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Abstract

Background

The FI-35 is a valid multidimensional Chinese frailty assessment instrument. Like other
scales, functional measures rely on the information the total score provides. Our research
aimed to analyze the contribution of each item.

Methods

Descriptive statistics were used to summarize the sample characteristics. The expected
item score (EIS) was used to determine how the items contribute to the generic measure of
frailty.

Results

This study showed that most of the EIS curves increased across the entire range of frailty
levels, and most of the items discriminate relatively well over the entire frailty range. ltems
differentially contributed to the total frailty score and differentially discriminated between
frailty levels.

Conclusions

Although nearly all items monotonically increased with frailty levels, there were large differ-
ences between items in their ability to differentiate between persons being either weakly,
moderately or highly frail.
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Background

The World Health Organization (WHO) reported that the proportion of the total population
of the world over 60 years old will nearly double to 22% from 2015 to 2050 [1]. In China, the
population aged above 60 will rise 24.6% by 2050 [2]. The Global strategy and action plan on
ageing and health pointed out that to develop a healthy aging society, physical and mental
capacities and relevant environmental factors should be considered [3]. However, the current
metrics are limited, which prevents a complete understanding of health issues and the useful-
ness of interventions in the field of aging. Thus, focused research is essential to promoting
healthy aging.

This rapid increase in aging brings a variety of problems and challenges to the healthcare
system, one of the most important of which is the development of frailty in older people.
Frailty is an age-related condition commonly defined as a multidimensional geriatric syn-
drome with decreased reserves of energy, physical abilities, cognition, and adaptive abilities,
which give rise to vulnerability [4,5]. Frailty increases the likelihood of falls, fractures, iatro-
genic complications, early mortality and other adverse health events, and frailty can occur in
the absence of comorbidities [6]. The number of older adults with frailty has been increasing
because of the rapid expansion of the aging population, and it is necessary for individualized
care and interventions to focus on the diversity and heterogeneity within the aged population.

It is common to use frailty measurements for the purpose of prognosis in medical special-
ties. Frailty has been quantified using different instruments: the frailty phenotype (FP) [7], the
frailty index (FI) [8], the Tilburg frailty indicator (TFI) [9], the Groningen frailty index (GFI)
[10] and the frailty index scale (FI-35) [11]. The FP assesses frailty based on five criteria
(weight loss, exhaustion, weakness, slow walking speed, and low physical activity) based on
patients’ poor functional performance [7]. In contrast, the FI recognizes the influence of other
nonphysical factors and measures frailty by counting the number of health-related physical
and psychological deficits accumulated by a person [8]. With the development of the TFI and
GF]I, the multidimensionality of frailty was further expanded to include a social domain [9,10].
In addition to the physical, psychological and social domains included in the FP, FI, GFI and
TFI, the Chinese frailty index FI-35, consisting of 35 items, also incorporates an assessment of
environmental factors that may influence frailty status [11].

Regarding the conceptualization of scoring frailty, frailty in previous research has been
measured based only on traditional approaches of using a cumulative score or, in the best case,
total scores for frailty in specific domains. However, total scores provide information concern-
ing only the level of frailty and are limited with regard to the content of frailty, and total scores
provide no direction regarding the choice of an intervention to reduce frailty, which is the
focus of a clinician. Most of the studies have ignored the individual items that might provide
important information, such as their contribution to the total frailty score and differences
between levels of frailty. Similarly, it is currently unknown to what extent a pattern of answers
across items may result in high or low certainty with respect to the actual level of the person’s
frailty. Furthermore, specific patterns of answers can widely differ between persons in the
sense of being rather broad and spread across all domains or being rather concentrated in a
few specific domains or on specific items in specific domains. It is important that multidimen-
sionality as well as different patterns of frailty are recognized in the clinical setting to improve
care for older persons.

Item response theory (IRT) is a powerful tool for supplying detailed information about item
functioning and it can be used efficiently to find the dimensions of an instrument [12]. IRT is
used in scale development and modification to assess the health, like anxiety and sleep quality
[13,14]. Nowadays, many kinds of different IRT models have been proposed. Models can be
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classified into parametric (PIRT) and non-parametric IRT models (NIRT) [15]. Although IRT
are generally used, nonparametric models and methods are becoming more popular [16]. Com-
pared with more commonly used IRT, the main advantage of NIRT is that they relax some of the
strong assumptions about the nonlinear behaviour of response probabilities which are invoked
by IRT models [17]. NIRT specifying the underlying latent traits interact with the item’s charac-
teristics on the ordinal scale [18]. This method was selected because its Expected Item Scores
(EIS) provide a detailed insight into how each item performs in relation to the underlying con-
cepts of the frailty. The purpose of this study is to determine the contribution of individual items
to frailty and the degree to which this contribution depends on the level of frailty.

