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Abstract
Background There is a lack of agreement about applicable instrument to screen frailty in clinical settings.
Aims To analyze the association between frailty and mortality in Finnish community-dwelling older people.
Methods This was a prospective study with 10- and 18-year follow-ups. Frailty was assessed using FRAIL scale (FS) 
(n = 1152), Rockwood’s frailty index (FI) (n = 1126), and PRISMA-7 (n = 1124). To analyze the association between frailty 
and mortality, Cox regression model was used.
Results Prevalence of frailty varied from 2 to 24% based on the index used. In unadjusted models, frailty was associated 
with higher mortality according to FS (hazard ratio 7.96 [95% confidence interval 5.10–12.41] in 10-year follow-up, and 
6.32 [4.17–9.57] in 18-year follow-up) and FI (5.97 [4.13–8.64], and 3.95 [3.16–4.94], respectively) in both follow-ups. Also 
being pre-frail was associated with higher mortality according to both indexes in both follow-ups (FS 2.19 [1.78–2.69], and 
1.69 [1.46–1.96]; FI 1.81[1.25–2.62], and 1.31 [1.07–1.61], respectively). Associations persisted even after adjustments. 
Also according to PRISMA-7, a binary index (robust or frail), frailty was associated with higher mortality in 10- (4.41 
[3.55–5.34]) and 18-year follow-ups (3.78 [3.19–4.49]).
Discussion Frailty was associated with higher mortality risk according to all three frailty screening instrument used. Simple 
and fast frailty indexes, FS and PRISMA-7, seemed to be comparable with a multidimensional time-consuming FI in predict-
ing mortality among community-dwelling Finnish older people.
Conclusions FS and PRISMA-7 are applicable frailty screening instruments in clinical setting among community-dwelling 
Finnish older people.

Keywords Association · Frailty · Mortality · Older people

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s4052 0-019-01383 -4) contains 
supplementary material, which is available to authorized users.

 * Marika Salminen 
 majosa@utu.fi

1 City of Turku, Welfare Division, Yliopistonkatu 30, 
20101 Turku, Finland

2 Faculty of Medicine, Department of Clinical Medicine, Unit 
of Family Medicine, University of Turku, 20014 Turku, 
Finland

3 Faculty of Medicine, Department of Clinical Medicine, Unit 
of Geriatrics, University of Turku, Turku City Hospital, 
Kunnallissairaalantie 20, 20700 Turku, Finland

4 Municipality of Lieto Health Care Centre, Hyvättyläntie 7, 
21420 Lieto, Finland

5 Faculty of Medicine, Department of Nursing Science, 
University of Turku, 20014 Turku, Finland

6 Turku University of Applied Science, Health and Well-being, 
Joukahaisenkatu 3, 20520 Turku, Finland

7 Department of Clinical Medicine, Biostatistics, University 
of Turku, Turku, Finland

8 City of Vaasa, Social and Health Care, Ruutikellarintie 4, 
65101 Vaasa, Finland

9 Faculty of Pharmacy, Division of Social Pharmacy, 
University of Helsinki, 00014 Helsinki, Finland

10 Faculty of Medicine, Department of Clinical Medicine, Unit 
of Clinical Chemistry, TYKSLAB, 20521 Turku, Finland

11 City of Raisio, Social and Health Care for Elderly, 
Sairaalakatu 5, 21200 Raisio, Finland

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Helsingin yliopiston digitaalinen arkisto

https://core.ac.uk/display/401689085?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://crossmark.crossref.org/dialog/?doi=10.1007/s40520-019-01383-4&domain=pdf
https://doi.org/10.1007/s40520-019-01383-4


2014 Aging Clinical and Experimental Research (2020) 32:2013–2019

1 3

Introduction

Frailty is a problematic clinical syndrome [1]. It is defined as 
a loss of resources in several domains leading to the inability 
to respond to physical or psychosocial stress [1–3]. Frailty pre-
dicts increased falls, hospitalization, dependence, morbidity, 
mortality and increase in healthcare costs [1, 2, 4–7]. Preva-
lence of frailty has varied to some extent between studies, but 
it has been found to increase with age and to be higher in 
women than in men [8–13]. Women seem to tolerate frailty 
better than men, as demonstrated by a lower mortality rate 
at any given level of frailty or age among women [11, 14]. 
Anyhow, timely identification of older adults who are frail or 
at risk of frailty constitutes a cornerstone of geriatric medicine 
and quality care for the growing elderly population [2, 15–17].

