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Aanpassingsvermogen in één zin: 

 

             Al ben ik ook op leeftijd nog een wankelmoedig figuur

 en trek ik het me heel erg aan dat ik zo afhankelijk ben

 van van alles en nog wat, toch voel ik me ook best vaak

 een nuttig lid van de samenleving, bijvoorbeeld als ik

 bedenk dat mijn fiets zonder mij zijn evenwicht verliest.

     (Hans Dorrestijn, 20181)

1. Uit balans. In H. Dorrestijn, Het Rimpelperspectief (p.37). Amsterdam: Nijgh & 
Van Ditmar. Opgenomen in dit   proefschrift met toestemming van de auteur.

VOORWOORD

Dag ouderen.

Ik zie u staan. Gezamenlijk, ogenschijnlijk onwrikbaar, gevormd en 
geleefd, levend, sterk. Mag ik u bekijken? Mijn perspectief veranderen?

Ik kijk naar u op. Een leven lang ervaring, kennis, wijsheid. Zoveel om 
me nietig bij te voelen.

Wanneer ik op u neerkijk zie ik patronen die ik probeer te vangen. 
Trachtend u zodoende te reduceren tot slechts enkele groepen.  
U lijkt op elkaar maar toch ook niet. Elk uw eigen verhaal.

Dan, plots, een vonk, een lichtpunt, uw kloppende hart. Als een 
kwetsbaar, maar uitbundig bloeiende vrucht. Dat is waar u voor leeft.

Verder inzoomend zie ik uw huid: gebruind, gerimpeld, gebutst.  
De krassen, littekens, zij spreken voor zich. Hoe dikker hoe 
weerbaarder?

Ik kijk omlaag en zie dat u steeds meer heeft moeten afstoten.  
Als uitgevallen dennennaalden.

Bent u zelf gevallen? Nee, ik zie het al. U ondersteunt uw buur.  
Zij aan zij. Als lotgenoten.

Dan opent u mijn ogen. U verandert mijn perspectief en laat me door de 
bomen het prachtige bos weer zien. U opent mijn ogen door ze, zonder 
weg te kijken, te sluiten en me te laten luisteren.

 98
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1.

CHAPTER 1
General introduction
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1.
Enabling older people to live as independently and healthy as long 
as possible is one of the challenges societies face as a result of global 
population aging.1,2 In order to design interventions to maintain or regain 
optimal health status in older people, even after serious health events, 
adequate tools and instruments are required to assess the course and 
deviations of health status over time. The overall aim of this dissertation 
is to evaluate health status trajectories and their determinants in older 
people. The first chapters focus on psychometric issues of existing 
instruments used in practice for assessment of the health status of older 
people. The second part includes actual trajectories of health status and 
their determinants among older people living in the community and in 
hospitalized older patients. 

Population aging
One of the main successes of health care is the continuing increase in life 
expectancy.3,4 Due to the longer life expectancy, the population of people 
aged 65 years and older will rapidly expand in the coming decades. More 
specifically, in the Netherlands, the proportion of citizens aged 65 years 
and older relative to the total population is expected to rise from 20% 
now to 25% by 2040.5 Within this ageing population the proportion of 
people aged 80 years and older will increase even more rapidly as well 
from one in four now to one in three by 2040.5 Enabling older people to 
live as independently and healthy as long as possible serves a twofold 
purpose: on the one hand, this meets the needs of the majority of older 
people themselves2, on the other hand, it ensures that the pressure 
on facility-based long-term care remains manageable (in terms of 
workforce) and affordable (in terms of costs).6 However, the increase in 
lifespan will also lead to a rise in the incidence of age-related chronic 
conditions, which are known to be associated with greater health-service 
use such as hospitalization.7–9 Hospitalization, in turn, often results in a 
loss of functioning10, especially among older people with multiple chronic 
conditions (multimorbidity) and pre-existing limitations in activities of 
daily living (ADL), thus posing a serious threat to independence. It is 
therefore important to prevent hospitalizations or delay hospitalization11, 
but also, when hospital admission is inevitable, to enable older people 
to return to their pre-hospital level of functioning as quickly as possible 
during and after hospitalisation.12–14
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Consequences of hospitalization in older people
In 2018, around 25% of the people aged 65 years and older had a 
clinical hospital admission in the Netherlands.15 Hospitalization is major 
risk factor for mortality among older people. The in-hospital and 30-
day post- hospital discharge mortality rates of older acutely admitted 
people are 19%16 and 5% respectively.16,17  In addition,  30% of the 
acutely hospitalized older patients experience hospital-associated loss of 
function.18 Recovery of hospital-associated loss of function occurs in 30% 
to 70% of the cases, predominantly within the first three months after 
discharge.19–21 There is a long history of scientific interest in the causal 
relationships between loss of function and recovery from hospitalization 
in older people.22–26 Older age, problems in performing ADL, cognitive 
impairment, depression, impaired social functioning, geriatric conditions 
and length of hospital stay are known predictors of loss of function after 
hospital admission.10,27 Remarkably, fatigue has not been considered as 
a predictor of persistent functional decline and lack of recovery, though 
fatigue is one of the most common symptoms in older hospitalized people, 
with a prevalence rate of around 70%.28,29 After hospital discharge, 
many older people still experience fatigue, often leading to disruption of 
activities of daily living.29 This high prevalence of fatigue may be followed 
by a high prevalence of fatigability as well, which is defined as perception 
of fatigue while performing activities of a fixed intensity and duration.30 
Relating perception of fatigue to activities of a fixed intensity and duration 
allows better comparisons between people with comparable activity 
levels, and accounts for so called self-pacing bias.30,31 Fatigability might 
be considered as a more sensitive measure of someone’s susceptibility 
to fatigue, making this construct more suitable as a determinant and a 
potentially reversible research outcome.30,32,33 Over the past few years, 
fatigability has emerged as an important marker of functional decline in 
mobility-intact community-dwelling older people 34,35, yet its relationship 
with loss of function after hospitalization is unclear. 

Defining health 
There is much debate going on about the definition of health. The main 
point of criticism of the classic definition of health as ‘a state of complete 
physical, mental and social well-being and not merely the absence of 
disease or infirmity’ as defined by the World Health Organisation 36, is 
the central position of illness by using the term ‘complete well-being’.37,38 

Huber considers illness as a challenge and incorporates the dynamic 
nature of health by defining health as ‘the ability to adapt and self-
manage in the face of social, physical, and emotional challenges’.38 In this 
dissertation, we chose for the latter definition because it is closer to with 
what we all are dealing with in aging: As we get older, it is inevitable 
that we will be faced with changing circumstances of all kinds (physical, 
mental, social or environmental) that invite us to adapt to our environment 
and circumstances, which may in turn affect our health status.38–40 
Consequently, when we want to understand the course of health, we 
should consider multiple assessments of health status over time to catch 
its fluctuations.39,40

Trajectories of health status

Mrs. White
Mrs. White (1936) has been widowed for 15 years and lives 
independently. She has a past medical history of Type 2 Diabetes 
Mellitus, hypertension, osteoporosis and osteoarthritis. Together 
with her daughter, she has been participating in the Lifelines 
Cohort Study since 2012. Every eighteen months, she  has to 
complete a questionnaire and once every five years she is invited 
for a physical examination at one of the Lifelines research sites. 
To the question ‘In general, how would you rate your health?’ 
she answers invariably ‘good’, because within the constraints of 
having multiple chronic conditions, she feels good. In 2019 she 
was admitted to our hospital after a fall due to sudden loss of 
strength in her left leg caused by a Transient Ischemic Attack 
(TIA). During hospitalization, I approached Mrs. White for the 
Seniorlines 2.0 study. Despite the pain caused by the fall, she 
decided to participate. Her replies to the questionnaires showed 
that she was able to function quite independently before 
hospitalization. She did use the supermarket delivery service, had 
help with housekeeping once a week, and used the medication 
dispensing service of her local pharmacy. Every week, she took 
the bike to visit her former neighbor. She reported to be fatigued 
after performing physical and social activities sometimes; “But,” 
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Observational studies are usually longitudinal, which means they assess 
an outcome using two or more time points. Study designs in which at least 
three time-points are measured can be used to answer questions like ‘how 
does people’s health status develop over time?’ and ‘what characteristics 
predict that people are more likely to recover from functional decline 
after hospitalization?’.41 Of the methods available to analyze such 
developmental trajectories over time, group-based trajectory modeling 
(GBTM) is characterized by letting go the assumption of predefined 
subpopulations within a certain population.42,43 GBTM should rather 
be considered as a statistical method to identify individuals within a 
population that follow the same trajectory concerning shape and level. 
Once distinct trajectories within a population are modeled, questions 
like ‘Are characteristics of individuals that follow a certain trajectory 
different from individuals belonging to another trajectory?’ and ‘How is 
the trajectory of outcome x related to trajectories of outcome y?’ could 
be subsequently investigated.43 GBTM will not only provide us a more 
accurate view of reality, it gives us also the opportunity to look more 
specifically at characteristics of individuals that follow a certain trajectory 
which is important, for example, when targeting interventions. 

Measuring health status

she said, “that was all part of getting older.” The physical tests 
required a lot of effort during both the first assessment and the 
second assessment around discharge. However, she was very 
motivated and insisted to walk through the hospital corridors 
while she endured the pain. 

Mrs. White, three months after hospital discharge
Three months after discharge from the hospital, I visited Mrs. 
White’s home for the first follow-up measurement of the 
Seniorlines 2.0 study. We drank tea while I administered the 
questionnaires. She told me she was afraid of falling and needed 
help with bathing and dressing. Walking was more painful than 

Measuring health status in older people is not straightforward. Traditional 
concepts to assess health status such as ‘disease-free years’ and survival 
are seldom a priority to older people with multimorbidity.44 In contrast, 
independence and quality of life are more important health status outcomes 
among older people.45,46 But, there is a paradox here: even with increasing 
physical limitations and declining objective health status outcomes, the 
self-perceived health status of older people remains almost stable.47–51 The 
subjective nature of health status makes this construct difficult to measure 
as illustrated by the clinical case description. However, measuring health 
status and comparing health status differences between populations is 
important because it can support improving the quality of care. Roughly, 
three types of instruments to measure health status are distinguished: 
disease-specific, generic, and domain-specific instruments.52 Disease 
specific instruments focus on disease-related symptoms and problems. 
Often these instruments are extensively tested for validity and reliability 
within the intended patient groups, but they do not allow comparisons 
between conditions.52,53 Generic instruments are non-disease specific by 
definition and cover a wide spectrum of self-perceived physical function, 
disability and emotional functioning that affects health status.53 These 
instruments are especially useful to compare general health status of 
multiple populations or conditions, but disadvantages are the lack of focus 
on specific domains of health status and they often lack responsiveness.53 
Domain specific instrument cover only one domain of health status which 
allows to focus on one specific aspect of health status, without losing 
the ability to compare this domain of health status between different 
populations or conditions. The instruments used in the studies of this 
dissertation are predominantly domain-specific covering domains that 
are known to be important to older people’s health status, such as ADL, 

cycling, but due to the fear of falling, she did not use her bike. 
Twice every week she went to a senior fitness class and practiced 
on the exercise bike with her physiotherapist. The fatigability 
remained unchanged. The physical tests took her less effort than 
during the hospitalization. “If someone walks with me, I even 
dare to walk without a walker”, she said proudly. 
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mobility, fatigability, and frailty. Exception is the study of trajectories of 
self-rated health (Chapter 5) which is considered a generic instrument.  

The importance of sound measurement properties 
Within the multitude of available instruments, measurement properties 
may guide the decision which instrument to select to answer clinical or 
research questions.54 In general, three types of measurement properties 
can be distinguished55: 1. Validity, which is defined as the degree to 
which the instrument measures the construct intended to measure56; 
2. Reliability, defined as the extent to which the instrument is free of 
measurement error56, and; 3. Responsiveness, defined as the extent to 
which the instrument is able to measure change in the construct to be 
measured.56 The purpose with which an instrument has been developed 
has consequences for the measurement properties.57,58 For instance, 
for instruments that have been developed for risk-assessment, such as 
instruments used for predicting adverse health outcomes, information 
about the validity is most important. Instruments developed for 
discriminative purpose should be valid and reliable57, because the ability to 
distinguish scores of, for example, patients with high risk frailty from low 
risk frailty becomes important. When instruments are developed for the 
evaluation of interventions, also responsiveness becomes an important 
measurement property because it distinguishes real (clinical relevant) 
change in the construct from normal variability of the change scores.53 
Consequently, measurements properties of instruments have implications 
for their application as well.57 

Rationale and data sources 

Mrs. White, six months after hospital discharge
Three months later, six months after her hospital discharge, I 
met Mrs. White at the agreed time in front of the entrance to 
her apartment on a three-wheeled bicycle. Together we went 
inside and I noticed she was using a cane. I administered the 
questionnaires and physical tests for the fourth and last time. 
“She was doing well,” she said. She still had pain in her hip from the 
fall, but her new bicycle enabled her to visit her former neighbor 
again. In addition, she made friends at the senior fitness class 

As previously reported, this dissertation is about trajectories of health 
status in older people, measured in different relevant populations. From the 
introduction it can be concluded that to be able to measure trajectories of 
health status over time, we first need to know whether our instruments are 
responsive and suitable for longitudinal data analyses. We also introduced 
fatigability as a promising marker of functional decline in older people. 
Perceived fatigability is expected to be a useful outcome in populations not 
capable to perform physical activities, such as hospitalized older patients, 
but it has not yet been validated in this population. Part 1 (chapters 2, 3 and 
4) of this dissertation therefore addresses multiple psychometric properties 
of several instruments used to measure health status in older people.  
Part 2 (chapters 5 and 6) is devoted to the core question of this dissertation:

   What are determinants of health status trajectories in community- 
dwelling and hospitalized older people?

