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Purpose: The aim of this study is to identify core keyword of frailty research in the past 35 years to understand the 
structure of knowledge of frailty. Methods: 10,367 frailty articles published between 1981 and April 2016 were re-
trieved from Web of Science. Keywords from these articles were extracted using Bibexcel and social network analysis 
was conducted with the occurrence network using NetMiner program. Results: The top five keywords with a high 
frequency of occurrence include ‘disability’, ‘nursing home’, ‘sarcopenia’, ‘exercise’, and ‘dementia’. Keywords 
were classified by subheadings of MeSH and the majority of them were included under the healthcare and physical 
dimensions. The degree centralities of the keywords were arranged in the order of ‘long term care’ (0.55), ‘gait’
(0.42), ‘physical activity’ (0.42), ‘quality of life’ (0.42), and ‘physical performance’ (0.38). The betweenness central-
ities of the keywords were listed in the order of depression’ (0.32), ‘quality of life’ (0.28), ‘home care’ (0.28), ‘geriatric 
assessment’ (0.28), and ‘fall’ (0.27). The cluster analysis shows that the frailty research field is divided into seven 
clusters: aging, sarcopenia, inflammation, mortality, frailty index, older people, and physical activity. Conclusion: 
After reviewing previous research in the 35 years, it has been found that only physical frailty and frailty related to 
medicine have been emphasized. Further research in psychological, cognitive, social, and environmental frailty is 
needed to understand frailty in a multifaceted and integrative manner. 
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INTRODUCTION

1. Background

Population aging is progressing rapidly in many coun-
tries around the world. In Korea, older people aged 65 or 
older were reported to account for 13.8% of the total pop-
ulation in 2017 and the proportion of older people is esti-
mated to increase to 41% in 2060 in Korea [1]. In terms of 
the healthcare of older people in the community, the in-
crease of frail older people is of equal or greater impor-
tance than the rapid rate of aging. It has been reported that 
frailty occurred in 15.3% of community-dwelling older 
people aged 70 or over, and the prevalence of frailty was 
18.5% in older women and 8.3% in older men [2], and the 

perspective about the health of older people is shifting 
from age to weakness. Therefore, it is an important role of 
community nursing to provide the necessary preventive 
nursing care to prevent the occurrence of frailty in older 
people, ensure the early detection of frailty through peri-
odic health assessment, and prevent the progression of 
frailty resulting in disease or disability through the inte-
grated management of frailty [3].

Frailty is a condition in which an individual continues 
to be at a risk of injury for a long period or an individual's 
overall health status can be compromised [4]. It can occur 
in all age groups, but it is a major healthcare problem for 
older people because it is closely related to the aging proc-
ess [5]. Considering the vulnerability of older people, even 
when there is no physiological functional decline or defi-
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ciency, if the social, emotional, and environmental sup-
port is reduced, frailty may occur and it should be ap-
proached by multidimensional assessments [6].

Frail older people have difficulty coping with even a 
small stressful situation, have limitations in performing 
daily living activities, have an increased risk of accidents 
such as falls, and experience frequent hospitalization [7-9]. 
This not only shortens the life span of older people, but al-
so has a significant impact on the quality of life, and it also 
leads to the deterioration of the state of the healthcare fi-
nance due to the increased burden of medical expenses [7].

Although studies on frailty have been extensively con-
ducted since the 1980s, the definition of frailty has been 
limited to some attributes depending on the researchers' 
point of view. Therefore, the measurement instruments 
have been generally confined to physical domains [5], and 
only some tools have dealt with psychological domains 
[10,11], but there is a gradually increasing tendency to per-
ceive frailty as a broad, multifaceted concept encompass-
ing physical, psychological, and socioenvironmental fac-
tors [12,13]. Since various attributes were not considered 
when measuring frailty, the prevalence of frailty were re-
ported to be different in related studies [14]. The review 
and analysis of studies on frailty carried out so far give an 
insight into the past, present and future of the body of ac-
cumulated knowledge. 

