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Abstract
BACKGROUND: Frailty is a geriatric syndrome associated with 
multiple negative health outcomes. However, its prevalence varies 
by population and instrument used. We investigated frailty and pre-
frailty prevalence by 5 instruments in community-dwelling older adults 
enrolled to a randomized-controlled trial in 5 European countries.  
METHODS: Cross-sectional baseline analysis in 2,144 DO-HEALTH 
participants recruited from Switzerland, Austria, France, Germany, and 
Portugal with complete data for frailty. Frailty status was assessed by 
the Physical Frailty Phenotype [PFP], SOF-Frailty Index [SOF-FI], 
FRAIL-Scale, SHARE-Frailty Instrument [SHARE-FI], and a modified 
SHARE-FI, and compared by country, age, and gender. Logistic 
regression was used to determine relevant factors associated with frailty 
and pre-frailty. 
RESULTS: Mean age was 74.9 (±4.4) years, 61.6% were women. Based 
on the PFP, overall frailty and pre-frailty prevalence was 3.0% and 
43.0%. By country, frailty prevalence was highest in Portugal (13.7%) 
and lowest in Austria (0%), and pre-frailty prevalence was highest in 
Portugal (57.3%) and lowest in Germany (37.1%). By instrument and 
overall, frailty and pre-frailty prevalence was highest based on SHARE-
FI (7.0% / 43.7%) and lowest based on SOF-FI (1.0% / 25.9%). Frailty 
associated factors were residing in Coimbra (Portugal) [OR 12.0, CI 
5.30-27.21], age above 75 years [OR 2.0, CI 1.17-3.45], and female 
gender [OR 2.8, CI 1.48-5.44]. The same three factors predicted pre-
frailty.  
CONCLUSIONS: Among relatively healthy adults age 70 and 
older enroled to DO-HEALTH, prevalence of frailty and pre-frailty 
differed significantly by instrument, country, gender, and age. Among 
instruments, the highest prevalence of frailty and pre-frailty was 
documented by the SHARE-FI and the lowest by the SOF-FI. 

Key words: Frailty, community-dwelling, prevalence, clinical trials, 
epidemiology.

Introduction

Frailty is an age-related medical syndrome of reduced 
functional capacity and one of the most burdensome 
conditions for the growing segment of the older 

population, and society as a whole (1). Frailty is often preceded 
by sarcopenia (2), the age-associated loss of muscle mass and 
function and both concepts overlap, e.g. in regard to reduced 
muscle strength, physical function (e.g. gait speed), and 
unintentional weight loss (3). In addition, frailty and sarcopenia 
are often promoted by factors such as malnutrition (4, 5) and 
multimorbidity (6, 7). 

Over the last two decades, frailty has been identified as a 
stronger predictor of acute-care complications, length of stay, 
and hospital readmission than multimorbidity or chronological 
age alone (8-11). E.g. in a 2016 systematic review and meta-
analysis of 31 prospective studies, Vermeiren et al. found 
that frailty increases the likelihood of mortality by 1.8-2.3-
fold, hospital admissions by 1.2-1.8-fold, incident functional 
impairment related to basic activities of daily living by 1.6-2.0, 
and falls and fractures by 1.2-2.8-fold (12).  

The development of frailty in older adults should be 
recognized as a dynamic process including transitions from 
robust, to pre-frail and to frail and vice versa over time 
(13). Therefore, early detection of the at-risk group of pre-
frail individuals appears as a window of opportunity for 
the prevention of overt frailty, and perhaps prevention of 
sarcopenia as well (3, 14, 15). 

While the identification of frailty is becoming increasingly 
recognized as important, the choice of frailty instrument 
might be guided by medical practice within a specialty, the 
population, setting, and outcome under investigation (16). 
Frailty is actively screened for in various clinical settings, 
including oncology and surgical specialties. However, the lack 
of consensus for defining frailty still hinders the comparison of 
frailty prevalence between different populations (1, 17-19). 

