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This journal follows the guidelines of the Interna-
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cation Ethics (http://www.publicationethics.org).

Authors should especially be aware of the following
relevant issues in these guidelines:

Authorship

All authors should have made

(1) substantial contributions to conception and design,
acquisition of data, or analysis and interpretation of
data;

(2) drafting the article or revising it critically for im-
portant intellectual content; and

(3) final approval of the version to be published.

Conflicts of interest

All authors must disclose any financial and personal re-
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Protection of human subjects and animals in research

Authors who submit a manuscript on research
involving human subjects should indicate in the
manuscript whether the procedures followed were in
compliance with the ethical standards of the respon-
sible committee on human experimentation (institu-
tional and national) and with the World Medical As-
sociation Declaration of Helsinki on Ethical Princi-
ples for Medical Research Involving Human Subjects
(http://www.wma.net/en/30publications/10policies/b3/).

European Journal for Biomedical Informatics does not
publish material that has already appeared elsewhere.
Submitted manuscripts should not be submitted in paral-
lel to any other journal.

Manuscript preparation

Authors are kindly requested to carefully follow all in-
structions on how to write a paper. In cases where the
instructions are not followed, the paper will be returned
immediately with a request for changes, and the editorial
review process will only start when the paper has been
resubmitted in the correct style.

Authors are responsible for obtaining permission to
reproduce any copyrighted material and this permission
should be acknowledged in the paper.

Authors should not use the names of patients. Patients
should not be recognizable from photographs unless their

written permission has first been obtained. This permis-
sion should be acknowledged in the paper.

In general the manuscript text (excluding sum-
mary, references, figures, and tables) should not exceed
5 000 words.

Kindly send the final and checked source and PDF
files of your paper to manuscripts@ejbi.org. You should
make sure that the LATEX and the PDF files are identical
and correct and that only one version of your paper is
sent. Please note that we do not need the printed paper.

Where appropriate, the paper should be organised into
the following sections: Abstract, Introduction, Objectives,
Methods, Results, Discussion, Conclusions, Acknowledg-
ments and References. Apart from the main headings,
subheadings should be used and may be numbered.

Authors are strongly encouraged to use LATEX2ε
for the preparation of manuscript. The LATEX tem-
plate ejbi_template.tex can be downloaded from
www.ejbi.org/en/instructions/.

When you are not able to use LATEX, please use MS
Word or OO Writer and send us the unformatted text.
Kindly follow just instructions about preparing figures,
tables and references. We are going to convert your text
into LATEX instead of you.

If you use LATEX together with our template file,
ejbi_template.tex, your text is typeset automatically.
Please do not change the preset fonts. Do not use your
own macros, or styles.

Please use the commands \label and \ref for cross-
references and the commands \bibitem and \cite for
references to the bibliography, to enable us to create hy-
perlinks at these places.

Title page

The first page of the article should contain: title of the
paper (also the shorter version for running heads), initials
and last name of each author, to be followed with their in-
stitutional affiliations, the name, address, e-mail address
and telephone of the corresponding author.

Abstract and Keywords

The abstract should summarize the contents of the pa-
per and should not exceed 250 words. Authors are re-
quested to write a structured summary, adhering to the
following headings: Background (optional), Objectives,
Methods, Results, Conclusions.

At the end of the Abstract, the contents of the pa-
per should be specified by, at most, five keywords. We
recommend using MeSH keywords.

Headings

Headings should be capitalized (i.e. nouns, verbs, and
all other words except articles, prepositions, and conjunc-
tions should be set with an initial capital) and should be
aligned to the left. Words joined by a hyphen are subject
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for colour reproduction, are coloured pictures accepted.
Coloured pictures are welcome in the electronic version
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as the contrast of converted colours show up very poorly
when printed in black and white.

Formulas

Displayed equations or formulas are centred and set on
a separate line (with an extra line or halfline space above
and below). Displayed expressions should be numbered
for reference. The numbers should be consecutive within
each section or within the contribution, with numbers en-
closed in parentheses and set on the right margin.

Footnotes

The superscript numeral used to refer to a footnote
appears in the text either directly after the word to be

discussed or – in relation to a phrase or a sentence – fol-
lowing the punctuation sign (comma, semicolon, or pe-
riod). Footnotes should appear at the bottom of the nor-
mal text area, with a line of about 2 cm set immediately
above them.1

Program Code

Program listings or program commands in the text
are normally set in a typewriter font, e.g. CMTT10 or
Courier.
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Editorial en1

Using Information to Improve the Quality of Care in Type 2

Diabetes in Primary Care

Štěpán Svačina1

1 3rd Medical Department of General University Hospital and Charles University -1st Medical faculty, Prague, The Czech Republic

Dear reader,
You are opening the special topic issue “Using Informa-

tion to Improve the Quality of Care in Type 2 Diabetes in
Primary Care” of the European Journal for Biomedical In-
formatics. This issue contains the contributions presented
at the workshop organized on the occasion of the European
Federation of Medical Informatics special topic conference
(STC) “Data and Knowledge for Medical Decision Support”
held in Prague, Czech Republic, on April 16th 2013.

The WS3 workshop entitled “Using Information to Im-
prove the Quality of Care in Type 2 Diabetes in Primary
Care” was organized by EFMI Working group PCI - Primary
Care Informatics, by 1st Faculty of Medicine of Charles Uni-
versity in Prague and by The Society of General Practice of
Czech Medical Association J. E. Purkyně. The workshop was
chaired by me and by prof. Simon de Luisignan from Great
Britain.

In case of diabetes the quantitative and technological
support is of great importance. First mathematical mod-
els in diabetology had been used in 1950s. 20 years later
the information systems to support the clinical care for dia-
betic patiens were used and simultaneously first consultation
and expert systems for diabetes diagnostics and treatment
were proposed. During last 30 years many technologies to
support care for diabetes have been introduced, e.g. blood
glucose monitoring systems , insulin delivery pumps, imag-
ing technologies for diabetic retinopathy, close loop systems
for diabetes treatment. To cover all these topics the annual
conferences “Computers in diabetes” on the occasion of Eu-
ropean Diabetes Society Congress were organized up to the
end of 1990s.

Today most activities in this field are organized by the
Diabetes Technology Society. It is a nonprofit organization
committed to promoting development and use of technol-
ogy in the fight against diabetes. It was established in 2001
by David C. Klonoff, Professor of Medicine at University of
California, San Francisco. Annual meetings are organized by
the society - this year in Bethesda, USA. European activities
are also organized by this society, e.g. Certified European
Diabetes Technician course in Copenhagen this year.

Many articles in the field of medical informatics are pub-
lished in the important Journal of Diabetes Science and Tech-
nology. It is a bi-monthly, peer-reviewed scientific journal
published by the Diabetes Technology Society, which covers
all aspects of diabetes technology including glucose moni-
toring; insulin and metabolic peptide delivery; the artificial
and bioartificial pancreas, telemedicine; software for model-
ing; physiologic monitoring; technology for managing obe-
sity; diagnostic tests of glycation; and the use of bioengi-
neered tools, new biomaterials, and nanotechnology to de-
velop new sensors to be applied to diabetes. Articles cover
both basic research and clinical applications of technologies
being developed to help people with diabetes. First issue was
published in January 2007.

