] pooling the results
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of the available controlled studies, which reported follow-up
data for at least 3 months, found a clinically relevant beneficial
effect of fasting. Thus, available evidence suggests that fasting
followed by vegetarian diet is useful in the treatment of RA.

In clinical experience, fasting is not only beneficial in RA
and collagenoses but also in osteoarthritis (OA). The effect of
fasting in QA of the knee and hand was investigated for the
first time in an uncontrolled pilot study with 30 patients [87].
After 4 and 12 weeks of observation, substantial pain relief,
improvements in quality of life, and improved articular func-
tion were documented.

Chronic Pain Syndromes

The general pain-relieving effect of fasting is a [requent em-
pirical observation made by fasting therapists. The analgesic
and antinociceptive effects of caloric restriction have been con-
firmed experimentally [88], and reduced responses to experi-
mental pain have been associated with changes in endogenous
opioid system [89]. So far, mostly smaller or nonrandomized
studies have investigated the effect of fasting on chronic pain.
In a preliminary study [90] investigating the neuroendocrine
mechanisms of fasting in patients with unspecific chronic pain,
a pain-relieving effect was described by the majority of pa-
tients. Furthermore, results of a controlled trial [91] suggested
fasting therapy to be benelicial compared to normocaloric diet
in the complex treatment of fibromyalgia. In a further con-
trolled nonrandomized trial [92], we found a beneficial effect of
fasting over standard complex treatment in inpatients with fi-
bromyalgia. An uncontrolled study from Germany [62] report-
ed a benelicial effect of fasting on headache frequency and in-
tensity of migraine. In a large observational study of inpatients
with mixed diagnosis of chronic diseases [93], health-related
and behavioral outcomes were compared in fasting patients
and patients on a normocaloric Mediterranean diet. Fasting pa-
tients showed higher satisfaction ratings with their treatment
success and a greater improvement of chronie pain, being the
main complaint among the majority of patients. Furthermore,
fasting patients showed higher attrition rates with recommend-
ed health-related lifestyle modifications in the follow-up as-
sessments at 3 and 6 months after discharge from the hospital.

These findings, together with the evidence of the mood-en-
hancing effects [13], support the view that fasting might be a
promising treatment approach in chronic pain syndromes.
Clearly, further randomized studies are necessary to clarify the
role of fasting in the complex treatment of pain.

Hypertension, Cardiovascular Risk, and Metabolic Disease

In experimental research and in a couple of observational
and clinical (mostly uncontrolled) studies [94-97], the blood
pressure-reducing effect of fasting has been consistently con-
firmed. In a study on 68 patients with borderline hypertension
undergoing 10-14 days of water-only fasting [98], the mean
blood pressure reduction amounted to 20/7 mm Hg. [n a fur-
ther uncontrolled study [99], the same research group reported
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results of 10-11 days of medically supervised fasting in 174 con-
secutive inpatients with hypertension. Fasting led to an average
blood pressure reduction of 37/13 mm Hg, and in patients with
stage 3 hypertension to an average reduction of 60/17 mm IHg.
Despite the initial fasting-induced activation of the HPA axis
the pronounced natriuresis of fasting, the increased concentra-
tion of and sensitivity to natriuretic peptides, the lack of salt
intake, and the orchestrated endocrine effects of fasting includ-
ing pronounced decreases in insulin may mediate this clinically
relevant blood pressure reduction [51, 52, 97]. The blood pres-
sure-reducing effect of fasting has also led to the recommenda-
tion of fasting experts (o strictly reduce or withdraw antihyper-
tensive medication when initializing fasting therapy, in order to
avoid symptomatic hypotension as well as hyponatremia. After
reintroduction of food, an increase in blood pressure is com-
mon, however blood pressure commaonly remains below the
pre-fasting values for weeks to few months, depending also on
the post-fasting nutritional and lifestyle habits. Moreaver,
weight loss and the subsequent benefits of a healthier diet after
fasting may contribute to the lasting antihypertensive effects of
fasting [93, 96, 100]. Notably, epidemiological studies showed
that routine periodic fasting, as practised by religious groups, is
associated with a lower risk of coronary artery disease in pa-
tients undergoing coronary angiography [101].