The existing research methods have limitations in ana-
lyzing and gaining an insight into the vast amount of re-
search data accumulated so far on a subject. Text Network 
Analysis is a type of social network analysis [15] that quan-
titatively analyzes the structure, pattern, and character-
istics of a network by modeling the relationships among 
individuals and groups as nodes and links. It analyzes a 
lot of accumulated research data in terms of structures, 
communication processes, relationships, and visualizes 
them, thereby providing a comprehensive view of a sub-
ject. Thus, it has recently been used in various sciences in-
cluding nursing. Keywords are chosen by the researcher to 
represent the main topic and key concepts of the paper, 
and since they are used as small units to analyze the re-
search papers, they can be a good means to investigate the 
research trends through text network analysis [16]. With 
respect to the studies using text network analysis in the 
field of nursing, Lee et al.[17] analyzed the research trends 
of the science of nursing using the papers published in the 
Journal of Korean Academy of Nursing, and Park et al.[18] 
presented research directions for researchers by analyzing 
the trends of research on hospice care through comparison 
between domestic and foreign studies. Research trends of 
studies on patient adherence has also been previously ana-

lyzed [19], and Kim and Jang [20] has presented an analy-
sis of the historical trends of studies on frailty.

Geriatric frailty is a nursing problem that needs to be 
addressed by the early assessment of geriatric frailty and 
provision of holistic nursing interventions so that older 
people can maintain independent functions and improve 
their quality of life. Therefore, for the development of ger-
ontological nursing practice, it is necessary to analyze re-
searches related to frailty of older people to establish a the-
oretical basis and present the direction of future research. 
Therefore, this study aimed to investigate the key concepts 
of studies related to frailty through text network analysis 
and examine the relationships among the key concepts 
and the structure in order to understand the research trends 
and establish the knowledge structure.

2. Purpose

The purpose of this study was to identify core keywords 
and the sub-topic groups of studies on geriatric frailty by 
analyzing and clustering keywords based on the co-occur-
rence frequency and centrality using text network analysis 
of author keywords of studies on geriatric frailty carried 
out so far. 

METHODS

1. Study Design

This study is a descriptive research to identify key con-
cepts and investigate relationships among the concepts in 
domestic and foreign studies on geriatric frailty through 
an analysis of author keywords of research papers by the 
text network analysis technique.

2. Methods and Procedures

In this study, we analyzed author keywords of the re-
search papers related to geriatric frailty published in the 
journals of medicine, the science of nursing, and health sci-
ence from January 1981 to April 2016, and the keywords 
were extracted from the journals searched through WOS 
(Web of Science). The term frailty was first used in 1974, 
but it is not possible to search the abstracts and keywords 
of research papers published before 1981, so only studies 
published since 1981 were included in the study. By re-
viewing abstracts and keywords, we excluded papers of 
unrelated fields, such as papers about animal experi-
ments, those of which the participants were children or 
those of which the research topic is not geriatric frailty.
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Figure 1. Flowchart of the study selection and the process of network analysis.

The research procedures were largely composed of three 
stages, as shown in Figure 1.: 1) collection of research pa-
pers, 2) keyword extraction and matrix generation, and 3) 
text network analysis.

1) Collection of research papers
The key search term in English was “frail” or “frailty”, 

journal categories were limited to ‘geriatrics’ ‘geriatrics 
gerontology’, ‘general internal medicine’, ‘public environ-
mental occupational medicine’, ‘nursing’, and ‘psychol-
ogy’, the type of documents was limited to articles, and the 
language was limited to English. As a result, 10,367 docu-
ments were retrieved and a database was constructed. 
Based on the selection and exclusion criteria, we reviewed 
the titles and abstracts of the research papers and excluded 
irrelevant or repeatedly included papers. The papers about 
which we did not reach an agreement were reviewed by 
the third researcher, and 6,424 research papers were fi-
nally selected. The third researcher is a professor of the 
department of community health nursing who has per-
formed several researches on the health and frailty of old-
er people.