Over time, the concept of the Physical Frailty Phenotype 
(PFP), introduced by Fried and colleagues in 2001 (20) and the 
deficit accumuation approach (i.e. Frailty Index) introduced 
by Mitnitski and Rockwood (21, 22) have emerged as the 
most frequently cited ways to operationalize frailty (23). 
While the Frailty Index approach scores accumulating deficits 
in age-associated variables covering multipe body systems 
(24), the five components of the PFP (fatigue, weight loss, 
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slowness, weakness, and low activity level) aggregate to a 
clinical syndrome (20). Subsequently, many researchers have 
modified the PFP in order to accommodate variables available 
from research studies’ data sets (25). Among those, the Study of 
Osteoporotic Fractures (SOF)-Frailty Index (26), a condensed 
variation of only 3 items, and the FRAIL-Scale (27), a self-
report based 5-item screening tool substituting the low activity 
criterion with multimorbidity (defined as the presence of five or 
more chronic diseases) have been frequently cited. 

To our knowledge, the prevalence of frailty and pre-frailty in 
older Europeans according to the PFP has not been studied in a 
single multi-national dataset with the exception of the Survey 
of Health Aging and Retirement in Europe (SHARE) database 
in 2009 and 2019 (28, 29). The reported frailty prevalence by 
the latter study in SHARE ranged from 3.0% (Switzerland) 
to 15.6% (Portugal), thus indicating an uneven distribution 
in the older European population, plus indicating a need for 
further studies on frailty and its assessment concepts in older 
Europeans. 

DO-HEALTH is a clinical trial in relatively healthy 
community-dwelling participants age 70 years and older 
without major health events (cancer or myocardial infarction) 
in the 5 years prior to enrollment, sufficient mobility to come 
to the study centers without help, and intact cognitive function, 
recruited from 5 European countries (30). Examining the 
prevalence of frailty and pre-frailty in DO-HEALTH at baseline 
aims to contribute important insights to the participants’ clinical 
presentation upon enrolment, and also with regard to several 
primary endpoints of the study, including cardiovascular health 
and physical function (30). 

In view of the variety of instruments derived from the PFP, 
and to estimate the variability of frailty prevalence based 
on the instrument used, we investigated the PFP as our 
primary measure and four alternative derived instruments in 
DO-HEALTH. However, one has to acknowledge that this 
is not a probabilisitc sample of the countries investigated: in 
addition to the DO-HEALTH eligibility criteria listed above, 
each countries sample consisted of older adults volunteering 
to participate in a clinical trial, and recruited according to the 
methods of each study site.

In addition to examine the variability in frailty according to 
instrument, we examine whether the prevalence of frailty and 
pre-frailty differs by country, age, and gender. 

Materials and methods

This is a cross-sectional study taking advantage of the 
baseline examination of 2,144 of 2,157 participants of the 
DO-HEALTH clinical trial recruited from Switzerland (Zurich, 
Basel, Geneva), Austria (Innsbruck), France (Toulouse), 
Germany (Berlin), and Portugal (Coimbra), with complete data 
for frailty. As a multicenter randomized controlled trial (RCT), 
DO-HEALTH (clinical trials: NCT01745263) was designed to 
investigate the effect of Vitamin D3 and Omega 3-fatty acids 
supplementation and a simple home exercise program in a 
2x2x2 factorial design over a three year follow-up addressing 
multiple endpoints associated with aging, including frailty (30).

Inclusion criteria for DO-HEALTH were age 70 years and 
older, a Mini-Mental Status Examination Score of at least 24 
points (31), living in the community and being sufficiently 
mobile to visit the study center, i.e. being capable to walk 
10 meters and getting in and out of a chair without help. In 
order to capture the broad scope of the trial’s endpoints, the 
participants were meticulously phenotyped with standardized 
assessments of multiple organ, cognitive, and physical function 
at each of the four whole-day clinical study visits (baseline and 
follow-up at 12, 24, and 36 months). Assessments followed a 
strict protocol with regular site visits for inter-center quality 
control, overseen by the primary investigator. Further details 
of the design, aims and scope, exclusion criteria, and primary 
endpoints of DO-HEALTH are described elsewhere (30). 