Experimental research further revealed that calorie restric-
tion and intermittent fasting attenuate age-associated changes
in the heart and vessels. The attenuation of these age-associat-
ed changes does not occur due to the lower body weight but to
cellular mechanisms directly related to fasting. Furthermore,
alternate-day fasting reduces the level of apoptosis in the peri-
infarct area in experimental ischemia [102] and enhances
ischemic preconditioning [27]. Reductions in heart rate were
observed experimentally in the course of intermittent fasting
[11] and are a common empirical observation in patients after
prolonged fasting (after the initial HPA activation}. Accord-
ingly, it has been found that a 3-week fasting course in meta-
bolic patients leads to a smaller exercise-induced increase of
catecholamines [48].

Modified fasting is frequently successfully applied in pa-
tients with type 2 diabetes and metabolic syndrome. An early
study [103] found glucoregulatory improvements in obese dia-
betic women after 3 days of fasting, already. In an own uncon-
trolled study in 30 outpatients, a 1-week Buchinger fasting led
to pronounced decreases in triglyeerides, LDL-cholesterol, in-
sulin, and leptin. Furthermore, clinically relevant decreases in
blood pressure and heart rate were observed, paralleled by in-
creases of adiponectin levels [104]. In an observational study
in 25 inpatients that participated in Buchinger fasting [105], a
significant improvement of insulin sensitivity, as assessed by
the homeostasis model (HOMA ) measurements, was shown.
Long-term effects of Buchinger fasting were also evaluated by
an outcome research [100] in 399 obese patients of a German
rehabilitation facility. With response rates of 55%, the effect
sizes for change of subjective health outcomes at 12 months
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after discharge were large and the patients showed lasting
weight reduction and improved cardiovascular risk. Against
the background of the available experimental and clinical evi-
dence, it can be suggested that fasting is beneficial in hyperten-
sion, as additive treatment in type 2 diabetes, and in risk redue-
tion of cardiovascular disease, even more pronounced when
followed of useful lifestyle changes.

Cancer

Until recently, fasting therapy was not considered to be a
treatment option in cancer, related to the fact that a common
therapeutic goal in palliative cancer treatment is to avoid
weight loss and to counteract the wasting syndrome. On the
other hand, calorie restriction with continuous reduction of
calorie intake has been found protective against oxidative
stress and aging, applying to a multitude of organisms. As the
toxic chemotherapeutic side effects in the treatment of cancer
are mediated by cellular stress, the ability of calorie restriction
to promote stress resistance recently gained increasing inter-
est in oncological research [106]. However, weight loss due to
cancer or chemotherapy is negatively correlated with progno-
sis in advanced stages of cancer. Therefore, continuous calorie
restriction with its regular subsequent weight loss is estimated
not to be useful in cancer patients. In contrast, intermittent or
short-term fasting can also protect organisms from toxic ef-
fects of oxidative and chemotherapeutic agents and does not
cause chronic weight loss. Furthermore, fasting does reduce
IGF-1, a key factor in cancer promotion, to a greater extent
than caloric restriction [107]. In their pionecering research,
Longo and coworkers [108] could consistently demonstrate
beneficial effects of short-term fasting in cancer when per-
formed during and around chemotherapy. For example, fasting
for 48-60 h protected mice from the side effects of etoposide.
It was further shown that [asting prevents reproduction and
growth processes in normal body cells by reallocating energy
toward maintenance pathways. This switch 1o a protected
mode when nutrients are scarce occurs only in normal body
cells, but not in cancer cells as oncogenes prevent the activa-
tion of this type of stress resistance, thus making cancer cells
unresponsive to anti-growth signals. This inability of cancer
cells to properly respond to extreme environment changes
thus provides a mechanism to enhance cancer treatment by
selectively increasing stress resistance only in normal cells
(differential stress resistance, DSR) [108]. DSR in mice and
cell lines is partly mediated by the reduction of IGF-1 [109].

Clinically, fasting for 2-3 days before and 24 h after chemao-
therapy is mostly well tolerated by cancer patients. After the
fasting days, an increase in weight is common, thereby regain-
ing baseline weight. Longo et al. demonstrated [108] that cy-
cles of fasting were as effective as chemotherapeutic agents in
delaying progression of some tumors and increased the effee-
tiveness of these drugs against melanoma, glioma, and breast
cancer cells. In some animal models, fasting cycles, when added
to chemotherapy, but not either treatment alone, resulted in

Forsch Komplementmed 200 320:444453 440



long-term remission. FFurthermore, fasted breast cancer cell
lines appeared to compensate for the lack of nutrients by a
paradox increased translation, thus consuming even more en-
ergy with subsequent promotion of cell death. However, in
summary the current state of research does not support a role
of fasting in healing cancer as stand-alone treatment, but as a
potential additive, synergistic side treatment to chemotherapy,
and possibly also to radiotherapy [110].

