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ABSTRACT

Background: The current health care system faces increasing costs and demands while the presence of chronic

conditions in the general populations is rising. A shift from disease fighting toward health promotion is needed to

prevent these conditions and empower people to work on their own health. In the Military setting, health promotion

is equally important. Many Veterans are returning from missions with traumatic experiences. Therefore, in the field

of mental health, it is also important to focus on building mental resilience before deployment, instead of starting

treating after the damage is done. Throughout the ages, Eastern medicine systems have developed different views

on health, disease, and resilience. These systems generally focus more on health promotion and strengthening the

self-healing properties of the body, and are, therefore, complementary to Western medical developments. A better

understanding and integration of those complementary views might reveal new avenues for treatments.

Objectives: In this chapter, Chinese Medicine, Ayurveda, and endobiogeny thinking are reviewed. Examples

are then given of how systems biology can be applied to study Eastern medicine systems and reveal biologic

information about certain diagnostic principles. These examples show how combined Western and Eastern

diagnosis can be used to discover new patient subtypes. Those subtypes can then be used to study responses to

medications and lifestyle interventions, leading toward personalized treatment in the future.

Results: Different studies open a field of exploration to combine systems biology into global health practice. This

review shows that systems biology is successful in revealing biologic information about Eastern medicine practices.

Conclusions: This new comprehensive approach, bridging the East and the West, creates novel opportunities

for Military health care systems. More targeted and personalized treatment options can be developed for

Soldiers, as well as novel health-promotion strategies based on foods, herbs, acupuncture, and other modalities.
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Management, Grenoble, France.
6Professor in Cognitive Psychology, Ecole du Val de Grâce, Paris, France.
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INTRODUCTION

Various cultures across the globe have given rise to

a variety of sciences, resulting in different medical

practices. Each of these medical systems makes use of par-

ticular concepts of health, wellness, resilience, and healing. In

Western medicine, health is currently redefined as the ability

to adapt and self-manage in the face of social, physical, and

emotional challenges.1 In Chinese and Indian medicine, the

concept of health is more related to being one with nature and

the rhythms of life. An integration of medical systems is

needed to take full advantage of the various viewpoints and

enlarge our understanding of resilience, wellness, health, and

the means of promoting health and resilience.2

Western and Asian medicine apply very different meth-

ods for assessing health. Western science is very good at

measuring molecules and has generally followed a bottom–

up approach with regard to the pyramid of life described by

Oltvai and Barabási.3 (Fig. 1). Elucidating higher levels of

system organization is the concern of psychology. Over-

coming the body–mind divide has proven to be very diffi-

cult. Knowledge of health and maintaining health is very

limited, compared to the knowledge that has been gained

about the molecular basis of diseases.

Asian medicine systems on the contrary have evolved as

top–down approaches, phenomenological approaches,

based on the organization and dynamics of symptom pat-

terns. These dynamic symptom patterns consist of both

physical as well as mental aspects, because the body–mind

split has never occurred in Asian medicine. Therefore,

Asian medicine provides an excellent opportunity to rec-

oncile the body and mind in Western medicine. A half a

decade ago, significant steps were taken to develop what is

called a middle–out approach toward integration of mea-

surements of these diverse levels of system organization.4

In this chapter, various cultures of medicine are described

briefly, within a systems medicine context. Then, ap-

proaches to scientific evaluation and integration of various

systems of medicine are discussed and illustrated with some

examples from recent scientific literature.

WESTERN AND EASTERN SCIENCES

When we use the word science, there is no need for

explanation. Every reader, anywhere in the world, will im-

mediately assume that we are talking about the methodol-

ogy used in the last 400 years and based on the ideas of

Newton and Descartes, to try to understand our reality.

Medicine is part of this scientific thinking. What science

makes science are the rules that scientific philosophers such

as Kühne and Popper have defined. However, what gave

them the authority to devise these rules—that is, the em-

bedding of their ideas in the Western cultural philosophy,

which is rooted in our Western civilization?

If we were to conclude that there is only one science, the

subsequent conclusion would also, necessarily, be that there

is only one civilization in this world. If we were to assume

that this was not the case, we could do the previous thinking

exercise in reverse. Let us take a random civilization: the

Chinese civilization. Do they have cultural philosophers?