Assessments  o f  Phys ica l  Func t ion  and 
Comorbidities

For the assessment of physical function, we used the Short 
Physical Performance Battery (SPPB), a validated assessment 
tool for lower extremity function in older adults (32). The SPPB 
includes a gait speed test, a chair-rise test, and a balance test. Its 
three components each score 0–4, with 4 points indicating the 
highest level of performance, and add up to an overall score of 
maximum 12 points. The number of comorbidities was recorded 
by a self-administered comorbidity questionnaire (33).

Fried Physical Frailty Phenotype 

The physical frailty phenotype (PFP) has been validated 
in community dwelling older adults from numerous 
countries and in many in- and outpatient settings by various 
operationalizations (17, 25, 34). We built our PFP model with 
variables available from the baseline DO-HEALTH dataset as 
our primary frailty assessment tool. Unintentional weight loss 
was defined as a self-reported loss of more than 5% of body 
weight over the prior 12 months. Fatigue was operationalized 
as a positive answer to the self-reported question: “In the 
last month, have you had too little energy to do things you 
wanted to?” from the SHARE study original questionnaire. For 
weakness, grip-strength was taken in kilopascal (kPa) from the 
best of three consecutive trials at the dominant hand using a 
Martin Vigorimeter (KLS Martin Group, Tuttlingen, Germany) 
(35). Across all countries and ages, we used cut points by the 
lowest quintile approach by gender as did Fried and colleagues 
in their landmark study, but for simplification, irrespective of 
BMI (20). Slowness was defined as a gait speed below 0.67 
m/s and 0.7 m/s respectively, according to gender and height 
as in the original study by Fried et al (20). Low activity level 
was conceptualized as done earlier by Santos-Eggimann and 
colleagues analyzing the SHARE dataset (28). An answer of 
“less than once a week” to the question: “How often do you 
engage in activities that require a low or moderate level of 
energy such as gardening, cleaning the car, or doing a walk?” 
fulfilled the criterion. Pre-frailty was fulfilled with 1-2 positive 
criteria and frailty with ≥3 positive criteria.
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SOF-Frailty Index

The Study of Osteoporotic Fractures-Frailty Index (SOF-FI), 
introduced by Ensrud et al. is a condensed three-item variant 
of the Fried PFP including only the variables for weakness, 
involuntary weight loss, and fatigue (26, 36). It has been 
validated in community dwelling participants in the MOBILIZE 
Boston Study (37). In DO-HEALTH, we used data from the 
chair-rise test of the Short Physical Performance Battery for the 
SOF-FI weakness criterion (38). Weight loss was defined by 
a self-reported loss of more than 5% of body weight over the 
prior 12 months. Fatigue was defined by a positive answer to 
the question: “Do you feel full of energy?” from the Geriatric 
Depression Scale as in the original study (26). Pre-frailty was 
defined by the presence of one, and frailty by ≥2 positive 
criteria.

FRAIL-Scale 

The FRAIL-Scale (Fatigue, Resistance, Ambulation, 
Illnesses, and Loss of Weight-Scale) consists completely of 
self-reported items (39). Since its introduction, it has been 
validated for the prediction of most relevant frailty associated 
negative outcomes in various settings (40-42). For building 
the FRAIL-Scale in DO-HEALTH, we used the same question 
for the fatigue criterion as described above for the PFP. For 
resistance (weakness) we used the question for difficulties 
climbing stairs from SHARE-FI (see below). For the 
ambulation criterion, we used the question: “Because of a 
health problem, do you have difficulty (expected to last more 
than 3 months) walking 100 meters”, also from SHARE-FI. 
Illnesses (i.e. multimorbidity) was defined by the presence of 
>5 diagnoses). Weight loss was defined by a self-reported loss 
of more than 5% of body weight over the prior 12 months. 
On the FRAIL-Scale, pre-frailty was defined by 1-2 positive 
criteria, and frailty by ≥3 positive criteria.