In a first human case series, cancer patients who voluntarily
fasted for 4-5 days in combination with chemotherapy experi-
enced significantly reduced side effects [111]. So far, it seems
that the periods of fasting have to be maintained at least up to
24 h after chemotherapy to minimize enhanced toxicity of
chemotherapy to normal cells in the phase of refeeding [108].

Further research to investigate the effect of post-chemother-
apy fasting is necessary to clarify the optimum time period of
fasting in cancer and chemotherapy. Currently, several trials are
underway testing the effects of fasting perieds in combination
with chemotherapy (NCT009363364: Short-term [asting prior
to platinum-based chemotherapy: feasibility and impact on tox-
icity, USC; NCTO1175837: Short-term fasting before chemo-
therapy in patients with lymphoma, a pilot feasibility study,
Mayo Clinic; NCT01304251: Effects of short-term fasting on tol-
erance to chemotherapy. Leiden University; NCT01954836: Lf-
fects of fasting during chemotherapy: a randomized trial in
gynecological oncology patients, Charité Berlin}.

Affective Disorders and Impact on Mood

Fasting is associated with increases in tryptophan availabil-
ity and serotonin turnover in the brain and induces the release
of endogenous opioids. The practice of fasting in numerous re-
ligions as renunciation of external rewards in an ascetic ap-
proach may further reflect the empirically and clinically ob-
served increase in mental alertness, sense of calm, and
improved mood during fasting periods. Mood enhancement
during fasting may represent an adaptive mechanism promot-
ing the phylogenetic struggle for survival and search for food.
Thus, the human body may be programmed to better cope
with famine than with overfeeding, Mood improvement that
oceurs during these first few days of fasting could be a direct
consequence of this activation. In clinical studies, fasting is
frequently accompanied by increased vigilance and mood-
enhancement, a subjective feeling of well-being, and some-
times even a feeling of euphoria [53,112-116].

For example, in a prospective uncontrolled trial on 52 inpa-
tients with chronic pain and metabolic syndrome, more than
80% of fasters (Buchinger fasting 8 days) showed a rapid de-
crease in depression and anxiety scores. Fasting-induced
mood-enhancement has also found to be partly dependent on
genetic factors [113]. In an observational study on inpatients
with mixed diagnoses of chronic diseases [93], (mostly pain
and rheumatic diseases) modified fasting also induced benefi-
cial effects on lifestyle modification with a better adherence to
nutritional recommendations, exercise, and relaxation practice
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thereafter, which may also relate to the initial mood-enhanc-
ing effect of fasting. Principally, the experience of fasting and
the voluntary renunciation of food intake can support motiva-
tion for lifestyle change. Most fasters experience clarity of
mind, have a feeling of letling go past actions and experiences
[117], and thus may develop a more positive attitude towards
the future. The fasting-induced neurendocrine responses [90]
may support the motivation for behavioral change.

Further Indications

In the expert consensus guidelines on fasting therapy [14]
as well as in empirical practice, lasting is also indicated as
promising treatment option for further diseases, such as IBS,
food intolerances, skin diseases as urticaria or neurodermitis,
and recurrent infections. Furthermore, diseases for which T-2
lymphocyte activation is involved are frequent empirical indi-
cations for fasting therapy, e.g., asthma, inflammatory bowel
disease, multiple sclerosis, and allergies [14]. So far, for these
indications only preliminary data {rom prospective trials or no
data are available. Beneficial effects in IBS were reported by a
Japanese working group [118]. Results from a first trial on fast-
ing and ketogenic diet in multiple sclerosis are expected in
2014. Clearly, further clinical research on fasting in these indi-
cations is warranted.

Safety

Fasting may reinforce eating disorders. Therefore it is im-
portant to ask patients about any history of anorexia or binge
ealing disorder. As [asting reduces the basal metabolic rate,
patients who return to unrestricted eating after fasting may
experience a yo-yo effect and weight cycling. On the other
hand, outcome data of the German fasting clinics found no
evidence for a mean increased weight after 1 or several [asting
therapies [93,119,120]. Practically, in patients with a BMI = 45
kg/m’ fasting only should be recommended if there is no indi-
cation of eating disorder and furthermore a sufficient motiva-
tion for lasting lifestyle change is present.