There is no consensus about the key components and 
assessment of frailty [3, 6, 18]. The ability to predict adverse 
outcomes is the critical point to determine whether an assess-
ment instrument of frailty is effective or not [18]. FRAIL scale 
(FS) is judged to be clinically advantageous due to its simple 
nature and ability to be obtained from data already included 
in a comprehensive geriatric assessment (CGA) [19, 20]. 
Also PRISMA-7 is a fast and easily implemented frailty tool 
in clinical practice [21] and it has been found to have high sen-
sitivity and moderate specificity for identifying frailty among 
community-dwelling older people [21, 22]. Rockwood’s frailty 
index (FI), instead, is more comprehensive or prognostic index 
[23]. FI is well validated and has been applied to multiple 
datasets [17]. Nonetheless, frailty should be recognized in the 
clinical setting. According to the Frailty consensus, all persons 
older than 70 years and all persons with significant weight 
loss (≥ 5%) due to a chronic disease should be screened for 
frailty [24]. Screening for frailty helps clinicians to identify 
and manage the condition early into its progression, facilitate 
clinical decision making and enable to identify those who need 
comprehensive geriatric assessment (CGA), followed by tar-
geted interventions to improve quality of life, prevent adverse 
outcomes, as well as promote an improved allocation of health 
care resources [21, 25–27].

The aim of this study was to analyze whether frailty, defined 
with three different frailty tools, FS, PRISMA-7, and FI, was 
associated with higher mortality risk among Finnish commu-
nity-dwelling older people during 10- and 18-year follow-ups.

Materials and methods

Study design and population

This study is a part of the longitudinal epidemiological 
study carried out in the municipality of Lieto in southwest 
Finland [28]. All persons born in or prior to the year 1933 

(N = 1596) were invited to participate in the baseline exami-
nation which was carried out between March 1998 and Sep-
tember 1999. Of those eligible, 63 died before they were 
examined and 273 refused or did not respond, leaving 1260 
(82%) participants, 533 men and 727 women. Subjects living 
in institutional care (n = 65) or in sheltered housing (n = 18) 
or with missing data of frailty indexes were excluded from 
the analyses.

Frailty

Frailty was characterized using three commonly used 
approaches: FRAIL scale (FS) [19], Rockwood’s frailty 
index (FI) [29, 30], and PRISMA-7 [31, 32]. Data of frailty 
were gathered using an interview and clinical examination 
[28] as well as patient records.

The FS, a 5-item self-reported frailty screening tool, 
includes fatigue, resistance, ambulation, illnesses, and loss 
of weight components. One point was assigned for each 
component. Respondents were classified as robust (0 points), 
pre-frail (1–2 points), or frail (≥ 3 points) according to the 
total score [19]. We used slightly modified version of FS 
(Appendix A). In addition, data of illnesses were gathered 
from patient records instead of self-reporting.

FI consists of at least 30 deficits, such as symptoms, 
signs, disabilities, and laboratory measurements, which are 
readily available in survey or clinical data [4, 33]. In this 
study, FI consisted of 36 items as described in Appendix B. 
For the level of frailty, three groups were identified using 
previously described cut points: robust (FI ≤ 0.08), pre-frail, 
and frail (FI ≥ 0.25) [34].