Methods

Setting and participants

We used data from a cross-sectional study that was conducted in the city of Tianjin, China.
This survey collected data from November 2017 to February 2018 using the FI-35 scale among
older adults aged 60 years and over living in a community who had the ability to fill in the
questionnaire. Furthermore, the selection criteria for the sample of participants were being
able to communicate, being conscious, and being able to voluntarily participate in the study.

Ethical procedures

Permission for the study was granted by Tianjin University of Traditional Chinese Medicine.
All procedures performed in studies involving human participants were in accordance with
the ethical standards of Tianjin University of Traditional Chinese Medicine. Participants were
informed prior to their participation about the purpose of study and the consequences of the
provided information, and they signed informed consent.

Measures

The FI-35 consists of 35 self-reported items that are organized into 4 domains (physical, psy-
chological, social and environmental). These four domains each have several subdomains, con-
sisting of 3 or 4 items. The physical domain has five subdomains: nutrition (3 items), exercise
(4 items), muscle strength (3 items), vigor (3 items), and sleep quality (3 items). The psycho-
logical domain has two subdomains: emotion (3 items) and cognition (4 items). The social
domain has two subdomains: role (3 items) and social contact (3 items). The environment
domain also has two subdomains: environment (3 items) and adaptability (3 items) [11]. All
participants were asked to rate each of the 35 items of the FI-35 as “no”, “sometimes” and
“yes”, which were scored as 0, 0.5, and 1, respectively. Higher scores are intended to indicate

higher levels of frailty.

Statistical analyses

Descriptive statistics were used to summarize the sample characteristics with IBM SPSS Statis-
tics 21.0. To allow a more in-depth analysis of item properties, we performed non-parametric
item response analysis of the FI-35 data using R statistical software version 3.1.3 (R Foundation
for Statistical Computing), and specifically, we used the functionality of kernel smoothing in
item response theory (KSIRT) [19].

First, to determine the associations between each item, which consisted of the ordered cate-
gorical scores 0, 0.5, or 1 based on the responses (i.e., not, sometimes and fully endorsing the
statement) and the continuous latent frailty trait, the polyserial correlation coefficient was
computed for each of the items.
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Second, to determine how individual items contribute to the generic measure of frailty, a
flexible non-parametric approach of KSIRT was employed. This provides an analysis for each
item in a specific EIS figure that shows how the expected item score (EIS), which ranges from
zero and one, depends on the expected total frailty score. Vertical dashed lines represent the
5th, 25th, 50th, 75th and 95th percentiles of the expected scale score, and the (nearly always)
ascending curves indicate that older people with higher frailty levels were increasingly likely to
fully endorse an item [19]. These EIS plots indicate whether and to what degree the probability
of endorsing an item increases monotonically with increasing levels (across subjects) of the
underlying frailty trait. In this way, these EIS plots show how the FI-35 items differentiate
among nonfrail, moderately frail and highly frail persons.

Results

Study sample characteristics

A total of 600 participants were recruited from three older adult communities in Tianjin.
From these, 560 questionnaires were received, and we deleted cases missing more than five
percent of the answers. We included 513 participants in the present analyses, corresponding to
an effective response rate of 91.6%. The planned flow flowchart of the research is presented in
Fig 1. The respondents were predominantly female (285, 55.6%) and married (429, 83.6%)
with a mean (SD) age of 69.6 (7.2) years, the age ranges from 60 to 91. The FI-35 score ranged
from 0.00 to 0.89, with a median of 0.31. Using a cut-off score of FI > 0.23 for frailty, 67.6% of
individuals were considered frail.

A total of 202 (39.4%) participants had an education level of college degree or above. The larg-
est number of people were in the middle-income group of “2000-3999 Yuan” (223, 43.47%).
Other main sociodemographic characteristics of the study sample are presented in Table 1.

Item response data analysis: Polyserial correlations

The size of the polyserial correlation of each item with the latent frailty concept was positive,
indicating an overall positive association of each item with generic frailty traits. That is,
increases in generic frailty were associated with greater probabilities of endorsement of an
item (Table 2).