Two cohorts are used to answer the research questions: the Seniorlines 
Cohort Study, including hospitalized patient aged 70 years and older; and 
the Lifelines Cohort study, of which we used a subsample including all 
participants aged 65 years or older at baseline. A short description of 
both cohorts is provided below. 

The Seniorlines Cohort Study
Four chapters of this dissertation used data of the Seniorlines Cohort 
Study (Chapter 2, 3, 4, and 6). The Seniorlines Cohort Study was started 
in 2014 in the University Medical Centre Groningen (UMCG) to investigate 
the added value of hospital treatment for hospitalized patients aged 70 
years and older. Data collection continued to 2020 using qualitative and 
quantitative research methods. The Seniorlines Cohort Study investigated 
the goals, wishes and expectations of older patients admitted to the 

whom she also meets outside the classes. She was able to dress 
and shower independently again, but her fatigability remained 
unchanged. When I asked her, “How would you rate your health 
in general?” She answered, “Good.” Without hesitation, after 
which she explained to be happy that she has been able to adapt 
and that she can manage independently again.
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hospital and it also examines the extent to which the goals appointed by 
the patients were achieved after discharge from the hospital. The course 
of physical, mental and social well-being from hospital admission up to 
three and twelve months after hospital discharge was also examined by 
using extensive questionnaires. More than 2500 patients gave consent to 
participate in the Seniorlines cohort study, including patients who were 
admitted to cardiology, oncology, vascular and hepatobiliary, trauma, and 
internal medicine wards. 

Seniorlines 2.0
Chapter 6 of this dissertation is based on an add-on study of the 
Seniorlines Cohort Study called Seniorlines 2.0. Seniorlines 2.0 was 
designed to investigate the relation between fatigability and physical 
functioning in older medical patients. Next to the questionnaires which 
largely overlapped the questionnaires used in the Seniorlines cohort study, 
physical tests including mobility, spirometry, bio impedance, hand grip 
strength were administered. Also activity monitoring and the collection 
of blood samples from routine blood sampling stay were part of the 
Seniorlines 2.0 study protocol. Baseline and discharge assessments took 
place within the hospital. The other follow-up assessments were done by 
home visits after three and six months after hospital discharge. 

The Lifelines Cohort Study
Chapter 5 used data of the Lifelines Cohort Study. The Lifelines Cohort 
Study is a large cohort study with the objective to facilitate scientific 
research and the development of policy focused on healthy ageing. The 
data collection of the Lifelines Cohort Study included 1. Self-assessment 
questionnaires, including a broad range of domains covering lifestyle, 
health, personality, work, and living environment; 2. Physical assessment 
including blood pressure, BMI, electrocardiography, spirometry, and 
cognitive function, and; 3. Biological samples, including blood, faeces, 
urine, and hair. A detailed description of the complete Lifelines cohort 
profile is described elsewhere.59 Recruitment of participants took place 
from 2006 to 2013 with an intended follow-up period of at least 30 
years. Baseline assessment data included questionnaire administration, 
physical assessment and biological sampling. Every eighteen months 
questionnaire data was collected, and once every five years also physical 
assessment and biological samples were collected. For chapter 5, the so-

called elderly cohort of the Lifelines Cohort Study was used, including 
more than 12.000 participants aged 65 years or older at baseline, 
obtained from the Lifelines data and biobank. 

Structure of the dissertation
The first three chapters are devoted to examining relevant psychometric 
properties of various instruments representing aspects of health status 
in older people. In Chapter 2 we addressed validity by comparing older 
people’s own perceptions of change in ADL and measured change in ADL 
assessed with the modified Katz ADL index. In Chapter 3 we compared 
the reproducibility, a form of reliability, and responsiveness of two widely 
used frailty instruments: the Frailty Index and the Frailty Phenotype. 
Chapter 4 concerns the results of the translation and validation process 
of the Dutch version of the Pittsburgh Fatigability Scale. After the 
translation procedure and pretesting phase, we investigated the content 
validity, construct validity and test-retest reliability of the Dutch version 
of the Pittsburgh Fatigability Scale in older hospitalized patients. 

The second part of this dissertation concerns the actual health status 
trajectories of both community-dwelling older people and hospitalized 
older patients. In Chapter 5 we first identified trajectories of general self-
rated health over five years. Second, we assessed whether there were 
demographic, clinical or behavioural determinants that were associated 
with an increased likelihood of belonging to one of the identified self-rated 
health trajectories in community-dwelling older people. Lastly, in Chapter 
6  we identified trajectories of fatigability and mobility over the course 
from hospital admission up to six months after hospital discharge and 
explored the association between these trajectories and demographic and 
clinical characteristics in older medical patients. The general discussion, 
in which a summary of the main findings is presented, the methodological 
strengths and weaknesses are discussed, and recommendations for future 
research are provided, is presented in Chapter 7.  
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ABSTRACT

Background: Patient-reported outcome measures support shared decision 
making among hospitalized older patients. It is unclear to what extent 
change in activities of daily living (ADL) measured with established 
ADL questionnaires corresponds to the patients’ perception of change 
in ADL among hospitalized older patients. Therefore, the objective was 
to investigate, first, the agreement between self-perceived and formally 
measured change in ADL by the 15-item Katz ADL Index from pre-
hospital admission to three and twelve months after discharge and second, 
the association between patient characteristics and congruent versus 
incongruent outcomes of hospitalized medical and surgical patients aged 
≥70 years.

Methods: The agreement between change in self-perceived ADL and 
change in measured ADL was assessed by the linear-weighted kappa. 
Subsequently, three groups were created: 1. Self-perceived corresponds 
to measured change in ADL; 2. Self-perceived is worse than measured; 
3. Self-perceived is better than measured. Multinomial logistic regression 
analyses were used to investigate the association between age, sex, 
education, baseline ADL, frailty, depressive symptoms, comorbidity, the 
number of readmissions, health locus of control, and the outcome groups.

Results: Among 355 consecutive older hospitalized patients, poor 
agreement existed between change in self-perceived and measured 
ADL (linear-weighted kappa: 0.16; 95%CI: 0.07; 0.24). Among the 
patients with ≥1 ADL disability at baseline, older patients less often felt 
‘worse than measured’ (OR: 0.92; 95%CI: 0.86; 0.99), increasing ADL 
disabilities increases the odds for feeling ‘worse than measured’ (OR: 1.24; 
95%CI: 1.05; 1.46), and higher educated patients less often felt ‘better 
than measured’ after three months (OR: 0.35, 95%CI: 0.14; 0.87). After 
twelve months, a higher baseline comorbidity score was associated with 
incongruent responses.

Conclusions: Clinicians and researchers should be aware of any discrepancy 
between self-perceived and measured change in ADL and should avoid 
making decisions based on the differences in Katz ADL Index score scores 
only.

BACKGROUND

Maintaining independence is what older adults prioritize as most 
important health outcome above keeping alive and symptom reduction.1,2 
Hospital admission of older adults jeopardizes independence, because it 
increases the risk for functional decline in activities of daily living (ADL) 
both during and after hospitalization.3 Older patients who develop 
hospital-associated functional decline in ADL are at increased risk for 
institutionalization4,5 and premature mortality.6,7 Overall prevalence rates 
of functional decline in ADL among hospitalized older patients is 30%.8 

Recovery of functional decline in ADL is often operationalized through 
established questionnaires measuring the change in self-reported 
disabilities in ADL before and after hospitalization.9–12 From these 
studies it remained unclear what the patients’ subjective perceptions 
were concerning deterioration or improvements in ADL. Other studies 
investigating the relation between longitudinal assessment of disabilities 
in ADL and older adults’ perceptions of disability demonstrated that 
older adults overcome perceptions of disability by using effective coping 
or adaptation strategies.13,14 Activities, such as driving cessation and 
receiving home care, seem to play a key role in older adults’ perceptions of 
disability.15 Moreover, female sex, lower income, more chronic conditions, 
cognitive impairment, more health anxiety, poor self-rated health, higher 
number of baseline ADL limitations, and an increase in ADL limitations 
over the past years were associated with an accelerated perception of 
disability among community-dwelling older adults.15 Whether these 
associations also exist for self-perceived in relation to formally measured 
change in ADL among hospitalized patients has not been investigated 
yet. 

Therefore, our objective is to investigate the agreement of self-perceived 
and measured change in ADL status from pre-hospital admission to three 
and twelve months after discharge. Second, potential associations with 
demographic and clinical characteristics in congruent (self-perceived 
corresponds to measured change in ADL) and incongruent (when self-
perceived change was better or worse than measured change in ADL) 
outcomes were investigated. 
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METHODS

Setting and patient selection
For this monocentric study, all medical and surgical patients who were 
admitted to the hospital from February 2017 to November 2018 were 
subject for the study. Inclusion criteria for participation were age of 70 
years and older and a hospital stay for at least two consecutive days. 
Exclusion criteria were no understanding of the Dutch spoken language, 
any (temporary) cognitive condition that influence decision making (e.g. 
delirium, and diagnosed dementia), proxy interview, and no written 
informed consent. Baseline assessment took place within the first four 
days of hospital admission by face-to-face interview, administered by 
a trained research nurse. Follow-up assessments took place three and 
twelve months after discharge by telephone. The local research ethics 
committee has decided this study was not subject to the Dutch Medical 
Research Human Subjects Act (registration number: 201600268).

Outcome measures
The primary outcomes included self-perceived and measured change 
in ADL from pre-hospital admission to three and twelve months after 
discharge. 
Change in self-perceived ADL was assessed at follow-up assessments by 
the question: ‘In general, how is your daily functioning now compared 
to three months ago (one year ago) before hospital admission?’ Answer 
options were much worse, slightly worse, more or less the same, slightly 
better, and much better. Slightly and much worse were considered 
deteriorated, more or less the same was considered unchanged, and much 
and slightly better were considered improved.

Measured change in ADL status was calculated by subtracting the 
outcomes of the modified Katz ADL Index score (Katz-15)16,17 at follow-
up assessments from baseline assessment (i.e. the situation two weeks 
before hospital admission). The total score of the Katz-15 represents the 
number of self-reported ADL disabilities, ranging from 0 to 15 points, with 
higher scores indicating more ADL disabilities. Negative change scores 
were considered deteriorated, change scores of zero were considered 
unchanged, and positive change scores were considered improved. 

With the outcomes of self-perceived and measured change in ADL three 
groups were created: 

1.  Patients whose change in self-perceived ADL status (P) 
corresponds to the measured change (M) in ADL (P=M).  

2.  Patients whose self-perceived change in ADL status 
was better than the measured change in ADL (P>M). 

3.  Patients whose self-perceived change in ADL status was worse 
than measured change in ADL ( P<M). 

Co-variables 
A number of co-variables (demographic, clinical, and personal 
characteristics) were hypothesized to be associated with congruent and 
incongruent outcomes of self-perceived and measured change in ADL. 

Demographic characteristics included age, sex (male, female), and level 
of education (≤high school (which equals ≤12 years of education), >high 
school (>12 years of education)).  

Clinical characteristics included: 
-  Disabilities in ADL up to two weeks before hospital admission 

(functional independent, at least one disability), retrospectively  
assessed with the Katz-15. 

-  Pre-hospital frailty status (frail, non-frail), assessed with the 
self-reported Frailty Phenotype.18,19 The items of the Frailty 
Phenotype included unintended weight loss, exhaustion, 
slowness, weakness, and low physical activity up to two weeks 
before hospital admission. Unintended weight loss was considered 
when people lost weight for three or more kilograms in the past 
month. Exhaustion was assumed when people scored ‘yes’ to both 
questions ‘everything I did was an effort’, and ‘I could not get 
going’. Slowness was assumed when people were not able to walk 
outside for five minutes. Weakness was assumed when people 

2.
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reported to have difficulties raising a chair. Low physical activity 
was assigned when people report not being physically active for 
at least 30 minutes per week. Total scores ranged from 0 to 5. We 
used a dichotomous scoring considering a score of 3 or more as 
frail.18

-  Comorbidity and the severity of comorbidities were assessed by 
the Charlson Comorbidity Index (CCI) with higher scores indicating 
higher number or more severe chronic conditions (range 0 – 37 
points).20

-  Depressive symptoms (present, absent) were assessed with the 
two-item Geriatric Depression Scale (GDS-2) using a cut-off of 
one or more.21 

-  The question ‘Have you been admitted to the hospital since our 
last interview?’ was asked to determine dichotomously whether 
there have been hospital readmissions between baseline and 
follow-up (yes, no). 

Personal characteristics included: 
-  Health locus of control assessed by the Dutch version of the 

Multidimensional Health Locus of Control (MHLC).22 This scale 
is used to identify the origin of motivations underlying health-
related behavior and exists of three dimensions: 1. Internal;  2. 
External by powerful others;  and, 3. External by chance.23 Each 
dimension has six items with a six point Likert scale. Scores ranged 
from 0 to 36 for each subscale, with higher scores indicating 
a higher belief in that dimension of health locus of control.  

Statistical analysis
Baseline descriptive statistics of the total sample and per subgroup 
were presented as means with standard deviations, medians with inter 
quartile range, and counts with percentages, as appropriate based on 
data distribution. 