SHARE-Frailty Instrument (SHARE-FI1)

To match the available variables from DO-HEALTH, we 
used a marginally modified version of the original SHARE-
Frailty Instrument (SHARE-FI), validated in community 
dwelling older adults and in primary care.[43-45] Weight loss 
was defined by a self-reported >5% loss of body weight over 
the prior 12 months. Fatigue was operationalized in the same 
way as for the PFP, by a positive answer to the question: “In 
the last month, have you had too little energy to do things you 
wanted to do?” For indicating low grip strength on Martin 
Vigorimeter readings, we used the lowest quintile approach 
as described for the PFP above. Slowness was defined as 
originally described by Santos-Eggimann et al. by a positive 
answer to either i) “Because of a health problem, do you have 
any difficulty walking 100 meters? (Exclude any difficulties 
that you expect to last less than three months.)”, or ii) “Because 
of a health problem, do you have any difficulty climbing one 
flight of stairs without resting? (Exclude any difficulties that 

you expect to last less than three months.)” (28). Low activity 
was fulfilled by a response of “less than once a week” (i.e. 
“one to three times a month” or “hardly ever or never”) to the 
same question as for the PFP: “How often do you engage in 
activities that require a low or moderate level of energy such 
as gardening, cleaning the car, or going for a walk?” Pre-frailty 
was defined as 1-2 positive criteria and frailty with ≥3 positive 
criteria. The SHARE-FI1 differs from our implementation of 
the PFP only in the way that slowness was assessed by self-
report only.

SHARE-FI DO-HEALTH Variant (SHARE-FI2)

For a fully self-report based variant of the SHARE-FI in 
DO-HEALTH, we substituted grip strength measurement by a 
positive answer to the question: “Because of a health problem, 
do you have any difficulty climbing one flight of stairs without 
resting (exclude any difficulties that you expect to last less 
than three months)?” This question was usually meant only to 
depict slowness in the original SHARE-FI operationalization. 
However, measuring resistance (or weakness) by a single 
question of difficulty walking one flight of stairs has been 
validated as a surrogate marker for weakness (46), as it is also 
used as the weakness criterion in the FRAIL-Scale introduced 
by Abellan van Kan et al. (see above) (39). For SHARE-FI2, 
pre-frailty was fulfilled with 1-2 positive criteria and frailty 
with ≥3 positive criteria.

Supplementary Table 1 provides an additional overview of 
the single components comprising the described instruments.

Statistical Analysis

Data is reported as means and standard deviations (SD) 
for continuous variables and frequencies and percentages for 
categorical variables. We estimated the prevalence of fraily 
and pre-frailty as the proportion of our study population who 
could be classified as either frail or pre-frail according to the 
PFP and the derived instruments and reported as frequencies 
and percentages. We then compared the prevalences by country, 
age sub-groups (<75y, ≥75y), and gender using a Chi-square 
(χ2) test or Fisher’s exact test when a frequency was less than 
five. We report on the general prevalence by screening tool 
including participants with a maximum of two missing values, 
as instruments indicate frailty as having ≥3 out of 5 criteria 
present (with the exception of the SOF where ≥2 positive items 
indicate frailty). We constructed a logistic regression model to 
compare frail and non-frail patients according to the PFP by 
study site, age group and gender using Zurich as our reference 
site. A separate model was run with pre-frailty as the outcome. 
All analyses were performed with SAS v9.4 (SAS Inc., Carey, 
North Carolina, USA).  

Results

Overall, mean age was 74.9 ±4.4 years, and 61.6% were 
women. Mean Mini-Mental Status Examination score was 
28.5 points (SD 1.5). Mean BMI was 26.3kg/m2 (SD 4.3), and 
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28.5% (n=569) of participants had three or more comorbidities 
at baseline. Baseline characteristics of all study participants by 
gender are presented in Table 1. Of the total 2,157 participants 
in DO-HEALTH, 2,144 (99.4%) had complete data at baseline 
on at least three of the variables for all frailty measures 
(Supplementary Table 2). In all, 1,005 participants were 
included from Switzerland (1 participant was excluded from 
Zurich), 350 from Germany, 300 from Portugal (1 participant 
excluded), 289 from France (11 participants excluded), and 200 
from Austria. 