2) Extracting and cleaning keywords 
Using the Bibexcel program, we extracted the author 

keywords of the collected documents and performed text 
analysis. The analysis of the relationship between key-
words was performed using NetMiner ver.4.0. The Bibex-
cel program enables keyword analysis, co-citation analy-
sis, and citation frequency analysis. Data conversion was 
performed by converting the matrix or network data in or-
der to use the data in the bibliometric analysis program 
[21].

The extracted keywords were refined through the fol-
lowing procedure. The process of standardization is to re-

move synonyms and derivative words and exclude irrele-
vant additional expressions or words. When extracting 
keywords, we excluded general verbs, nouns not related 
to the main topic of this study, and general terms (special 
symbols, additional words, and words not directly influ-
encing the research topic of this study) that are difficult to 
regard as key concepts of this study [22]. Regarding whe-
ther to include synonyms or related words such as ‘old’, 
‘elderly’, and ‘aged’, one of the related words was des-
ignated as a representative word through the discussion 
among one nursing professor, one medical professor, and 
one doctoral student in medical school. The plural nouns 
were changed into singular forms and words with similar 
meanings were grouped together through the process of 
standardization. For example, ‘aged’, ‘age-old’, and ‘old’ 
were standardized into ‘aged’, and ‘frail’, ‘weak’, and 
‘fragile’ were standardized into ‘frail’. The matrix be-
tween the keywords was constructed using the stand-
ardized keywords.

3) Analysis of co-occurrence frequencies 
Using the Bibexcel program, high frequency keywords 

were extracted by analyzing the frequency of co-occur-
rence of keywords in the frailty network. Co-occurrence 
refers to the case where two keywords appear together in a 
research paper, and the top 30 keywords were selected by 
arranging the number of research papers in which the key-
words appeared in the order of decreasing frequency.

4) Data processing
We performed pruning to find out the influential key-

words among extracted keywords. Pruning removes no-
des with a degree of connection below a specific value, and 
this process makes it easy to locate influential nodes and 
enables clear visualization. We performed node filtering 
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by selecting only keywords with a degree of connection of 
3 or more, eliminated the self-loops (diagonal) generated 
in the data conversion process, and simplified the network 
by excluding the relationships with a low co-occurrence 
frequency from analysis.

5) Analysis of the connection structure of the network and 
centrality analysis
The degree of connection between keywords, attributes, 

and strengths were quantitatively analyzed by converting 
the 2-mode network in the form of research paper-key-
word into the 1-mode network in the form of keyword- 
keyword. The density, degree, centralization, and inclu-
siveness of the network, which are the representative in-
dicators of the connection or bond among keywords, were 
examined. Density is defined as the ratio of the number of 
relationships actually formed to the total number of possi-
ble relationships, and centralization refers to the degree to 
which the relationships are concentrated on a few indivi-
duals. Inclusiveness means the number of nodes connect-
ed to each other in the network. Centrality analysis was 
conducted to find important nodes in the network. Cen-
trality analysis is performed to find out which keyword 
among various keywords is located at the center, and cen-
trality was divided into degree centrality, betweenness 
centrality, and closed centrality. The degree centrality in-
dicates the degree of connection with other nodes, and it is 
increased as more nodes are connected. The betweenness 
centrality is measured mainly in terms of the role of a key-
word as the intermediator and mediator in the entire net-
work, and the closed centrality indicates that a keyword is 
located closest to the search term (frailty, frail). The key-
words that are close to each other can be regarded as those 
that influence other keywords rapidly, and the closed cen-
trality is the most important concept of centrality in co-oc-
currence word analysis [15]. In this study, keywords which 
were included in the top 30 keywords in terms of co-occur-
rence frequency and each type of centrality were des-
ignated as core keywords.

6) Cohesion analysis
Cluster analysis was performed to examine the struc-

ture of the network and investigate clustering. Cluster ana-
lysis can be used to identify the detailed internal structure 
of the network [23]. Cohesion analysis makes it possible to 
find out which keywords are studied together and thereby 
identify sub-research areas. A dendrogram can be used to 
identify keywords with similar role equivalence based on 
the similarity of keywords by equivalance analysis.

