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Purpose of review
The purpose of this review is to discuss transformational changes taking effect in
biology and medicine and to place them in a broad historical context.

Recent findings suggest that in the new millennium, information technology will
promote great changes in the study of biology and the practice of medicine. Digital
information, more readily assessed, analyzed and manipulated, will be used to integrate
large and disparate data sets. Systems biology emerging as an interdisciplinary

field will focus on complex interactions in biological systems. Health information
technology will make possible efficient healthcare that is predictive, personalized,
preventive and participatory.

Summary

Systems biologists’ understanding of biological information will promote conceptual
insights and practical innovations. Predictive, preventive, personalized and participatory
medicine will help patients and physicians make optimal treatment decisions.
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Introduction

Since the beginning of time man has sought to acquire
skills and tools to relieve suffering. Many millennia
before the written word our forbearers were sharing
medical information. Archeological findings dating back
to the Stone Age show evidence of surgical expertise,
broken limbs set and healed, dislocations reduced and
wounds treated. Bone needles from the Upper Palaco-
lithic (30 000 years ago) suggest that cuts may have been
sutured. Trepanation flourished in Neolithic Europe
(7000 years ago). Reasons for this practice remain uncer-
tain, but major blood vessels had to be avoided, bleeding
had to be controlled and surgical sites had to be kept free
of infection. The survival of those so treated evident by
the healing and remodeling of bone shows that the
ancient practitioners had acquired considerable know-
ledge of operative manual and instrumental techniques

[1].

About 5000 years ago, societies in ancient Sumeria, China
and South America invented writing, an achievement
that continues to sustain human capacity to accumulate
and share knowledge [2]. Evidence from ecarliest
recorded time attests to mankind’s interest in healing
the sick, first by looking to nature for remedies. A
Sumerian clay tablet (2150 BCE) describes wounds being
washed in beer and hot water, poultices made from pine,
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prunes, wine dregs and lizard dung. Other texts describe
the symptoms and prognosis of epilepsy, bronchitis and
scurvy. A list of 230 medicines using plant, animal and
mineral ingredients was found in an Assyrian pharmacy [1].
Ephedra, also known as ‘ma huang’, may be the world’s
oldest medicinal herb cultivated nearly 5000 years ago
for therapeutic purposes, among them the treatment
of asthma (www.botgard.ucla.edu/html/botanytextbooks/
economicbotany/Ephedra/index.html).

The human mind can construe a particular scenario in
multiple ways. Each idea has distinctively human quirks
that make it useful for reasoning but that can also lead to
fallacies and confusion [3]. All human societies through
the ages have had beliefs that account for birth, death and
illness. In these beliefs factors such as destiny, sin, and
astral influences often played a critical role fostered in
some measure by the fact that often the priest had also
been the physician and that the guardians of the medical
texts had been followers of particular religious devotions.
In the West starting in 12th century medicine was estab-
lished as a faculty along with law and theology in the great
European universities. A most notable advance in the
dissemination of health knowledge was the printing press
first assembled around 1440. Prior to this development
Cambridge University library owned a total of 122 books;
each had the value of a farm or a vineyard (http://
en.wikipedia.org/wiki/).
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2 Outcome measures

The modern era began in the mid 19th century when
students of animal physiology applied science to the art of
healing [4]. The philosophical origins of evidence-based
medicine (EBM) extend back to the same time as
medical practice based on experiments and data slowly
began to supplant practice based on authority and pre-
cedent [5]. EBM calls for clinical decisions supported by
relevant research into the accuracy and precision of
diagnostic tests, the power of prognostic markers, and
the efficacy and safety of treatment regimens [5]. Evi-
dence-based medicine seeks to establish the most effec-
tive algorithms of practice through the use of systematic
reviews and meta-analysis. [t draws support from modern
information science to collect all evidence and analyze it
according to accepted protocols.

In the past century and a half scientific medicine has
made great steps forward in accuracy and effectiveness.
For the first time it has been possible to manage success-
fully or even cure a wide range of illnesses. In the 20th
century translational biomedical research emerged with
the aim ‘to integrate bedside and biology’ and to bridge
the gap between clinical care and medical research. We
have seen vast advances in knowledge of the properties of
matter and of the molecules of life, all coincident with the
digitization of information. But, we have yet to develop
effective approaches for predicting and preventing the
occurrence of complex diseases [6].