Prevalence of frailty and pre-frailty in all 
DO-HEALTH participants by instrument

According to our primary measure PFP, 3.0 % (n=64) of 
DO-HEALTH participants were frail, and 43.0% (n=922) were 
pre-frail (i.e. at-risk for frailty). See Figure 1 for the overall 
prevalence of frailty and pre-frailty based on the PFP and the 
other four derived instruments. Prevalence of frailty in the 
total population was highest based on SHARE-FI1 (7.0%), 
and lowest based on SOF-FI (1.0%). Also, prevalence of pre-
frailty in the total population was highest based on SHARE-FI1 
(43.7%), and lowest based on SOF-FI (25.9%).

Prevalence of frailty and pre-frailty by country, age, 
and gender

With regard to country, the prevalence of frailty was highest 
using the SHARE-FI1 (range 1.5-24.3%), and lowest with the 

SOF-FI (range 0-3.0%). With regard to country, the prevalence 
of pre-frailty was highest with the SHARE-FI1 tool for all 
countries (range 40.3-51.3%), except for Portugal (51.3% vs. 
57.3% on the PFP). With regard to country, the prevalence of 
pre-frailty was lowest with the SOF-FI for all countries (range 
23.2-32.0%), except for Austria (27.5% vs. 24.0% on the 
FRAIL-Scale).

Figure 2a shows all prevalence rates for frailty by instrument 
and country. Figure 2b shows all prevalence rates for pre-frailty 
by instrument and country.

With regard to age group (<75 years vs. ≥75 years), persons 
75 years and older were more often frail compared to younger 
persons, regardless of the frailty instrument used (P <0.05 for 
all instruments). In both age groups, the prevalence of frailty 
was highest on the SHARE-FI1 (4.4%; 10.4%, P <0.0001) and 

Table 1. Baseline Characteristics of the DO-HEALTH participants
Characteristics Total

(n=2,157)
Men

(n=826)
Women

(n=1,331)
Country (study site), N (%)
Switzerland 1006 (46.6) 398 (48.2) 608 (45.7)
   (Zurich) 552 (25.6) 222 (26.9) 330 (24.8)
   (Basel) 253 (11.7) 102 (12.4) 151 (11.3)
   (Geneva) 201 (9.3) 74 (9.0) 127 (9.5)
Portugal (Coimbra) 301 (14.0) 109 (13.2) 192 (14.4)
France (Toulouse) 300 (13.9) 119 (14.4) 181 (13.6)
Germany (Berlin) 350 (16.2) 103 (12.5) 247 (18.6)
Austria (Innsbruck) 200 (9.3) 97 (11.7) 103 (7.7)
Age (years) 74.9 (4.4) 75.2 (4.5) 74.8 (4.4)
BMI (kg/m2) 26.3 (4.3) 26.6 (3.5) 26.2 (4.7)
MMSE Score 28.5 (1.5) 28.5 (1.4) 28.5 (1.6)
Comorbiditiesa (total) 1.7 (1.4) 1.5 (1.4) 1.9 (1.4)
   ≥3 comorbidities, N (%) 569 (26.4) 179 (21.7) 390 (29.3)
Gait Speed (m/s) 1.12 (0.23) 1.14 (0.23) 1.09 (0.23)
Handgrip Strength (kPa) 60.1 (19.0) 75.4 (17.0) 50.1 (12.3)
SPPB (sum score) 10.9 (1.5) 11.0 (1.4) 10.7 (1.6)
Values are means and standard deviations unless otherwise noted. BMI (Body Mass Index), MMSE (Mini-Mental Status Examination, used to measure cognitive impairment, range of 
0-30 points, where higher scores are better, and scores >24 suggest normal cognitive function), kPa (Kilopascal), SPPB (Short Physical Performance Battery, used to measure lower 
extremity function, scores range from 0-12 points, where higher scores indicate better functioning), aaccording to a Self-Administered Comorbidity Questionnaire (23).