PRISMA-7 contains seven simple self-reported items 
to identify frailty: age over 85 years, male gender, health 
problems which limit activities, support of another person 
needed, health problems requiring staying at home, social 
support, and use of a walking aid or a wheelchair. One point 
is given for every “yes” responses. Respondents with a 
score of 0–2 are considered to be robust and those with a 
score of 3 or more are considered to be frail [22, 31]. In our 
study, three items of the original PRISMA-7 were replaced 
(Appendix 3).

Mortality

Data from all participants who died before January 2017 
were obtained from the official Finnish Cause of Death Reg-
istry using unique personal identification numbers.

Ethics

The study was conducted according to the guidelines of 
the Declaration of Helsinki. The Ethics Committee of the 
Hospital District of Southwest Finland approved the study 
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protocol. Participants provided written informed consent for 
the study.

Statistical analyses

At baseline, differences between women and men were 
tested using the Chi squared test, Fisher’s exact test or two-
sample t test.

Hazard ratios (HRs) and their 95% confidence intervals 
for all-cause mortality were calculated using Cox propor-
tional hazard models. Proportional hazards assumption was 
tested using Martingale residuals. The follow-up periods 
were calculated from baseline measurements to the end of 
the follow period of 10 and 18 years or to the death of the 
person. Firstly, unadjusted Cox regression analyses were 
conducted for all three frailty indexes. Secondly, Cox regres-
sion analyses for FS and FI indexes were adjusted for age 
and gender which were items of PRISMA-7. The interac-
tion between gender and frailty indexes was included in Cox 
regression models. P values less than 0.05 were considered 
statistically significant. All statistical analyses were per-
formed using SAS System for Windows, version 9.4 (SAS 
Institute Inc., Cary, NC, USA).

Results

Baseline characteristics

The mean age of the participants was 72.7 (SD 6.2, range 
64.0–97.0) years, and 57% were female. More detailed 
baseline characteristics of 1152 participants are shown in 
Table 1. Two percent of the participants were identified 
as frail with FS, 24% with FI, and 17% with PRISMA-7. 
Frailty (both pre-frailty and frailty) was more common 
among women than men according to FS and FI; according 
to PRISMA-7, more men than women were frail. Altogether 
1083 participants had frailty assessed with all three indexes, 
and only one-fifth (20%) was categorized as frail or robust 
identically according to all three indexes (2% frail, 18% 
robust). Table 2 shows overlaps of FS, FI, and PRISMA-7.

Cox models for frailty and mortality

Altogether, 382 (33%) and 776 (67%) subjects deceased 
during the 10- and 18-year follow-ups, respectively. In 
unadjusted Cox regression models, both being frail and 
pre-frail were significantly associated with higher mor-
tality according to FS and FI scales during the 10- and 
18-year follow-ups (Table 3). After adjustments for age 
and gender, these associations remained significant in both 
follow-ups (Table 4). Also according to binary (robust or 

frail) PRISMA-7, frailty predicted higher mortality risk. 
Figure 1 shows age- and gender-adjusted Kaplan–Meier 
survival curves by FS and FI and unadjusted Kaplan–Meier 
survival curves by PRISMA-7. The association of frailty, 
defined by any of the three indexes, and mortality did not 
significantly differ between men and women either in 10- 
or 18-year follow-up.

Table 1  Baseline characteristics of study participants (n = 1152)

a Six years of elementary school

n (%)

Age, mean (SD), range 72.7 (6.2), 64.0–97.0
Age
 64–74 770 (67)
 75–84 319 (28)
 ≥ 85 63 (5)

Female 657 (57)
Living circumstances
 Living with someone 806 (70)
 Living alone 346 (30)

Education
 More than  basica or basic 111 (10)
 Less than basic 1041 (90)

MMSE
 27–30 879 (76)
 < 26 273 (24)

Body mass index, kg/m2

 < 20 39 (3)
 20–24.9 314 (27)
 25–29.9 515 (45)
 30–34.9 217 (19)
 ≥ 35 64 (6)