Agreement between self-perceived and measured change in ADL was 
investigated by calculating both absolute agreement and the linear-
weighted kappa statistic.24 Next multinomial regression analyses 
were performed using the three created groups as dependent variable. 
The congruent group (P=M) was used as the reference category. First, 
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discharge was 46% (162/355) and 44% (146/333), respectively. 
Corresponding linear-weighted kappa’s were 0.16 (95%CI: 0.07; 0.24) 
and 0.13 (95%CI: 0.04; 0.21) indicating poor agreement between self-
perceived and measured change in ADL over both the three and twelve 
months periods (Table 2). 

Model 2, including demographics and clinical characteristics, was 
selected as best fitting multivariable model. The results of the 
univariable multinomial regression analyses and the outcomes of the 
unselected models after three, and after twelve months are presented 
in Supplementary Tables S2, S3, and S4, respectively. Results of the 
multivariable multinomial regression analyses showed that, compared to 
the congruent group (P=M), patients with existing ADL disabilities before 
hospital admission rated their self-perceived change in daily functioning 
after hospitalization more often as worse than measured (P<M: OR: 
2.97, 95%CI: 1.52; 5.80 and OR: 4.69, 95%CI: 2.43; 9.05) and less 
often better than measured (P>M: OR: 0.56 95%CI: 0.32; 0.98 and OR: 
0.49; 95%CI: 0.26; 0.92) both three and twelve months after discharge, 
respectively (Table 3). Three months after discharge, patients with a 
higher educational level less often rated their self-perceived change in 
daily functioning as better than measured (P>M) (OR: 0.44, 95%CI: 
0.26; 0.77) (Table 3).

Of all cases, 46% reported no disabilities at baseline. As these patients 
could not improve anymore (floor effect), we decided to perform a 
subgroup analysis including patients with at least one disability. In this 
subgroup, the effect of educational level remained (P>M: OR: 0.35; 
95%CI: 0.14; 0.87), and an additional effect of age was observed: younger 
patients less often rated their self-perceived change in daily functioning 
as worse than measured three months after discharge (P<M: OR: 0.92, 
95%CI: 0.86; 0.99) (Table 4). In addition, we found that patients with 
more baseline comorbidities more often reported incongruent outcomes 
after twelve months (P<M: OR: 1.31, 95%CI: 1.05; 1.62; P>M: OR: 1.41, 
95%CI: 1.10; 1.82) (Table 4), which we did not find among the subgroup 
of patients without disabilities at baseline (Supplementary Table S6). 
Contingency tables of the subgroups are presented in Supplementary 
Tables S5 and S7.

univariable regression analyses for each co-variable were performed. 
Second, a multivariable model was built by sequentially adding 
demographic co-variables (Model 1), clinical characteristics (Model 2), 
and personal characteristics (Model 3). Model fit was evaluated with the 
Likelihood Ratio Test, and goodness-of-fit was based on difference in -2 
Log Likelihood using the Chi2 distribution and a p-value of 0.05.25 Data 
were presented as odds ratios (OR) and corresponding 95% confidence 
intervals (CI). The analyses were repeated for the data collected twelve 
months after discharge. 

Subjects with missing values for the main outcome or data derived by 
proxy-interviews were excluded from the analysis, as imputation was 
not desirable for the subjective outcomes. Missing data for items of the 
CCI (2%), frailty phenotype (0-4%), GDS-2 (4%), and MHLC (7-9%) 
were assumed to be missing at random and therefore imputed using 
multiple imputation (10 imputations, fully conditional specification, 
predictive mean matching). Rubin’s Rules were applied for pooling the 
results.26,27 Predefined subgroup analyses were performed using patients 
without disabilities at baseline and patients with one or more disabilities 
at baseline. All analyses were performed using IBM Social Package of 
Statistical Software version 23.  

RESULTS

A total of 478 out of 2961 eligible patients had a baseline assessment. 
In total, 123 patients were excluded from the analyses, of which 64 were 
deceased (52%) and 59 withdrew consent (48%). The analytic samples 
included 355 and 333 patients three and twelve months after discharge, 
respectively (Figure 1). Excluded patients were more often frail and had 
more ADL disabilities at baseline compared to the included patients 
(Supplementary Table S1). Baseline demographic, clinical, and personal 
characteristics of the total analytic sample and the created subgroups are 
presented in Table 1a and Table 1b. 

Absolute agreement between change in self-perceived and measured 
ADL from pre-hospital admission to three and twelve months after 
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DISCUSSION 

This study investigated how older hospitalized patients’ perceptions 
of change in daily functioning correspond to measured change in ADL 
comparing the pre-hospital admission situation to three and twelve 
months after discharge. We found poor agreement between self-
perceived and measured change in ADL, both three and twelve months 
after discharge. Patients who rated themselves as deteriorated in daily 
functioning even though the Katz ADL Index score indicated no change 
(P=M) or even improvement (P<M) was observed in 21% and 28% of 
the cases after three and twelve months, respectively. These results are 

consistent with previous research among community-dwelling older 
people that demonstrated an overestimation of self-reported ADL 
instruments compared to the actual performance of daily activities.28,29 
Instead of actual ADL performance, in this study we compared the change 
in self-reported ADL relative to self-perceived daily functioning by using 
an anchor question. Around 20% to 25% of the patients with disabilities 
at baseline rated their daily functioning as more improved compared to 
the Katz ADL Index score (P>M), both three and twelve months after 
discharge. Misclassification in this direction has been previously reported, 

2.
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albeit a smaller proportion.30 A possible explanation may be the effect of 
recalibration or reprioritization of the construct ‘ADL’. Such adaptation 
mechanisms are known as ‘response shift’31, which has been previously 
demonstrated in other studies concerning older community-dwelling 
adults28 and stroke survivors.32

In line with the study of Kelley-Moore and Schumacher (2007)15, we 
found that pre-admission ADL disabilities were an important predictor 
of patients to rate their daily functioning as deteriorated compared to 
formally measured ADL. They also demonstrated that more prevalent 
medical conditions were associated with increased perception of 
disability15, which we identified only twelve months after discharge in the 
subgroup analysis of patients with one or more disability at baseline. Next 
to the different target population, the differences in study design may 
explain the differences: our study compared congruent and incongruent 
outcomes of self-perceived and measured change in ADL, while Kelley-
Moore & Schumacher (2007)15  investigated predictors associated with 
perceptions of disability. In addition, we found that higher educated 
patients less often rated their change in daily functioning as better 
than measured three months after discharge. A possible explanation 

for this association is that higher levels of education are associated with 
better acceptance of disease and disability, and more effective coping 
strategies.33,34

Of course, this study has its limitations. First, to our knowledge, 
there are no studies that investigated the association between patient 
characteristics of congruent versus incongruent outcomes of self-
perceived and measured change in ADL among older hospitalized 
patients. Consequently, an existing theory or model was not available for 
the selection of co-variables and other potential variables that contribute 
to the variance underlying the concept studied are probably missing. This 
is also indicated by the low pseudo R-squared found in the current study. 
Second, only baseline clinical and patient characteristics were considered 
as co-variables whereas time-varying co-variables assessing the change 
in frailty status, depressive symptoms, and number of comorbidities 
would have contributed to the model as well. Third, due to our selection 
criteria (i.e. excluding cognitive vulnerable patients), our study population 
concerned a select patient group of relatively fit hospitalized older adults. 
The study population was less frail and had less baseline ADL disabilities 
than the excluded subjects. Even though our subgroup analysis included 
a group of patients with baseline disabilities, the results cannot be 
generalized to specific vulnerable hospitalized older patients. 

Despite the limitations, our results have important clinical implications. 
Clinicians and researchers should take notion on the high proportions 
of misclassification between change scores of the Katz ADL Index and 
patients’ perceptions of change in ADL in both directions, even after 
correcting for the floor effect. In other words, detecting change in ADL 
status based on calculation of disabilities according to the Katz ADL 
Index score does not necessarily mean that a patient perceived himself 
deteriorated or improved as well. Without taking this phenomenon 
into account, the effectiveness of interventions may be over- or 
underestimated.35,36 For instance, when the objective of an intervention 
trial is to increase mobility, this might be best assessed using objective and 
responsive instruments.37 Conversely, when the objective is to investigate 
a patient’s perceptions of (in)dependency after hospitalization or their 
perceptions of adaptation to loss in ADL, goal attainment or regular 
patient-doctor dialogues would suffice as informative outcomes.38 
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CONCLUSIONS

In summary, this study demonstrated poor agreement between self-
perceived and formally measured change in ADL status from pre-hospital 
admission compared to three and twelve months after hospital discharge. 
Pre-hospital ADL disabilities, a higher comorbidity index score, lower age, 
and a lower educational level were associated with incongruent outcomes, 
but future research should elucidate these associations. Clinicians and 
researchers should be aware of any discrepancy between self-perceived 
and measured change in ADL status and should avoid making decisions 
based on the differences in Katz ADL Index score scores only. 
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ABSTRACT

Background: There is growing interest for interventions aiming at preventing 
frailty progression or even to reverse frailty in older people, yet it is still 
unclear which frailty instrument is most appropriate for measuring change 
scores over time to determine the effectiveness of interventions. The aim 
of this prospective cohort study was to determine reproducibility and 
responsiveness properties of the Frailty Index (FI) and Frailty Phenotype 
(FP) in acutely hospitalized medical patients aged  70 years and older.

Methods: Reproducibility was assessed by Intra-Class Correlation 
Coefficients (ICC), standard error of measurement (SEM) and smallest 
detectable change (SDC); Responsiveness was assessed by the standardized 
response mean (SRM), and area under the receiver operating characteristic 
curve (AUC).

Results: 243 patients were included with a median age of 76 years (range 
70-98). ICC of the FI were 0.85 (95% confidence interval [CI]: 0.76; 0.91) 
and 0.88 (95%CI: 0.82; 0.92), and 0.65 (95%CI: 0.49; 0.77) and 0.76 
(95%CI: 0.65; 0.84) for the FP. SEM ranged from 5% to 15%; SDC from 
13% to 37%. SRMs were good in patients with unchanged frailty status 
(<0.50), and doubtful to good for deteriorated and improved patients 
(0.42–1.04). AUC’s over three months were 0.78 (95%CI: 0.70; 0.86) and 
0.70 (95%CI: 0.62; 0.79) for the FI, and 0.67 (95%CI: 0.58; 0.77) and 
0.64 (95%CI: 0.54; 0.73) for the FP. Over twelve months, AUCs were 0.76 
(95%CI: 0.68; 0.84) and 0.82 (95%CI: 0.74; 0.90) for the FI, and 0.77 
(95%CI: 0.69; 0.86) and 0.76 (95%CI: 0.67; 0.84) for the FP. 

Conclusion: The Frailty Index showed good reproducibility and was able to 
discriminate deteriorated from stable patients three and twelve months 
after hospitalization. The Frailty Phenotype showed poor to moderate 
reproducibility and was able to discriminate deteriorated from stable 
patients at twelve months after hospitalization only. 

BACKGROUND

Frailty is a medical condition of increased vulnerability due to a reduced 
ability to maintain homoeostasis after a stressor event as a consequence 
of cumulative decline in multiple physiological systems during a lifetime.1 

Around 40% of the hospitalized older patients are frail which is 
associated with poor health outcomes, such as functional decline, hospital  
re-admission, institutionalization, and mortality.2,3 

Identifying (pre) frail older adults, and those at risk for progression of 
frailty is important. Some older adults may benefit from interventions 
targeted at prevention of frailty progression to lower the risk of poor 
health outcomes like functional decline.4,5 Reliable and valid assessment 
of frailty and how to measure relevant changes in frailty over time is 
therefore crucial. 

Several frailty instruments exist for the purpose of diagnosing, risk 
stratification, and evaluating frailty over time.6 Comprehensive geriatric 
assessment is currently the gold standard for diagnosing the frailty status 
in clinical practice1, but the cumulative deficits model or Frailty Index (FI) 
and the Frailty Phenotype (FP) are the most widely used instruments used 
to establish frailty status in research.7,8 Construct validity and predictive 
validity of negative health outcomes of the FI and FP have been extensively 
evaluated and are proven to be satisfactory in both community-dwelling 
and hospitalized older adults.9–11 Reproducibility and responsiveness of 
change scores of frailty instruments are poorly studied  especially after 
hospitalization and it is still unclear which frailty instrument is most 
appropriate for measuring change scores over time or the effectiveness 
of interventions.9,11,12 

Therefore, the aim of this study is to determine the reproducibility and 
responsiveness of the FI and FP in acutely admitted hospitalized older 
medical patients. 
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METHODS

Study population
During this monocentric prospective cohort study, patients aged ≥70 
years were recruited between February 2017 and May 2018. Twelve 
months’ follow-up measurements continued to the end of April 2019. 
During weekdays patients admitted to surgical, cardiology, pulmonology, 
medical oncology, nephrology, and general internal medicine wards were 
checked for eligibility to participate. Inclusion criteria were age  ≥70 
years and an expected hospital stay of at least two days. Exclusion criteria 
were no understanding of the Dutch language, any (temporary) cognitive 
condition that influenced decision making capacity, and no written 
informed consent. The Research Ethics Committee of the University 
Medical Center Groningen ruled that no formal ethics approval was 
required (file number: 201600268). All participants provided written 
informed consent before participation.

Data collection
Baseline assessment took place within four days after admission. Telephonic 
assessments were performed at three and twelve months’ post-discharge, 
in which baseline questions were repeated and two anchor questions were 
added.13 Data were collected by trained research staff.