Computers and technologies have been moving from spe-
cial centers and clinics to the offices of General Practitioners.
Therefore we have chosen this theme for the Prague Work-
shop and for this special issue of EJBI. Presenters have sent
the majority of presented lectures to this issue and so I hope
you will enjoy this very interesting part of Biomedical Infor-
matics.

c©2014 EuroMISE s.r.o. EJBI – Volume 10 (2014), Issue 2



en2 Original Article

Pharmacoeconomy of Diabetes Mellitus and its Implications

for Organization and Quality of the Care in the Czech

Republic

Pavel Horák1, Milan Kvapil2

1 3rd Dept. of Internal Medicine, 1st Medical Faculty, Charles University, Prague
2 Dept. of Internal Medicine, 2nd Medical Faculty, Charles University, Prague

Abstract

Introduction: Organization of the care is important fac-
tor for success, cost effectiveness and quality of the care
for large scale chronic diseases such as diabetes mellitus.
Valid data are needed for decision support.
Aim: To calculate real prevalence of diabetes in the pop-
ulation from incomplete data sources originally created for
billing to the insurance company, to establish how these
patients are treated and collect markers of quality of the
care.
Methods: In data sources diabetic patients were identified
by combining diagnoses from coded procedures with data
about medical prescription and procedures directly linked
to diabetes.
Results: 6% increase in real incidence rate of diabetes
mellitus patients since 2002 was observed as well as 23%
(2003-2009) decrease in mortality rate (50% decrease be-
tween 1980 to 2009).

Data also show not only higher average expenses for treat-
ment of patients with diabetes mellitus compared to aver-
age expenses incurred for treatments of all other diagnoses,
but also a crucial relationship of costs with presence or ab-
sence of diabetes mellitus complications.
Conclusion: Study overcame disadvantage of data sources
which would otherwise lead to underestimation of numbers
of diabetic patients. Our analysis bring additional informa-
tion and showed possible financial impact for the future,
if problem with prevention, regional differences in the care
and incomplete adherence to guidelines will not be properly
addressed.

Keywords

Diabetes mellitus, pharmacoeconomy, quality of the care,
organization of the care
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1 Introduction

From 8 to 10 percent population in developed coun-
tries suffer from diabetes mellitus. Illness tied together
with ample nutrition, sedentary lifestyle, stress of any
kind, civilization habits and of course to genome of pop-
ulation. Diabetes presents not only burden for rich de-
veloped countries, but it spreads all over the globe, to
developing countries with very large groups of very poor
people included. There, diabetes is also on the surge be-
cause of eating habits imported from the developed world.
Much more financially vulnerable health care systems in
those countries thus also face serious threat of financial
devastation.

But the same is true for health care systems in devel-
oped countries. In those countries sophisticated medicines
and treatment options are used. As an example we fre-
quently transplant kidneys to diabetics and this diagno-
sis presents number one indication for this costly proce-
dure. Human insulin’s are used for substitution of in-
sulin deficiency and to overcome insulin resistance and
thanks to that, our patients live longer. Despite the fact,
that diabetes is still shortening the life of the patient,
this all means tens of years of expensive care. Increase
of incidence and from better treatment resulting increas-
ing prevalence of diabetes pose major challenge to the fi-
nancial stability and sustainability of health care systems
of developed countries with their universal coverage and

EJBI – Volume 10 (2014), Issue 2 c©2014 EuroMISE s.r.o.
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equal access to the up to date care for all patients as well.
Costs to treat average uncomplicated diabetic patient are
two times higher compare to average non healthy patient
with non diabetic diagnoses. What is important, for di-
abetic patients with complications (renal failure is to be
mentioned on the first place) costs are ten times higher
than average.

It has to be added, that also cooperation with diabetic
patients may be far from ideal. To change their eating
habits, to correct obesity, to achieve regular self adminis-
tration of treatments (especially in young patients), this
all in illness which does not ache and which usually does
not present an imminent threat to the patient life is diffi-
cult and we are not always successful in it.

Also health care system has its substantial reserves
in organization of the care for chronic patients. Many pa-
tients do not know about their condition up to the moment
when first complication arrives. Education targeted both
to groups at risk and to the wide population, comprehen-
sive prevention and screening programs, this all can bring
patients in time to the appropriate care. Early enough
either to prevent occurrence of illness or at least to delay
its onset or prevent major complications. Efficient co-
ordinated care can prevent occurrence of costly episodes
which not only endanger and shorten patient life, but also
challenge availability of adequate resources to treat all di-
abetic and non diabetic patients in the society. Good data
analysis is very important and helpful tool for those who
organize care at the national level.

2 Experience in the Czech
Republic

National Health Service of former regime in the Czech
Republic twenty years ago required mandatory registra-
tion and follow up of diabetic patients. Care for them
and also for other patients with diseases perceived to be
threat to the national health was hierarchically organized
with gate keeping primary care physicians which referred
patients to the specialists. Because of growing number of
patients, new medical specialty was created, and as a re-
sult of this, until present, diabetologists are in the Czech
Republic taken care of diabetics and not endocrinologists
like in most, maybe all other countries.

Nowadays liberally organized health care system exists
in our country. There is no gate keeping role of primary
care physicians, those are often used to refer all, or most
diabetic patients to the diabetologists, because they are
afraid of expenses and higher intensity of care. Patients
have free access to all physicians. They can choose almost
any care giver they want. But in the outpatient sector
most care givers are self employed fee for service reim-
bursed private physicians. From obvious reasons this leads
to duplicate and unnecessary care which wastes resources.
But there are also patients who seek care unsuccessfully
or decide to be a “no show”. This presents high risk of
complications of diabetes in years to come and also more

frequent hospitalizations because of emergences resulting
from poor compensation of the illness. From the orga-
nizer of care point of view, it is very difficult to get good
data about incidence and prevalence of diabetes and data
about treatments, utilization of resources and quality and
outcomes of the care for diabetics. This is a chance for
medical informatics and up to date means of getting and
analyzing data in order to improve the quality of the care.

3 Data collection and analysis

3.1 Aim of the Study

• To detect as many diabetics as is possible in popu-
lation of largest medical insurance company (VZP -
with more than 6 millions insured from total of 10
million population of the Czech Republic) and make
good extrapolation of total numbers of diabetics in
the country.

• To establish how and by whom these patients are
treated and collect as many as possible markers of
quality of the care.

• To present results obtained to the medical societies
and to the Ministry of the Health with hope that
appropriate measures to increase quality and orga-
nization of the care will be discussed and adopted.

3.2 Data collection

Data of the largest insurer in the Czech Republic VZP
(General Health Insurance Company) were used. We were
aware of some important challenges we had to meet:

• Primary care physicians in the Czech republic are
paid by capitation and are not required to report
individual services rendered (and also diagnoses) of
the patient to the insurance company. To detect
diabetics among their patients we had to use infor-
mation about medical prescriptions in their offices
(insulin, medical devices, pumps, strips, oral antidi-
abetic agents) and specialized services ordered - lab-
oratory tests – glycosylated hemoglobin, referrals to
the diabetologists which contain diagnosis, etc.)

• Specialist, if they diagnose or treat the patient, have
to report service and diagnosis, but often are used
to report diagnosis related to their specialty and not
other diagnoses. For example nephrologists treating
diabetic patients with chronic renal failure would for
billing to the insurance company rather use this di-
agnosis and not diagnosis of diabetes. The same will
be true for specialized services ordered (e.g. some
functional test or CT, NMR studies). Similarly,
cardiologist treating chest pain would probably for
billing of stress test use diagnosis of angina pectoris
and not diabetes.

c©2014 EuroMISE s.r.o. EJBI – Volume 10 (2014), Issue 2
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• Hospitals because being paid by DRG (Diagnoses
Related Groups), where diabetes is a condition usu-
ally having beneficial impact on reimbursements,
have tendency to over report this diagnosis (for ex-
ample if higher blood glucose is found at admission
of acute patient, which can be caused by many other
reasons then diabetes). Diabetes is also a frequent
diagnosis, its code know all physicians by heart, so
it is simpler and easy to use this diagnosis for re-
porting instead for looking for the more appropriate
in the manual.