Anecdotal reports of deaths during fasting are only report-
ed in the context of liguid-protein diets and a fasting period of
>2 months (prolonged starvation) in obese subjects [121-123].
Of note, deaths during these diets occurred frequently in the
phase of refeeding. The pathophysiology of the ‘refeeding syn-
drome’ focusses on intracellular loss of electrolytes, in particu-
lar phasphate, due to protein catabolism in prolonged starva-
tion. When refeeded, malnourished patients exhibit an
insulin-induced cellular uptake of phosphate, which can lead
to profound hypophosphatemia and subsequent rhabdomyo-
lysis, respiratory and cardiac failure, and arrhythmias [124]. Of
note, cases of refeeding syndrome have not been observed
with the shorter-term modified therapeutic fasting.
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Within the current practice, serious adverse elfects of fasting
relate to the interaction with medication, e.g., hyponatremia
by diuretics or bleeding during anticoagulation; therefore it is
indispensable to accompany fasting therapy by a specialized
physician. Minor adverse effects of fasting are experienced by
about 10-20% of patients, e.g., initial headache (mostly due to
caffeine withdrawal}, unspecilic initial back pain or lighthead-
edness due to reduced blood pressure. Subjects with known
Gilbert syndrome may experience increase of blood bilirubin
during fasting with frequently related general discomfort.

To ensure safety, the contraindications to fasting therapy
have to be checked before initiation of treatment. Main con-
traindications are ealing disorders, malnutrition and cachexia,
pregnancy and nursing, uncontrolled hyperthyroidism, demen-
tia, advanced liver or kidney insufficiency, and porphyria.

Studies on fasting [114] as well as clinical experience show
that hunger is only moderate during fasting. General slight dis-
comfort may be felt especially in the initial phase of [asting,
from the first to third fasting day, when metabolism is changing
to lipelysis. Typical complaints in this context include tired-
ness, irritability, nausea, and changing sleep patterns. These
complaints can be best managed by self-help measures. The
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Abstract

Objective: To evaluate the effects of a Traditional Chinese Medicine herbal decoction (modified Ling-Gui-Zhu-Gan decoction) combined with
short-term fasting/very-low-calorie-diet (VLCD) on the therapeutic response in type 2 diabetes mellitns (T2DM) patients.

Materials and methods: A randomized controlled pilot-study was conducted with 60 T2DM patients (age 52.1 & 13.4 y, BMI 25.7 4= 3.7 kg/m?)
with a lack of glycemic conirol. Patients were randomly allocated to the intervention group (n=30) or the control group (n=30). All patients
received in-hospital treatment for one week followed by lifestyle recommendation. Patients in the intervention group participated in a 5-day
modified fasting/VLCD combined with an intake of Ling-Gui-Zhu-Gan decoction. Patients in the control group received standard treatment only.
Outcomes were assessed at baseline and at 3-months.

Results: Fasting plasma-glucose, 2-h plasma-glucose after oral glucose tolerance-test, HbA;-, and the use of anti-diabetic medication decreased
significantly in the intervention group compared to the control group after three months. Body weight also decreased significantly.

Conelusions: A combinedintegrative treatment approach including fasting/VLCD and a Traditional Chinese Medicine decoction might be superior
to standard treatment in T2DM patients. This therapeutic concept shounld be further evaluated.

© 2012 Elsevier GmbH. All rights reserved.

Keywords: Very-low-calorie-diets; Fasting; Chinese medicine; Diabetes mellitus; Glycemic control, Hetbal medicine

Introduction and frequently exhibit a greasy and thick tongue coating as well
as other pattern signs of so-called “turbid mucus distressing the

Modified fasting and very-low-calorie-diets (VLCDs) had spleen” according to the principles of Traditional Chinese Medi-
come to clinical researchers’ attention since the 1990z due to cine (TCM). Hence, we developed a new treatment, combining

their effects on weight loss and improvement of cardiovascu- short-term modified fasting/VLCD with a TCM herbal treat-
lar risk factors in patients with T2DM and metabolic syndrome ment, i.e. modified Ling-Gui-Zhu-Gan decoction, including the
(MS). In the management of obese patients with T2DM these herbs of Sclerotium Poriae Cocos (fu fing), Ramulus Cinna-
dietary treatments are used to initiate lifestyle modification and moni Cassiae (guf zhr), Rhizoma Atractylodis Macrocephalae
to improve weight control. [1-8] On the other hand, we empi- (bai zhu), Radix Glycyirhizae Preparala (zhf gan cao), Radix

rically found that Chinese T2IDM patients, which numbers are Codonopsis Pilosulae (dang shen), Radix et Rhizoma Rhei (da
growing rapidly, tend to be unable to distinguish mild tastes huang). According to TCM the application of these herbs is pos-
tulated to warm and resolve mucus (wen-hua-tan-yin) as well
as to strengthen the spleen and to remove turbidity (jian-pi-
Xie-zhuo). In preliminary clinical observations we found that