Lao Zi, Kong Zi, Mo Zi..So they have. Do they also have

scientific philosophers? Yang Hui, Li Shizhen, Fung Yu-

lan..Given that they do have scientific philosophers, who

formulated ideas about how to approach and examine our

reality? In addition, would it not be logical that these ideas

were totally different from Western ones because of their

different cultural bases? So, the Chinese approach to health

and healing would also be different from our Western ap-

proach. To understand the methodology of Chinese medi-

cine, we have to find a way to bridge the gap between the

two paradigms4 (Fig. 2).

Chinese medicine is not object-oriented but is much more

interested in the relationships between objects. In addition,

Chinese medicine is much more focused on the quality then

on the quantity of measurements. What Chinese medicine

does is map patterns of relationships, relationships among

symptoms, pulse characteristics, tongue features, and other

factors. These are the exact characteristics of systems

thinking—a new scientific way of thinking developed in the

West after World War II, characterized by mapping rela-

tionships. Could this systems thinking be the bridge, the

meta-language, between Western medicine and other sys-

tematic medical systems?

AYURVEDA: A SYSTEMS SCIENCE

Ayurveda, one of the oldest medical systems in the world,

can bring new keys to understanding the complexity of

health. Ayur means life in Sanskrit. Veda means science

or knowledge. Ayurveda developed * 3000 years bc and

was organized into eight different branches: (1) general

medicine; (2) pediatrics (including Cesarean sections for

mothers); (3) psychiatric treatment; (4) ophthalmology

(including cataract surgery); (5) surgery; (6) toxicology; (7)

rejuvenation treatment (geriatrics); and (8) and sexology.

Ayurveda is based on the body type of the individual that

has to be taken into account, as well as the environment the

person lives in, to determine a specific treatment for that

individual patient.

According to Ayurvedic knowledge, the human being is

the microcosmos, which is completely interconnected with

his or her environment, the macrocosmos. Healthy rela-

tionships among every living system are primordial for

global health, because everything is made of the five basic

elements: Space; Air; Fire; Water; and Earth. In today’s

language, a rough translation would be: carbon; hydrogen;

and oxygen atoms that are omnipresent in living and non-

living forms.
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Ancient texts5 emphasize the importance of taking care of

health before disease occurs, which would be proof of an

imbalance of the body’s original state. This is represented

today by the term allostasis, which is explained in more

detail in the following section. The aim of Ayurvedic

treatment is to help a patient transition from a disease state

to an allostatic state, or even to homeostasis, following the

dynamic functional changes of the person’s type.

It is worthwhile to focus a little bit more on the mecha-

nisms of Ayurveda. An interesting view of these ancient

texts is the concept that every human being is unique, and

the physiology of each biologic system is ruled by forces—

or doshas—that could be translated into functional pheno-

types. In order to go a bit deeper into Ayurvedic diagnosis, it

is helpful to focus on the doshas, or mind–body principle,

that involve the five basic elements. Space and Earth give

birth to the Vata dosha (Air); Fire and Water give birth to

the Pitta dosha (Fire); and Water and Earth give rise to the

Kapha dosha (Water). Everyone has a specific percentage of

Fire-type (Pitta), a specific percentage of Water-type (Ka-

pha) and a percentage of Air-type (Vata). It is during con-

ception that human beings get their primary constitutions

(Prakriti; Fig 3).

The force of Fire is responsible for all the digestive and

metabolic processes of the body and the mind. The force of

FIG. 2. Systems biology as a bridge between Chinese and
Western medicine. As migration moved populations apart in
space and time, the Western and Chinese cultures evolved sep-
arately, giving rise to specific cultural philosophies. These phi-
losophies gave rise to philosophies of science, which led to types
of science. This evolution allowed different types of science to
exist alongside one another. Figure reproduced from van der
Greef, et al., 2010. Reprinted with permission from # Georg
Thieme Verlag KG.