Smoking
 Non-smokers 751 (66)
 Ex-smokers 293 (26)
 Current smokers 93 (8)

Frequency of recreational exercising during the previous year
 ≥ 3 times a week 611 (55)
 Once or twice a week 218 (19)
 Less than once a week 290 (26)

Number of prescribed medicines
 < 5 880 (76)
 5–7 200 (17)
 8–9 51 (4)
 ≥ 10 21 (2)

Cardiovascular disease 600 (52)
Self-rated health
 Good 473 (41)
 Moderate 523 (45)
 Poor 156 (14)
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Discussion

In our study, the prevalence rates of frailty varied from 
2% (according to FS) to 24% (according to FI) based on 
the index used. It is possible that the modified version of 
FS, used in our study, may have underestimated frailty. In 
addition, FS is originally designed to be a short screening 
instrument; FI, instead, is a comprehensive, multidimen-
sional, and more prognostic frailty tool [23].

Both being frail and pre-frail were significantly associ-
ated with higher mortality during 10- and 18-year follow-ups 
both in unadjusted and adjusted models. Also earlier studies 
with follow-up periods from 2 to 12 years have shown that 
frailty assessed using FS [20, 35] or FI [30, 33, 36, 37] was 
a strong predictor of mortality among 65-year-old or older 
community-dwelling population.

The current study also supports results of the earlier 
studies showing that frailty indexes differ substantially in 
how they classified participants as frail [38–41]. However, 

Table 2  Overlaps of FRAIL 
scale, frailty index and 
PRISMA-7 in Finnish 
community-dwelling older 
people

Frailty index
(n = 1118)

PRISMA-7
(n = 1110)

Robust Pre-frail Frail P value Robust Frail P value

FRAIL scale
 Robust 199 (92) 468 (74) 74 (28) < 0.001 684 (74) 62 (33) < 0.001
 Pre-frail 18 (8) 168 (26) 166 (63) 234 (25) 111 (58)
 Frail 0 (0) 0 (0) 25 (9) 2 (0) 17 (9)

Frailty index (n = 1090)
 Robust 212 (24) 4 (2) < 0.001
 Pre-frail 583 (65) 50 (27)
 Frail 107 (12) 134 (71)

Table 3  Unadjusted hazard 
ratios (HR) and their 95% 
confidence intervals (CI) (in 
parentheses) of FRAIL scale, 
frailty index and PRISMA-7 for 
all-cause mortality during the 
10- and 18-year follow-up

10-year follow-up 18-year follow-up

n (%) HR (95% CI) P value HR (95% CI) P value

FRAIL scale (n = 1152)
 Robust 763 (66) 1 1
 Pre-frail 364 (32) 2.19 (1.78–2.69) < 0.001 1.69 (1.46–1.96) < 0.001
 Frail 25 (2) 7.96 (5.10–12.41) < 0.001 6.32 (4.17–9.57) < 0.001

Frailty index (n = 1126)
 Robust 217 (19) 1 1
 Pre-frail 642 (57) 1.81 (1.25–2.62) 0.002 1.31 (1.07–1.61) 0.011
 Frail 267 (24) 5.97 (4.13–8.64) < 0.001 3.95 (3.16–4.94) < 0.001

PRISMA-7 (n = 1124)
 Robust 928 (83) 1 1
 Frail 196 (17) 4.41 (3.55–5.48) < 0.001 3.78 (3.19–4.49) < 0.001

Table 4  Age- and gender-
adjusted hazard ratios (HR) and 
their 95% confidence intervals 
(CI) (in parentheses) of FRAIL 
scale and frailty index for all-
cause mortality during the 10- 
and 18-year follow-up

10-year follow-up 18-year follow-up

n (%) HR (95% CI) P value HR (95% CI) P value

FRAIL scale (n = 1152)
 Robust 763 (66) 1 1
 Pre-frail 364 (32) 1.69 (1.36–2.10) < 0.001 1.35 (1.15–1.57) < 0.001
 Frail 25 (2) 4.91 (3.10–7.80) < 0.001 3.92 (2.55–6.01) < 0.001