* Corresponding author. Tel.: +86 13600718720; fax: +86 20 §7333178. this treatment approach may promote the acceptance of calo-
E-mail addresses: wikilo40i@ zsinacom (C. Li), a.michalsen@ immanuel de ric restriction {ll]d, moreover, may lmprove glyccmlc control.
(A. Michalsen), kesslerchrstian® gmail.com (C. Kessler), himybox @yeah.net We designed and conducted the present pilot-study in order to
. Qin). . . investigate the effects of a combined dietary and TCM herbal
! These authors contributed equally to this work. - . o ’
2 Tel.: +40 030 80505601; fax: 440 030 80503 602. treatment on patients with T2DM.

1876-38200/% — see front matter © 2012 Elsevier GmbH. All rights reserved.
doi: 10,1016/ enjim.2011.12.011
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Materials and methods
Subjects and study design

All patients were admitted consecutively to the hospital
department of the First affiliated Hospital of the Sun-Yat Sen
University for intensified in-patient treatment of T2DM. A total
of 60 eligible patients (34 male and 26 female) participated in
the trial. The diagnosis of T2DM was based on the WHO criteria
of 1999. Patients were considered for the trial if they presented
with a manifest and previously treated T2DM, however, with no
sufficient glycemic control (HhA - >6.1%).

The study was designed as a clinical randomized pilot study,
all patients were allocated randomly to either the interven-
tion group or to the control group. Each group consisted of
30 patients. Treatment group allocation was performed by a
non-stratified block-randomization with varying block lengths.
Random numbers were generated by a computer program (see
Fig. 1).

The study protocel was approved by the institutional review
board. Written informed consent was obtained from all study
subjects.

Interventions and treatment protocol

All patients had received the same amount of diabetes melli-
tus education classes before the trial. Patients in the intervention
group were treated internally with a modified Ling-Gui-Zhu-Gan
decoction combination with a 5-day modified fasting/very low
calorie diet (VLCD). The modified Ling-Gui-Zhu-Gan decoc-
tion contained Sclerotium Poriae Cocos (fit Iing) 20 g, Ramulus
Cinnamoni Cassiae (gui zhi) 12 g, Rhizoma Atractylodis Macro-
cephalae (bai zhu) 15 g, Radix Glycyrrhizae Preparata (zhi gan
cao) 9 g, Radix Codenopsis Pilosulae (dang shen) 30 g, and
Radix et Rhizoma Rhei (da huang) 9 g. According to the prin-
ciples of TCM the decoction aims to warm and resolve mucus
(wen-hua-tan-yin), to strengthen the spleen and to remove turbi-
dity (jian-pi-xie-zhio). As previously described [9], the dietary
fasting/VL.CID) treatment consists of three phases: (1) the pre-
fasting phase, (2) the S-day strict modified fasting/VL.CID phase
and (3) the food reintroduction phase. The pre-fasting phase
consists of 1-2 dietary “relief” days with an intake of fruits and
vegetables only. The pre-fasting phase aimed to prepare patients
for the fasting phase, to adapt digestion and to stepwise con-
trol subjective perception of hunger. The fasting/VLCI phase

Under went randomization

Withdraw/Lost to follow-up
n=0

X Alfocation .
Allacated to Intervention Allocated to Control Group
group n=30 n=130
Received allocated intervention
Follow-Up \ 4

Completanalysi.

Withdraw/Lost to follow-up
n=4

Study withdrawal dus to
hypoglycemias

Y

Completed all measures at

baseline and follow-up n=30

Completed all measures at

baseline and follow-up n=26

Fig. 1. Pamticipant flow diagram.
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followed throughout the subsequent 5 days started with the
intake of 10-20¢g thenardite powder for bowel-cleansing pur-
poses. During fasting patients were advised to sip hot millet
soup, which was prepared with <150 g millet and 1000 ml water,
along with drinking 3 Lof mineral water per day. Patients conld
also choose to drink moderate quantities of sugar-free sports
beverages every day to maintain electrolyte balance. Solid food
was refrained throughout the modified fasting phase. Nutritio-
nal energy intake was limited to <550 kcal/day. After the fasting
phasepatients reintroducedsolid food items stepwise, increasing
food intake gradually to an amount still smaller than standard
diabetic diets. Ingestion of fluid diet to solid food was changed
slowly. The in-patient treatment period comprised 7 days in both
groups: in the fasting/VLL.CD group 5 modified fasting days and
one day for relief and food reintroduction respectively; in the
control group 7 days for continuous nutritional therapy and diet
control, physical therapy and educational programs.