FIG. 1. A representation of levels of system organization, techniques for measuring these levels of organization, and the con-
vergence of Chinese and Western science. EEG, electroencephalograph, LEU,; BAT,; ILV,; ATP, adenotriphosphate; ADP, aden-
osine diphosphate; UMP, uridine monophosphate; UDP, uridine diphosphate; UTP, uridine triphosphate; CTP, cytidine triphosphate.
Adapted from Oltvai and Barabási, 2002, with permission from American Association for the Advancement of Science (AAAS).
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Water is the key to the structures of the body and the mind.

Finally, the Air force is the guarantee for conduction and

mobility in the body and the mind (digestion peristalsis,

blood circulation, nerve impulses, breathing). When we

translate this into a more physiologic process, every cell has

these three forces it needs: structural components; metabolic

capacity; and mobility capacity.

Other points are included in elaboration of the diagnosis,

such as physical features (the quality of the tongue can also

indicate dosha imbalances, as well as the study of the pulse,

as in Chinese medicine). In addition to these physical

semiologic features, an important part of the consultation is

based on questioning regarding the patient’s lifestyle and

habits spanning his or her life.

With the years, and the effects of age and stressful situa-

tions, we divert from our Prakriti into a new state of imbalance

known as Vikriti (Fig. 4). It is opportune for disease devel-

opment. The initial percentages of the three functional forces

are now disturbed—whether they are increased or decreased.

The whole aim of the global treatment is to use herbal med-

icines, massages, diet, yoga, and adaptation of the individual’s

environment to restore the Prakriti of the patient, in his or her

five bodies, which are known as the five koshas6 (Fig. 5).

THE SYSTEMS BIOLOGY APPROACH
TO HEALTH IN EASTERN MEDICINE

In systems biology, an organism can be considered to be

a dynamic, self-organizing system.7,8 Not only the physiology

and anatomy of the human body can be approached in this

fashion—pathology also appears to be dynamically organized.

Symptoms arise in groups and create a dynamic balance.

In Chinese medicine, it is said that symptoms group around

virtual centers, for which poetic names, such as Spleen Qi

Deficiency or Liver Yang Rising, are used in Chinese diag-

nosis. Ayurvedic, Tibetan, and other Asian medicine sys-

tems have their own sets of names for such virtual centers.

However, these labels should not distract us, although these

exotic names are far from our Western scientific reality.

Statically, we can see that the grouping of the symptoms is

very consistent. In addition, if a symptom appears that does

not primarily belong to a stable group of symptoms, the

system tends to behave chaotically. Such a symptom is

called a ‘‘bridge symptom.’’ It brings the dynamically bal-

anced system of a diseased body into a new dynamic steady

state in which the patient can feel better or worse.

This could indicate that health is a dynamic state in which

an organism’s system responds between a maximum and

minimum: the homeostatic state. Actually, we could say that

a person is at maximum health when that person’s dynamic

FIG. 3. The healthy situation is characterized by the right bal-
ance of the three forces: Wind (V); Fire (P); and Water (K).

FIG. 4. The state in which the three forces—Wind (V); Fire (P);
and Water (K)—are out of balance. FIG. 5. The five bodies or five koshas according to Ayurveda.
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self-organized system is as open as possible and exchanges

the largest possible amount of information with its envi-

ronment, without losing its identity.

When the system is challenged, it can go into an allostatic

state in which the dynamic system is stretched to a maxi-

mum but can recuperate by itself. When the system is fre-

quently challenged to the allostatic state, the system can

adapt to that state and become part of the homeostatic state.

When the system is challenged to a level that it cannot

recuperate by itself, the system goes into a disease level.

The system organizes itself into a new dynamic balance,

which is not perceived as pleasant or healthy by the patient.

When the system is not helped to make the move back into

the allostatic or homeostatic state, the system will move into

a next disease level (Fig. 6).

SYMPTOMS AS INTERMEDIARIES BETWEEN
WESTERN AND ASIAN DIAGNOSES

A Chinese syndrome is characterized by a specific pattern

of symptoms, just like a Western disease is characterized by a

specific group of symptoms. However, Chinese syndromes

and Western disease patterns are determined by different sets

of diagnostic tools. Chinese diagnosis makes use of ques-

tioning a patient, observing the tongue, and taking the pulse,

among other ways of obtaining information about the patient.