RESULTS

1. General Characteristics of Studies on Frailty

A total of 6,424 research papers on frailty were analyzed 
in this study, and the number of analyzed articles by peri-
od was 142 for the 1980s, 753 for the 1990s, 2,643 for the 
2000s, and 2,886 for the 2010s, so the number of studies on 
frailty has considerably increased since 2000. The number 
of keywords by period was 62 for the 1980s, 361 for the 
1990s, 997 for the 2000s, and 965 for the 2010s, so a total of 
2,385 keywords were extracted.

2. Core Keywords of Studies on Frailty

The density of the frailty network was 0.16, the average 
degree of connection was 5.42, and the inclusiveness (the 
ratio of connected nodes to all nodes) was 91.5%. The key-
word rankings were determined based on 1) high co-oc-
currence frequency, 2) degree centrality, 3) betweenness 
centrality, and 4) closed centrality of author keywords of 
research papers on frailty, and the top 30 keywords for 
each criterion were referred to as core keywords.

1) Keywords with high co-occurrence frequency
With respect to keywords with high co-occurrence fre-

quency, the number of occurrence of the keywords was 
147 for disability, 126 for nursing home, 116 for sarcope-
nia, 106 for exercise, and 88 for dementia in the order of 
occurrence frequency. As a result of classification of key-
words according to the domains based on the subheadings 
of MeSH, the majority of keywords belonged to the health-
care and physical domains (Table 1).

2) Degree centrality
The degree centrality of the entire network was 0.23 on 

average and the centralization was 43.2%. The keyword 
with the highest level of degree centrality was ‘long term 
care’ (0.55), followed by ‘gait’ (0.42), ‘physical activity’ 

(0.42), ‘quality of life’ (0.42), and ‘physical performance’ 
(0.38) (Table 2).

3) Betweenness centrality
The betweenness centrality of the geriatric frailty net-

work was 0.01 on average and the centralization was 10.6 
%. The keyword with the highest level of betweenness cen-
trality was ‘disability’ (0.12), followed by ‘frailty’ (0.10), 
‘gait’ (0.09), ‘quality of life’ (0.09), and ‘long term care’ 
(0.09) (Table 2).
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Table 1. High Rank Keywords by MeSH classification in 1981 to 2016 in Web of Science

Dimension Keyword Rank Occurrence Subheadings by MeSH

Healthcare Disability
Nursing home
Sarcopenia
Long term care
Geriatric assessment
Quality of life
Rehabilitation
Frailty index
Inflammation
Geriatrics
Activity of daily living
Epidemiology
Comprehensive geriatric assessment
Home care
Screening
Risk factor
Prevention
Accidental fall
Hospitalization
Comorbidity 

 1
 2
 3
 8
 9
10
11
12
14
15
16
17
18
19
21
22
23
24
27
28 

147
126
116
 83
 73
 70
 69
 65
 63
 62
 57
 56
 54
 52
 47
 46
 46
 46
 42
 42 

Analytical, diagnostic and therapeutic, equipment
Healthcare
Disease
Healthcare
Healthcare
Humanities
Therapy
Analytical, diagnostic and therapeutic, equipment
Diseasex
Discipline and occupation
Analytical, diagnostic and therapeutic, equipment
Statistics and numeric data
Analytical, diagnostic and therapeutic, equipment
Healthcare
Analytical, diagnostic and therapeutic, equipment
Analytical, diagnostic and therapeutic, equipment
Therapy
Healthcare
Analytical, diagnostic and therapeutic, equipment
Healthcare 

Physical Exercise
Physical activity
Functional status
Physical function
Physical performance
Longevity

 4
13
25
26
29
30

106
 64
 43
 42
 40
 40

Phenomena and process
Phenomena and process
Phenomena and process
Phenomena and process
Phenomena and process
Phenomena and process

Psychological Dementia
Depression
Cognitive impairment

 5
 7
20

 88
 85
 50

Psychiatry and psychology
Psychiatry and psychology
Psychiatry and psychology

Social & 
environmental 

Fall  6  87 Environmental &Public health

4) Closed centrality
The keyword with the highest level of closed centrality 

was ‘depression’ (0.32), followed by ‘quality of life’ (0.28), 
‘home care’ (0.28), ‘geriatric assessment’ (0.28), and ‘fall’ 
(0.27) (Table 2, Figure 2).