• Data from one year are clearly insufficient. There
are patients who do not visit physician during the
one calendar year period (or they visit only GP for
small checkup which is not reported to the insurance
company). To identify patients with diabetes we
search databases from all years and we pick individ-
uals with clear marker of this diagnosis – diagnosis
reported by diabetologist, repeated reporting of this
diagnosis by others, specific treatments, tests, me-
dical devices, procedures with clear association with
diabetes and after that, complete dataset of these
patients (the whole account from insurer) from all
years searched, was used for further analysis (Figure
1).

Figure 1: Diagnoses, procedures, treatments used to detect
patients with diabetes.

On Figure 2 input of different medical specialties used
to identify patients with diabetes. No other data from
other specialties were used.

On Figure 3 overview of all possible combination of
markers of diabetes (in individual patients) used in the
study is given.

Picture shows, that all used flags for diabetes displayed
44.5% of patients (of course there are also patients who
do not receive therapy yet, so it was impossible to achieve
this in all patients) and for example, that 2.5% diabet-
ics were identified only by therapy (probably those only
treated by primary care physicians).

Figure 2: Presence of dg. diabetes mellitus on invoices to the
insurance company – comparison of different specialties.

Figure 3: Overview about how patients with diabetes were
detected.

4 Results

Table 1 shows number of patients detected to be di-
abetic and calculated percentages of diabetic patients in
the population.

For patients collected during the study, their medical
accounts at the insurance company were analyzed. Costs
for medicines (insulin, peroral antidiabetic drugs sepa-
rately), for medical devices (prescribed in outpatient set-
ting and used during hospitalization, if they are separately
billed to the insurance company) and fees for medical ser-
vices were recorded. Only costs directly linked to the di-
abetes and its complications were included. Drugs, ser-
vices, medical devices used for other purposes or in the
primary care were not included. Results are displayed in
Figure 4.

Results clearly show rise in direct costs between 2000
to 2007, from 1.5 billion Czech Crowns (CZK) which cor-
responds approximately to 75 mil. US dollars (USD), to
2.5 billion CZK (125 mil. USD). This is 66% increase
(9.4% annually, which is approximately double the rate
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Table 1: Number of diabetics in the Czech Republic 2002-2007.

Year 2002 2003 2004 2005 2006 2007
Total of insured in mil 6.96 6.85 6.73 6.65 6.56 6.53
Dg. of DM coded (a) 494 249 485 761 484 566 483 888 485 100 492 960
Dg, Th, procedures (all flags for DM) coded (b) 618 011 606 090 599 006 591 025 582 120 -
Percentage of DM (a) 7.1 7.08 7.2 7.27 7.39 7.54
Percentage of DM (b) 8.88 8.84 8.90 8.88 8.87 -

of the increase in overall health care costs in the Czech
Republic)

Figure 4: Direct costs of diabetes in the Czech Republic be-
tween 2000-2007.

On the Figure 5 all cost to treat diabetic patients were
recorded. To this comparison, all expenses, which are at-
tributable to the individual patient with diabetes were
used.

Figure 5: All costs to treat patients with diabetes 2004 - 2007.

Data show, that even without detected complications,
patients with diabetes are 2times more costly to treat,
than average non diabetic patient (healthy patients with-
out any treatments and costs – except for prevention,
immunizations etc. were excluded from the calcula-
tions). Patients with renal complications of diabetes are

4 times more expensive and those from them treated with
hemodialysis more than 10 times. For comparison to other
countries average cost for hemodialysis in the Czech re-
public is 370 580 CZK/year (approx. 18 500 USD/year)
and average total cost for the patient in the hemodialysis
program is 673 300 CZK/year (33 600 USD/year).

To know more about how the system works, it was in-
teresting for us to know how many patients are treated
resp. how many visits are done by specialists –diabetol-
ogists (Figure 6). We found, that this percentage is rela-
tively stable, ranging from 68 to 71%.

Figure 6: Visits to diabetologists and to other physicians –
patients with diabetes.

One of markers of quality of the care we used was a
number of patients who get glycosylated hemoglobin test
according to the guidelines [1]. It should be once a year,
but of course not calendar year is in question but test
should be performed in approximately each 12 months
period. When interpreting results depicted in Figure 7
this has to be taken into account. Another aspect ana-
lyzed were regional differences in this value, this is shown
in Figure 8. Results are important inputs to medical so-
cieties and to responsible bodies of organizers and payers
of the care.

If we look for trends, number of tests is slightly increas-
ing over the years. But still it is a substantial number of
patients who do not get it and on the other hand there are
many patients where this test was administered repeat-
edly. Not surprisingly the highest utilization of services
is in the capital city of Prague and in the more industrial
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parts of the country (and the same can be seen almost for
all other services) with more rural regions on the other
side of the frequency. Interestingly, the difference in per-
centage of patients receiving the test differs not so much
(from 46 to 64%) compare with the difference in number
of test per patient, which ranges from 1,4 to 4,3 showing
clearly overutilization of services in big cities.

Figure 7: Glycosylated hemoglobin tests performed in diabet-
ics in 2002-2006.

Figure 8: Regional comparisons in indication of glycosylated
hemoglobin tests.

There were still more than 40% of patients with no
medication, on so called “diet” (from our experience with
not very high compliance rate) and this has to be goal for
physicians to adopt new standards proposing metformin
to be the drug of choice for those patients (Figure 9).
Diabetes is very often associated with abnormal levels
of serum cholesterol, triglycerides and other blood lipids.
This condition is supposed to be treated, because present
together with diabetes itself a potent risk factor for cardio-
vascular disease and death. On Figure 10 we can see that
hypolipidemic therapy received less than 40% of patients
in Germany [2] and about the same amount also patients
in the Czech Republic. This data (data from 2005) show,
that care in the Czech republic (both yellow columns) is
fully comparable to the care in Germany (at least in this
single aspect) but also show that expected treatments re-
ceives less than 50% of patients (target value is of course
not 100% because not all patients require this therapy).

Figure 9: Treatment groups in diabetic patiens (insulins, per-
oral agents, no medication).

Figure 10: Comparison of percentage of patients treated with
hypolipidemic drugs with various treatments of diabetes in
BRD (human insulin, short and long acting insulin analogs) in
comparison with data from the Czech Republic in two groups
(insulin treated and insulin and oral antidiabetics used in com-
bination).

Figure 11: Percentage of deaths of diabetics among all deaths
is given for year 2003 to 2009.
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Despite the limited resources, better treatments in the
last decade result in lower mortality of our patients. On
Figure 11, percentage of deaths with known history of di-
abetes is given. Every year, data are improving and per-
centage of deaths of patients with diabetes is declining. In
Figure 12 the comparison with the situation in Germany is
given showing that also in this aspect are outcomes of the
care in the Czech Republic comparable to the outcomes
in Germany.

Figure 12: Death Rate of Patients with Diabetes in BRD (var-
ious treatments) and in Czech Republic (our data) in 2006.