Frailty index (n = 1126)
 Robust 217 (19) 1 1
 Pre-frail 642 (57) 1.75 (1.21–2.54) 0.003 1.27 (1.03–1.56) 0.026
 Frail 267 (24) 4.05 (2.75–5.97) < 0.001 2.85 (2.25–3.63) < 0.001
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frailty can potentially be prevented or treated with physical 
exercise, supplementations, cognitive training and combined 
treatment, vitamin D, and reduction of polypharmacy [24, 
42, 43]. Due to this, the next step is to find out which frail or 
pre-frail persons can benefit from interventions [41].

Frailty (pre-frailty and frailty) was more common among 
women than men according to FS and FI; according to 
PRISMA-7, more men than women were frail. This was 
probably because according to PRISMA-7 one risk point is 
given from male gender. However, the association between 
frailty, defined by any of the three indexes, and mortality did 
not significantly differ between genders. In another Finn-
ish study [14], frailty was strongly associated with higher 
mortality, especially among women. Yet, the association 
between worsening frailty status and mortality risk was more 
prominent among men. In that population-based study, dif-
ferent frailty assessment was used, participants were older 
than in our study, and 10% of the participants were institu-
tionalized [14, 44]. Also according to a meta-analysis, in 
every age group, women had higher FI scores than men but 
lower mortality rate at any given level of frailty or age sug-
gesting that women tolerated frailty better than men [11].

Three different frailty indexes used in this study are 
designed for slightly different purposes; FS and PRISMA-7 
are designed to be screening instruments and FI to be more 
comprehensive or prognostic index which characterizes 
the whole health of an individual [23]. FS is judged to be 
clinically advantageous due to its simple nature and ability 
to be obtained from data already included in a patient CGA 
[19, 20]. Also PRISMA-7 is a fast and easily implemented 
frailty tool in clinical practice [21] and it has been found to 
have high sensitivity and moderate specificity for identify-
ing frailty among community-dwelling older people [21, 
22]. From five simple instruments to identify frailty in pri-
mary care setting, the PRISMA-7 questionnaire achieved 
the best accuracy and agreement [45]. However, it may 
over-screen for frailty [22]. The FI, instead, consists of 
at least 30 deficits, such as symptoms, signs, disabilities, 
and laboratory measurements, which are readily available 

in survey or clinical data. This approach does not specify 
which deficits, or which combinations of deficits, must 
be present for someone to be considered frail. Also dif-
ferent number of variables can be used [4, 33]. FI is well 
validated and has been applied to multiple datasets [17]. 
According to a systematic review [21], specificity of FI 
was generally high, but sensitivity was low, meaning that 
it may not identify people who might actually be frail and 
thereby could miss potentially critical opportunities for 
treating or supporting these people. In clinical practice, 
it can be time consuming to calculate FI score [40, 46]. 
However, implementation of an electronic FI (eFI) that is 
automatically populated from routine collected data con-
tained within the electronic patient records could represent 
a major advance in the care of older people with frailty or 
with a risk of frailty [47].

The strengths of our study are a large sample size and a 
long follow-up period enabling broad generalizability to the 
community-dwelling older population. To extend generaliz-
ability, we used three validated, commonly used, unweighted 
frailty indexes [48]. Our analyses also have limitations. We 
used modified versions of both FS and PRISMA-7 indexes. 
This may have had impact on frailty classification and pre-
dictive validity for mortality [17, 49]. In addition, interpre-
tation of our results (direct comparisons between indexes 
used) should be made with caution, because scales are 
designed for different purposes, as described earlier.