Figure 1. Prevalence of frailty and pre-frailty by frailty 
instrument among DO-HEALTH participants (n=2,144 with 
available data out of n=2,157 total participants)
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lowest on the SOF-FI (0.5%, 1.7%, P = 0.0069). With regard 
to age group (<75 years vs. ≥75 years), there were significant 
differences in pre-frailty with a higher proportion of pre-frail 
participants among those age 75 years and older (P <0.05 for all 
instruments). In the younger age group, the prevalence of pre-
frailty was highest using the SHARE-FI1 (42.0%), and lowest 
using the SOF-FI (22.9%), while in the older age group, the 
prevalence of pre-frailty was highest using the PFP (46.2%), 
and lowest using the SOF-FI (30.1%).

With regard to gender, there were significant differences for 
frailty by all investigated instruments with women having an 
overall higher prevalence of frailty compared to men (P <0.01), 
with the exception of the SOF-FI (P = 0.3505). With regard to 
pre-frailty, there were significant differences by gender for all 
investigated instruments with women having an overall higher 
prevalence of pre-frailty compared to men (P <0.001).

Results for frailty by country (study site) and each subgroup 
are shown in detail in Table 2. Results for pre-frailty by 
country (study site) and each subgroup are shown in detail in 
Supplementary Table 3.

In our logistic regression model, we compared frail and 
non-frail participants according to the PFP by study center 
(using Zurich as our reference), age and gender. In regard to 
frailty, we found a 12-fold increased odds for participants 
from Coimbra (Portugal) [OR 12.00; CI 5.30-27.21] compared 
to Zurich, a 2-fold increased odds for older participants (≥75 

years of age) [OR 2.00; CI 1.17-3.45], and a 2.8-fold increased 
odds for female participants [OR 2.84; CI 1.48-5.44]. In regard 
to pre-frailty, we found an almost 2-fold increased odds for 
participants from Coimbra (Portugal) [OR 1.90; CI 1.43-
2.53] compared to Zurich, a 1.2-fold increased odds for older 
participants (≥75 years of age) [OR 1.20; CI 1.00-1.42], and a 
1.45-fold increased odds for female participants [OR 1.45; CI 
1.21-1.73] as shown in Supplementary Table 4.  

Discussion

In this large study of 2,144 relatively healthy, community 
dwelling European adults age 70 and older recruited from 5 
European countries, and based on our primary measure PFP 
instrument, 3% of participants were frail and close to half 
of all participants were pre-frail. With regard to subgroups, 
prevalence of frailty and pre-frailty was highest in Portuguese 
participants, women, and adults age 75 and older. Notably, 
prevalence of frailty and pre-frailty varied substantially by the 
instrument used and was lowest by the SOF-FI, and highest by 
the SHARE-FI1.

Earlier studies in community dwelling older adults from the 
US and Germany reported frailty prevalence rates ranging from 
2.5 to 17% using the PFP definition (26, 47-49). Of note, our 
reported frailty prevalence in DO-HEALTH with a mean age 
of 74.9 years was substantially lower than in similar age groups 
of population-based studies such as SHARE (1.3 vs. 4.4% for 
Switzerland, 13.8 vs. 28.6% for Portugal, 2.9 vs. 15.6% for 
France, 0.6 vs. 9.6% for Germany, and 0 vs. 11.6% for Austria).
(29). However, the prevalence appeared more comparable to 
the age group between 65-74 years in the same study hereby 
reflecting the relatively good health of the DO-HEALH 
participants. At the same time our results of a higher odds for 
being frail and pre-frail by higher age and female gender are in 
line with the prior literature (1).