Questionnaires  
Frailty instruments 
The FI score was calculated using 34 deficits associated with health 
status.14 The FP was assessed by five self-reporting criteria including 
strength, walking ability, weight loss, physical activity, and exhaustion.15,16 
At baseline assessment, patients were asked to retrospectively refer to 
the situation two weeks before hospital admission for all items, except 
for the cognitive domain of the FI. A detailed description of the included 
items of the FI and FP are presented in the Supplementary files, Tables 
S1 and S2.

Patient-reported anchor questions
Anchor questions were used as an external criterion for measuring 
responsiveness.17 Two different anchor questions were used: 1. ‘In 
general, how is your health state now, compared to three months/twelve 

months ago before hospitalization?’ 2. ‘In general how is your daily 
functioning now, compared to three months/twelve months ago before 
hospitalization?’ Response options were a five point Likert scale. 

Sociodemographic and patient characteristics
For all subjects, baseline sociodemographic characteristics were collected 
including age, sex, living situation (independent living vs not independent 
living), and educational level (≤highschool vs >highschool). After 
discharge, medical charts were consulted to assess baseline comorbidity 
(Charlson Comorbidity Index)18 and mortality during follow-up time. 

Statistical analysis
Descriptive statistics
For all baseline sociodemographic and patient characteristics, descriptive 
statistics were calculated. The distribution of the scores on frailty 
instruments at baseline were inspected for possible floor and ceiling 
effects. Thresholds for floor and ceiling effects were if ≥15% of the 
patients achieved the lowest or highest possible score, respectively.19

Reproducibility 
Test-retest reproducibility was assessed among patients who reported 
to be unchanged according to the anchor question three months post 
discharge. The following parameters were calculated: 

1.    The intraclass correlation coefficient (ICC) using a two-way mixed 
effects model for absolute agreement was used for  the baseline 
and three months follow-up measurements of the FI and the FP. 
Cut-off values for interpretation of the ICC including the 95% 
confidence interval were <0.5 poor, ≥0.5 and <0.75 moderate, 
≥0.75 and <0.9 good, ≥0.9 excellent reliability.20

2.  Cohen’s kappa and absolute agreement were calculated to assess 
the reproducibility of the FP using the categorized outcome 
(robust, prefrail, frail). Cut-off values were <0.40 poor, ≥0.40 
and <0.75 fair to good, ≥0.75 excellent agreement.19 

3.  Measurement error of the FI and FP was assessed by calculating 
Bland-Altman plots and the standard error of measurement 
(SEM). Bland-Altman plots were calculated by the mean change 
scores of baseline and three months post discharge assessments 
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plotted against the difference on both scores. SEM was calculated 
using the following formula: SEM = SD(T0) x √(1-r). SD is the 
standard deviation of the baseline measurement of the Frailty 
Index of the unchanged group; r refers to the ICC. To interpret 
the SEM, scores are converted to percentages of the scale range. 
Cut-off values were: ≤5% very good, ≤10% good, >10% and 
<20% doubtful, ≥20% poor.21

4.  To be able to interpret change scores, the smallest detectable 
change (SDC) was calculated for the FI and FP using continuous 
scores. SDC reflects the variance of the distribution of change 
scores among stable patients. Patients who reported no change 
according to the anchor question were assumed to be stable. SDC 
was calculated by the following formula: SDC=1.96 x √2 x SEM.21 
Both the absolute SDC value as well as the SDC as a percentage 
of the scale range were calculated. 

Responsiveness
Two types of responsiveness were determined over the timeframes from 
pre-hospital admission to three and twelve months’ post discharge: 
Internal responsiveness, defined as the magnitude of change related 
to the variance in change scores, was determined by the standardized 
response mean (SRM). SRM is calculated by dividing the mean change 
score by the standard deviation of the mean change score.22 SRMs were 
separately calculated for improved, unchanged, and deteriorated patients 
according to the anchor question for both the FI and FP using continuous 
scores. Cut-off values were: ≤0.2 small, >0.2 and ≤0.5 doubtful, >0.5 
and ≤0.8 good, >0.8 very good internal responsiveness for the improved 
and deteriorated patients; <0.50 good, ≥0.50 small for the unchanged 
patients.22

External responsiveness, defined as the ability to detect change over time 
in the construct to be measured, was assessed by investigating the ability 
of the instruments to discriminate between relevant changes (improved 
and deteriorated patients) and irrelevant changes (unchanged patients).19 
This is reflected by the area under the receiver operating characteristic 
curve (AUC). For these analyses, the anchor question was considered 
as the gold standard for change, and the change scores on the FI and 
FP using continuous scores were considered as the ‘diagnostic test’ for 
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 measuring change. An AUC of ≥0.70 was considered to be adequate. In 
addition, for each instrument the optimal cut-off point was calculated for 
which the sensitivity and specificity together revealed the least error in 
classifying patients as improved versus unchanged and deteriorated versus 
unchanged. To carry out these analyses, the correlation (Spearman’s 
rho) between the change score on the frailty instrument and the anchor 
question should be at least 0.40.23

Missing data
Patients who died during follow-up were included in the analytic sample by 
imputing the highest prevalent frailty category for each frailty instrument 
and the worst outcome for the anchor questions. For all analyses IBM 
SPSS Statistics, version 23 was used.  

RESULTS

Descriptive statistics 
Baseline characteristics were presented in Table 1. Of the 243 participants 
included in the study, 51 had no follow-up data three months post 
discharge and 35 had no follow-up data twelve months post discharge 
(Supplementary files, Figure S1). In total, 39 patients (16%) died during 
the study. Patients who dropped out during the study (n = 95) were more 
often living with support or were institutionalized (11%) and had higher 
frailty scores at baseline (Table 1). 

The FP showed a floor effect at baseline assessment, hampering detection 
of improvement in 49% of these patients (Table 1; Supplementary files, 
Figures S2 and S3). Mean scores of the frailty instruments at baseline and 
follow-up measurements for all and within collapsed categories as used 
in the analyses are presented in Table 2 and in the Supplementary files, 
Table S3.
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Reproducibility 
ICCs, SEMs, and SDCs were presented in Table 3. ICCs of the FI were 
0.85 (95% confidence interval [CI]: 0.76; 0.91) and 0.88 (95% CI: 
0.82; 0.92), and 0.65 (95% CI: 0.49; 0.77) and 0.76 (95% CI: 0.65; 
0.84) for the FP. Kappa statistics of the FP categories were 0.37 (absolute 
agreement: 0.66) and 0.43 (absolute agreement: 0.70) indicating poor 
to fair agreement (Supplementary files, Tables S4 – S7). SEM of the FI 
were good to very good (5 and 6%) and doubtful for the FP (11 and 13%). 
Bland Altman plots are presented in the Additional File 1, Figures A4 
and A5. Good agreement was observed for the FI using the functioning 
anchor and for the FP using the health and functioning anchors (p>0.05). 
A systematic mean difference was observed between baseline and three-
months follow-up tests of the FI using the health anchor (mean difference 
0.02; 95% CI: 0.01; 0.04).

 

 

 Responsiveness 
All SRMs in the improved and deteriorated groups were higher than the 
SRMs in the stable groups, meaning that the measured change in frailty 
outcomes was lower among patients in the stable groups compared to 

 

 

patients in both the improved and deteriorated groups (Table 4). Largest 
SRMs were found for deterioration over twelve months (Supplementary 
files, Table S8), with SRMs ranging from 0.77 to 1.04, indicating good to 
very good internal responsiveness.

Only the FI showed sufficient responsiveness to detect deterioration in 
frailty over three months (Figure 1). Highest AUC of the FI was found 
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for the health anchor question (AUC: 0.78; 95% CI: 0.70; 0.86, see 
Figure 1b). The optimal cut-off of the change scores from baseline to 
three months post discharge was 0.02 with corresponding sensitivity 
and specificity of 69% and 84% (Supplementary files, Table S9). Over 
the timeframe of twelve month, both the FI and FP were responsive for 
deterioration in frailty status. Highest AUC’s were found for the health 
anchor (AUC: 0.82; 95% CI: 0.74; 0.90 and AUC: 0.77; 95% CI: 0.69; 
0.86) with corresponding optimal change score of 0.04 (Sensitivity: 
75%; Specificity: 77%) and 0.5 (Sensitivity: 67%; Specificity: 84%) 
for the FI and FP, respectively (Supplementary files, Table S9). ROC 
curves at twelve months follow-up measurement are presented in the 
Supplementary files, Figure S6. 

DISCUSSION

In this study on acutely hospitalized older medical patients, we found 
that the FI showed good reproducibility and the FP showed moderate 
reproducibility. In addition, the FI was responsive in detecting deterioration 
in frailty between pre-acute hospital admission and three and twelve 
months post discharge. The FP was only responsive in detecting patients 
with deteriorating frailty status between pre-hospital admission and 
twelve months post-discharge. 

Like cholesterol is a measurable marker for cardiovascular disease risk and 
HbA1c for risk of complications of diabetes type 2, frailty can be considered 
as the measurable marker for risk of adverse outcomes. Responsive frailty 
measures can therefore act as an important intermediate outcome for the 
evaluation of interventions aiming at preventing adverse health outcomes 
in older patients. Despite that the FP is frequently used as an outcome 
instrument to evaluate interventions  we failed to establish satisfactory 
reproducibility and responsiveness of the FP over a three months 
timeframe.24–26 As previously suggested27, we found that the FI was more 
sensitive to detecting deterioration in frailty status than the FP, making 
it a more promising tool to evaluating frailty status over time. A change 
score of five items over three months and six items over twelve months 
corresponds with the smallest detectable change of the FI. 

A first explanation as to why the FI performs better than the FP could be 
the presence of a floor effect of the FP. At baseline, 40% scored the lowest 
possible FP score, preventing participants from further improvement 
in frailty. A second explanation could be the scale width. A broader 
scale range improves the ability to differentiate between changed and 
unchanged patients.28 Lastly, the differences could be explained by the 
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theoretical models underlying the FI and FP. Items that are included in the 
FI cover multiple domains associated with health status.14 The FP included 
only items related to the physical domain, complicating the detection of 
changes in other domains.

To our knowledge, this is one of the first studies that investigated the 
reproducibility and responsiveness of the FI and FP in acutely hospitalized 
older patients. Strengths of this study are the use of various methods for 
assessing reproducibility and responsiveness and the large sample size. 
More than twice the recommended number of patients for evaluating 
psychometric properties were included.19 There are, however, limitations. 
First, instead of using a comprehensive geriatric assessment, the gold 
standard for frailty status, we used two relevant patient-based anchor 
questions to determine change in frailty. By using two anchor questions 
referring to change in function and health in a population that is prone 
to frailty, we intended to come close to evaluating real frailty status. 
The moderate positive correlations of these anchor questions with the 
change scores on the frailty instruments indicate that the chosen anchor 
questions may not fully capture the whole concept of frailty. Directly 
asking for change in frailty was, however, not an option because older 
adults themselves are not familiar with this concept.29 Second, we cannot 
rule out that the results are biased by response shift, as response shift 
evaluation was not incorporated in the study design.30 Third, the modified 
FP was used instead of the original performance-based measures 
because in our population of older medical patients, performance-based 
assessment is often too challenging and would have led to the inclusion of 
the fittest frail patients, resulting in an undesirable selection bias. Fourth, 
due to ethical considerations, no patients were included with cognitive 
impairment due to dementia or delirium, although frailty in these patients 
is often present and their frailty status is expected to decline after 
hospitalization. However, the broad inclusion criteria still resulted in the 
inclusion of a representative sample of the geriatric population consisting 
of a heterogeneous group of mentally competent older medical patients. 
Future research should compare the responsiveness of existing frailty 
instruments and their relation to the course of functional impairment 
in multiple studies and other patient groups. These studies should also 
incorporate measures such as a then-test in study designs to identify and 
adjust for response shift. 

CONCLUSION 

In this study, the Frailty Index showed better reproducibility and 
responsiveness properties compared to the Frailty Phenotype. Although 
the Frailty Index looks promising, based on this single study we cannot 
yet formulate concrete recommendations about the best instrument to 
evaluating frailty status over time.
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ABSTRACT

Background: The original Pittsburgh Fatigability Scale (PFS) was developed 
to assess perceived fatigability in older adults. The objective of this study 
was to translate the PFS into Dutch and investigate its validity and reliability 
among hospitalized older adults aged ≥ 70 years.  

Methods: The PFS was translated into Dutch and pretested for 
comprehensibility by the Three-Step Test Interview method. The factor 
structure underlying the final version was evaluated by confirmatory factor 
analysis (CFA) and exploratory factor analyses (EFA). Internal consistency 
of the identified subscales was evaluated by Cronbach’s alpha. Construct 
validity was evaluated by hypothesis testing. Test-retest reliability was 
evaluated using intraclass correlation coefficients (ICC) and Bland Altman 
plots. 

Results: The validation sample included 233 patients. CFA of the original 
factor structure resulted in poor model fit in our Dutch sample. EFA of PFS 
physical and mental subscales resulted in a two-factor solution underlying 
the data with good internal consistency of the identified subscales 
(Cronbach’s alpha: 0.80 - 0.92). Five out of six hypotheses were confirmed, 
indicating good construct validity. Retest assessments were performed 
among 50 patients and showed good reliability for both the physical (ICC: 
0.80, 95%CI: 0.68; 0.88) and mental subscale (ICC: 0.81, 95%CI: 0.68; 
0.89). 

Conclusion: The Dutch PFS is a valid and reliable instrument to assess 
fatigability in older hospitalized patients. 