5 Conclusion

This analysis was done in cooperation with General
Health Insurance Company and its goal was not only to
give valid data to the policy makers in the Czech Ministry
of the Health and in Czech Medical Association, but also

to bring attention to the weaknesses of the current orga-
nization of the care. From this point of view problem of
unequal access to care due to regional situation and to the
type of provider who is taking care about the patient is
important. Study overcame disadvantage of data sources
(from Institute of Health Care Information and Statis-
tics and from medical insurance companies) which were
originally obtained or created for other purposes (billing).
This would otherwise lead to underestimation of numbers
of diabetic patients. Prevalence of diabetes was despite re-
ports from medical community and from situation abroad
considered by authorities to be lower. Our analysis bring
additional information showed possible financial impact
for the future, if problem with prevention, regional differ-
ences in the care and incomplete adherence to guidelines
will not be properly addressed. We bring attention to
the fact, that medical statistics obtained in the settings of
national health service (like in the past in the Czech Re-
public), differs from the statistics of national multi payer
insurance system. We showed not only beneficial impact
of liberal better funded medical insurance system on out-
comes of the care and achievements of the Czech Republic
in the care for diabetics in last ten years but we showed
also challenges we face now in better coordination and
organization of care.
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Abstract

Cost pressures, new payment models, and demographic
trends are creating a global economic crisis as health sys-
tems struggle to care for an aging population of sicker pa-
tients. Funds available for healthcare are constrained, and
they’re being wasted by inefficient, uncoordinated health-
care services. Reflecting the importance of collaboration
in caring for patients with chronic conditions, nearly 80
percent of the scoring criteria for the National Committee
for Quality Assurance’s (NCQA) Recognition Program for
Physician Practice Connections (PPC) Patient-Centered
Medical Home (PCMH) relate to information sharing and
teamwork. New payment models are forcing delivery net-
works to share the risks and potential cost savings of caring
for these patients.

By imposing direct or indirect financial consequences, these
models incentivize organizations to emphasize prevention,
deliver care in the lowest-cost appropriate setting, and
reduce readmissions, Emergency Department (ED) visits,
acute-care admissions, and bed days of care. Maccabi’s
core belief is that all IT investments are business invest-
ments that should support strategic priorities and deliver a
sustainable advantage to the organization. Among other
clinical benefits of collaborative approach to care coordina-
tion in Maccabi implementation of Health IT tools support-
ing care coordination resulted in 13% increase in the num-
ber of diabetic patients who had a regular HbA1c and 8%
increase in the number of diabetic patients whose HbA1c
results indicated that the disease was stable.
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1 Introduction

The leadership of Maccabi concluded in 1983 that the
healthcare IT system of the future would require sophis-
ticated information and communication technology for ef-
ficient management of the healthcare system, as well as
effective and innovative healthcare IT services delivery.
Maccabi leadership also recognized the need for top man-
agement to be hands-on, solve problems and commit re-
sources to the project. In 1990, implementation of the
Electronic Health Records (EHR) system began.

Across the nations of the OECD, health expenditures
consume an average of 9 percent of Gross Domestic Prod-
uct, and real per capita healthcare expenditures grew
more than 4% annually during 1997-2007.1 In the UK,
the NHS wastes GBP 330 annually by treating patients as
emergency hospital admissions when they could be seen
by their GP.2

An oft-cited study shows that in the U.S. in 2003-2004,
almost one in five hospitalizations of Medicare fee-for-

service patients resulted in a readmission within 30 days
of discharge; three-quarters of these could have been pre-
vented by better coordinated care, and the cost to Medi-
care for these readmissions was USD 15 billion.3 Even
traditional fee-for-service practitioners are under financial
duress, with the U.S. Small Business Administration re-
porting that SBA-backed loans to physicians’ offices grew
more than tenfold from 2000 to 2011.4

Controlling costs starts with better management of pa-
tients with multiple chronic diseases, and it puts a pre-
mium on coordination and collaboration. Medicare pa-
tients with multiple chronic illnesses see an average of 13
different physicians in the course of a year,5 and their full
treatment team can easily include another dozen profes-
sionals and paraprofessionals.

Maccabi invested in health information technology
(HIT) even though there was a lack of empirical and quan-
titative evidence regarding return on investment back in
nineties, particularly in the area of cost containment. Es-
tablishing a governance structure for the development and
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management of the IT system was a key success factor
in that it provided integrated responsibility and account-
ability amongst stakeholders. Clearly identifying concrete
needs and goals provided direction to the Maccabi leader-
ship and enabled focus on particular solutions to clinical
problems. This process helps to establish standardized
workflows and a platform to build on as understanding
improves and increased integration of care becomes pos-
sible.

2 A collaborative process

The Maccabi ICT systems are designed to serve inde-
pendent contractors, doctors and health care providers.
Maccabi had to adapt to their needs and work flows in-
stead of expecting them to adapt to the new system Mac-
cabi created. Maccabi’s success in adapting to ICT-based
health delivery is based on stimulating and promoting col-
laboration with strategic partners both nationally and in-
ternationally, particularly in the areas of:

• ICT in healthcare

• Managing chronic disease and care of the elderly

• Economic analysis and research

• Telemedicine

• Mobile health

2.1 Incentivizing members

To incentivize end users and members, Maccabi issued
a health ID card to all its members, to be presented at
every point of service, thereby enabling the system to cap-
ture all of the members’ transactions with the healthcare
delivery system. From 2001 and on, Maccabi patients
had access to their own medical information (via kiosks,
web portal and mobile devices) – much of what was avail-
able to the doctor was made available to the patient in-
cluding doctor visits, test results, medications prescribed,
feedback on risk factors, as well as online guidance for
chronic disease management and health promotion. Mac-
cabi members also benefit from knowing that their com-
plete health record is available wherever they engage with
the health system enabling fast and accurate care delivery.

2.2 Incentivizing physicians to participate

Successful health IT investments are characterized by
the willingness of physicians to engage in new processes
and to make changes in the way they work. Clinician
barriers such as high initial costs, uncertain financial ben-
efits, investments in time, difficulties with technology and
lack of integration with other care services can undermine
any health IT initiative. Maccabi addressed these issues
by providing incentives for meeting organizational objec-
tives that are embedded into ongoing organizational pro-

cesses. One of the reasons that there was such rapid up-
take among the doctors was that Maccabi offered financial
incentives and simultaneously reduced the financial bur-
den of computerization. Incentives included a two percent
increase in quarterly capitation fees, negotiating signifi-
cant group discounts on the purchase of hardware, provid-
ing interest-free loans for purchasing hardware with con-
venient repayment conditions, and providing the software
at no charge to the physician. The uptake of the EHR
was gradual, beginning with doctors who volunteered to
pilot the system. After a successful pilot stage, it was
agreed that using the EHR would be voluntary for doctors
currently under contract but mandatory for new doctors.
This continued until the majority of doctors were in the
system, at which point it became a condition of ‘doing
business’ in Maccabi.

3 Mobilizing and empowering the
ecosystem

3.1 Kiosks

Maccabi provides kiosks at all of its branches and the
major government hospitals. The kiosks increase the ac-
cessibility of personal medical information and empower
the member. Kiosks provide self-service medical informa-
tion services similar to those at Maccabi online.

3.2 The Maccabi Hotline and customer
relations management (CRM) center

Maccabi has established a 24 hour a day, seven days
a week call center to provide around the clock services to
its members. This consists of informationon all services,
including who is actually receiving patients at the time of
the member’s inquiry, information on member privileges
and benefits, making appointments, and telephone con-
sultation with a nurse and/or physician. In order to make
this service even more responsive to members’ needs, a
new CRM program has been installed, which enables the
customer agent to see relevant member information, so
that he can provide personally tailored service on the spot.
The system also records all encounters. It is also being in-
stalled in all of Maccabi’s anch offices and will operate in a
totally integrated fashion nationwide.The encounter with
the nurse can also occur through video conference.