3. Groups of Sub-topics of Studies on Frailty 

In order to investigate the sub-structure of the geriatric 
frailty network, cohesion analysis was conducted based 
on similarity. Thirteen subgroups with a high level of co-
hesion were identified and they were classified into the fi-
nal seven groups excluding the groups with a single term. 
The names of the subgroups were selected by the re-
searcher in consideration of the terms including the key-
words with high centrality. As a result, the first group was 
named aging and frailty, the second, sarcopenia, the third, 
inflammation, the fourth, mortality, the fifth, frailty index, 

the sixth, older people, and the seventh, physical activity. 
The process by which core keywords are clustered accord-
ing to cohesion is shown by a dendrogram (Figure 3).

The first group included ‘aged’, ‘aging’, ‘frail’, and ‘frail 
elderly’ and the second group included ‘sarcopenia’. The 
third group included ‘inflammation’, ‘interlukin-6’, and 
‘lymphocyte count’, and the fourth group included ‘mor-
tality’, ‘longevity’, and ‘survival’. The fifth group included 
‘comprehensive geriatric assessment’, ‘geriatric assess-
ment’, and ‘frailty index’, and the sixth group included 
‘older people’ and ‘elderly’. The seventh group included 
‘physical function’, ‘physical performance’, ‘exercise’, and 
‘mobility’.

DISCUSSION

In this study, we analyzed the author keywords of stud-
ies on geriaric frailty carried out from 1981 to 2016 by ap-
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Table 2. The Top 30 Keywords that Emerged from Frailty Research