Although three frailty indexes captured different groups 
of individuals, both being frail and pre-frail predicted higher 
mortality risk according to all three indexes in Finnish 
community-dwelling older people. Simple and fast frailty 
indexes, FS and PRISMA-7, seem to be comparable with a 
multidimensional time-consuming FI in predicting mortal-
ity among community-dwelling older people. Therefore, we 
suggest that FS and/or PRISMA-7 is used for screening older 
people with frailty of risk of frailty in busy clinical settings. 
FI, instead, could be used for having a more comprehensive 
picture of the whole health of older individuals.

Fig. 1  Age- and sex-adjusted survival curves by FRAIL scale (a) and frailty index (b) and unadjusted survival curves by PRISMA-7 (c). The 
median follow-ups were 14.2 (a), 14.3 (b), and 14.5(c) years



2018 Aging Clinical and Experimental Research (2020) 32:2013–2019

1 3

Acknowledgements Open access funding provided by University of 
Turku (UTU) including Turku University Central Hospital.

Compliance with ethical standards 

Conflict of interest The authors declare that they have no conflict of 
interest.

Statement of human and animal rights All procedures performed in 
studies involving human participants were in accordance with the ethi-
cal standards of the institutional or national research committee and 
with the 1964 Helsinki declaration and its later amendments or com-
parable ethical standards. This article does not contain any studies with 
animals performed by any of the authors.

Informed consent Informed consent was obtained from all individual 
participants included in the study.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

 1. Fried LP, Tangen CM, Walston J et al (2001) Frailty in older 
adults: evidence for a phenotype. J Gerontol 56A:M146–M156

 2. Clegg A, Young J, Iliffe S et al (2013) Frailty in elderly people. 
Lancet 381:752–762

 3. Pialoux T, Goyard J, Lesourd B (2012) Screening tolls for frailty 
in primary health care: a systematic review. Geriatr Gerontol Int 
12:189–197

 4. Rockwood K, Minitski A (2007) Frailty in relation to the accumu-
lation of deficits. J Gerontol A Biol A Sci Med Sci 62A:722–727

 5. Strandberg TE, Pitkälä KH (2007) Frailty in elderly people. Lan-
cet 369:1328–1329

 6. Rodríguez-Mañas L, Féart C, Mann G et al (2013) Searching 
for an operational definition of frailty: a Delphi method based 
consensus statement. The frailty operative definition-consensus 
conference project. J Gerontol 68:62–67

 7. Hajek A, Bock J-O, Saum K-U (2018) Frailty and healthcare 
costs—longitudinal results of a prospective cohort study. Age 
Ageing 47:233–241

 8. Hubbard RE, Rockwood K (2011) Frailty in older women. Matu-
ritas 69:203–207

 9. Romero-Ortuno R, Soraghan C (2014) A frailty instrument for 
primary care for those aged 75 years or more: findings from the 
Survey of Health, Ageing and Retirement in Europe, a longitudi-
nal population-based cohort study (SHARE-FI75 +). BMJ Open 
4:e006645

 10. Romero-Ortuno R, Fouweather T, Jagger C (2014) Cross-national 
disparities in sex differences in life expectancy with and without 
frailty. Age Ageing 43:222–228

 11. Gordon EH, Peel NM, Samanta M et al (2017) Sex differences 
in frailty: a systematic review and meta-analyses. Exp Gerontol 
89:30–40

 12. Herr M, Arvieu JJ, Robine JM et al (2016) Health, frailty and 
disability after ninety: results of an observational study in France. 
Arch Gerontol Geriatr 66:166–175

 13. Herr M, Jeune B, Fors S et al (2018) Frailty and associated fac-
tors among centenarians in the 5-COOP countries. Gerontol 
64:521–531

 14. Kulmala J, Nykänen I, Hartikainen S (2014) Frailty as a predictor 
of all-cause mortality in older men and women. Geriatr Gerontol 
Int 14:899–905

 15. Polidoro A, Dornbusch T, Vestri A et al (2011) Frailty and dis-
ability in the elderly: a diagnostic dilemma. Arch Gerontol Geriatr 
52:e75–e78