3.3 Patient portal self-management

Maccabi has transformed its information system into a
tool for patient collaboration, education and communica-
tion predominantly via a secured patient internet site that
can be accessed by the Maccabi member. The member
receives their own unique user name and password which
grants access to their own information and provides tools
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to review medical records, access medical information and
receive individual medical feedback.

The patient can manage his medical records in this
website, can scan documents from other sources and en-
ter measurements he takes himself, such as blood pres-
sure. As a result, the entire health record is in one place.
These computer-based tools and services save members
unnecessary trips to Maccabi offices and allow members
to perform numerous online activities from their homes,
including scheduling appointments, purchasing travel in-
surance, modifying personal details and automatic billing
through members’ bank accounts.

4 Initial Benefits for Patients and
Physicians

In Maccabi, the physician was able to perceive four
benefits within a very short time after implementation:

• The insertion of the member health ID card into the
physician’s computer automatically populated the
screen with the patient’s demographic information,
saving the physician time in writing or entering the
information

• The insertion of the membership card and the val-
idated authentication details of the clinician gener-
ated an online connection to the Maccabi database.
The clinician could then verify the patient’s eligibil-
ity to receive services, guaranteeing that the doctor
would be paid for the visit

• The initial screen presented the doctor with a sum-
mary of the medical information on the patient,
including major problems, diagnoses, allergies and
medications

• Once the doctor entered a diagnosis for the visit, the
information was transmitted and the claims adjudi-
cation process was initiated, saving additional entry
and paperwork for billing

4.1 Optimized processes

Financial savings have and continue to be realized pri-
marily through optimized processes that take advantage
of shared electronic health records. Less time is spent in
administration and more on care delivery. Physicians have
been able to eliminate their use of transcription services,
which has contributed substantially to paying for use of
the EHR.

4.2 Avoiding adverse drug events

One of the most common types of medical error is the
adverse drug event. Maccabi’s use of ICT and decision
support systems has significantly reduced the potential for

a patient to have an adverse reaction from being adminis-
tered an inappropriate medication. For example the lab-
oratory reporting system was modified to provide physi-
cian alerts regarding potassium testing. A nightly batch
file checked pharmacy diuretic purchases against the pa-
tient’s potassium blood test status. On-screen computer-
generated reminders were sent to physicians of patients
lacking a recent potassium test. Reminders to physicians
increased potassium testing by 9.8 percent.

As the system has become more sophisticated, more
benefits have been realized. For example, in evaluating
the effect of online prescription screening in community
pharmacies and physician offices for Maccabi, it was found
that computerized prescription entry coupled with drug
interaction screening software in the community caused
a 62.8 percent reduction in pharmacy-dispensed prescrip-
tions with severe drug interactions.

4.3 Duplicate lab test

The accuracy of the health record minimizes waste
within Maccabi, for example unnecessary laboratory tests.
Prior to the introduction of the health record, physicians
would often have an incomplete patient history and conse-
quently may not know what previous diagnoses have been
made. Consequently physicians would potentially order
inappropriate tests or tests that were unnecessary. When
Maccabi introduced the decision support system, it took
just two months to observe a 35 percent reduction in or-
dering of lab tests.

4.4 Covered patients

Identifying which patients presenting at clinics are
Maccabi patients is important for physicians in order that
they can be appropriately reimbursed. By using the mag-
netic card, it has become simple for physicians to instantly
identify the patient and also to access their health record,
saving time and ensuring payment.

4.5 Administrative savings

Maccabi members have access to their health record
online. Maccabi provide web and mobile access to test re-
sults, appointments and general information on-demand
to members. By enabling members to service their own
information needs, Maccabi benefits from reduced admin-
istrative costs.

4.6 On-site dispensing

The EHR has enabled Maccabi to contract 700 private
pharmacies in addition to its own 53, to directly service
the needs of its members. Physicians save nonrevenue
generating time dealing with pharmaceutical issues, such
as contra-indications. There is no need to phone or fax
inquiries due to illegible handwriting or obtaining autho-
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rization for refills. Significant benefits have been realized
from on-site dispensing and promoting this to Maccabi
members.

5 Coordinated Care realizes
Clinical and Economic Benefits

Over a three year period to 2009, Maccabi achieved
the following results:

• 17 percent increase in the number of women above
age 50 who had a breast exam with mammography

• 17 percent increase in the number of members over
65 who received a pneumovax vaccination

• 13 percent increase in the number of diabetic pa-
tients who had a regular HbA1c

• 8 percent increase in the number of diabetic patients
whose HbA1c results indicated that the disease was
stable

Maccabi can control the prescribing of drugs centrally,
so that physicians are directed to the most cost effective
and appropriate drugs. In 2001, medical policy encour-
aged the use of statin drugs for treatment of high choles-
terol. Now when lab results showing high cholesterol ar-
rive electronically in a doctor’s computer, the decision
support system asks if he wishes to prescribe a statin
drug. Maccabi can designate a preferred drug, which the
physician is directed towards. Despite the very impressive
increase in the overall number of patients receiving statin
therapy resulting in healthier patients (lowered LDL lev-
els), because of the use of the Maccabi preferred drug,

Maccabi actually realized a very significant decrease in
drug expenditures for statins. The amount saved, for the
years 2004-2006 was $5 million USD in statin drug expen-
ditures. In addition, due to the improvement in patient
outcomes and reduced complications, the average hospital
stay for this cohort declined from 0.7 days in 2000 to 0.5
days in2006. This amounts to 76,000 avoided hospitals
days with a cost savings of $32 million USD.

Despite an increase in the number of patients taking
statins, the use of the preferred drug resulted in a de-
crease in drug expenditures for statins. The cost saving
in expenditures on statin drugs among patients with car-
diovascular disease, for 2004 - 2006 alone, was $5 million
USD.
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Abstract

Introduction: Diabetes requires a high level of disease
management to be executed by the patient himself in
order to succeed in treatment and for improving or at
least preserving his health status.
Aim: The main objective of the presented project is to
design and implement a web technology based application
framework. It shall provide sufficient means for self-
management and enable patient empowerment within the
treatment process. Its underlying concept will be outlined
in this work.
Methods: Common techniques on requirements’ engi-
neering have been applied to derive an initial concept.
It is based on a comprehensive state of the art analysis
drawn from literature and web search.

Results: A service-oriented architecture could be drafted
that enables interoperability with existing eHealth systems
on a technical and semantic level. Pilots will be deployed
in Germany and Turkey. Pilot specific requirements can
be address as well due to its modular architecture.
Conclusion: The given concept gives a high level descrip-
tion of the envisaged approach. An initial prototype has
been implemented. A second prototype is well on the way
offering all major functionality and will be deployed within
the pilot regions.
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1 Introduction

Within the widespread diseases especially Diabetes re-
quires a high level of disease management to be executed
by the patient himself in order to succeed in treatment
and for improving or at least preserving his health status.

In the scope of the European EMPOWER project
[1] a modular and standard-based patient empowerment
framework is being developed which will facilitate self-
management [2, 3] for diabetes type 1 and 2 patients. Re-
search and development efforts focus on knowledge-based
self-management pathways for diabetes patients. These
are realized through a combined use of the following ser-
vices:

• Monitoring of vital, physical, and mental parame-
ters as well as physical and lifestyle activities. Pa-
rameters can be recorded within EMPOWER’s Per-
sonal Health Record (PHR) [4].