FI-35 scale
N 3 =60 years
600 participants living in a community
were recruited being able to communicate
being conscious

| being able to voluntarily participate in the study

560 questionnaires
were received

47 cases missing more than five T

percent of the answers were deleted

513 participants
were mcluded

Polyserial Expected Item
correlations Score Curves

Fig 1. Flowchart of the research.

https://doi.org/10.1371/journal.pone.0258588.9001
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Table 1. Characteristics of the study sample (n =513).

Variable Group Number Percentage (%)
Gender Male 228 44.4
Female 285 55.6
Age 60~64 134 26.1
65~69 182 355
70~74 65 12.7
75~79 93 18.1
>80 39 7.6
Marriage Married 429 83.6
Unmarried 3 0.6
Divorced 30 5.9
Widowed 51 9.9
Children No 17 3.3
Yes 496 96.7
Education level Never attended school 48 9.4
Primary school 47 9.2
Junior school 134 26.1
High school 82 15.9
College degree or above 202 39.4
Income (yuan/month) <1000 42 8.2
1000-1999 53 10.3
2000-3999 223 43.5
>4000 190 37.0
Smoking Never smoked 382 74.5
Gave up smoking 74 14.4
Smoking 57 11.1
Drinking Never drank 380 74.1
Gave up drinking 90 17.5
Drinking 43 8.4
Exercise Never 160 31.2
1-2 times/week 59 11.5
3-4 times/week 94 183
Every day 200 39.0
Extensive hobbies Yes 276 53.8
No 237 46.2

https://doi.org/10.1371/journal.pone.0258588.t001

Expected item score curves

An EIS curve analysis was employed for each item of the FI-35. The EIS curves of the 35 items
are presented in Figs 1-4. Since most of the EIS curves increase across the entire frailty level,
most of the items differentiate relatively well across the entire frailty range. From a detailed
study of the EIS curves represented by the 35 plots, our results show two findings: a. some
items within a domain contribute to a similar extent; b. some items in the same subdomain are
different. The different items differentially contribute to the general level of frailty.

The items in the nutrition, muscle strength, vigor, emotion, and role subdomains all
showed the same trend in their EIS curves, which indicated that all of the items in these subdo-
mains express the same characteristic regarding frailty level. Looking into the curves in more
detail, the first, second and third items in the exercise subdomain showed a relatively steep
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Table 2. Descriptive data for the items of the FI-35.

Subdomain Item Proportions of persons endorsing Polyserial correlation
answer categories of each item
0 0.5 1
Nutrition 1. Your weight has declined more than 5 kg 0.84 — 0.16 0.39
2. Your appetite has decreased 0.81 — 0.19 0.30
3. Your eating habits has changed 0.82 0.01 0.17 0.37
Exercise 4. Your walking ability has changed 0.64 — 0.36 0.49
5. You walked more slowly 0.83 — 0.17 0.64
6. It’s harder than before to go upstairs (downstairs) 0.57 — 0.43 0.40
7. You can do some energy-consuming activities 0.61 0.01 0.38 0.16
Muscle strength 8. Your grip strength is weaker than before 0.77 — 0.23 0.45
9. You can lift 5-10 kg 0.77 — 0.23 0.49
10. Getting up from the chair is harder than before 0.81 — 0.19 0.56
Vigor 11. It was harder for you to do anything than before 0.53 0.32 0.15 0.47
12. You often feel tired 0.55 0.31 0.14 0.47
13. You are always listless 0.63 0.23 0.14 0.50
Sleep 14. You're getting less sleep 0.55 0.01 0.44 0.50
15. Your sleep is more interrupted than before 0.51 — 0.49 0.48
16. You need medication to help you sleep 0.53 — 0.47 0.55
Emotion 17. You are more likely to feel down than before 0.81 0.10 0.09 0.08
18. You feel lonelier than before 0.82 0.15 0.03 0.31
19. You are not as confident as before 0.81 0.14 0.05 0.23
Cognition 20. You become forgetful 0.73 — 0.27 0.45
21. You can express your thoughts as clearly as before. 0.73 — 0.27 0.45
22. Your ability to solve problems is as good as before 0.75 — 0.25 0.47
23. It is harder to focus on one thing than before 0.27 0.28 0.45 0.05
Role 24. You can engage in multiple roles (caring for families) 0.81 — 0.19 0.37
25. Your daily life needs assistance from others 0.89 0.03 0.08 0.32
26. Your confidence is less than before when you deal with things 0.31 0.49 0.20 0.28
Social contact 27. You can get support from others 0.12 0.02 0.86 0.21
28. You keep in touch with your family and friends 0.13 0.03 0.84 0.28
29. You are willing to participate in social activities 0.09 0.03 0.88 0.21
Environment 30. You are worse at adapting to temperature changes 0.76 — 0.24 0.42
31. You are more sensitive to the environment 0.81 — 0.19 0.45
32. Your living condition is more convenient than before you live 0.65 — 0.35 0.43
Adaptability 33. You can get information you need (like news) 0.81 0.02 0.17 0.53
34. You can use new facilities (like computer, community equipment) 0.68 0.18 0.13 0.34
35. You can understand some new ideas 0.65 0.22 0.13 0.30