Western medicine developed many measurement techniques

to identify changes in, for instance, blood parameters. A

Western disease can consist of many different Chinese syn-

dromes. Conversely, a Chinese syndrome can belong to many

different Western diseases. In this way, symptoms can bridge

the Western and Chinese diagnoses and help us subtype

Western diseases and find new relationships among the dif-

ferent Western diseases we have not been able to observe yet.

Discovering relevant subtypes of diseases, such as rheuma-

toid arthritis (RA) and type 2 diabetes mellitus is very im-

portant for optimizing treatment strategies and moving

toward personalized medicine approaches.

Figure 7 shows an example of this approach in which RA

symptoms were compared to symptoms of Chinese syn-

dromes. In addition, the symptoms of some other rheumatic

diseases were also compared to the same Chinese syn-

dromes. This resulted in a network of relationships as shown

in the figure, showing that RA is indeed related to many

Chinese syndromes. After checking these observations with

Chinese medicine experts, a combination of two general

TCM subtypes with RA was chosen for further study, Cold

RA and Heat RA. Another argument for this choice was that

those two subtypes of patients with RA are treated very

differently in Chinese medicine. Therefore, great differ-

ences in disease mechanisms can be expected as well as

differences in responses to Western medications.

METABOLOMICS TECHNOLOGY
FOR VALIDATING AND UNDERSTANDING

SYMPTOM PATTERNS

An approach was needed to build a bridge between symp-

tom patterns observed and used in Asian medicine and the

molecular biologic approach on which Western medicine is

founded. The Netherlands Organization for Applied Scientific

Research (TNO), Utrechtseweg, Zeist, The Netherlands,

FIG. 6. Conceptual positioning of the relationships among health, resilience, and allostasis. Health is challenged by acute stressors and by
chronic stressors that could build up allostatic load over time. The response to sudden challenges is often conceptualized as resilience.
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together with the Sino Dutch Centre for Preventive and Per-

sonalized Medicine, Utrechtseweg, Zeist, The Netherlands,

pioneered two research lines in which metabolomics was used

to characterize patient subtypes.9 Western patient classes, RA,

and type 2 diabetes, were subtyped using Chinese diagnosis.

Then blood and urine samples were collected from these pa-

tients for metabolomics analysis with the aim of finding bio-

logic molecular mechanisms behind the Chinese subtypes.

Figure 8 summarizes the systems biology approach in

which metabolomics is one of the technologies that can be

complemented by others, such as proteomics and transcip-

tomics. Metabolomics focuses on measuring metabolites,

which represent the state of the body at a certain moment

and can give indications of many processes, such as in-

flammation, energy balance, oxidative stress, metabolism,

hormone organization, etc.

Analysis of the data is a critical step. Various multivariate

data analysis techniques especially suited to working with

metabolomics data have been developed over the years.

More than a decade ago, nonlinear data analyses had begun

to evolve in order to supplement the linear ones.10

Two subtypes of RA, RA Cold and RA Heat, could be

classified based on symptom and clinical chemistry pro-

files with a classification error of 15%. The same patients

could also be classified based on urine metabolite profiles

with a classification error of 14%.11 Figure 9 shows how

the results of a principal component analysis are presented.

In the left panel, differences between patients with RA

Cold and RA Heat are shown. Both groups are almost

separated, but there is some overlap. In the right panel, the

symptoms and clinical chemistry measurements that are re-

sponsible for most of the variation in the patient groups are

FIG. 7. Overlapping symptom patterns between Western rheumatic diseases and Chinese arthritis related syndromes. The blue
hexagons represent the Western disease categories while the orange hexagons represent the Chinese syndromes. The small circles
represent symptoms. Only those symptoms are shown that are representative of at least two syndromes, diseases or disease/syndrome
combinations (bridge symptoms). SLE, systemic lupus erythematosus; OA, osteoarthritis; JIA, juvenile idiopathic arthritis; RA,
rheumatoid arthritis.
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shown. The ones pointing toward the left are most related to

RA Cold, and those pointing toward the right are most related

to RA Heat.