BACKGROUND

Fatigue is a common burdening symptom among older adults that 
affects well-being.1 Older adults often perceive fatigue without a clear 
physiological cause, which is suggested to be a consequence of aging in 
general.2,3 Prevalence rates of fatigue vary from 28% to 55% in adults 
aged 65 years and older and from 68% to 87% among the 85-year olds 
depending on the measurement tool.2,4 Fatigue in older adults is associated 
with persistent functional decline5,6 and is suggested to be a clinical 
marker for identifying persons at risk for negative health outcomes, such 
as frailty, disability, and hospitalizations.2,3,7 

There are many well-developed and validated uni-or multidimensional 
instruments to assess fatigue, such as the Brief Fatigue Inventory, 
Multidimensional Fatigue Symptom Inventory or the Fatigue Severity 
Scale.8,9 However, a key limitation of these tools is that they do not take 
the activity level of the respondent into account, potentially leading to 
information bias. For instance, sedentary people may perceive lower 
fatigue levels than their more active counterparts, making their outcomes 
hard to compare and interpret. Fatigability, defined as the measurement 
of fatigue in relation to an activity of fixed intensity and duration, accounts 
for this so called self-pacing bias.7,10 Thus, fatigability is a more sensitive 
measure of someone’s susceptibility to fatigue, making this construct 
more suitable as a research outcome.7,11,12 

Fatigability can be assessed using performance-based or self-report 
tools.10,13 Performance fatigability is measured by the change in 
performance (e.g. slowing down during a physical performance test such 
as a 400 meter walk) without asking for the perception of fatigue.10,14 
Self-reported or perceived fatigability can be measured in two ways: 
1) self-reported fatigue after performing an activity, and 2) asking for 
the expected fatigue after performing activities of a certain intensity 
and duration, without actually performing the activity.7,14,15 The latter 
is especially suitable for populations in which performing activities 
is too challenging, such as hospitalized, bedridden older adults, or for 
large scale studies where equipment or space is not available.15 A few 
self-administered instruments are available that attempt to measure 
fatigability: Mobility Tiredness Scale16, Dutch Exertion Fatigue Scale17, 



96 | CHAPTER 4  | 97

4.

Situational Fatigue Scale18, and the Pittsburgh Fatigability Scale (PFS).15 
Both the Mobility Tiredness Scale and the Dutch Exertion Fatigue 
Scale were developed for the assessment of fatigue during activities of 
daily living.16,17 The first was developed for older people, the latter for 
patients with heart failure. However, the items of both instruments do 
not consistently refer to the intensity and duration of every activity, 
and making them prone to self-pacing bias. The Situational Fatigue 
Scale included items referring to both physical and mental fatigability 
using items referring to activities with fixed intensity and duration, but 
was developed for and validated in younger age groups.18 The PFS was 
specifically developed for the assessment of both physical and mental 
fatigability in older people and consists of multiple items that describe 
activities of varying duration and intensity.13,15 The PFS showed good 
convergent validity against measures of performance fatigability in older 
American adults15, and its predictive validity for mobility decline has 
recently been demonstrated.19 Considering these aspects, together with 
the fact that, in Dutch, an instrument to measure perceived fatigability 
that is suitable for older adults is still lacking, the purpose of this study 
was to translate the PFS into Dutch and subsequently investigate its 
validity and reliability among Dutch hospitalized older adults. 

METHODS

Study design and patient selection
A prospective cohort of patients aged 70 years and older admitted to 
the University Medical Center of Groningen (UMCG) were recruited from 
April 2018 to April 2019. Both acute and elective patients admitted to 
cardiology, oncology, vascular and hepatobiliary, trauma, and internal 
medicine units were screened for participation every weekday. Inclusion 
criteria were age 70 years and older and an expected hospital stay of 
at least two consecutive days. Exclusion criteria were: no understanding 
of the Dutch spoken language, any (temporary) cognitive condition that 
influence decision making capacity, and no written informed consent. 
Enrollment took place within the first four days of hospital admission. 
Baseline questionnaire data included demographics, activities of daily 
living, cognitive functioning, the Frailty Phenotype, and the PFS. To assess 

reliability, a random selection of the included patients were invited for a 
second assessment of the PFS one day after their baseline assessment. No 
surgical procedures were conducted between test and retest assessments. 
After hospital discharge, medical charts were consulted to measure 
comorbidity status and type of hospital admission and treatment (acute, 
elective, non-surgical, surgical). Data were collected by trained research 
staff of the geriatric medicine department at the UMCG. 

Translation procedure of the PFS
The PFS was originally developed in the United States to measure 
perceived physical and mental fatigability for adults aged 60 years and 
older. The PFS consists of ten items describing an activity with a certain 
intensity and duration. For each item, three questions are formulated: first 
the expected or imagined physical fatigue immediately after completing 
the listed activity; second the expected or imagined mental fatigue 
immediately after completing the listed activity; and third, whether or 
not the activity was done in the past month. For each item, physical and 
mental fatigue are rated on a scale from 0 to 5, where 0 represents no 
fatigue and 5 represents extreme fatigue. Scoring results in a physical 
fatigability score and a mental fatigability score, each ranging from 0 to 
50 points, with higher scores indicating greater fatigability. The original 
questionnaire was validated for the PFS physical subscale, which yielded 
four factors: 1. moderate to high intensity activities, 2. social activities, 3. 
sedentary activities, and 4. lifestyle or light intensity activities.15 

The PFS was translated into Dutch according to a formal forward/backward 
translation protocol.20 Briefly, the following stages were completed: (1) 
forward translation by two independent bilingual, native Dutch speaking 
translators; (2) synthesis of discrepancies of the two translated versions 
into one translated version by the translators and an observant; (3) 
back translation by two independent bilingual, native English speaking 
translators, who were blinded for the original version of the PFS; (4) 
review and syntheses of the two translated versions by an expert panel 
consisting of the original developer, a linguistic, the translators, and a 
geriatrician; (5) field testing of the pre-final version among the target 
population. The field test included conducting interviews using the Three-
Step Test Interview method in a small sample of the target population to 
assess comprehensibility of the Dutch PFS.21,22 
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Questionnaires
Concurrent with the PFS, patient characteristic and questionnaire data 
were ascertained for the purpose of descriptive statistics and construct 
validity. Demographic characteristics included age, sex, and level of 
education (low (<high school), moderate (high school), high (college 
/ university)23, all measured via self-report questionnaires. Clinical 
characteristics included the Charlson Comorbidity Index (CCI)24 and 
length of hospital stay (LoS), both obtained from medical records.
Pre-hospital existing problems with performing instrumental activities of 
daily living (iADL) were assessed using the seven original Lawton and 
Brody items including the use of a walking aid.25 Patients were asked to 
refer to the situation two weeks before hospital admission. Total scores 
ranged from 0 to 8 with higher scores indicating more limitations in iADL.  
Pre-hospital frailty status was assessed using the Frailty Phenotype 
based on self-report.26,27 Unintended weight loss was considered when 
patients reported losing three or more kilograms of body weight in the 
past month. The items exhaustion, slowness, weakness, and low physical 
activity referred to the situation two weeks before hospital admission. 
Exhaustion was assumed when people scored ‘yes’ to both questions, 
‘everything I did was an effort’, and ‘I could not get going’.28 Slowness 
was assumed when people were not able to walk outside for 5 minutes. 
Weakness was assumed when people reported to have difficulties rising a 
chair. Low physical activity was assigned when people reported not being 
physically active for at least 30 minutes per week. Total scores ranged 
from 0 to 5, with higher scores indicating more frailty.
Cognitive functioning was assessed using the Short Blessed Test (SBT).29 

The SBT included three questions addressing orientation: two items 
addressing attention and one item addressing memory. A weighted scoring 
was used ranging from 0 to 28 points, with higher scores indicating more 
cognitive impairment. 

Statistical analysis
Descriptive statistics
For all baseline demographic and clinical characteristics, descriptive 
statistics were calculated as mean (standard deviation), median (inter-
quartile range), or N (%). 

Validity
Construct validity, defined as the degree to which scores of a measurement 
are consistent with hypotheses, was assessed by hypotheses testing and 
factor analyses. 
1.   Hypothesis testing was performed using iADL and physical frailty 

as related dissimilar constructs and cognitive functioning as an 
unrelated construct. In total six hypotheses were formulated:

 a.    The PFS physical score has a moderate positive correlation  
(r = 0.3 – 0.5) with the sum score of the iADL items. 

 b.    The PFS physical score has a moderate positive correlation  
(r = 0.3 – 0.5) with the Frailty Phenotype. 

 c.    The PFS mental score has a moderate positive correlation  
(r = 0.3 – 0.5) with the sum score of the iADL items.

 d.    The PFS mental score has a moderate positive correlation  
(r = 0.3 – 0.5) with the Frailty Phenotype.

 e.    The PFS physical score has a low correlation (r ≤ 0.3) with the 
sum score of the SBT.

 f.      The PFS mental score has a low correlation (r ≤ 0.3) with the 
sum score of the SBT. 

  Pearson’s Correlation Coefficients or Spearman’s Rank Correlation 
Coefficients were used based on normal or non-normal data 
distribution, respectively. Construct validity of the PFS was 
considered to be good if at least five hypotheses were confirmed.30

2.  Confirmatory Factor Analysis was utilized to investigate if the 
factor structure of the original PFS physical subscale was also 
found in the Dutch sample. To evaluate model fit, standardized 
root mean square residual (SRMR ≤ 0.08) and comparative fit 
index (CFI ≥ 0.95) were used.31 

3.  Exploratory Factor Analyses (EFA) of the PFS physical and mental 
subscales were performed to explore the best factor structure 
underlying the Dutch sample. We followed the procedure 
suggested by Osborne & Ostelo (2005)32, which is explained in 
detail in Additional File 1. A good fit was considered when the 
items within the factor had all loadings >0.3, but preferably 
>0.5, and no or few items existed with cross-loadings >0.32.32 

Finally, the interrelatedness of the items within each factor of the 
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best-fitted factor solution was examined by Cronbach’s alpha. 
Cronbach’s alpha of 0.70 or higher was considered appropriate.33 

Reliability 
Reliability, defined as the extent to which the measure is free of 
measurement error, was assessed for both the PFS physical and mental 
scores of a random subsample who gave consent to a second PFS 
assessment one day after the baseline assessment.  

1.  Test-retest reliability was calculated with an intraclass correlation 
coefficient (ICC) using a two-way mixed effects model for 
absolute agreement. Cut-off values for interpretation of the ICC 
were <0.5 poor, ≥0.5 and <0.75 moderate, ≥0.75 and <0.9 good, 
≥0.9 excellent reliability.34

2.  Agreement, defined as the ability of the instrument to result in 
the same scores when applied twice under the same conditions, 
was assessed by calculating Bland-Altman plots. Therefore, 
mean change scores of baseline and retest assessments were 
plotted against the difference of both scores. Paired t-tests were 
calculated to assess systematic measurement error.33,35 

3.  Measurement error was calculated by the standard error of 
measurement (SEM) using the following formula: SEM = SD(T0) 
x √(1-r). SD(T0) refers to the standard deviation of the baseline 
measurement; r refers to the ICC calculated in step 1. To interpret 
the SEM, scores were converted to percentages of the scale 
range and cut-off values were used as suggested by Ostelo and 
colleagues (2004)36: ≤5% very good, ≤10% good, >10% and 
<20% moderate, ≥20% poor.

4.  Smallest detectable change (SDC) defined as the smallest 
unit of change that can be detected by the instrument beyond 
measurement error was calculated by the following formula: 
SDC=1.96 x √2 x SEM. Both the absolute SDC value as well as 
the SDC as a percentage of the scale range were calculated.  

Subgroup and sensitivity analysis
Construct validity was determined for both the total group, and a 
subgroup of elective and acute patients, and the subgroup of surgical and 
non-surgical patients. Data were imputed by item mean imputation using 
sample-specific correction factors for sex and activity level where three 
or less items of either the PFS physical or mental subscale were missing, 
but the related question on whether the activity had been done in the 
past month was completed.37 Sensitivity analyses included validity and 
reliability analysis of patients with complete PFS data. Imputations and 
CFA analysis were performed in STATA SE, version 14. All other analyses 
were performed using Statistical Package for Social Science (SPSS) 
software, version 23.

RESULTS

Translation of the PFS
During the forward translation of the PFS some language difficulties 
were identified, namely the translation of the answer category ‘extreme 
fatigue’ lead to discussion. Consensus was reached with assistance of a 
third independent person. The unit pounds (lbs.) (item g) is not used in 
the Dutch language and therefore needed to be converted into kilograms. 
The examples ‘senior center’, ‘hiking’, and ‘Zumba’ revealed translation 
problems, but consensus was reached by the translators. All solutions 
were approved by the members of the expert meeting. Twelve patients 
participated in the field test of the pre-final version. Patients sometimes 
reported difficulties distinguishing between physical and mental 
fatigue. In general, we identified two types of patients: 1. Patients who 
distinguished physical from mental fatigue using different definitions for 
both constructs; 2. Patients who did not distinguish these two concepts. 
However, all interviewed patients mentioned that both concepts were 
somehow related to each other. To clarify the construct of mental fatigue 
to patients that requested, we stated that mental fatigability refers to 
fatigue of the mind, not fatigue of the body or muscles. Patients reported 
to understand the questions, so no further adjustments of the Dutch PFS 
were done. The final version of the Dutch PFS is available on request by 
dr. Nancy W. Glynn.38
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Descriptive statistics 
After the field test, the Dutch PFS was administered to 249 patients. 
Sixteen patients (6%) were excluded from the analysis, because they 
had more than three missing values for the PFS, leaving 233 consecutive 
patients in the analytic sample for validation of the PFS. A flowchart of the 
study participants is included in Additional File 2, Figure S2-1. A random 
sample of 50 patients were selected out of the validation sample for re-
assessment of the PFS one day after the baseline assessment to evaluate 
reliability. The median age of patients was 76 years (IQR: 73; 81) and 
the majority of the patients were male (66%). Table 1 presents baseline 
demographic and clinical characteristics of the total study population and 
reliability sample. 