Response alternatives were yes (1) and no (0), with a response category in the middle which means sometimes (0.5); higher scores represent more frailty.

https://doi.org/10.1371/journal.pone.0258588.t002

increase in the curve, indicating that as the level of frailty increases, older adults tended to walk

more slowly and experience more difficulty going upstairs (show in Fig 2). However, the

fourth item in the exercise subdomain showed a relatively horizontal curve; this item (engag-
ing in some energy-consuming activities) did not differentiate well between moderately and
highly frail persons. Also in Fig 2, the subdomain of sleep quality, the second and third items
showed the same trend in the EIS curves with a sharp increase between 2 and 8; that is, the

items “your sleep is more interrupted than before” and “you need medication to help you

sleep” differentiated very well between non-frail and moderately frail individuals. However,
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Fig 2. Expected item score curves for physical domain.

https://doi.org/10.1371/journal.pone.0258588.9002

the first item of the sleep quality subdomain sharply increased at a score of 20 and above, indi-
cating that “getting less sleep” differentiated highly frail individuals. Similarly, in Fig 3, three
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Fig 3. Expected item score curves for psychological domain.

https://doi.org/10.1371/journal.pone.0258588.9003

items in the cognition subdomain (items 20, 21, and 22) showed relatively steep increases in
the curves across each level of frailty; however, the fourth item, “it is harder to focus on one
thing than before”, showed a sharp increase between 0 and 4, followed by a relatively horizon-
tal curve between moderate and high frailty, indicating that this item differentiated well in the
very early stages of becoming frail.

Furthermore, in Fig 5, the first item in the environment subdomain, “you are worse at adapt-
ing to temperature changes”, showed a sharp increase in the EIS curve across the scores of 6-17;
the second item, “you are more sensitive to the environment”, showed a sharp increase in the EIS
curve across the scores of 6-14; and the third item, “your living condition is more convenient
than before you live”, showed a sharp increase in the EIS curve across the scores of 4-15. These
data indicated that all the items in the environment subdomain typically increased for older peo-
ple with low frailty scores; that is, they differentiated very well between non-frail and moderately
frail individuals. However, the first and third items in the environmental subdomain showed a
sharp decrease in the curve at scores of 18 and above (in Fig 5), indicating that “worse at adapting
to temperature changes” and “more convenient living condition” were not significant in highly
frail individuals. In Fig 5, the subdomain of adaptability, the second and third items showed the
same trend in the EIS curves and discriminated well between non-frail and moderately frail indi-
viduals, but the first item showed a relatively steep increasing curve across each level of frailty.

Discussion

This is the first detailed analysis of the contribution of individual items to frailty. The detailed
item score curves revealed that almost all items contributed in a monotonically increasing
manner to the generic concept of frailty. From a detailed study of the EIS curves represented
by 35 plots, our results show three findings:

a. The EISs increased monotonically for the vast majority of the items, with the exception of
the social contact items;
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Fig 4. Expected item score curves for social domain.

https://doi.org/10.1371/journal.pone.0258588.g004

b. Nearly all items within a subdomain behaved similarly;
c. Some items differentiate very well between sub-ranges of frailty.