A similar study was performed with patients with predi-

abetes who were diagnosed by three TCM practitioners in

three patient groups: (1) Qi and Yin Deficiency; (2) Qi and

Yin Deficiency with Dampness; and (3) Qi and Yin Defi-

ciency with Stagnation. Metabolomics measurements of

urine samples revealed differences in carbohydrate metab-

olism and renal function between the Stagnation group and

the other two groups12 (Fig. 10).

Similar to the TCM/systems biology studies on RA Heat

and RA Cold, it is possible to define subtypes based on

Ayurvedic symptoms, involving Ayurvedic symptom pat-

terns matching with Western rheumatoid arthritis.13

According to presence or absence of Dampness, the patient

will be Kapha- aggravated (excess of Water) or Kapha-lacking.

The presence of symptoms of Pitta (inflammation) will make

the patient Pitta-positive or Pitta-negative, and dryness will be a

sign of Vata aggravation. If subgroups of patients could be

recruited, their specific metabolomic profiles could be mea-

sured, conventional treatment plus the specific Ayurvedic

FIG. 8. Systems biology approach involves measuring large numbers of metabolites from various tissues and cells. Next, the approach
involves using multivariate data analysis techniques to determine the most relevant variables, which are subsequently used for inter-
pretation.

FIG. 9. The left panel shows the scores of the patients with Cold and Heat rheumatoid arthritis (RA) obtained by the optimal principal
component analysis principal component analysis model. The right panel shows the loadings of the variables used in the PCA model.
The variables pointing toward the right are mostly related to the Heat RA group while the variables pointing toward the left are related to
the Cold RA group. CHOL, cholesterol; ALT, alanine aminotransferase; LY#, lymphocyte number; MCHC, mean corpuscular he-
moglobin concentration; BUN, blood–urea–nitrogen; CCP, citrullinated protein antibodies; RDW, red blood cell distribution width;
PLT, platelet count; IGM (IgM), immunoglobulin M; IGG (IgG), immunoglobulin G).
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corrections could be given, and the evolution of the patients’

symptoms could be followed. Many research teams focusing on

this field of Ayurgenomics are finding interesting patterns for

use in preventive medicine.14 An example of subtyping chronic

back pain after a Military mission is shown in Figure 11.

ENDOBIOGENY: A SYSTEMS
ENDOCRINOLOGY APPROACH

Another interesting systems biology approach is en-

dobiogeny. It was developed by French medical physi-

cians, Jean-Claude Lapraz, MD and Christian Duraffourd,

MD in the early 1970s.15 Endobiogeny’s focus is on the

relationships among the different endocrine regulation

loops and predicting the stage of an individual (homeo-

stasis, allostasis or disease) according to various indexes

reflecting the endocrine functions (Fig. 12).

Each function is quantified by an index, specified by a

level of activity, and qualified by a score. The index ex-

presses the resulting effectiveness of the function’s ac-

tivity, both in itself and in relation to the metabolic needs

of the organism. The whole set of indexes gives a very

precise longitudinal assessment of an individual body’s

functionality, system by system, organ by organ.

These indexes are calculated mostly from commonly

used blood analysis data using formulae that reflect the

modalities of functionality. Reliability and reproducibility

are provided by a computer-based model that simulta-

neously determines the whole set of indexes.

This biology of functions allows one to determine the

pathogenic tendencies of an organism, its stage of devel-

opment, and the degree of severity of a potential pathology.

Biology of functions can also be used as a tool to track the

natural development of the pathology and its development

FIG. 10. Principal component analysis score plot for three
groups of patients with prediabetes. The Stagnation group is
separated from the Dampness group, indicating that different
concentrations of urine metabolites have been measured for those
subgroups. PC1, principal component 1.

FIG. 11. A simplified clinical case including conventional Western diagnosis and Ayurvedic specificities for chronic low-back pain.
ttt, treatment.
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under treatment, in order to adjust the latter better. A flow

chart of a study conducted within the French military is

presented in Figure 13.

