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Abstract
1
 

This paper describes the geriatric analysis system 

which accounts for group as well as individual risks 

of patients. A review of studies related to various 

aspects in geriatrics is provided. The purpose of the 

study, along with tasks to be solved, main modules 

and users of the geriatric risk analysis system are 

discussed. 

1. Introduction 

In modern society, an increase in the average life 

expectancy and the general aging of the world population 

present a considerable problem. According to forecasts, 

by 2050, the proportion of the world's population over 60 

years will increase to 22% [1]. 

The prevalence of mortality among people aged 60 years 

and older compared to other age groups is due to the 

predisposition of the aging organism to diseases and 

injuries [2, 3]. 

Elderly people over the age of 65 have accumulated 

various health problems evident by exhibited clinical as 

well as age-related manifestations, i.e., senile asthenia, 

weight loss, trips and falls, cognitive impairment, 

decreased functional activity and mobility, polypharmacy, 

etc. Risk factors for survival are closely related to the 

effects of impairments due to said problems. 

Thus, much consideration has been given recently to a 

comprehensive geriatric assessment of the condition of 

elderly people, with the aim of identifying relevant 

clinical and geriatric manifestations to provide timely and 

adequate geriatric care. 

 

2. The current state of the problem 

A number of studies reflect various aspects of the stated 

topic [4-12]: from general questions about geriatric 

                                                           

 

assessment of health status in old age to solving specific 

problems (i.e., building geriatric maps, choosing 

treatment methods, evaluating treatment effectiveness, 

assessment of the risk level of the elderly). 

This article discusses researches related to: 

1. Study of geriatric problems. 

2. Improving the methodology of a comprehensive 

geriatric assessment of the elderly; 

3.  Impact analysis of a comprehensive geriatric 

assessment in regard to prevention, treatment and life 

expectancy of the elderly; 

4. Risk analysis for treatment of specific diseases. 

In [8], issues of a comprehensive geriatric assessment for 

analysis of geriatric problems and functional status of 

elderly patients in order to provide timely appropriate 

medical care are considered. 

[4] is describing construction of an integrated geriatric 

assessment algorithm, which, in contrast to the standard 

(symptomatic) examination, includes such stages as 

studying the patient’s condition, and health, a 

comprehensive and interdisciplinary assessment of the 

state of physical and mental health, social relations, and 

overall satisfaction with the quality of life. 

In [5], the concept and methods of a comprehensive 

health status assessment for an elderly person are 

proposed. Examples of health assessment for elderly 

patients, including their physical health (trophological 

status, functional status, and psychological state) are 

presented. 

In [10], studies were conducted to analyze the effect of a 

comprehensive geriatric assessment on the probability of 

hospitalization during the first 3 months or the probability 

of survival after transcatheter aortic valve implantation. 

The results of the study prove the effectiveness of using 

some aspects of a comprehensive geriatric assessment. 
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It was shown in [7] that a comprehensive geriatric 

assessment is an auxiliary tool for developing an 

appropriate therapeutic strategy in geriatric oncology. A 

comprehensive geriatric assessment, represented by a set 

of tools and indicators, to determine the therapeutic 

solution allows health care providers to develop an 

individual treatment plan for patients. 

[9] is discussing issues related to the analysis of the 

impact of a comprehensive preoperative geriatric 

assessment on the risks of postoperative complications 

and functional disorders in the elderly. 

In [6], studies related to assessing the impact of a 

comprehensive geriatric assessment on life expectancy 

after emergency hospitalization were carried out. 

Studies related to risk assessment in the treatment of 

specific diseases, as a rule, use different scales, 

calculators, and models to divide research objects into 

groups for further treatment and prevention of the 

disease, taking into account various risk components [11-

12]. 

[11] is researching use of modern predictors for the risk 

of complications and mortality necessary for choosing a 

sound method for the treatment of elderly and senile 

colon cancer patients, taking into account the prevalence 

of the disease and associated pathology. Examples of the 

use of modern scales, calculators and questionnaires to 

assess functional, physical and psycho-emotional status of 

this category of patients in order to determine the risk 

group of possible complications for the patient and his or 

her further treatment are given. 

In [12], an approach to preventive health care for older 

people with high risk is proposed. Various models are 

considered, such as Adjusted Clinical Groups, 

Hierarchical Condition Categories, Elderly Risk 

Assessment, Charlson Comorbidity Measure, and 

Minnesota Tiering, which allow classification of elderly 

people according to risk level taking into account various 

indicators in order to provide timely preventive medical 

care. 