• Generating patient-specific recommendations. Tak-
ing into account the monitored health parame-
ters of a specific patient, relevant recommendations
are generated based on expert knowledge such as
diabetes guidelines. They are then revised and
amended by the health professional.

• Definition of goals and corresponding actions to ac-
complish given recommendations. The patient can
define goals and plan specific actions in her/his in-
dividual action plan to fulfil the recommendations.
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• Support of the patient’s self-dependent execution of
actions to facilitate changes of behaviour according
to individual diabetes-specific health care needs. By
means of intuitive and self-explanatory data visu-
alization, motivating reminders and reward mecha-
nisms, patients will be empowered to achieve their
personalized goals.

• Seamless, consistent and standard-based integration
of relevant data originating from existing systems
like Electronic Medical Records (EMR) [5] of par-
ticipating health care institutions, Electronic Health
Records (EHR) [5], PHRs and Personal Health Ap-
plications, (PHA) for example in form of Mobile
Apps.

The EMPOWER core services will be implemented in
two pilot deployments to ensure the generalizability and
applicability of the project’s overall outcome. One pilot
system will be implemented in Turkey in cooperation with
the Turkish Ministry of Health [6] on a national level. The
second pilot will be deployed in the region of Ingolstadt,
Germany in cooperation with the Network of Practices
GOIN (“Praxisnetz GOIN e.V.”) [7].

Although both pilots share the common goal to em-
power, support and guide diabetes patients by provid-
ing EMPOWER services, they are substantially different
regarding the overall technical setup of integrated data
sources and the country specific characteristics. This work
highlights pilot specific differences and discusses resulting
challenges that are addressed in underlying concept.

2 Methods

A comprehensive literature review and Internet re-
search has been conducted in order to assess state of
the art technologies and architecture relevant to the EM-
POWER project.

Common requirements engineering activities have
been carried out. These included requirements analysis,

specification and system modeling in order to come up
with a detailed requirements specification and design con-
cept.

In the process of doing so regular discussions with
experts’ involving the consortium’s partners and domain
specialists like doctors and nutritionists have been con-
ducted to clarify the initial setup.

Intermediate work results have been condensed and
summarized by means of abstraction in order to provide
a convenient overview in form of this concept.

3 Results

3.1 Technical integration of data sources

Data originating from health care institutions is in-
tegrated using country specific approaches. Within the
German pilot (as shown in Figure 1) so far no regional or
national EHR has been established in which aggregated
health data could be accessed directly.

As a result the EMRs of the participating health care
institutions must be interfaced one by one. As primar-
ily general practitioners and case managers are treating
diabetes patients in that region, their referring Practice
Information Systems (PIS) must be interconnected with
the EMPOWER services. According to previous research
those systems offer limited integration capabilities [8] and
may even be interconnected only with systems of the same
vendors due to proprietary interfaces. To address this
short-coming an alternative, archetype-based approach
has been defined [9] and is being implemented in coop-
eration with an exemplary vendor.

In Turkey - in contrast to Germany - a nation-wide
EHR is available that serves aggregated data from treat-
ing health care institutions and supports common inter-
operability standards, see Figure 2.

On the technical interoperability level data exchange
within both pilots will be based on IHE profiles as defined

Figure 1: Integrating data sources of health care institutions in the German pilot.
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Figure 2: Integrating data sources of health care institutions in the Turkish pilot.

in the IT Infrastructure Technical Framework [10] and the
Patient Care Coordination Technical Framework [10] that
are commonly used in regional or national EHR projects.

Data originating from the patients will be integrated
using the same approach in both pilots, see Figure 3. Pa-
tients may own a PHR of an external provider and/or de-
cide to use EMPOWER’s PHR. Furthermore, they may
start to use or may already be using a PHA to record
and monitor personal health data. Additionally we aim
at importing biometrical measurements directly from con-
nected medical devices like blood glucose meters or via
PHAs that are already paired with the device. Technical
interoperability will be based on the IHE profile XPHR
[10] supported by an IHE XDS-based sharing framework
[10], although especially the connectivity to medical de-
vices may require a different interfacing due to proprietary
vendor-specific protocols.

3.2 Semantic integration of data sources

Data collected by the patient (e.g. observations of
daily living like weight and mood) and by health profes-

sionals (e.g. diagnoses and medication) must be consoli-
dated for mutual information sharing to enable a seamless,
cross-sectoral electronic exchange of patient data.

The prevalent lack of agreed and implemented stan-
dards impede the transfer of detailed healthcare informa-
tion in a way that supports full integration of that data
within the receiving systems [11]. In order to process EHR
data safely, semantic interoperability is required, meaning
that computational services are enabled to reliably inter-
pret clinical data that has been integrated from various
sources [12].

EMPOWER utilizes appropriate standards from HL7
and IHE (like XPHR and XDS-MS [10]), as well as ISO
13606/openEHR information models [13, 14] to enable se-
mantic interoperable data exchange.

Observations of daily living [15] are being specified us-
ing openEHR information models (a.k.a. archetypes) for
the usage within PHR systems and PHAs in a patient-
centric approach rather than strictly for use by health-
care actors during their observation collection. Archetype
based data modeling (including data schemas and cor-
responding rules) is an open and flexible approach that

Figure 3: Common approach to import data provided by patients.
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avoids application lock-in, as the knowledge models are
made publicly available. OpenEHR supports this with the
Clinical Knowledge Manager [16] that provides a platform
for a collaborative development of clinical archetypes.

Standard Terminologies will be used for semantic bind-
ing (mapping to terminology codes) and value binding
(specific value sets). A central transformation service will
be provided that converts these data to a common format
thus facilitating the import of data from legacy systems
and medical devices that use proprietary data schemas.

3.3 Service Oriented Architecture

In order to offer a maximum of flexibility and ex-
tensibility a modular, service-oriented architecture was
drafted, see Figure 4. Beside services providing the pri-
mary EMPOWER functionalities as described in the in-
troduction, also additional services are required to ensure
consistent data privacy and security, continuous auditing
and logging mechanisms, seamless integration of heteroge-
neous data sources and end-user delivery of EMPOWER
services to multiple platforms like smartphone, tablets and
desktop computers.

Four layers were defined to offer convenient interac-
tion and integration capabilities at the different levels of
abstraction.

3.4 Support of pilot/country specific
requirements

A unique feature of the EMPOWER system is that
multiple localization environments will be supported. The
health care system, diabetes treatment process, underly-
ing medical guidelines, involved actors and further con-
straints are significantly different in both EMPOWER pi-
lot applications. In order to address these country spe-
cific requirements whilst relying on single, commonly de-
veloped core services and components, multiple levels of
abstraction need to be implemented.

In the area of data and knowledge handling convert-
ible and adaptable models are being designed based on
established standards for data communication and infor-
mation representation as described before. Data will be
processed based on standardized terminologies, ontologies
and coding systems like LOINC [18] and UMLS [19].

Medical guidelines issued by professional societies or
administrations are being computerized by the utilization
of clinical guideline definition languages and can thus be
easily adjusted to national guidelines and scenarios. Di-
verse treatment processes at health care institutions must
also be equally supported by the EMPOWER systems.
To do so the underlying business logic is being modeled
by utilizing the Business Process Model and Notation
(BPMN) [20] that is being transformed into computer-
interpretable instructions.