MODELING INTEGRATIVE
MEDICINE PERSPECTIVES

An essential element for integration of the various types

of information obtained from Western scientific approaches

and Asian scientific approaches is a method for modeling

relationships and dynamics.16 Mechanistic modeling can be

useful in this integration, because mechanistic modeling

provides the means to connect both approaches. Suppose we

have a model that describes some physiologic variables that

are also used for diagnosis in Chinese medicine. Such a

model can be extended with a set of variables that describe

certain aspects of health from a Chinese perspective, based

on a set of equations or rules. Simulations for a number of

well-chosen conditions can then be used to display, side by

side, the effects of these conditions on Western and Chinese

indicators of health. This enables mutual understanding and

a common ground for discussions about, and exchanges of,

knowledge between Western and Chinese experts.

Figure 10 shows an example of how the above can work

in practice. TNO developed a first prototype model of a

systems health model that describes various aspects of

health, including glucose metabolism, mental stress, and

inflammation. The inputs of the model are factors related to

lifestyle, such as food intake, exercise, and sleep. This

model was built in MARVEL, a modeling tool that com-

bines a relatively simple representation of the system of

interest17 with an easy-to-use interface. The interface allows

the use of a touch table in interactive discussion sessions

with domain experts and stakeholders.

Although a simple representation has some drawbacks, it

also has a number of clear advantages: it can intuitively be

understood by people who are not familiar with modeling

FIG. 12. Relationships among the endocrine functions. Metabolism begins with catabolism and ends with anabolism. The various axes
alternate in their metabolic effects and complement each other by starting or ending the activity of the axis that precedes an axis in a
continuous loop of metabolic activity.

FIG. 13. Flowchart of an endobiogeny study conducted in the French military. ISAF, International Security Assistance Force; IED,
improvised explosive device; SAS, Special Air Service.
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and it allows fast simulation of the effects of changes in

input variables, allowing for vivid interaction with experts.

Panel A of Figure 14 shows the variables and their inter-

actions (the shapes of the arrows in the figure indicate

strengths and speeds or interactions). The simulation view

in Panel B shows the dynamics of a simulation in which

cumulative overfeeding leads to the onset of type 2 dia-

betes. The radar chart in Panel C provides an alternative

visualization of cause–effect relationships derived from

simulation results.

FIG. 14. Prototype systems health model built in MARVEL. Panel A shows the variables and their interactions (shapes of arrows
indicate strengths and speeds or interactions). Panel B shows a simulation of the dynamics in which cumulative overfeeding leads to the
onset of type 2 diabetes. The radar chart in Panel C provides an alternative visualization of cause–effect relationships derived from
simulation results.
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CONCLUSIONS

This new comprehensive approach, bridging the East and

the West, creates novel opportunities for Military health

care systems. More targeted and personalized treatment

options can be developed for Soldiers, as well as novel

health-promotion strategies based on foods, herbs, acu-

puncture, and other modalities.

RECOMMENDATIONS
FOR FUTURE RESEARCH

Asian science and medicine is essential for the future of

health care. There is a clear need to bridge the chasm be-

tween psychology and biology, which appears to be mar-

ginally successful in current scientific approaches. Asian

medicine can provide an integrative perspective on many

diseases, allowing opportunities for better treatment and

more personalized treatment.

Two essential focus points can be identified to move the

field forward from a scientific point of view. First, tech-

niques should be developed further to obtain Asian symp-

tom patterns from patients in an objective manner. This

involves a shift from developing questionnaires, which are

linear in nature, toward developing expert systems. Expert

systems are ideally suited to address the nonlinear nature of

gathering patient information and discovering underlying

disease patterns. Such expert systems can be installed easily

on mobile devices for use in the field.

Second, approaches should be developed to integrate the

variety of types of data using state-of-the-art dynamic

mechanistic modeling techniques. Effort needs to be made

to develop such models with currently available knowledge

in the literature and from experts.

Both of the above elements are relevant in a Military

setting. The expert systems based on Asian dynamic

symptom patterns provide a unique diagnostic system for

tracking aspects of resilience, fitness and health. The dy-

namic models can also be installed on mobile devices, en-

abling tracking of many sources of data, such as food intake,

activity patterns, physiologic measures, mood, etc. The model

can then be used to simulate the effects of possible inter-

ventions on the performance of an individual. Such models

can therefore be used by an individual but also by com-

manders for monitoring unit resilience. At many levels of a

Military organization, these tools can provide hypotheses for

interventions, directions for spending research money, track-

ing resilience and health, and empowerment for individuals.
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