Construct validity 
Spearman’s correlation coefficients between PFS subscales and the other 
constructs are presented in Table 2. Five out of the six hypotheses were 
confirmed. Confirmatory Factor Analysis of the original four-factor 
model of the PFS physical subscale resulted in poor model fit (SRMR: 
0.29; CFI: 0.75). Kaiser-Meyer-Olkin values were 0.84 and 0.89 for PFS 
physical and mental subscales, respectively. Bartlett’s test of sphericity 
were >0.001 for both subscales, and no item correlations were <0.2 or 
>0.9, indicating that EFA could be applied. Data for the PFS physical 
and mental items were non-normally distributed [Additional File 2, 
Table S2–1a and 1b, respectively], therefore the principle axis factoring 
extraction method (PAF) was used, with oblique rotation to estimate 
the optimal factor structure underlying the Dutch data. Regarding 
the PFS physical subscale, first the preselected four-factor solution 
was estimated, resulting in the following eigenvalues and cumulative 
percentage explained variance: 4.796 (48.0%), 1.711 (65.1%), 0.799 
(73.1%), 0.620 (79.3%). Four items did not load on their intended 
scales based on the factor structure underlying the original validation 
sample. The scree plot showed points of inflexion three factors, which 
was indicative for a two factor solution underlying the Dutch dataset. 
Therefore, PAF using oblique oblimin rotations for a two-factor, three-
factor, and five-factor solution were performed as well. The three-factor 
and five-factor solutions did not result in a clean factor structure. The 
two-factor solution resulted in two factors of each five items with factor 
loadings of >0.5 with two theoretically interpretable factors. The first 
factor included items a, b, d, g, and j and was named ‘activities requiring 
physical effort’. The second factor included items c, e, f, h, and i which we 
named ‘activities requiring low physical effort’. One cross-loading of 0.33 
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for item c (light household activity for 1 hour) existed in the two-factor 
solution. Cronbach’s alpha analysis showed good relatedness of the items 
of factor 1 (α: 0.87), and factor 2 (α: 0.83). Regarding the PFS mental 
subscale, the scree plot indicated a two factor solution underlying the 
Dutch data, with two eigenvalues of 5.960 and 1.019 explaining 59.6% 
and 10.2% of the variance. The two-factor solution resulted in one factor 
including the items a, b, c, d, g, and j referring to ‘activities requiring 
physical effort’ and a second factor including the items e, f, h, and i 
referring to ‘activities requiring low physical effort’. All factor loadings 
were >0.5, but again item c (light household activity for 1 hour) loaded on 
both factors. The pattern matrices of the two-factor solutions of both the 
physical and mental subscales relative to the factors of the original PFS 
physical subscale are presented in Table 3. 

Reliability
Mean PFS physical and mental scores, ICC, SEM, and SDC are presented in 
Table 4. ICC of the PFS physical and mental subscales were 0.80 (95%CI: 
0.68; 0.88) and 0.81 (95%CI: 0.68; 0.89), respectively, indicating good 
reliability. The Bland Altman plot showed good agreement for the PFS 
physical subscale (mean difference: -1.60, 95%CI: -3.27; 0.06). The PFS 
mental subscale had a small mean systematic difference between baseline 
and re-assessment (mean difference: -2.30, 95% CI: -4.54; -0.05) 
(Figure 1). SEM was good for the PFS physical subscale (9%), and moderate 
for the PFS mental subscale (12%) (Table 4). Smallest detectable change 
beyond measurement error was 12 (24%) and 16 (33%) points for the PFS 
physical and mental subscales, respectively (Table 4). 

Subgroup and sensitivity analysis
We performed subgroup analyses of elective (n = 92) and acutely 
admitted (n = 97) patients as well as surgical (n = 142) and non-surgical 
patients (n = 60) [Additional file 3]. For all subgroups at least five out of 
six hypotheses were confirmed.  EFA resulted in a two-factor solution for 
the PFS physical subscale for every subgroup. EFA of the mental subscale 
resulted in either a clean single factor solution (non-surgical patients), or 
a two factor solution (elective, acute, and surgical subgroups). The results 
of the sensitivity analysis using only data of patients with complete PFS 
data (n = 201) were generally comparable and did not lead to different 
conclusions [Additional file 3].

DISCUSSION

This study showed that the Dutch version of the Pittsburgh Fatigability 
Scale had good content validity, construct validity, and test-retest 
reliability for measuring perceived physical and mental fatigability in 
hospitalized adults aged 70 years and older. 

The CFA analysis performed on the original four-factor solution of the 
PFS physical subscale resulted in poor model fit. A possible explanation 
for this finding was that the original validation study retrieved four 
factors from 26 initial items. During the development process, EFA was 
used to reduce the number of items resulting in the ten items included 
in the original PFS. The guideline provided by Osborne & Costello stated 
that factors with fewer than three items are likely to be unstable and 
should advocate to reduce the number of factors.32 However, the original 
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sample had a high subject to item ratio of 18:1 and all items had strong 
loadings on their corresponding factor (≥0.7), which is an indication of 
strong factors despite the low number of items per factor.32 The two-
factor solution found in the current data may have been appropriate in the 
original sample as well, but this was not reported. In the current data, a 
clean two-factor structure was found. However, one cross-loading existed 
for the item ‘light to moderate household activities for 1 hour’. This cross-
loading existed in both the main analysis and all subgroup analyses, which 
could indicate an ambiguous translation. The predefined examples of light 
household activities included ‘cleaning, cooking, dusting, straightening up, 
baking, making beds, dishwashing, and watering plants’. There may have 
been confusion regarding the interpretation of the intensity of the example 
activities. It is plausible that patients may have interpreted cleaning as 
mopping or vacuuming, which has a higher intensity than for instance 
dusting. Moreover, cooking requires more mental and cognitive processes, 
such as planning and sequencing, than for instance dishwashing. Patients 
could have interpreted cooking as an activity that required more mental 
than physical effort, which may explain its cross-loading on the second 
factor referring to activities that require less physical effort. Lastly, men 
could have interpreted household activities differently from women, which 
could have led to the cross-loading found for household activities in the 
current dataset. 

In the current study, mean fatigability scores were on average higher 
compared to mean fatigability scores of the original validation study.15 
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Strengths and limitations
This is the first study that translated the PFS into Dutch. Strengths of 
this study include the relative large sample size as we included more 
than twice the recommended sample for validation studies.33 A second 
strength is the exhaustive translation methodology including pretesting 
of the pre-final version.20 There were limitations as well. First, this 
study was performed in one hospital, so there was risk of selection bias. 
Considering the fact that the UMCG provides both primary and specialist 
care for patients from several regions of the Netherlands, together with 
the broad inclusion criteria including patients from both medical and 
surgical wards, we have evaluated the selection bias as low. However, the 
robustness of the Dutch PFS should be further examined in other Dutch 
cohorts. Second, relative high missing values (7 – 8%) were present in 
the current study for the two items including high intensity activities. 
However, sensitivity analysis with only complete PFS data led to the same 
results, indicating robustness of our findings. Third, no convergent validity 
against performance-based fatigability assessment was performed due 
to lack of suitable measurement in this hospitalized population. 

Future research
The current study demonstrated that perceived physical and mental 
fatigability in Dutch hospitalized adults aged 70 years and over can now be 
assessed using the valid and reliable Pittsburgh Fatigability Scale. Future 
research should investigate the Dutch PFS’s validity and reliability in other 
Dutch samples like community-dwelling older adults. Further validation 
for the purpose of convergent validity of the PFS Dutch version physical 
subscale is recommended by using performance fatigability assessments, 
which have demonstrated to be feasible in older community-dwelling 
adults9,10,33. This is the first study that presented the factor solution of 
the PFS mental subscale, which in our population of hospitalized older 
adults indicated two factors underlying mental fatigability as the cleanest 
structure. Future research should demonstrate whether this factor 
structure also applies to other populations and subgroups. Furthermore, 
when the PFS is applied in cohort studies or as intervention outcome, 
future research should investigate its responsiveness and interpretability 
to examine the extent to which the PFS is able to measure change in 
fatigability over time. 

This is not surprising given the sample was drawn from hospitalized older 
adults. Nonetheless, supplemental analyses comparing elective and acute 
patients showed that PFS scores were lower for elective patients. These 
patients are more likely to be representative of the general population as 
their fatigability scores were comparable to community-dwelling Spanish 
older adults within the same age group39 and community-dwelling 
Americans with comparable number of comorbidities.40 The highest 
fatigability scores were found in acute and non-surgical patients, which 
may be attributed to the illness and subsequent disability onset in the 
weeks before hospital admission that is commonly seen in older medical 
patients.41 This explanation seems plausible, because in the Dutch sample 
we also found lower proportions of patients who performed activities 
that required physical effort in the past month compared to the original 
validation sample.15 Exception to this was the proportion of patients that 
performed a brisk or fast walk in the previous month. In our study, 29% 
of the patients reported to have done a brisk or fast walk for one hour 
compared to 17% of the older US adults in the original validation study.15 

This difference was unexpected, but likely explained by cross-cultural 
differences. Like Americans are known for their hiking culture42, Dutch 
are known for their cycling culture.43 Therefore it could be that our Dutch 
sample had difficulty distinguishing between a brisk and leisurely walk as 
walking is less culturally embedded. 

Test-retest reliability was assessed using a measurement interval of 
one day to minimize the risk that conditions of the patients changed. 
The target population, hospitalized older persons, may fluctuate over 
time concerning illness and symptoms. The risk of recall bias has been 
considered, however it was expected that patients did not remember their 
initial answers, partly due to stressful circumstances patients are exposed 
to during hospitalization and because the first PFS assessment was part 
of a larger set of questionnaires assessed at the same time. Even though 
we took a random sample of the validation sample to test reliability, the 
reliability sample had higher initial PFS scores compared to the validation 
sample. As a result, there were few observations at the beginning of the 
scale range of corresponding Bland Altman plots, especially for the PFS 
physical subscale. However, the Bland Altman plots showed a homogeneous 
spread over the scale-range, supporting good agreement between the test 
and retest of both the PFS physical and mental subscales. 
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CONCLUSION

The translated Dutch version of the Pittsburgh Fatigability Scale is a 
valid and reliable instrument to assess perceived physical and mental 
fatigability in hospitalized adults aged 70 years and older.  
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1. The Pittsburgh Fatigability Scale for Older Adults: Development and Validation. (Authors: Nancy W. Glynn, 
Adam J. Santanasto, Eleanor M. Simonsick, Robert M. Boudreau, Scott Beach, Richard Schulz and Anne B. 
Newman. © 2014, University of Pittsburgh. All Rights Reserved.) 

 

Met onderstaande vragenlijst geeft u het niveau van lichamelijke en mentale vermoeidheid aan die u 
verwacht te vernemen onmiddellijk na het uitvoeren van elk van de 10 opgesomde activiteiten. 
Omcirkel het juiste getal voor uw lichamelijke en mentale vermoeidheid bij elke activiteit (a-j) op een 
schaal van 0 tot 5, waarbij ‘0’ niet vermoeid en ‘5’ ernstig vermoeid betekent.  

In de rechterkolom geeft u aan of u de betreffende activiteit hebt ondernomen in de afgelopen maand. 
Als uw antwoord ‘nee’ is, maak dan een zo goed mogelijke inschatting met betrekking tot de vragen 
over vermoeidheid (zie voorbeeld activiteit 2).  

Vul alle drie de kolommen in voor elke activiteit, ook voor de activiteiten die u niet zelf doet. Let goed 
op de duur (bv. 30 minuten) en intensiteit (bv. licht / zwaar inspannend) van elke activiteit.  

Voorbeelden: 

Lichamelijke vermoeidheid Mentale vermoeidheid Heeft u deze 
activiteit 
gedaan in de 
afgelopen 
maand?  

Niet 
vermoeid 

Ernstig  
vermoeid   

Niet 
vermoeid 

Ernstig  
vermoeid   

                               

0                   5 0 5 

Voorbeeld activiteit 1 0      1       2       3       4       5  0     1     2      3      4       5 Ja Nee 
Voorbeeld activiteit 2 0      1       2       3       4       5  0     1     2      3      4       5 Ja Nee 

 

 Lichamelijke vermoeidheid Mentale vermoeidheid Heeft u deze 
activiteit 
gedaan in de 
afgelopen 
maand?  