During the fasting phase the modified Ling-Gui-Zhu-Gan
decoction was administered twice a day. Prescription of the
Ling-Gui-Zhu-Gan decoction was continued for maximum one
month, according to the condition of the patients.

After fasting, patients of both groups received dietary coun-
seling and were asked to follow the suggested nutrition program.
The recommended diet adapted the total energy intake to base-
line BMI (kcal intake/kg body weight) and had a pre-specified
proportion of carbohydrates, fats and proteins. According to
these recommendations daily suggestions for menus and food
items for a full day were given to patients. All patients were
required to receive their decoction once a week in the out-patient
clinic to ensure its proper administration. Detailed recommen-
dations for preparation and intake were given repeatedly.

Patients in both groups received similar recommendations
for physical activity and exercise. All patients were suggested
to engage in moderate physical activity (walking) twice a day
for 60 min.

Anti-diabetic drugs were not changed during the study, but
physicians could adapt the dosage of the drugs according to
patients’ plasma glucose. No other drugs were added during the
therapy. Within the following 3 months, all participants were
required to re-visit the outpatient clinic once in two weeks in
order to assess diabetic control and to supervise the implemen-
tation of recommended physical activities and diets as well as
to adapt the oral dosage of anti-diabetic drugs. Reminders were
given to all patients before the study visits by phone calls.

Outcomes

FG, 2hG, and HbA;c were measured by standard met-
hods. Plasma glucose was measured by the glucose oxidase

e311

technique and HbA;¢ level was measured by Bio-Rad HPLC.
Serum total cholesterol (T'C) and triglycerides (T'G) were measu-
red by Olympus 2700 automatic biochemical standard analysis.

Documentation of oral dosage of anti-diabetic drugs and
records of hypoglycemic events and symptoms of strong hun-
ger, palpitations, cold sweats, tremor, pale face were based
on interviews and semi-standardized inventories. FG levels of
<3.9 mmol/LL during monitoring were defined as hypoglyce-
mic. All measurements were performed at baseline and at the
3-months study follow-up visit.

Statistical analysis

All normally distributed variables were expressed as
mean =+ standard deviation (m £ SD) and data were compared
using a f-test. Group comparisons for discrete variables were
performed using a chi-square-test. Differences were considered
statistically significamt at a p <0.05 level. All data were analyzed
with the Statistical Package for the Social Sciences (SPSS for
Windows version 17.0). As this was an explorative pilot-study
no adjustments for multiple testing were performed.

Resulis

All included participants presented with manifest T2DM
and were on oral antidiabetic medication at baseline with most
patients receiving Metformin 1000-2000 mg/day. Moreover,
all patients showed a documented insufficient glycemic con-
trol with a mean HbA ;¢ value of =7.5 £ 1.15%. In addition,
patients experienced adverse effects mostly in relation to oral
anti-diabetic drug intake, including fluctuating levels of plasma
glucose, hypoglycemia, abdominal distension and diarrhea.

There were no significant differences in demographic charac-
teristics and laboratory tests between the two groups at baseline
(see Table 1). All patients in the intervention group completed
the trial. 4 patients of the control group stopped the trial pre-
maturely because of repeated hypoglycemic events, most likely
due to diet and exercise interventions. In the intervention group
body weight decreased from 74.0+ 15.5kg to 71.5+ 14.8kg
during in-hospital treatment and to 70.2 4+ 12.8kg at the 3-
month follow-up. A similar decrease of weight was observed
in the control group (baseline 74.3 £+ 15.4 kg; hospital dismissal
733 £ 16.0kg; 3-month follow-up 70.5 £+ 13.9).

Glycemic control
Patients in the intervention group showed pronounced and cli-

nically relevant decreases in the levels of FG, 2hG and HbA .
Patients in the control group only showed mild decreases of

Table 1

Baseline characteristics.

Groups Age (y) Disease course (y) BMI (kg/mz) FG (mmeol/L) 2hG (mmol/L) HbA1c (%)
Control (30 patients) 51.9 £ 13.7 39+ 15 257+ 341 65+09 10.7 £ 3.9 747 £ 124
Intervention (30 patients) 523+129 41+£19 25.6 + 4.03 68+12 109 £ 43 753+ 119

Mean £ standard deviation. BMI, body mass index; FG, fasting plasma glucose; 2hG, mean 2-h plasma glucose after OGTT; HbA ¢, glycated hemoglobin Ajp.
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glucose levels and HbA; ¢ resulting in significant group differen-
ces of FG (p=0.027), 2hG (p=0.043) and HbA ¢ (p=0.024).
The course of the relevant diabetic control markers is depicted
in Table 2.