 16. Rodriguez-Mañas L, Fried LP (2015) Frailty in the clinical sce-
nario. Lancet 385:e7–e9

 17. Dent E, Kowal P, Hoogendijk EO (2016) Frailty measurement in 
research and clinical practice: a review. Eur J Intern Med 31:3–10

 18. Gonzalez-Colaco Harmand M, Meillon C, Bergua V et  al 
(2017) Comparing the predictive value of three definitions on 
frailty: results from the Three-City study. Arch Gerontol Geriatr 
72:153–163

 19. Morley JE, Malmstrom TK, Miller DK (2012) A simple frailty 
questionnaire (FRAIL) predicts outcomes in middle aged African 
Americans. J Nutr Health Aging 16:601–608

 20. Woo J, Leung J, Morley JE (2012) Comparison of frailty indi-
cators based on clinical physical limitation. J Am Geriatr Soc 
60:1478–1486

 21. Apóstolo J, Cooke R, Bobrowicz-Campos E et al (2017) Predict-
ing risk and outcomes for frail older adults: an umbrella review 
of frailty screening tool. JBI Database Syst Rev Implement Rep 
15:1154–1208

 22. Clegg A, Rogers L, Young J (2015) Diagnostic test accuracy of 
simple instrument for identifying frailty in community-dwelling 
older people: a systematic review. Age Ageing 44:148–152

 23. Martin FC, Brighton P (2008) Frailty: different tools for different 
purposes? Age Ageing 37:129–131

 24. Morley JE, Vellas B, van Kan A et al (2013) Frailty Consensus: a 
call for action. J Am Med Dir Assoc 14:392–397

 25. Shamliyan T, Talley KMC, Ramakrishnan R, Kane RL (2013) 
Association of frailty with survival: a systematic literature review. 
Ageing Res Rev 12:719–736

 26. Chen X, Mao G, Leng SX (2014) Frailty syndrome: an overview. 
Clin Interv Aging 9:433–441

 27. Cesari M, Costa N, Hoogendijk EO, Vellas B, Canevelli M, Pérez-
Zepeda MU (2016) How the frailty index may support the alloca-
tion of health care resources: an example from the INCUR study. 
JAMDA 17:448–450

 28. Löppönen M, Räihä I, Isoaho R, Vahlberg T, Kivelä S-L (2003) 
Diagnosing cognitive impairment and dementia in primary health 
care − a more active approach is needed. Age Ageing 32:606–612

 29. Mitnitski A, Mogilner A, Rockwood K (2001) Accumulation 
of deficits as a proxy measure of aging. ScientificWorldJournal 
1:323–336

 30. Searle SD, Mitnitski A, Gahbauer EA, Gill TM, Rockwood K 
(2008) A standard procedure for creating a frailty index. BMC 
Geriatr 8:24

 31. Raîche M, Hébert R, Dubois M-F (2008) PRISMA-7: a case-
finding tool to identify older adults with moderate to severe dis-
abilities. Arch Gerontol Geriatr 47:9–18

 32. Turner G, Glegg A (2014) Best practice guidelines for the man-
agement of frailty: a British Geriatrics Society, Age UK and Royal 
College of General Practitioners report. Age Ageing 43:744–777

 33. Mitnitski A, Song X, Skoog I et al (2005) Relative fitness and 
frailty of elderly men and women in developed countries and their 
relationship with mortality. J Am Geriatr Soc 53:2184–2189

 34. Song X, Mitnitski A, Rockwood K (2010) Prevalence and 10-year 
outcomes of frailty in older adults in relation to deficit accumula-
tion. J Am Geriatr Soc 58:681–687

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


2019Aging Clinical and Experimental Research (2020) 32:2013–2019 

1 3

 35. Lopez D, Flicker L, Dobson A (2012) Validation of the FRAIL 
scale in a cohort of older Australian women. J Am Geriatr Soc 
60:171–173