Niet 
vermoeid 

Ernstig 
vermoeid   

Niet 
vermoeid 

Ernstig 
vermoeid   

                   

 0                    5  0 5 

a. Een ontspannen wandeling voor 30 
minuten  0      1       2       3       4       5 0     1     2      3      4       5 Ja Nee 

b. Stevig doorwandelen voor 1 uur  0      1       2       3       4       5 0     1     2      3      4       5 Ja Nee 
c. Licht inspannend huishoudelijk werk 

voor 1   uur (schoonmaken, koken, stoffen, 
opruimen, bed opmaken, afwassen, planten 
water geven) 

0      1       2       3       4       5 0     1     2      3      4       5 Ja Nee 

d. Zwaar inspannend werk buiten, zoals 
tuinieren voor 1 uur (maaien 
(duwmaaier), harken, onkruid wieden, 
planten verpotten, sneeuw schuiven) 

0      1       2       3       4       5 0     1     2      3      4       5 Ja Nee 

e. Televisie kijken voor 2 uur 0      1       2       3       4       5 0     1     2      3      4       5 Ja Nee 
f. Rustig zitten voor 1 uur 0      1       2       3       4       5 0     1     2      3      4       5 Ja Nee 
g. Matig tot zwaar inspannende 

krachttraining voor 30 minuten (met 
gewichten of fitness apparaten zwaarder 
dan 2,5 kg, opdrukken)   

0      1       2       3       4       5 0     1     2      3      4       5 Ja Nee 

h. Deelname aan een sociale activiteit voor 
1 uur (feestje, diner, senioren club, bezoek 
van of bij familie/vrienden, kaarten, bridgen)  

0      1       2       3       4       5 0     1     2      3      4       5 Ja Nee 

i. Gastheer/gastvrouw zijn bij een sociale 
aangelegenheid voor 1 uur 
(voorbereidingstijd niet meegerekend) 

0      1       2       3       4       5 0     1     2      3      4       5 Ja Nee 

j. Zwaar inspannend sporten voor 30 
minuten (hardlopen, nordic walking, fietsen 
(niet elektrisch), zwemmen, tennis, fitness, 
dansen) 

0      1       2       3       4       5 0     1     2      3      4       5 Ja Nee 

Copyright 2014, University of Pittsburgh. All rights reserved. Translated 2017 by University Medical Center of Groningen (UMCG) under license 
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Eligible sample  

n = 1100 
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Subgroups elective and acutely admitted patients
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Subgroups surgical and non-surgical patients
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ABSTRACT

Objectives: Poor self-rated health (SRH) is a strong predictor of premature 
mortality in older adults. Trajectories of poor SRH are associated with 
multimorbidity and unhealthy behaviors. Whether trajectories of SRH 
are associated with deviating physiological markers is unclear. This study 
identified trajectories of self-rated health (SRH) and investigated the 
associations of trajectory membership with chronic diseases, health risk 
behaviors, and physiological markers in community-dwelling older adults.

Study design and setting: Prospective general population cohort

Participants: Trajectories of SRH over 5 years were identified using  data of 
11 600 participants aged 65 years and older of the Lifelines Cohort Study.  

Outcome measures: Trajectories of SRH were the main outcome. Covariates 
included demographics (age, gender, education), chronic diseases, health-
risk behavior (physical activity, smoking, drinking), and physiological 
markers (BMI, cardiovascular function, lung function, glucose metabolism, 
hematological condition, endocrine function, renal function, liver function, 
and cognitive function). 

Results: Four stable trajectories were identified, including excellent (n = 
607, 6%), good (n = 2111, 19%), moderate (n = 7677, 65%), and poor SRH 
(n = 1205, 10%). Being female (OR: 1.4; 95%CI: 1.0 - 1.9), low education 
(OR: 2.1; 95%CI: 1.5 - 3.0), one (OR: 10.4; 95%CI: 7.4 - 14.7) or multiple 
chronic diseases (OR: 37.8; 95%CI: 22.4 -71.8), smoking (OR: 1.8; 95% CI: 
1.0 - 3.2), physical inactivity (OR: 3.1; 95%CI: 1.8 - 5.2), alcohol abstinence 
(OR: 2.2; 95%CI: 1.4 - 3.2), and deviating physiological markers (OR: 1.5; 
95%CI: 1.1 - 2.0) increase the odds for a higher probability of poor SRH 
trajectory membership compared to excellent SRH trajectory membership.
 
Conclusion: SRH of community-dwelling older adults is stable over time 
with the majority (65%) having moderate SRH. Older adults with higher 
probabilities of poor SRH often have unfavorable health status.  

BACKGROUND 

Self-rated health (SRH) is known as an inclusive measure of global health 
and is often used as a supplement to objective clinical measures of physical 
health, such as presence of disease and disability.1,2 In older adults, poor 
SRH is an independent and strong predictor of premature mortality.3,4 
However, evidence for factors associated with poor SHR are predominantly 
cross-sectional and longitudinal evidence is required. Analysis of latent 
clusters of individuals who follow a similar pattern of SRH over time, 
so called trajectory analysis, can be used to explore the course of SRH 
in time within a certain population.5 Few studies have studied SRH in 
community-dwelling older adults by trajectory analysis revealing various 
numbers of identified trajectories.6–8 Distinct trajectories of SRH varied 
from persistently good6,7, persistently moderate7,8, persistently poor6,7, 
declining6–8 to improving trajectories of SRH.6 People in declining SRH 
trajectories were differentiated at baseline by older age, lower education 
level, and an increased number of chronic conditions compared to people 
in consistently good SRH trajectories.6–8 However, in these studies, other 
measures of determinants of health status, such as abnormalities in 
physiological markers, like blood pressure, thyroid hormone levels, and 
glycated hemoglobin were not evaluated. Such markers reflect cross-
sectional clinical parameters of physiological processes.9 Abnormal 
physiological processes may indicate pre-clinical prodromal phases 
of underlying diseases which are suggested to play a role in burden of 
disease expressed by poor SRH evaluations in older adults.1,4,10,11 We 
hypothesize that multi-morbidity, health risk behaviors, and deviations 
in physiological markers are associated with trajectories that lead to poor 
SRH. 

The aim of this study is to identify classes of self-rated health over five 
years in community- dwelling older adults and to investigate whether 
group membership of SRH trajectories is associated with self-reported 
chronic diseases, health risk behaviors, and physiological markers.
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METHODS

Study population
A subsample of the adult Lifelines Cohort Study was used, including 
participants aged 65 years or older at baseline (n = 12 685). A detailed 
description of the complete Lifelines cohort profile is described elsewhere.12

Measurements

Primary outcome measure
Repeated measures of self-rated health were assessed at baseline, 1.5 
years, 3 years, and 5 years after baseline measurement by means of a self-
reported question ‘how would you rate your health in general? (excellent, 
very good, good, fair, poor)’.13,14 The single item SRH question with five 
response options is a valid and reliable measure of general health status 
in older adults.15–17

Covariates
Demographics included age, sex, and education level (low, less than 
primary through lower secondary; intermediate, upper secondary through 
post-secondary, non-tertiary; high, short cycle tertiary and higher).18,19

Chronic diseases were categorized (none, one, two or more) based on 
a participant’s baseline report on presence of the most burdensome 
chronic diseases as forecasted for the next decades, including dementia, 
myocardial infarction, osteoarthritis, cerebrovascular accident (CVA), 
diabetes, chronic obstructive pulmonary disease (COPD), cancer, anxiety, 
and mood disorders. 

Health risk behaviors included physical activity (≥5, 2-4, ≤2 days/week 
physically active for at least 30 minutes)20, smoking (never, former, 
current smoker), alcohol consumption (abstainer, low risk, at risk)21. Low 
risk drinking is defined as no more than three drinks per day for women 
and men respectively, and no more than seven drinks per week.22

Physiological markers included: body mass index (BMI) as a marker of body 
composition23,24; Systolic and diastolic blood pressure was interpreted 
with total cholesterol and high density lipoprotein (HDL) ratio as a 
marker of cardiovascular function23; Forced expired volume in one second 
(FEV1) and the forced vital capacity (FVC) ratio was used as a marker of 

lung function25,26; Glycated hemoglobin (HbA1c) as a marker of glucose 
metabolism23,27; Total hemoglobin (Hb) as a marker of hematological 
condition27, Thyroid Stimulating Hormone (TSH) and free thyroxine (fT4) 
were used as markers of endocrine function28–30; Estimated glomerular 
filtration rate (eGFR) by using the Cockcroft Gauld formula was used as 
a marker of renal function31–33; Hepatic Steatosis Index (HSI) was used 
as a marker of liver function34,35; and the mini mental state examination 
score (MMSE) was used as a marker of cognitive function.23,36 A 
detailed description of physiological markers used and clinical cut-offs 
are presented in Appendix A Table A1. Based on clinical cut-offs, both 
individual physiological markers (normal, abnormal values) and a sum 
score of abnormal physiological markers were used in the analyses (<3 
vs. ≥3 abnormal physiological markers). 

Statistical analyses
Baseline characteristics of all participants and classified by SRH trajectory 
groups were expressed in median and interquartile range (IQR) for 
continuous variables and proportions and percentages for categorical 
variables. To identify distinct trajectories of self-rated health over 
five year, latent class analyses were performed by using Group Based 
Trajectory Modeling (GBTM).37 The trajectory model was built by a 
stepwise approach: 

Step 1: The basic model was build including the four repeated measures 
of SRH using a censored normal model. Two up to six trajectories were 
considered after which the optimal number of trajectories was selected 
using highest Bayesian Information Criterion (BIC)38, and Bayes factor.39 
After the optimal number of trajectories was determined, optimal 
trajectory shape was determined by varying the growth terms. Optimal 
trajectory shape was evaluated based on 1. the probability of a person 
belonging to the selected trajectory (>0.7), 2. the odds of correct 
classification (>5.0), 3. close correspondence between the estimate of 
group membership probability and the proportion of individuals classified 
to the group, and 4. reasonable narrow confidence intervals for the 
estimates of group membership probability.40 For the latter two no formal 
criteria for maximum deviation were available. 
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Step 2: Multivariable multinomial logistic regression analyses were 
performed to estimate associations between the probability of SRH 
trajectory group assignment (result of step 1) and covariates. Three 
theoretical models were investigated. Model 1: chronic diseases and 
health behaviors; Model 2: model 1 plus physiological markers; Model 
3: model 1 plus the sum score of abnormal physiological markers. For all 
determinants, multicollinearity was checked using Pearson’s correlations. 
Baseline age, sex, and level of education were included in all models. 
Model selection  was based on lowest BIC, and Akaike’s Information 
Criterion (AIC).41

Step 3: Trajectories of SRH were re-estimated by including the covariates 
of the selected model out of step 2. This last step allows to evaluate the 
influence of one covariate on the probability of belonging to each trajectory 
taking into account the uncertainty of posterior group membership 
probability that is introduced by trajectory analysis. Wald statistics were 
applied for testing the differences between covariates across trajectory 
groups.

Data of participants with missing data of SRH at all time points were 
excluded from all analyses (n=1085 (9%)). Participants with missing SRH 
data at three or less time points were handled using maximum likelihood 
estimation. Maximum likelihood estimation uses all available information 
from observed data for constructing the likely values for missing data.40 
From step 2 onwards, participants who had missing data for baseline 
covariates were excluded from further analyses (n=3010 (26%)). The 
flow of participants from the initial to the analytic sample is presented in 
Appendix B Figure B1. 

Sensitivity analyses were performed by: 1) rerunning basic trajectory 
analysis accounting for non-random attrition (dual trajectory modeling), 
and 2) using a composite score for chronic diseases without anxiety and 
mood disorders. For all analyses Stata Statistical Software release 14 was 
used (StataCorp. 2015. College Station, Texas, USA) with the Traj plug-
in.42,43 

≥ ≥ ≤

 



140 | CHAPTER 5 | 141

5.

≥ ≥

≤ ≤
≥ ≥

≥ ≥

 

≥
≥

≥ ≥

≥ ≤ ≤   ≥

≥

 



142 | CHAPTER 5 | 143

5.

RESULTS

Study population characteristics
Of all 11 600 participants, median age at baseline was 69 years (range 65 
to 93), and 47% were male. Of this sample, 34% reported one chronic 
disease at baseline, 13% reported multimorbidity (≥2 chronic diseases), 
57% had one or two abnormal physiological markers, and 38% had 
three or more abnormal physiological markers (Table 1). Over five years 
of follow-up, 497 people died (4%), and 3721 (32%) were lost to follow-
up. The 3010 (26%) participants who were excluded from the analysis in 
step 2 and 3 due to missing covariates measured at baseline were older, 
more often female, lower educated, and had relatively less self-reported 
chronic diseases, but more abnormal values of physiological markers 
compared to the participants retained in the analysis (completers) (Table 
2). One of the reasons for these missing data was that participant with 
low cognitive abilities (mini mental state examination <26) had a shorter 
proxy interview, which was the case in 1261 (42%) of the excluded 
participants.

Trajectories of SRH over 5 years 
Of all evaluated models, four trajectories of SRH with different intercepts, 
and all slopes close to zero showed the best fit (fit statistics are presented 
in Appendix C Tables C1 and C2). The four trajectories were identified 
as excellent, good, moderate, and poor SRH including 607 (5.6%), 2111 
(18.8%), 7677 (65.3%), and 1205 (9.6%) participants, respectively 
(Figure 1; Appendix C Figure C1). 

Table 1 presents baseline characteristics of participants in all trajectory 
groups. People having the highest probability of poor SRH trajectory 
membership were on average older, more often female, lower educated, 
more often physically inactive, more often alcohol abstainer, and they 
had more self-reported chronic diseases compared to people who have 
highest probabilities of assignment to the excellent, good and moderate 
SRH trajectories. Concerning objectively measured physiological markers, 
people having the highest probability of poor SRH trajectory membership 
had higher BMI, less often high blood pressure, but more often high 
CHOL/HDL ratio, higher Hb levels, higher HSI index, and they scored 
lower on cognitive function compared to people with highest probability of 
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assignment to moderate, good and excellent SRH trajectories. In addition, 
people with the highest probability for poor SRH trajectory membership 
had more abnormal values of physiological markers compared to people 
with highest probability of assignment to moderate, good and excellent 
SRH trajectories.   