Also, several articles are devoted to the identification of 

geriatric problems [13-16]. 

The “Crystal” Study [13] carried out a comprehensive 

study of geriatric manifestations, which helped to identify 

priority problems of elderly people and determine the 

strategy and tactics of their observation. 

The SAGE study [14] analysed the indicators of health 

and quality of the elderly’s life. The results demonstrate 

high prevalence of geriatric manifestations in Russia. 

The PROMETEY study [15] concentrated on the 

prevalence of cognitive impairment in elderly patients 

who first came to an outpatient neurological appointment. 

According to the results obtained, every fourth patient has 

low ratings of neuropsychological scales. 

However, despite the significant amount of research in 

this scientific field, in these works the issues related to the 

assessment, management of individual and group risks 

and the formation of individual patient profiles are not 

sufficiently considered. Also, the specificity of the subject 

area requires an integrated approach to assessing the 

health of older people. 

Risk analysis and risk management will probably reduce 

the mortality of the elderly. It is proposed to draw a 

conclusion about the need to create a geriatric risk 

analysis system based on the relevance of the work. 

3. System description 

3.1. System purpose 

The geriatric risk analysis system is designed to 

 process the results of a comprehensive study for 

geriatric patients; 

 identify and assess individual and group risks in 

geriatrics; 

 manage risks associated with selection of an effective 

treatment and prevention methodology; 

 predict the life quality of older people. 

3.2. Tasks solved by the system 

The developed geriatric risk analysis system is designed 

to solve two main problems: 

1. Analysis of individual and group risks in geriatrics. 

2. Formation of an individual patient profile for selection 

of  medical and preventive measures that are 

necessary to improve the quality of life as well as life 

expectancy of older people. 

The first task is related to:  

1. Formation and use of a profiles database for groups of 

elderly people to identify features of age-related 

diseases; 

2. Medical statistical analysis of patient data in geriatrics 

to assess the impact of clinical manifestations of 

geriatric problems and assessment of the most 

significant factors affecting the duration and quality of 

life; 

3. Formalization of concepts and processes associated 

with risks in geriatrics, and selection of appropriate 

risk measures; 

4. Identification, assessment and management of 

individual risks of patients, which can arise a priori 

(before treatment), in process and a posteriori (after 

medical intervention); 

5. Assessment and management of group risks in 

geriatrics, 

6. Formation of risk maps. 

The second task is related to: 

 Formation of an individual patient profile in 

geriatrics; 
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 Prediction of patient condition with age-related 

pathology; 

 Formalization of processes and treatment methods in 

geriatrics, analysis and selection of the optimal 

treatment plan for a particular patient. 

3.3. Subsystems of geriatric risk analysis 

system 

The developed software product consists of modules / 

libraries. Each subsystem is a separate functional module 

that implements a set of functions for solving problems of 

certain categories. This will allow using the developed 

algorithms also outside this project. The information 

about patients is recorded in the system as geriatric 

patient card with results of comprehensive assessment. 

Data can be entered repeatedly over time, which will 

create the basis for the dynamics of research. It is planned 

to implement the delimitation of user rights to ensure 

information security of the system. 

The geriatric risk analysis system, according to the 

developers, will consist of the following subsystems: 

 Subsystem of work with data; 

 Subsystem of geriatric risk analysis; 

 Subsystem “Service”. 

3. 4. Modules of system 

The geriatric risk analysis system consists of the 

following modules (Fig. 1): 

 Maintaining geriatric cards; 

 Geriatric calculators; 

 Statistical data analysis; 

 Risk analysis; 

 Formation of risk maps; 

 Formation of treatment methods; 

 Formation of an individual treatment technique; 

 Assessment of the effectiveness of treatment 

methods. 

 

Fig 1. Modules of system

Module “Maintaining geriatric maps” 

Purpose: formation, editing, storage and processing of 

data included on the patient's geriatric card in digital 

version. 

A comprehensive assessment of the geriatric patient is 

quite voluminous. In addition to general information, it 

contains data about chronic diseases, drug therapy, risk 

factors for chronic noncommunicable diseases, presence 

of chronic pain, presence or absence of geriatric problems 

as well as issues associated with movement, mental and 

physical condition, self-assessment of health, and 

laboratory research results as well as health statements 

issued by health care providers along with their 

recommendations to patients, etc. Since the structure of 
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the card is already established, we suggest expanding its 

fields for research, in particular, with a map of risks 

existing for geriatric patients.  