Finally, comprehensive requirements arise in the fields
of identity and data management in respect to identifi-
cation schema, data privacy and security. For example,

Figure 4: Overview of EMPOWER’s core architecture of services and abstraction layers.
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in Turkey a country-wide unique patient identifier was
established whereas in Germany it has been introduced
only recently in form of the “Gesundheitskarte” [21] that
is currently being issued to the wider public. Country-
specific legal regulations and the different pilot setups re-
quire comprehensive, convenient and adjustable security
and privacy services for the management of patients’ con-
sent, access control and overall system auditing capabili-
ties.

4 Discussion

Implementation works such as early prototyping and
component integration have recently started and aim to
verify adequacy and practicability of the proposed con-
cept.

The drafted modular and service oriented architecture
offers a maximum of flexibility and extensibility not only
for the development and integration efforts within the ac-
tual project term. The resulting patient empowerment
and self-management framework could even be reused and
advanced to support other non-communicable diseases be-
yond the scope of the EMPOWER project.

On the long-term data exchange between both pilots
could also be examined. Although it is not a defined
use case within EMPOWER, our outcome in combination
with the results of epSOS [22] should enable a straight-
forward implementation of the inter-pilot connectivity, at
least on a technical level.

To sum up – by the innovative and interdisciplinary
combination of the latest methodical and technological ad-
vancements, EMPOWER breaks new ground in the field
of patient-centered, data- and knowledge-based medical
decision support systems.
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Abstract

Introduction: Lifestyle assessment, especially nutrition
counseling may have a great impact on the health state
of everybody. The MenuGene expert system provides
services for the logging and assessment of nutrition and
physical activity.
Aim: This paper focuses on how the harmony of a
dietary log can be analyzed using harmony rules. Such an
assessment can be used to assess a log as well as drive an
evolutionary search process that constructs a personalized
menu.
Methods: Expert knowledge is formalized in two parts,
sets of foods and dishes and rules that fire at a pre-defined
pattern of sets. To tackle the large rule search space, a
simple conflict resolution strategy is used.

Results: We implemented several hierarchies of sets
to support the definition of rules, and also an Android
based lifestyle assistant application. We validated the
completeness of the dietary database in a survey.
Conclusion: The system may prove very useful for a real
improvement of the quality of life and general health state
especially for patients with chronic diseases like diabetes.
We plan to conduct clinical trials to prove this early next
year.
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1 Introduction

Nutrition has severe impact on the probability of
cardio-vascular ant other diseases, so bringing tailored ad-
vice to the general population on nutrition and lifestyle,
including physical activity can improve life expectancy.
An important task of personalized lifestyle counseling is
dietary menu planning and analysis. The paper describes
the architecture and results produced by an automated
dietary menu generator MenuGene, applied now in a dia-
betes home monitoring project. Our solution is intended
to support, not to substitute the human dietary expert.

Computer-aided menu planning and analysis is a tradi-
tionally hard problem since it is characterized by i) a very
large search space and ii) hard-to-formalize expert dietary
knowledge on the harmony assessment of a menu. Human
experts probably build better meal plans than comput-
ers even now, although research on computerized meth-
ods has been ongoing since the 1960’s. In 1964 Balintfy

developed a linear programming method for menu opti-
mization [1], while Eckstein used random search to satisfy
numerical nutrient constraints [2]. Later more advanced
artificial intelligence methods were developed using Case-
Based Reasoning (CBR) or Rule-Based Reasoning (RBR)
or by combining the two methods with other techniques
[3]. A web based system called DietPal has been built in
Malaysia that models the workflow of dietetic experts in
order to support their work [4]. There are solutions for
parts of a nutrition counseling expert system, but so far
there were no complete solutions published and validated.
Our system implements all aspects of this area in a user
friendly and effective way.

For the first problem i.e. search satisfying numeri-
cal constraints, we apply multi-level, multi-objective ge-
netic algorithms that calculate the fitness of candidate
solutions using personalized target values of various nu-
trients. The objectives for the menu planning process are
obtained from personal medical data, entered manually
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Figure 1: Work flow of the dietary log assessment process.

or measured by sensors of the tele-care system. Another
source of information is the aim of the patient like “los-
ing weight” and the user’s daily dietary log (essentially a
smart phone application) which can be analyzed for food
composition and completeness. Then we apply general nu-
tritional guidelines to compute the personalized numerical
constraints at different levels. An example constraint is
the daily minimum, optimum and maximum value for car-
bohydrate content. For the details of the Genetic Engine,
see [5]. A similar approach based on evolutionary comput-
ing is reported in [6]. In this paper, however, we will focus
more on the second problem, i.e. on the representation of
the dietary expert knowledge.

2 Methods

For the assessment of harmony, we defined dietary con-
cept sets e.g. ‘fruits with a high glycemic index’, and we
use a simple mechanism for enforcing harmony rules over
them. The rules are used to score candidate solutions e.g.
a daily menu, and the score is combined with the numer-
ical fitness of the solutions at different levels (dish, meal,
daily menu). Rules assign a positive or negative score
to a co-occurrence pattern of two or more sets. Positive
scores mean recommended patterns, like “muesli and any
drink for breakfast”, while negative scores mean detrimen-
tal combinations, like “beer and water-melon in the same
meal”. The fitness value of a candidate solution is multi-
plied by the factor that appears in the consequence part
of the applied rule, so “negative” scores mean fitness fac-
tors in the range of 0..1. Fig. 1 shows an overview on the
dietary log assessment process.

We support harmony rules on the meal, daily and
weekly level. The condition part of a rule may contain
one or more sets in an AND construct. For a meal level
rule, this means that the rule will be fired if the meal

contains all of these sets, or dishes/foods in their subsets.
For example, the set “fruits” contains the set “fruits with
a high glycemic index” so if the rule contains “fruit” in the
condition part, then all elements of the set “fruits with a
high glycemic index” will match, such as ripe banana.

Due to this generalized method of rule matching, sev-
eral (contradicting) rules may match a meal or a day, so
conflict resolution is inevitable. Our strategy is based on
the following principles.

• Rules with a more elements in their condition part
are preferred over simpler rules because they match
the actual meal/day/week more precisely

• Concrete rules with less general sets in their condi-
tion parts are preferred over more general rules, for
the same reason. For the case of ripe banana, the
set “fruits with a high glycemic index” is a stronger
reference, than “fruits”.

• If two or more rules have the same complexity or
generality, we apply the stricter one. A rule is
stricter if in the consequence part it contains a lower
fitness factor in the case of a negative rule or a higher
fitness factor in the case of a positive rule.

When assessing a weekly menu, or alternative weekly
menus, the harmony factors of a lower level can be ex-
pressed as a vector. The computational complexity of the
calculation of this vector is exponential in time in the func-
tion of the number of the slots (n), because each subset
of the objects associated with slots should get evaluated
according to harmony. The harmony of each subset will
be expressed through the harmony payloads. Not includ-
ing the empty set, the number of subsets is 2n ? 1, and
this many checks are needed to calculate the value of each
harmony payload. This makes the proof of the decision
problem ’whether the assignment’s payloads are within
the constraints’ verifiable in exponential time. For NP
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Figure 2: Logging example screen shots of the Lavinia lifestyle mirror application.

complexity the proof would have to be verifiable in polyno-
mial time by a deterministic Turing machine. Therefore,
the introduction of harmony makes the decision problem
harder than NP, a good candidate for evolutionary solving
methods. A similar extension of the Mixed Integer Linear
Problem with first-order logic is presented in [7].

Due to the large number of concrete or general, possi-
bly applicable rules for every single meal, we store the sets
and the rules in a pre-processed form that can be searched
easily. The final goal of the development is to ensure real
time harmony assessment of user-logged of system gener-
ated menus.