Rank Frequency Degree centrality Betweenness centrality Closeness centrality

1 Disability 147 Long term care 0.55 Disability 0.12 Depression 0.70

2 Nursing home 126 Gait 0.42 Frailty 0.10 Disability 0.68

3 Sarcopenia 116 Physical activity 0.42 Gait 0.09 Comorbidity 0.64

4 Exercise 106 Quality of life 0.42 Quality of life 0.09 Quality of life 0.63

5 Dementia 88 Physical 
performance

0.38 Long term care 0.08 Home care 0.63

6 Fall 87 Inflammation 0.36 Geriatric assessment 0.06 Fall 0.61

7 Depression 85 Geriatric assessment 0.35 Physical activity 0.06 Geriatric assessment 0.60

8 Long term care 83 Functional status 0.33 Inflammation 0.05 Frailty index 0.60

9 Geriatric assessment 73 Depression 0.32 Physical 
performance

0.05 Cognition 0.59

10 Quality of care 70 Epidemiology 0.32 Muscle strength 0.04 Dementia 0.59

11 Rehabilitation 69 Prevalence 0.30 Functional status 0.03 Exercise 0.59

12 Frailty index 65 Nursing home 0.29 Comprehensive 
geriatric 
assessment

0.03 Mortality 0.57

13 Physical activity 64 Physical function 0.29 Mobility 0.02 Older people 0.55

14 Inflammation 63 Nutritional status 0.27 Nursing home 0.02 Sarcopenia 0.55

15 Geriatrics 62 Weight loss 0.27 Depression 0.01 Comprehensive 
geriatric assessment

0.52

16 Activity of daily 
living

57 Reliability 0.27 Epidemiology 0.01 Inflammation 0.51

17 Epidemiology 56 Longevity 0.27 Risk factor 0.01 Deficit accumulation 0.50

18 Comprehensive 
geriatric assessment

54 Biomarker 0.27 Prevalence 0.01 Cognitive 
impairment

0.50

19 Home care 52 Comorbidity 0.27 Physical function 0.01 Aged 0.50

20 Cognitive 
impairment

50 Muscle strength 0.27 Sex difference 0.01 Elderly 0.46

21 Screening 47 Mobility 0.27 Nutrition 0.01 Mobility 0.45

22 Risk factor  
46

Nutrition 0.24 Longevity 0.01 Aging 0.44

23 Prevention 46 Sarcopenia 0.24 Biomarker 0.01 Nursing home 0.43

24 Accidental fall 46 Risk factor 0.23 Comorbidity 0.01 Longevity 0.43

25 Functional status 43 Comprehensive 
geriatric 
assessment 

0.23 Nutritional status 0.01 Epidemiology 0.43

26 Physical function 42 Geriatrics 0.21 Weight loss 0.01 Hospitalization 0.42

27 Hospitalization 42 Nursing 0.18 Reliability 0.01 Physical activity 0.41

28 Comorbidity 42 Geriatric oncology 0.18 Exercise 0.01 Severity of illness 
index

0.38

29 Physical performance 40 Exercise 0.18 Geriatrics 0.00 Balance 0.38

30 Longevity 40 Primary care 0.18 Activity of daily 
living

0.00 Frail elderly 0.34
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Figure 2. Sociogram of closeness centrality in frailty keyword network.

plying text network analysis, and we intend to make a few 
suggestions about the direction of future studies related to 
geriatric frailty in the field of nursing based on the core 
keywords identified by the analysis. The average degree 
of connection of the geriatric frailty network was 5.4 times, 
and the density was as low as 0.16, but the level of in-
clusiveness was as high as 91.5%. These results are thought 
to show that the frailty network has a structure in which 
many keywords are clustered around several major key-
words. In addition, cluster analysis showed that the frailty 
network is composed of seven subnetworks.

A total of 2,385 keywords were extracted from 6,424 re-
search papers related to geriatric frailty. In this study, key-
words with high co-occurrence frequency were ‘disabil-
ity’, ‘nursing home’, ‘sarcopenia’, ‘exercise’, and ‘demen-
tia’ in the decreasing order of frequency. This finding 
shows that many quantitative studies on them have been 
carried out. Because frailty is the concept at the boundary 
between health and disability, frail older people are more 
likely to develop severe conditions when exposed to stress 
and thus be at a stage of disability impeding daily activ-
ities, compared to healthy older people, and disability lim-
iting daily activities is used as a criterion of admittance in-
to nursing home facilities. This seems to be the reason for a 
high frequency of occurrence of the words ‘disability’ and 
‘nursing home’ [7,24]. In addition, it seems that since sar-
copenia, which causes frailty, is reported to reduce activ-

ities and functions of frail older people, and be closely as-
sociated with an increase of mortality rate, related studies 
have been actively conducted [24,25]. In comparison with 
the results of Kim and Jang [20], which analyzed the top 15 
keywords of studies on frailty with a high level of degree 
centrality and betweenness centrality according to the pe-
riods, it was found that the words of disability, sarcopenia, 
and dementia are keywords with a high level of degree 
centrality and betweenness centrality in studies con-
ducted in the 2000s, and are keywords with a large direct 
and indirect influence. ‘Nursing home’ was a central key-
word with high degree centrality in the studies of the 
1980s, and ‘exercise’ was a keyword with high between-
ness centrality in the studies of the 2010s [20], so they were 
consistently found to be influential keywords although 
there were differences according to the periods.

Among the top 30 keywords with the highest co-occur-
rence frequency, ‘nursing home’, ‘exercise’, ‘depression’, 
‘geriatric assessment’, ‘quality of life’, ‘physical activity’, 
‘inflammation’, ‘epidemiology’, ‘comprehensive geriatric 
assessment’, ‘comorbidity’, and ‘longevity’ were included 
in the top 30 keywords of all categories of centrality, i.e., 
degree centrality, betweenness centrality, and closed cen-
trality, so they were found to be influential variables and 
core keywords in researches on frailty. On the other hand, 
‘rehabilitation’, ‘screening’, ‘prevention’, and ‘accidental 
fall’ were included in the top 30 in terms of the frequency 
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         Figure 3. Dendrogram of frailty keyword network.