Input: data obtained during the survey, results of geriatric 

calculators. 

Output: data for statistical analysis, risk analysis, some 

individual risk assessments. 

Module “Geriatric Calculators” 

Purpose: assessment of geriatric patients to identify 

indicators of physical and mental health, socio-

demographic status, etc. 

A module has been developed for a comprehensive 

assessment of an elderly patient, consisting of a set of 

calculators, such as: 

 CKD-EPI - a method to assess the glomerular 

filtration rate; 

 CHA2DS2-VASс - a scale to assess the risk of 

thromboembolic complications in patients with atrial 

fibrillation / flutter; 

 SCORE (Systematic Coronary Risk Evaluation) - a 

scale to assess the risk of a person dying from 

cardiovascular disease over the next 10 years; 

 CAT - a test to assess the severity of chronic 

obstructive pulmonary disease; 

 and others (a total of 13 calculators). 

The following aspects were taken into account when 

formalizing the data of calculators: 

 purpose of the calculator; 

 input data; 

 scale and grading, interpretation of grading; 

 output data; 

 connection with the results of other calculators and 

the further use of the obtained indicator. 

Input: personal data of the patient, clinical indicators, 

results of a survey (questionnaire). 

Output: estimates of the studied indicators (index values) 

with interpretation of the results. 

Module “Statistical Data Analysis” 

Purpose: accumulation and processing of information for 

medically relevant statistical data analysis in geriatrics. 

The purpose of the procedures implemented in this 

module is to 

1. Organize profiles of geriatric patients in three age 

groups: 

 from 64 to 74 years of age, 

 from 75 to 84 years of age, 

 85 years and more. 

The profiles for each group contain identified age-related 

diseases, probability estimate for  presence of clinical and 

geriatric issues, risks of age groups associated with 

treatment, quality of life, and the problem of survival; 

2. Assess the most significant factors affecting the 

duration and quality of life of geriatric patients; 

3. Create individual patient profiles in geriatrics, along 

with risk maps; 

4. Predict indicators related to treatment and preventive 

activities. 

Input: geriatric maps, official statistics, regulatory 

indicators. 

Output: statistics of clinical, geriatric studies. 

Module “Risk Analysis” 

Purpose: research and solution of individual and group 

risk management problems in geriatrics. 

Studies about geriatric risks are related to the 

formalization of risks, the choice of risk measures, the 

establishment of a relationship between existing, 

developed scales and risks, and the classification of risks. 

The Table 1 shows one of the types of geriatric risk 

classification associated with the treatment process. 

Table 1 Geriatric Risk Classification 

A priori risks Process risks A posteriori 

risks 

Risks of primary 

diagnosis errors 

Risk of disease 

exacerbation  

Risk of reduced 

quality of life 

Risk of delayed 

treatment 

(delayed 

initiation of 

treatment) 

Risk of getting the 

disease out of 

control 

(instability) 

Risk of 

choosing an 

ineffective 

treatment 

Risk of urgent 

hospitalization 

Risk of drug 

incompatibility 

(adverse drug 

interactions) 

Risk of patient 

dissatisfaction 

with treatment 

Risks associated 

with geriatric 

problems 

Risk of allergic 

reactions to the 

drug 

Risk of survival 

Risks associated 

with clinical 

manifestations 

Risk of side 

effects of 

treatment 

 

 

All of these risks are individual. However, group risks are 

considered in the system for research, generalizations, 

warnings of negative events. As an example, we can 

consider the risk of senile asthenia, the classification of 

the patient's “fragility”, which is specified in the study by 

the geriatric scales of the studied patients. 

As a measure of risk, both quantitative and qualitative 

indicators were considered, i.e., probabilities of a 

dangerous condition, assessments on scales, integrated 

risk assessments. 
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The risk analysis module includes the following 

procedures: 

 Risk identification; 

 Assessment of individual and group risks; 

 Risk management. 

It is proposed to use the following mathematical models 

when identifying and assessing individual and group 

risks: 

1. Logic-probabilistic method (initiating events are 

events whose probabilistic characteristics are obtained 

from the medical-statistical analysis of geriatric data); 

2. Logistic regression (a synthesis of formal and 

informal knowledge); 

3. ROC analysis and the fuzzy cognitive maps used in 

the identification and assessment of group risk; 

4. Clustering methods for the formation of risk groups; 

5. Kaplan – Mayer models and the Cox model for 

assessing the risks of survival. 