The 21st century began with the sequencing of the
human genome, an advance setting off a revolution in
life sciences. Systems biology has emerged as an inter-
disciplinary field that focuses on complex interactions in
biological systems. A ‘system’ is a group of independent
but interconnected elements that function together
to comprise a unified whole (www.systemsbiology.org/
Systems_Biology_in_Depth). Systems biology studies
the hierarchies of biological information: DNA, RNA,
proteins, macromolecular complexes, signaling networks,
cells, organs, organisms, and species within their environ-
mental and temporal contexts. Biological networks cap-
ture, transmit, integrate, dispense, and execute biological
information [7]. Systems biology promotes conceptual
insights and practical innovations that will profoundly
transform societies with not only scientific and medical,
butalso ethical, social, legal and political consequences [6].

Health information technology will propel the revolution
in 21st century biology and medicine. Digital, as opposed
to analog information, is much easier to assess, analyze
and manipulate. Bookkeeping of biology and medicine
will be digitized. Relevant information will be extracted
from single molecules and from single cells. The logic of
life will be revealed computationally, although the inter-
play of environmental information with the digital gen-
ome information will still require experimentation [6].

Health information technology and systems biology will
have a major role in creating a predictive, personalized,
preventive and participatory approach to medicine [7].

Recently, National Alliance for Health Information Tech-
nology (NAHIT) established definitions for electronic
medical records (EMR) and electronic health records
(EHR).

EMR is the electronic record of health-related information
on an individual that is created, gathered, managed, and
consulted by licensed clinicians and staff from a single
organization who are involved in the individual’s health
and care. EHR is the aggregate electronic record of health-
related information on an individual that is created and
gathered cumulatively across more than one healthcare
organization and is managed and consulted by licensed
clinicians and staff involved in the individual’s health and
care. An EHR will provide a more comprehensive view
into a patient’s health and history by pulling information
from other systems, providing clinical decision support and
alerting providers to health maintenance requirements. It
will help providers report and measure quality indicators
for pay-for-performance incentives [8].

Enormous computational power can be delivered in
forms so small and inexpensive that individual patients
can use them. Data captured by these digital devices can
be turned to intelligence because we now have the
processing power and analytical methods to make sense
of it all. We are generating a mounting quantity of data
that can be made more useful by integrating clinical
research projects with data repositories built up by docu-
mentation of routine clinical care [9]. In 2007, the United
States Congress passed a law instructing the Food and
Drug Administration to make use of the terabytes of data
on drug exposure and clinical events that the health
system generates [10°°]. In 2009, the Institute of Medi-
cine in response to a congressional directive released a
report recommending a portfolio of 100 study topics
related to a range of diseases, research methods, and care
models that are important to the United States popula-
tion [11°°]. Health information technology allows com-
prehensive management of medical information and its
secure exchange between healthcare consumers and pro-
viders. Interoperable health information technology can
be expected to bring about:

(1) complete, accurate, and searchable health infor-
mation, available at the point of diagnosis and care,
allowing more informed decision making

(2) elimination of delays in the exchange of records and
of unnecessary/repetitive tests or procedures

(3) earlier diagnosis and characterization of disease

(4) reduction in adverse events through an improved
understanding of each patient’s particular medical
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history, potential for drug—drug interactions, and
ultimately enhanced understanding of a patient’s
metabolism or and molecular profile

(5) increased efficiencies related to administrative tasks.

(Health Information Technology for the Future of
Health and Care http://healthit.hhs.gov/portal/server.pt)

Conclusion

The ancient Greek concept of fechne describes a funda-
mental and defining feature of humans — the capacity of
thought to inform productive action. Tecine is a special
form of practical knowing: the capacity to undertake
reasoned activity for the production of ergon or work.
In the context of medicine, the Aristotelian idea of zechne
comprises listening skills directed to the lived experience
of the patient so that scientific knowledge can be applied
to the healing. This constitutes medicine’s existential
focus [12]. We now have the capacity to inject new
intelligence to health delivery systems. Our challenge
is to continue to apply zechne to enlarge the scope and
improve the quality of our work.
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