It was found that within the physical domain, the exercise and muscle strength subdomain
items differentiated over the whole frailty range. This finding is consistent with previous stud-
ies showing that older people’s gait speed and grip strength can be used to measure frailty
[20,21]. A short physical performance battery was used by Kim [20] to examine the relation-
ship of the walking speed test with different distances or paces to health-related factors in
older adults. Thus, we can take the decreases in gait speed and grip strength into account, but
these are specifically useful at low levels of frailty to identify when early interventions will
decrease frailty progression. Other items, for instance, the items in sleep quality subdomain,
differentiate very well within a sub-range of frailty: item 14 "you’re getting less sleep” differenti-
ates very well between moderate and highly frailty, item 15 “your sleep is more interrupted
than before” and item 16 “you need medication to help you sleep” show a relatively steep
increasing curve between non-frail and moderately frail regions. A previous study revealed
that poor sleep quality was associated with frailty in an older population [22]. Appropriate
interventions have significant effects on regulating mood in older adults, resulting in relaxed
and happy states of mind and improved confidence in life [23]. In our research, lighter sleep
occurs in the early stages of frailty; thus, early screening and appropriate intervention for sleep
disorders in clinical practice are necessary to improve fatigue, slow down the development of
frailty and improve the quality of life of older people.

Within the psychological domain, the first three items in the cognition subdomain differen-
tiated across the whole frailty range. Several previous studies have shown the relationship
between frailty and cognition. Prefrailty is a risk factor for cognitive dysfunction, and
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cognition tends to decline as frailty increases [24-27]. A meta-analysis from Bu [28] summa-
rized that cognitive frailty was found to be a predictor of dementia in older adults living in
communities. In our work, the abilities of memory, expression and solving problems were rep-
resentative of cognitive impairment. Thus, maintaining cognitive functional abilities is impor-
tant, and we suggest improving these abilities using memory, expression and solving problems
as strategies to reduce disease-related cognitive impairment and improve frailty in older adults.
The fourth item in the cognition subdomain, “it is harder to focus on one thing than before”,
showed a relatively steep increase in the curve between the low and moderately frail regions.
That is, inattention is more likely to occur in the early stages of frailty. Thus, cognitive decline
is a factor in the early stages of frailty and should be attended to in all older people to prevent
and ameliorate frailty. Furthermore, the items in the emotion subdomain behaved similarly
and differentiated very well high levels of frailty. Mulasso [29] suggested that negative emo-
tions were correlated with and aggravated frailty. In our study, the items in the emotion subdo-
main showed a relatively steep increase in the curve in the highly frail region. Therefore, it is
necessary to evaluate the level of negative emotion in prefrailty and avoid the progressive dete-
rioration to high frailty.

In the social domain (in Fig 4), the items in the role subdomain increased across the entire
range of frailty levels. Psychological disorders in older adults are most likely to prevent them
from adapting to social and family changes after retirement and leave them feeling upset, with
nothing to do and perhaps depressed [30]. From the perspective of the family and society, it is
important to encourage them to independent participate in activities. The progression of
frailty among older people might be slowed through the engagement in appropriate activities.
However, the EIS curves in the social contact subdomain did not discriminate over the whole
frailty range; that is, the level of frailty did not increase with decreased social contact, which
was different from previous research [31,32]. This may be because the participants were
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recruited from communities in Tianjin, and most of them were in middle/high income range
with hobbies and health activities in society.

Regarding the environment domain, all the items in the environment subdomain differenti-
ated very well between non-frail and moderately frail individuals; that is, older adults at low
frailty levels were sensitive to the environment. Thus, it would be beneficial to maintain an
appropriate environment. However, it is interesting that the third item “your living condition
is more convenient than before you live” showed a decreasing trend in the EIS curves in highly
frail individuals. It may be that this represented a decrease in activities among highly frail
adults, and a decrease that was a requirement based on their surroundings. Therefore, the
environment was not significant in highly frail adults.

Most studies based on total frailty scores or in different domains of frailty have developed
interventions [33,34] while ignoring the significance of individual items. What’s more, sever
researches also ignore the comparison with other frailty indexes and the individual. It is
important that the multidimensionality as well as the different patterns of frailty are recog-
nized in the clinical setting to improve care for older persons. This study determined the con-
tribution of individual items to frailty by showing that their contribution to the total FI-35
score can differ largely depending upon the level of frailty.

Conclusions

Although nearly all the items monotonically increased with frailty levels, there were large dif-
ferences between items in their ability to differentiate between persons being either weakly,
moderately or highly frail. The quality of interventions of care and counseling can be improved
by taking into account the specific ability of items to differentiate within specific frailty levels.
Thus, different intervention measures should be adopted for older people with different levels
of frailty.
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