Similarly, the intervention group showed significant grea-
ter reductions of TC and TG levels as compared to controls
(p=0.041 and 0.008, respectively).

Hypoglycemic events

During medical history taking before the beginning of the
trial, 9 patients in the control group and 11 patients in the inter-
vention group complained that hypoglycemia easily occurred
if they would not eat food timely or after physical exercise. 4
patients in the control group dropped out because of repeated
hypoglycemic events in the course of the study. Throughout the
study, patients in the intervention group tended to be more capa-
ble of controlling appetite and no hypoglycemia event occurred.
They also showed fewer symptoms of acute hunger, palpitations
or tremors. Thus, hypoglycemic events decreased significantly
in the intervention group compared to the control group (p<(.
035} (see Table 3).

Anti-diabetic medication

At three months, in control group one patient had stopped
the oral antidiabetics and seven patients had decreased their oral
dosage of antidiabetics. All other patients maintained their pre-
vious dosage. In the intervention group 9 patients stopped their
intake of oral antidiabetics and 19 patients reduced the daily
oral dosage of antidiabetics, the remaining 2 patients maintained

their previous dosage (p <0.01) (Table 4).
Discussion

In China, the prevalence of both diabetes mellitus and meta-
bolic syndrome is increasing rapidly and large scale. However,
becanse of the large variety of ethnic groups and related diffe-
rences in dietary and lifestyle habits in China in comparison to
Western countries, heavy obesity is rare and dietary treatments
developed for Western populations might have to be modified.
Modified fasting and very-low-calorie diets are established as
intensified dietary approaches to initiate weight loss processes
and to improve weight control. Preliminary data also suggest
that pericds of fasting might be useful in improving insulin
sensitivity and diabetic contrel [1,3,10].

We previously observed that Chinese patients with metabo-
lic syndrome and T2DM undergoing standard fasting or VLCD
did frequently not tolerate the dietary approach for extended
periods and presented signs like thicker tongue coating, subjec-
tive discomfort and chilliness, which indicates the TCM-pattern
of mucus disturbing and Yang deficiency.

Hence, we adapted the European modified fasting the-
rapy [11], combining a subtotal or modified fasting/VLCD
(intake of 150 mg millet soup daily) with the prescription of
a Traditional Chinese Medicine herbal decoction, the modified
Ling-Gui-Zhu-Gan decoction. The decoction consists of subs-
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Table 2

Levels of fasting glucose, post prandial glucose, HBA ¢, total cholestercl and triglyceride before intervention and after three maonths in both groups.

3-Months follow-up

Baseline

Groups

2hG (mmolLy  HbAe (%) TC (mmoelly TG (mmoll)  FG (mmold)  2hG (mmol/L) HbaAqe (%) TC (mmol/L) TG (mmolL)

FG (mmolL)

6.67 + 090 5014195 6.3+ 1.0 10.1 £45 721 = 133 618+ 1.3 31+ 185
698 + 1.05

751 = 1.27
753+ 1.19

11.2 £ 4.0
109 + 43

6.6 =08

Control (26 patients)

4+ 1.03%

1.7

512 + 0.06%

623+ 00"

g1 +277

55+ 09"

583+ 206

§+12

Intervention (30 patients)

FG, fasting plasma glucose; 2hG, 2-h plasma glucose after OGTT; HbA -, glvcated hemoglobin Asc: TC, total cholesterol; TG, triglyceride. Between-group differences after 3-months.

* p-Value =0.027,
" p-Value
™ p-Value

0.043.

0.024.

Comparison to the baseline after the treatment.,

¥ p-Value
## pValue

0.041.
0.008.
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Table 3
Frequency of hypoglycemic events during study phase in both groups.

Control group  Intervention group

Patients with hypoglyeemic events (i) 13 5
Absolute number of hypoglycemic events 33 5
Table 4

Course of antidiabetic medication within the 3-months study period.