3 Results

The Hungarian version of the MenuGene data base
currently stores 9500 food items along with their nutrient
contents and 1373 dishes composed from the foods, but on
the user interface we show only the most important 299
dishes and 360 foods, organized in 195 sets, to simplify the
search. In a recent survey, we evaluated the completeness

of our food and dish data base by manually entering 110
days of menu planned by human dietetians in a Hungar-
ian rehabilitation hospital. The results showed that the
database contained ca. 74% of the total 194 dishes that
occurred in the menus, but most of the missing dishes oc-
curred rather rarely, so if we consider the dish coverage
by food diary item, the coverage ratio is 84%. This means
that we could support the most common items. For the
foods, these ratios are 84% and 96.5%, respectively. For
this trial, we used the Lavinia lifestyle mirror application
with an android based GUI (Figs. 2 and 3). This appli-
cation uses the central MenuGene database and related
services in a service oriented open architecture. A dis-
tinguishing feature of Lavinia compared to other lifestyle
logger applications e.g. [8, 9, 10] is its integration with
physiological sensors and its enhanced medial intelligence.

The set hierarchy was developed manually by our di-
etitian expert such that it should be in line with recent
professional recommendations and also support the easy
construction of harmony rules. We now have a total of
1409 sets in several hierarchical structures or ontologies.
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Figure 3: Evaulation example screen shots of the Lavinia lifestyle mirror application.

The reason of using multiple ontologies is the need to sup-
port different grouping and classification aspects of foods
and dishes. The depth of the deepest hierarchy is 7 levels
(Fig. 4).

Figure 4: Part of the set hierarchy.

We implemented the concept of the harmony rules de-
scribed above as a plug-in in the MenuGene expert GUI.
Figure 5 shows a positive rule that defines the possible
sets of a 2 component standard breakfasts, like “a food
from the Muesli/cereal set and a drink from the set of
breakfast drinks”. Sets are also used to generate warning
messages for the users with specific needs or illnesses. The
MenuGene system currently supports 21 chronic illnesses
like Crohn disease or diabetes, and various combinations
of these provided the number of concurrent illnesses does
not exceed 7. The interplay of illnesses is considered for
the personalized RDA limits and additionally, users with
certain illnesses receive a warning when logging certain
types of food. For example, a user with diabetes will re-
ceive a warning when logging coke, even if she is within
her RDA. Figure 6 shows the expert GUI for defining such
message rules.

Another module that will allow the trace back of the
rule firing process after the assessment of a menu is also
in preparation.

4 Conclusion

The paper presented the MenuGene lifestyle assess-
ment expert system with an emphasis on the rules ex-
pressing dietary harmony. A simple rule model, based
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Figure 5: A breakfast structure based on sets.

Figure 6: Sets used for generating warning messages on the expert GUI.

on a hierarchy of sets is used to represent domain knowl-
edge. The system has an android-based user interface that
supports logging and automated lifestyle assessment. We
have already performed some trials to check the complete-
ness of the data base and the usability of the user interface.
We also plan to execute clinical trials early next year to
examine whether the use of such services really improves
patients’ everyday life and general state of health, espe-
cially in such areas as diabetes and chronic kidney disease.
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Abstract

Introduction: Since January 1st, 2010 the care for un-
complicated diabetic patients has moved from the diabetes
specialists in the Czech Republic and it can be provided by
the general practitioners henceforth. We refer about the
technologies supporting this new system of care.
Aim and methods: This paper reports on the information
systems used to support the diabetes care in GP office and
on the technologies connected to this system.
Results: There have been two types of information sys-
tems in use: PC DOKTOR, and MEDICUS. Two Internet
standards: “Diabetes“, and “Prediabetes“, have been pub-
lished and regularly updated.

In the offices, there have been several laboratory devices
for laboratory measurements used and directly connected
to the information system.
Conclusion: The technical support for diabetes care has
enabled a complex care for diabetic patient at the general
practitioner’s office even in the critical situation when the
number of diabetic patients is extremely increasing.
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1 Introduction

In the past, the care for diabetic patients in the Czech
Republic was organized by the Czech Diabetology Society
and the patients were treated by the diabetes specialists.
The number of diabetic patients has increased from 2%
to 8%. Perhaps another 2-3% of diabetics stay unrecog-
nized and about 5% of patients have the prediabetes. To
solve this problem the Ministry of Health and the General
health insurance company decided to move the part of di-
abetes care to general practitioners. Since January 1st,
2010 the care for uncomplicated diabetic patients in the
Czech Republic has moved from the diabetes specialists
and it can be provided by the general practitioners. The
history of computer support of diabetes treatment in the
Czech Republic is very long [1, 2]. Nowadays, two new
problems have to be solved: new training of general prac-
titioners (GP) and the technological support of this new
system of care.

2 Methods

To support the care for diabetic patients in the GP
office the following tasks have to be solved:

1. To find and adopt some information systems to sup-
port diabetes care in the GP office,

2. To educate general practitioners about the diabetes,

3. To introduce new laboratory devices to GP office
and to connect them to the information system.

3 Results

In most offices, there have been two types of informa-
tion systems in use: PC DOKTOR [3], and MEDICUS
[4].

The PC DOKTOR website [3] also includes a demon-
stration video of the system. The module for GPs in-
cludes:
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• Automatic detection of diabetic patients,

• Forming of dispensarisation group,

• Filling of patient’s data,

• Checking of frequency of clinical and laboratory in-
vestigations,

• Generation of reports for an insurance company,

• Insurance code generation,

• Sorting of diabetic patients,

• Prescription of drugs,

• Yearly summary of diabetes care for the Ministry of
Health.

The system can minimize the losses made at the insur-
ance reimbursement for the health care, as well as optimize
the income of office. It also sets the correct frequency of
investigations.

Fig. 1 The screen for investigation of diabetic patient
in the PC DOKTOR system (4 parts):

• investigations to be done at each consultation,

• investigations to be done every 6 months,

Figure 1: Screen for investigation of diabetic patient in the system PC DOKTOR [3].

Figure 2: Review of laboratory data (blood glucose level) from one patient record [3].
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• investigations to be done once a year,

• summary of insurance coding.

Fig 2 shows the summary of laboratory data from the
record of one patient. The data can be filtered by inves-
tigation type – blood glucose level in this example.

To support the training of GPs two standards for “Di-
abetes“ and “Prediabetes“, concerning both diagnosis and
treatment and evaluation of diabetic complications, have
been defined, published, and also regularly updated on
the Internet. The rules for sending the patients to the
specialists are also included.

Several dry chemistry laboratory devices for labora-
tory measurements are used and directly connected to the
system. The laboratory device has to be used directly in
the GP’s office.

Figure 3: NycoCard Leader for HbA1c measurement.

The Quick Seal system enables to measure several pa-
rameters:

1. CRP – laboratory evaluation of the inflammation
presence,

2. INR – coagulation test,

3. FOB – test for blood in stool,

4. HbA1c – long-term parameter of diabetes compen-
sation,

5. Micro albuminuria – early detection of diabetes com-
plications.

Figure 4: Quick Seal system Smart 700/340.

Both devices are used and directly connected to the
information system in the office. Many systems for home
blood glucose measurements done by the patients (glu-
cometers) are also used. Data can be recorded to the
information system from the patient’s device.

4 Conclusion

The technical support for diabetes care has enabled a
complex care for diabetic patient even in the critical si-
tuation when the number of diabetic patients is extremely
increasing. Using the information system support, the
general practitioners have been able to perform high qual-
ity care for diabetic patients.
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