While our findings do not arise from a representative sample 
of the population, our results of a higher frailty prevalence in 
our Portugal center compared to the more central European 
countries in DO-HEALTH are consistent with the SHARE 
cohort findings (waves 1 and 6) and supported by a higher rate 
of physical inactivity in southern European countries, including 
Portugal (28, 29, 50). This is further supported by a recent study 
investigating limitations in instrumental activities of daily living 
(iADL) from SHARE data, highlighting the uneven distribution 
of burdens in self-care with higher rates in southern European 
countries, including Portugal (51). Additionally, the observed 
health disparity with regard to frailty prevalence between 
Portugal and Austria or Switzerland in DO-HEALTH may be 
explained by a potential difference in educational level (28)
and linked to national economic indicators (52, 53), or specific 
patient sampling. In fact, DO-HEALTH participants from 
Portugal had less years of education compared to the four other 
countries. Further, the 2015 OECD (Organization for Economic 
Co-operation and Development) report on the attainment of 
overall goals in health care supports our findings by ranking 
Switzerland (No. 2), France (No. 6), Austria (No. 10), and 
Germany (No. 14) relatively high, compared with Portugal (No. 

Figure 2a. Prevalence of frailty by country and investigated 
frailty instrument 

Figure 2b. Prevalence of pre-frailty by country and investigated 
frailty instrument 
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32) (54). Moreover, the observed pattern of a higher frailty 
prevalence in Portugal is supported by the 2015 OECD data 
where older adults from southern European countries had worse 
health states than central European older adults (54). 

To the best of our knowledge, we lack population-based data 
on the prevalence of frailty and pre-frailty for the DO-HEALTH 
countries comparing different PFP operationalizations with 
test-based measurements of grip-strength and gait speed (i.e. 
PFP, SOF-FI) to mainly self-report instruments (i.e. FRAIL-
Scale, SHARE-FI). In our analysis, the mainly self-report based 
instruments indicated a higher frailty prevalence compared 
with our primary measure PFP that included the test-based 
measurements of grip-strength and gait speed. This is in 
contrast to prior research indicating lower levels of frailty by 
self-report, e.g. in a longitudinal study from Ireland, and thus 
warrants further investigation (55). 

With regard to instruments, the SOF-FI differed most from 
the PFP in terms of prevalence overall, but also in terms of 
differences by country, gender, and age. A possible explanation 
may be that SOF-FI only covers three of the original five PFP 
components (56, 57). A higher prevalence of frailty and pre-
frailty among Portuguese, female, and participants age 75+ was 
observed, regardless of the frailty instrument used. Therefore, 
our findings caution its use as a frailty prevalence tool among 
relatively healthy older adults. 

Our study has several strengths. First, we were able to 
utilize a large RCT baseline data set of 2,144 meticulously 
phenotyped older adults with standardized assessments of all 
participants from five European countries. Second, given the 
rich DO-HEALTH data set, we were able to match five frailty 
operationalizations with self-report and test-based assessments 
derived from Fried’s original physical frailty phenotype. Third, 
despite that fact that DO-HEALTH does not reflect population-
based data and selected relatively healthy older adults, our data 
provides a conservative comparison of frailty and pre-frailty 
prevalence by five different frailty operationalizations and 
between five European countries. 

Our study also has its limitations. First, we have 
to acknowledge that this is not a probabilistic sample and 
participants were recruited as relatively-healthy volunteers 
from the regions where the study was performed. Thus, 
suggesting that the actual prevalence of frailty may be subject 
to self selection and healthy participant bias (e.g. more 
frail participants may refrain from participating). Further, 
adaptions were necessary to apply the original Fried PFP 
to DO-HEALTH, due to the availability of variables from 
our data set. However, this has been necessary in most other 
studies following the initial publication by Fried et al (25, 
58). A conceptual limitation of our study is the expected low 
overall prevalence of frailty in the relatively healthy community 

Table 2. Prevalence of Frailty by Instrument in DO-HEALTH at baseline according to country (study site), age, and gender
Fried PFP 
(n=2,144)

SOF-FI 
(n=2,144)

FRAIL-Scale 
(n=2,144)

SHARE-FI1 
(n=2,144)

SHARE-FI2 
(n=2,144)