 36. García-González JJ, García-Peña C, Franco-Marina F, Gutiérrez-
Robledo LM (2009). A frailty index to predict the mortality risk 
in a population of senior Mexican adults. BMC Geriatr 9:47. doi: 
10.1186/1471-2318-9-47

 37. Theou O, Rockwood MRH, Mitnitski A, Rockwood K (2012) Dis-
ability and co-morbidity in relation to frailty: how much do they 
overlap? Arch Gerontol Geriatr 55:e1–e8

 38. Cigolle CT, Ofstedal MB, Tian Z, Blaum CS (2009) Comparing 
models of frailty: the Health and Retirement Study. J Am Geriatr 
Soc 57:830–839

 39. de Vries NM, Staal JB, van Ravensberg CD et al (2011) Outcome 
instruments to measure frailty: A systematic review. Ageing Res 
Rev 10:104–114

 40. Theou O, Brothers TD, Mitnitski A, Rockwood K (2013) Oper-
ationalization of frailty using eight commonly used scales and 
comparison of their ability to predict all-cause mortality. J Am 
Geriatr Soc 61:1537–1551

 41. Sutorius, FL, Hoogendijk EO, Prins BA, van Hout HPJ (2016) 
Comparison of 10 single and stepped methods to identify frail 
older persons in primary care: diagnostic and prognostic accu-
racy. BMC Fam Pract 17:102. https ://doi.org/10.1186/s1287 
5-016-0487-y

 42. Apóstolo J, Cooke R, Bobrowicz-Campos E et al (2018) Effective-
ness of interventions to prevent pre-frailty and frailty progression 
in older adults: a systematic review. JBI Database System Rev 
Implement Rep 16:140–232

 43. Higueras-Fresnillo S, Cabanas-Sánchez V, Lopez-Garcia E et al 
(2018) Physical activity and association between frailty and 

all-cause and cardiovascular mortality in older adults: population-
based prospective cohort study. J Am Geriatr Soc 66:2097–2103

 44. Lihavainen K, Sipilä S, Rantanen T, Kauppinen M, Sulkava R, 
Hartikainen S (2012) Effects of comprehensive assessment and 
targeted intervention on mobility in persons aged 75 years and 
over: a randomized controlled trial. Clin Rehabil 26:314–326

 45. Hoogendijk EO, van der Horst HE, Deeg DJH et al (2013) The 
identification of frail older adults in primary care: comparing the 
accuracy of five simple instruments. Age Ageing 42:262–265

 46. Hubbard RE, O´Mahony MS, Woodhouse KW (2009) Charac-
terising frailty in the clinical setting—a comparison of different 
approaches. Age Ageing 38:115–119

 47. Clegg A, Bates C, Young J et al (2016) Development and vali-
dation of an electronic frailty index using routine primary care 
electronic record data. Age Ageing 45:353–360

 48. Song X, Mitnitski A, MacKnight C et al (2004) Assessment 
of individual risk of death using self-report data: an artificial 
neural network compared with a frailty index. J Am Geriat Soc 
52:1180–1184

 49. Theou O, Cann L, Blodgett J et al (2015) Modifications to the 
frailty phenotype criteria: systematic review of the current lit-
erature and investigation of 262 frailty phenotypes in the sur-
vey of health, ageing, and retirement in Europe. Ageing Res Rev 
21:78–94

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1186/s12875-016-0487-y
https://doi.org/10.1186/s12875-016-0487-y

	Frailty and mortality: an 18-year follow-up study among Finnish community-dwelling older people
	Abstract
	Background 
	Aims 
	Methods 
	Results 
	Discussion 
	Conclusions 

	Introduction
	Materials and methods
	Study design and population
	Frailty
	Mortality
	Ethics
	Statistical analyses

	Results
	Baseline characteristics
	Cox models for frailty and mortality

	Discussion
	Acknowledgements 
	References