Risk management is presented in the system by: 

 formation of risk maps; 

 risk reduction in the formation of an individual 

treatment technique using the multicriteria 

assessment method and neural network modeling. 

Input information: statistical analysis data, geriatric card 

data. 

Output: individual risk maps; group risk assessment, risk 

management recommendations. 

Module “Formation of risk maps” 

Purpose: systematize and visualize risks of geriatric 

patients. 

Individual risk maps are a visualization of significant 

qualitative and quantitative risk characteristics of the 

geriatric patient, for example, the severity of the 

manifestation of geriatric problems, the likelihood of the 

manifestation of the investigated negative event. 

Group risk maps are associated with analysis and 

visualization of the risks significance in older people 

participating in the study, also with external statistics and 

modeling results. 

Input: risk analysis results, geriatric cards data. 

Output information: patient risk assessment data tables; a 

table for each investigated geriatric problem that includes 

the risk significance on the scale of the probability of an 

adverse event occurrence and the scale for reduced 

quality of life (damage to health). 

Module “Formation of treatment methods” 

Purpose: construction and formalization of many 

treatment regimens for a particular nosology (disease). 

The problem of formalizing and choosing a treatment 

methodology for groups or an individual geriatric patient 

is based on the guidelines titled “Pharmacotherapy in 

elderly and senile patients”, including, in particular: 

 polypharmacy issues (simultaneous, often excessive 

assignment of multiple drugs), methods for its 

prevention and correction; 

 algorithms of patient management; 

 issues of the effectiveness in use of certain drugs for 

elderly patients; 

 potentially dangerous effects of taking medications 

for the elderly; 

 description of the “7 steps” algorithm to reduce the 

risk of polypharmacy during pharmacotherapy of 

elderly patients []; 

 monitored indicators and frequency of their 

determination for medication intake   by the elderly. 

Formalization of treatment approaches is associated with 

both drug treatment and physiotherapeutic treatment, 

consultations, care, etc. 

Input: clinical guidelines, standards, risk assessments for 

geriatric patients. 

Output: possible treatment and prevention regimens. 

Module “Assessment of the effectiveness of 

treatment methods” 

Purpose: multicriteria assessment of the effectiveness of 

medical intervention. 

The dynamics of the performance indicators of the main 

body systems, the degree of patient satisfaction with 

treatment and the achieved level of quality of life were 

taken into account in the analysis of therapeutic and 

preventive measures effectiveness. 

Input: change in clinical and geriatric indicators during 

treatment, duration and cost of treatment, survey results. 

Output: rating of treatment methods. 

Module “Developing individual treatment 

approaches” 

Purpose: selection of the best set of treatment and 

prophylactic procedures for the patient. 

An approach that uses graph algorithms and / or a neuro-

network approach are considered to select a technique for 

a particular class of geriatric patients. The best of the 

presented methods is selected, individually for each 

patient, taking into account the risk analysis, 

Input: rating of methods for a specific patient, risk map. 

Output: an individual profile of a geriatric patient, the 

appointment of individual treatment and prophylactic 

measures. 

System users 

Users of the software product can be students, graduates 

of medical universities, medical professionals with 

various levels of clinical experience, geriatricians of 

outpatient and inpatient care of various specifics. 
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Installation of a system at their workplaces will allow 

achievement of a high level of automation for the 

processes of accumulation, processing and storage of 

information about elderly patients. 

The base of the developed system can be updated on the 

basis of constantly updated information received in 

accordance with electronic administrative regulations 

from other information systems. In the future, it could be 

possible to implement interaction with other external 

systems when developing an information system. 

4. Conclusion 

Within the framework of studies on risk analysis in 

geriatrics, it is proposed to develop a pilot project of a 

medical information-analytical system for modeling the 

profile of the elderly population, with an assessment of 

group and individual risks of patients. Taking into 

account current body parameters of any patient, this 

system will allow to choose the necessary treatment and 

prevention program tailored to the needs of this specific 

individual in order to improve the quality of his life as 

well as his life expectancy. 

The basis of the proposed approach is the synthesis of 

formal and informal knowledge in geriatrics. 

In addition, for the first time, concepts and processes 

related to risk analysis in geriatrics are formalized, risk 

measures are specified into group and individual ones, 

along with methods for their identification and 

assessment. 

As a result of the adaptation of well-known approaches to 

risk analysis and heuristics proposed by the authors, risk 

maps are developed as part of a comprehensive 

assessment of geriatric patients. 
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