Total sample 64 (3.0) 21 (1.0) 78 (3.6) 149 (7.0) 125 (5.8)
Country (study site) 
Switzerland 13 (1.3) 7 (0.7) 21 (2.1) 43 (4.3) 36 (3.6)
   (Zurich) 7 (1.3) 1 (0.2) 12 (2.2) 25 (4.5) 19 (3.5)
   (Basel) 4 (1.6) 3 (1.2) 7 (2.8) 12 (4.7) 14 (5.5)
   (Geneva) 2 (1.0) 3 (1.5) 2 (1.0) 6 (3.0) 3 (1.5)
Portugal (Coimbra) 41 (13.7) 9 (3.0) 46 (15.3) 73 (24.3) 65 (21.7)
France (Toulouse) 8 (2.9) 5 (1.7) 5 (1.7) 16 (5.5) 12 (4.2)
Germany (Berlin) 2 (0.6) 0 (0.0) 4 (1.1) 14 (4.0) 10 (2.9)
Austria (Innsbruck) 0 (0.0) 0 (0.0) 2 (1.0) 3 (1.5) 2 (1.0)
P value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Age Group
<75 years 23 (1.9) 6 (0.5) 28 (2.3) 54 (4.4) 47 (3.8)
≥75 years 41 (4.5) 15 (1.7) 50 (5.5) 95 (10.4) 78 (8.6)
P value 0.0004 0.0069 <0.0001 <0.0001 <0.0001
Gender
Men 12 (1.5) 6 (0.7) 17 (2.1) 32 (3.9) 23 (2.8)
Women 52 (3.9) 15 (1.1) 61 (4.6) 117 (8.9) 102 (7.7)
P value 0.0010 0.3505 0.0021 <0.0001 <0.0001
All values are n (%); of the total 2,157 participants of DO-HEALTH, 2,144 (99.4%) had complete data at baseline on at least three of the variables for all frailty measures (Fried PFP: 
42 missing 1 variable, 3 missing 2 variables, 10 missing 3 variables; SOF-FI: 37 missing 1 variable, 10 missing 2 variables; FRAIL-Scale: 34 missing 1 variable, 1 missing 2 variables, 
12 missing ≥3 variables; SHARE-FI1: 5 missing 1 variable, 1 missing 2 variables, 12 missing ≥3 variables; SHARE-FI2: 13 missing ≥3 variables) and were included in this analysis. In 
all, 1,005 participants were from Switzerland (1 participant was excluded from Zurich), 350 from Germany, 300 from Portugal (1 participant excluded), 289 from France (11 participants 
excluded), and 200 from Austria). Fisher’s exact test was used to compare subgroups by country. Chi-square tests were used to compare frailty between subgroups by age and gender.
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dwelling older adults enrolled in DO-HEALTH. In addition, 
DO-HEALTH data does not include information on differences 
in health care systems or access to primary care between 
participating centers. However, we still document significant 
variability between countries, and subgroups. 

In summary, our study contributes unique data on the 
prevalence of pre-frailty and frailty in adults age 70 and 
older from five European countries enrolled in a large-scale 
RCT. With regard to the high prevalence of pre-frailty, 
we add important data indicating that interventions at this 
early stage possibly modulate the progression to frailty in 
a substantial share of the older adult population. Thus, our 
findings may help trigger efforts in the prevention of frailty, 
not only in Portugal, but also in the central European countries 
involved in DO-HEALTH. Our results support the fact that 
fraily prevalence is significantly influenced by the choice 
of instrument among relatively healthy community dwelling 
older adults. Further, all instruments but SOF-FI applied in the 
DO-HEALTH data set, appear to have construct validity with 
regard to country, gender, and age differences in prevalence of 
pre-frailty and frailty. 

In conclusion, our findings suggest that the choice of frailty 
instrument among relatively healthy older adults is relevant 
with regard to frailty prevention and care planning efforts. 
Given the suggested large health care disparities with regard 
to frailty among participants from Portugal versus the central 
European countries in DO-HEALTH, further studies are needed 
to explore these differences with regard to other aspects of 
health and at the population-based level.  
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