of occurrence but they were not included in the top 30 in 
terms of centrality, so they were found to be keywords 
with a low level of influence. Compared with the study re-
sults of Kim and Jang [20], ‘screening’ was found to be a 
keyword with high betweenness centrality in the studies 
of the 2010s, and ‘accidental fall’ was a keyword with high 
degree centrality and betweenness centrality in the re-
search conducted in the 2000s. ‘Rehabilitation’ and ‘pre-
vention’ have been studied extensively, but they have not 
been linked to various detailed concepts, and studies on 
them have been conducted independently and have not 
been in the range of core research. However, ‘prevention’ 
and ‘screening’ are important keywords in nursing in or-
der to prevent frailty in older people, perform early de-
tection of frailty through periodical assessments, and pre-
vent the progression of frailty, and help the patient’s re-
covery of health through appropriate interventions when 
frailty is detected. Therefore, they need to be studied in 

connection with various concepts related to geriatric frail-
ty in the future.

With respect to ‘geriatric assessment’ and ‘comprehen-
sive geriatric assessment’, which are keywords with a high 
frequency of occurrence and high centrality, they changed 
from ‘assessment’ and ‘evaluation’ in the 1980s to ‘geriatric 
assessment’ in the 1990s to ‘disability evaluation’ in the 
2000s to ‘geriatric assessment’ and ‘comprehensive geri-
atric assessment’ in the 2010s. This result is consistent with 
the gradual transitional changes in the frailty assessment 
tools from earlier instruments which emphasized physical 
domains to the development and use of multidimensional 
instruments that include the psychological, social, and en-
vironmental domains [5,13,24].

As for the keywords which showed high centrality al-
though they were not among the top 30 in terms of the fre-
quency of occurrence, the keywords with high degree cen-
trality were gait, incidence, nutritional status, weight loss, 
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reliability, biomarker, muscle strength, mobility, nutrition, 
nursing, and geriatric oncology. Gait, weight loss, muscle 
strength, and mobility are included in the evaluation cri-
teria of frailty [4,6], and biomarker is a test to measure in-
flammatory changes, one of the pathophysiological chan-
ges of frailty. These facts are thought to explain the fact 
that the words were found to be closely connected to 
frailty. The result that biomarker and geriatric oncology 
have emerged as keywords with high degree centrality in 
the studies of frailty conducted in the 2010s [20] showed 
that they have recently been actively studied in connection 
with studies on frailty. The core keywords with a high level 
of betweenness centrality were ‘frailty’, ‘gait’, ‘mobility’, 
‘incidence’, ‘sex difference’, ‘nutrition’, ‘biomarker’, ‘nutri-
tional status’, ‘weight loss’, and ‘reliability’. Except for ‘fra-
ilty’ and ‘sex difference’, they also correspond to the key-
words which are among the top 30 keywords in terms of 
degree centrality although they are not included in the top 
30 in terms of the frequency of occurrence, and this result 
indicates that they not only have a lot of direct connections 
with other keywords but also play a role of making con-
nections among keywords. The keywords with a high lev-
el of closed centrality were ‘cognition’, ‘mortality’, ‘older 
people’, ‘deficit accumulation’, ‘aged’, ‘elderly’, ‘mobility’, 
‘aging’, ‘severity of illness index’, and ‘frail older people.’ 
In relation to geriatric frailty, ‘cognition’, ‘deficit accumu-
lation’, ‘mobility’, and ‘severity of illness index’can be re-
garded as keywords that influence other keywords rapidly. 

Cluster analysis is a method to group closely correlated 
keywords into subnetworks and the studies on geriatric 
frailty are classified into 7 subgroups of ‘aging’, ‘sarcope-
nia’, ‘inflammation’, ‘mortality’, ‘frailty index’, ‘older peo-
ple’, and ‘physical activity’.