Groups Decreased dosage  Discontinued  Maintained dosage  Total
Control 7 1 18 26
Intervention 19 9 2 30

tances to warm and resolve mucus (wen-hua-tan-yin) and of
Radix Codonopsis Pilosulae (dang shen) and Radix et Rhizoma
Rhei (da huang) to strengthen the spleen and to remove turbi-
dity (jian-pi-xie-zhuo). Moreover, Radix et Rhizoma Rhei (da
hiang) was administered to enhance bowl movements. Accor-
ding to the principles of TCM this decoction enhances spleen
functions related to metabolic transportation and transformation.
We evaluated the clinical effects of this combined integrative
treatment approach for the first time by means of a randomized
controlled pilot study.

The results of our study demonstrate a clear and clinically
relevant effect of the combined integrative treatment approach
on improving glycemic control, need ol anti-diabetic medication
and reduction of hypoglycemic events. Thus, T2DM patients
with insufficient glycemic control may benefit from a combi-
nation therapy of a modified Ling-Gui-Zhu-Gan decoction and
short-term modified fasting/VLCD.

Data from Chinese experimental studies suggest that sin-
gle herbal extracts in the Ling-Gui-Zhu-Gan decoction are not
capahle of decreasing blood glucose, however, the combina-
tion within a multi-component and multi-target decoction might
exert synergy suggesting that the effects of the present treat-
ment resulted from an integrative modulation rather than from
the effects of single herbs.

Since Mc Garry [12,13] named type 2 diabetes as a ‘gly-
colipid disease” in 2001, the treatment of type 2 diabeles has
shifted from a mere control of glucose levels to a control of
glucose and lipids at the same time. Concomitantly, with impro-
ved glycemic control we found beneficial reductions in blood
lipids in the patients of the intervention group. According to
the knowledge of modern Chinese medicine [14,15], the patho-
genesis of T2DM and hyperlipidemia is related to dysfunction
of fransportation and transformation of the spleen, resulting in
insufficient metabolism of nutrients which then are thought to
lead to anaccumulation of mucus, fat and to dampness and turbi-
dity. Hence, a combination of the modified Ling-Gui-Zhu-Gan
decoction with fasting/VLCD may foster the renewing of the
s0 called *spleen function of transformation and transportation
[16]. That is why this therapy could have curative effects in the
treatment group, even if we would not have applied different
Chinese drugs to patients in the treatment group according to
different causes stages of the diseases.
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According to TCM, millet can strengthen the spleen and
harmonize the stomach, and may be specifically suitable for
people with deficient spleen and stomach constitutions. Modi-
fied Ling-Gui-Zhu-Gan decoction in combination with millet
can effectively promote the recovery of spleen functions on
transportation and transformation.

Of note, pharmacckinetics focus on drug mechanisms of
absorption and distribution, pharmacokinetics and metabolism.
Compared with the concept of spleen ruling transportation and
transformation, pharmacokinetics has an analogous meaning.

TCM emphasizes the notion of homology of Chinese Medicine

and food; the function of the spleen is identical to the processes
of pharmacokinetics, so in TCM it is believed that the spleen
governs processes of pharmacokinetics in human bodies. If the
spleen shows dysfunction, this will have detrimental effects on
metabolism and pharmacokinetics will also show pathological
characteristics [ 17]. Thus it might be the case that the TCM treat-
ment also restores patients’ therapeutic responses to drugs and
increase insulin sensitivity by recovering spleen function [16].

The mean BMI of the included patients in this study was
only slightly over 25 kg/m?. However, all patients adhered to
and well-tolerated the modified fasting treatment. Therefore, we
regard the combined treatment approach as suitable for non-
obese T2DM patients.

There are several limitations that apply to our study. Firstly,
we cannot differentiate which of the large anti-diabetic effects
would have been realized by each single treatinent module. The
First Affiliated Hospital of Sun Yat-Sen University is the first
formal medical institution which is carrying out treatments for
type 2 diabetes using fasting therapy in mainland China. There-
fore, there are noresearch results from other medical institutions
for the evaluation of the advantages of a modified Ling-Gui-Zhu-
Gan decoction combined with short-term fasting/VLCI in the
treatment of type 2 diabetes. Thus, further studies should com-
pare this combined treatment approach. Secondly, we do not
know up to what extend the resulls of this trial can be transferred
to Western populations. Finally, as we did not adjust for multi-
ple testing in this pilot trial an overestimation of the statistical
difference is likely.

Conclusions

In summary, the results of the present study suggest that a
combined treatment approach with a short-term modified fasting
and Chinese herbal Medicine may be a highly effective and safe
treatment approach to improve glycemic control in patients with

T2DM.

The long-term effects and mechanisms need to be evaluated
in further studies. Given the urgent need of extended treatment
possibilities in T2 DM further studies evaluating the combined
fasting/TCM approach are warranted.
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