As described above, we investigated of central research 
topics of studies on frailty using the co-occurrence fre-
quency and three centrality indicators, and the results of 
this study showed that the central topics consisted mostly 
of physiological variables except for ‘depression’ and 
‘quality of life’. Frailty has been identified as a predictor 
variable for cognitive decline and depression in older wo-
men, and prevention and delay of frailty in older people 
have also been reported to be important in the prevention 
of cognitive impairment and depression [26]. In addition, 
it has been reported that research has shown that the pre-
vention of depression leads to the reduction of frailty, so 
attention is being paid to the relationship between frailty 
and depression [27]. Especially in the old age, social sup-
port is reduced for various reasons such as the loss of fam-
ily members and friends, retirement, and unemployment, 
leading to the exacerbation of frailty in terms of social and 

environmental aspects. Therefore, assessment of the status 
of the social support system, finances, the degree of social 
isolation, and degree of loneliness in older people is re-
quired [28]. In addition, with respect to environmental as-
pects, environmental hazards that can trigger or accelerate 
frailty need to be defined and evaluated on an ongoing ba-
sis [29]. Moreover, it is also necessary to take measures for 
older people considering the multi-faceted characteristics 
of frailty encompassing physical, mental, social, and envi-
ronmental frailty from a comprehensive perspective, such 
as the improvement of the residential environment, im-
provement of transportation, strengthening of visiting 
nursing service, improvement of the volunteering service 
system, and development of cultural leisure activities.

Although it was not derived as a central topic, qual-
itative research is also an important topic. Since most of 
the studies have approached geriatric frailty in terms of 
observable, external aspects of the phenomenon, it is nec-
essary to conduct qualitative research that presents a com-
prehensive understanding of older people’s overall expe-
riences of frailty in the future. The description of older 
people’s experience of frailty will provide caregivers and 
health care professionals with a better understanding of 
frail older people [30]. 

As a result of classifying the keywords of researches on 
frailty using the MeSH indexes, it was found that studies 
have been centered on healthcare and physical domains, 
and the research in mental, social and environmental do-
mains has been limitedly conducted. Since the Federal 
Council on Aging in the United States first defined frailty 
in 1983, the term frailty has been used to classify older peo-
ple with physical disabilities, emotional impairments, or 
inadequate physical or social environments. However, in 
this study, the review and analysis of studies accumulated 
over the past forty years showed that only physical frailty 
and frailty from a medical perspective have been empha-
sized. Therefore, in the future, more attention needs to be 
paid to the frailty in mental, social, and environmental 
areas, which has recently been attracting attention.

CONCLUSION

With global population aging, interest in healthcare for 
older people is increasing in the medical field, and the in-
tegrated management of frailty, which occurs commonly 
in older people, is an important challenge in the commu-
nity. In this study, we derived author keywords of studies 
related to geriatric frailty through text network analysis 
and classified the research topics into 7 subnetworks in or-
der to present the direction of research required for sys-
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tematic management of frailty. The derived core keywords 
and subnetworks showed that studies of geriatric frailty 
have been focused on frailty in terms of physical frailty 
and healthcare. These study results suggest that frailty 
should be defined in terms of mental, cognitive, social and 
environmental aspects as well as physical frailty in the fu-
ture, and that management of geriatric frailty including 
management of frailty in these areas should be developed 
and applied in an integrative way. 

Based on the results of this study, we make the follow-
ing suggestions. First, through the qualitative research on 
geriatric frailty, it is necessary to understand various as-
pects of frailty experienced by older people. Secondly, there 
is a need to understand emerging research trends through 
comparative keyword analysis between the studies con-
ducted in the countries that are interested in the manage-
ment of geriatric frailty and make efforts to manage it sys-
tematically and domestic studies, and to explore the direc-
tion of the development of domestic research based on the 
results. Third, studies on definition and management of 
frailty in terms of mental, social, and environmental as-
pects should be actively carried out, and an integrated sys-
tem for prevention and management of frailty including 
physical frailty should be established. Since this study on-
ly analyzed the researches contained in one database, there 
is a need for follow-up studies that encompass various da-
tabases in order to gain a more comprehensive understand-
ing of research trends. In addition, in order to increase the 
validity of the knowledge structure derived through tex-
tual network analysis, it is necessary to develop or incor-
porate a theory or model that will provide a conceptual 
framework.
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