 

 

Identification of covariates of trajectory membership probability 
Table 3 presents the results from multivariate logistic regression analyses 
on probability of group membership of SRH. Model 2 performed worse 
compared to model 1 (BIC: -61 942; AIC:1.811). The simplest model with 
only self-reported covariates (model 1) had lowest BIC (-62 488), but 
higher AIC (1.807) compared to model 3 that included a sum score of 
physiological markers as well (BIC:-61 718; AIC: 1.804). However, both 
models had different sample sizes due to missing values for physiological 
markers in model 3. Taking into account the exploratory nature of this 
step in the analysis, type II error (an underfit model) would be more 
undesirable than type I error (an overfit model). Therefore the covariates 
included in model 3 were used for the final model (see Table 3, model 3). 
Final model adjusted for associated covariates

The final trajectory model was modeled by jointly estimating the basic 
model and the covariates age, sex, educational level, self-reported 
chronic diseases, physical activity behavior, smoking behavior, alcohol 
consumption, and the sum score of affected physiological markers as 
risk factors. The final model assigned 471 (5.5%), 1716 (20.0%), 5637 
(65.6%), and 766 (8.9%) people to the excellent, good, moderate, and 
poor SRH trajectories. The final model including covariates showed best fit 
statistics of posterior probability of group assignment (Appendix D, Table 
D1). The basic model overrepresented the proportion of participants with 
highest probability of poor and moderate SRH trajectory membership, 
and underrepresented the proportion of people with highest probability 
of excellent and good trajectory membership, compared to the final model 
that took into account the effect of covariates (Appendix D, Table D1). 

Table 4 presents the odds ratios of each of the evaluated covariates 
of people with highest probability of poor, moderate, and good SRH 
trajectory membership using the excellent SRH trajectory as reference 
category. Increasing number of chronic diseases increased the odds of 
higher probability of poor SRH trajectory membership relative to the 
probability of excellent SRH trajectory membership (OR: 10.38; 95% CI: 
7.38 - 14.72 for one chronic disease, OR: 37.79; 95% CI 22.35 - 71.75 
for two or more chronic diseases). Female gender, low education level, 
physical inactivity, (former) smoking, alcohol abstinence, and presence 
of 3 or more abnormal values of physiological markers increased the odds 
of the probability of poor SRH trajectory membership relative to the 
probability of excellent SRH trajectory membership (Table 4). 

Wald tests implied that all trajectory groups were distinguished by the 
number of self-reported chronic diseases, alcohol consumption, and the 
sum score of affected physiological markers (p-values <0.001). However, 
the results presented in Table 4 should be interpreted with caution as 
all OR calculations are affected by the covariates that were included in 
the multinomial model to determine the probability of SRH trajectory 
membership. 

Sensitivity analysis including alteration of the composite measure for 
multimorbidity without anxiety and depressive disorders did not alter 
trajectory group sizes, shapes, and odds ratios (results not shown). 
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Dual trajectory modeling accounting for non-random attrition showed 
constant annual attrition probabilities between 10% (good SRH) and 17% 
(poor SRH) for all trajectory groups (Appendix D, Figure D1). Posterior 
probability of group assignment did not improve when modeling the 
trajectories accounting for attrition bias (Appendix D, Table D1). 

DISCUSSION

In this sample of an ongoing large cohort study of Dutch community-
dwelling older adults, four stable trajectories of SRH over five years were 
identified. The majority (65.3%) of the participants were classified into 
the moderate SRH category, followed by good (18.8%), poor (10.2%), 
and excellent (5.6%) SRH. The results of our study confirmed our a priori 
hypothesis that the probability of poor SRH trajectory membership was 
associated with multimorbidity, health risk behaviors, and abnormalities 
in physiological markers. The number of chronic diseases seems to be one 
of the key factors that determines someone’s probability of SRH trajectory 
membership, as this was the only covariate under consideration that was 
significantly associated in all SRH trajectories. In addition, the probability 
of poor SRH trajectory membership was associated with being female, a 
low education level, health risk behaviors, and presence of three or more 
affected physiological markers. 

Contrary to previous studies investigating trajectories of SRH, this study 
identified only stable trajectories of self-rated health of older community-
dwelling adults during five years.6–8,44 Other studies with comparable 
measurement intervals, and study duration identified the majority of their 
participants in the stable trajectories as well, however they also identified 
small groups with declining and improving trajectories.6,8 Sample size was 
not the limiting factor to identify more groups, however, the posterior 
diagnostic criteria became worse when adding more than four trajectory 
groups, indicating four groups was the optimum for our sample. Participants 
of the current study were older than the populations used in other studies 
investigating trajectories of SRH. Response shift in SRH is known to occur 
among older adults.45 Compared to their younger counterparts, older 
adults are suggested to base their SRH more on psychological and life-

style behaviors, and less on functional status and physical health, which 
might indicate reprioritization response shift.46,47 Furthermore, older 
adults adapt their standards of good health over time, also known as 
recalibration response shift.45 In addition, cognitive strategies to accept 
negative outcomes, as well as someone’s beliefs contribute to enhanced 
levels of wellbeing, despite negative health outcomes48, which can explain 
the stable trajectories of SRH over time in the present study sample. 

Consistent with other studies investigating trajectories of SRH, we 
found strong associations between increasing numbers of baseline self-
reported chronic diseases and the probability of poor SRH trajectory 
membership.6–8 When participants reported only one chronic disease, 
they had a two, three-and-half, and ten times higher odds of being a 
member of the good, moderate, and poor SRH trajectory compared to the 
probability of excellent SRH trajectory membership, respectively. People 
suffering two or more self-reported chronic diseases were 38 times more 
likely for having a higher probability for poor SRH trajectory membership 
rather than a high probability for excellent SRH trajectory membership. 
Earlier studies found weaker associations between the probability of 
poor SRH trajectory membership and the number of chronic diseases.7,8 

The difference in results might be explained by the different number and 
combinations of covariates used as predictors in different studies. For 
instance, previous studies focused on chronic physical health disorders 
to calculate a composite measure of multimorbidity.6,7 For this study, the 
eleven most burdensome chronic diseases forecasted for the next decades 
by the Dutch National Institute for Public Health and the Environment 
were used to measure chronic diseases, which included depression and 
anxiety disorders. The inclusion of depression and anxiety disorders in 
our composite measure of chronic diseases may have led to the strong 
associations between self-rated chronic diseases and the probability of 
poor SRH trajectory membership in the present study, because depressive 
symptoms are considered a risk factor for poor SRH.49 However, sensitivity 
analyses excluding depression and anxiety disorders in the composite score 
for chronic diseases led to similar results. Therefore, it is not expected 
that the differences in composite measures for chronic diseases explain 
the differences in magnitude of odds for the probability of poor SRH 
trajectory membership with increasing number of chronic diseases found 
in the present study compared to previous studies.  
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Strengths of this study are the large sample size, and short measurement 
intervals for SRH that contribute to the robustness of the findings. In 
addition, the use of physiological markers next to self-reported data 
was, to the best of our knowledge, not previously investigated in 
combination with trajectory analyses. There were limitations as well. 
Firstly, although we found a strong association between self-reported 
diseases and higher probability of poor SRH trajectory membership, 
we cannot rule out reverse causation. The presented odds ratios only 
measure relative change on group level and are not suited to generalize 
to individual probability of group membership. It is therefore hard to 
translate these results into concrete clinical implications, as there will 
always be people having multimorbidity combined with excellent self-
rated health. Second, in this older population, the use of self-reported 
measurements used for measuring the number of chronic diseases may 
have led to an over- or underestimation of the prevalence of diseases 
due to non-differential misclassification bias. Finally, attrition may have 
threatened the generalizability of our results.50 However, sensitivity 
analysis with trajectories jointly modeled with attrition51 did not improve 
group allocation probabilities. In addition, constant annual attrition 
probabilities below 20% for all groups were identified, which led us to 
conclude that attrition rates were constant among all trajectory groups.

IMPLICATIONS AND CONCLUSIONS

The present study identified four stable trajectories of SRH over five years 
in Dutch community-dwelling, older adults where the majority of the 
sample had moderate SRH. Being female, lower levels of education, health 
risk behaviors (smoking, physical inactivity, and alcohol abstinence), 
and presence of three or more abnormal physiological markers were 
associated with higher probability of poor SRH trajectory membership. 
The identified modifiable determinants may provide a basis for future 
preventive strategies. 
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ABSTRACT

Background: Fatigability is an important marker of functional decline 
in community-dwelling older people, yet its relationship with functional 
decline after hospitalization is unclear. The objectives of this study were to 
identify trajectories of fatigability and mobility over time and to examine 
the association between demographic and clinical characteristics and these 
trajectories in medical patients aged 70 years and older admitted to a 
Dutch tertiary care teaching hospital. 

Methods: In this prospective cohort study with baseline (in-hospital), 
discharge, three-, and six-months post discharge follow-up measurements, 
fatigability was assessed by the physical subscale of the Pittsburgh 
Fatigability Scale (PFS). Mobility was assessed by the De Morton Mobility 
Index (DEMMI). Group-based trajectory modeling was used to identify joint 
trajectories of fatigability and mobility. Covariates included demographic 
(age, gender, living situation, education) and clinical characteristics 
(functional status, frailty status, depression, comorbidity, length of 
hospital stay).

Results: Among 44 patients, three distinct fatigability trajectories and two 
mobility trajectories were identified over the course from hospital admission 
up to six months after discharge. Subsequently, three joint trajectories were 
identified, including low fatigability and high mobility (11%), improving 
fatigability and high mobility (52%), and high fatigability and low mobility 
(36%). Controlling for baseline functional status, patients with a lower 
comorbidity score (OR: 0.27, 95%CI: 0.10; 0.74) and higher frailty status 
(OR: 1.36, 95%CI: 1.07; 1.74) were more likely to be a member of the high 
fatigability and low mobility trajectories. 

Conclusions: From hospital admission up to six months after discharge, 
three distinct trajectories of fatigability and mobility were identified among 
older medical patients. Our results should be interpreted with caution due 
to the small sample size, but may inspire other researchers to determine 
the value of fatigability assessment in identifying older medical patients at 
risk for developing mobility problems.

BACKGROUND 

Fatigue is the most prevalent symptom among older hospitalized patients, 
with a prevalence rate of around 70%.1,2 After hospital discharge, many 
older people still experienced fatigue, often leading to disruption of 
activities of daily living (ADL).3 Hence, it can be assumed that older 
hospitalized patients experience high prevalence of fatigability as well, 
which is defined as perceptions of fatigue while performing activities of 
a certain intensity and duration.4 Over the past decade, fatigability has 
emerged as an important marker of functional decline in community- 
dwelling older people without disabilities5–7, yet its relationship with 
functional decline after hospitalization is unclear. 

Functional decline is a serious consequence of hospitalization among 
older patients, with a prevalence rate of around 30% at the moment 
of discharge.8 Recovery rates of functional decline varied from 30% to 
70% at three months after discharge from the hospital.9–12 Low mobility 
during hospital stay is an important predictor of adverse outcomes 
after hospitalization such as functional decline, re-hospitalization, 
institutionalization, and death.13,14 In addition, loss of mobility and 
exhaustion or fatigue are considered as early manifestations of frailty, 
contributing to functional decline and dependence in older people.15,16 

The association between mobility and fatigability among hospitalized 
older patients has not been directly investigated yet, but it may provide 
interesting information to design targeting interventions to prevent 
adverse outcomes after hospitalization of older patients. 

Therefore, this study aimed to investigate whether trajectories of 
fatigability are associated with trajectories of mobility from hospital 
admission up to six months post-discharge in medical patients aged 70 
years and older. A second aim is to investigate the determinants of these 
combined trajectories. 
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METHODS 

Participants
Patients admitted to medical wards of a tertiary care teaching hospital in 
the Netherlands were recruited for participation within the first four days 
of hospital admission. Patients younger than 70 years, those who did not 
speak Dutch, those who were cognitively impaired due to dementia or 
delirium, and those who did not provide informed consent were excluded 
from participation.

Procedure
Every weekday between April 2018 and July 2019, all consecutive 
patients admitted to the hospital were screened for eligibility by research 
staff. The research staff introduced the study to eligible patients and 
handed them written information about the study procedure. The next 
day patients were visited again to ask for their decision to participate. 
All patients signed informed consent before enrollment. The study was 
approved by the local research ethical committee (registration number: 
2017.667). 

Data collection
Baseline assessment was conducted within the first four days of 
hospital admission by trained research staff. Data collection consisted 
of comprehensive questionnaire and physical assessments. Follow-up 
assessments were conducted within 24 hours before discharge (only 
when discharge was at least three days after baseline assessment), three 
months after discharge (home visit), and six months after discharge 
(home visit). 

 Demographic variables included age (in years), gender (male, female), 
living situation (living alone, co-habiting) and educational level (≤12 
years; >12 years of education). 

 Clinical variables included (1) Frailty status measured by the Frailty 
Index including 34 health-related items such as psychosocial, cognitive, 
and general functioning, and geriatric symptoms.17 Item scores were 
rescaled into values between 0 and 1, with higher scores representing 
worse functioning. The total score represents the proportion of present 

items as a proportion of all items measured, resulting in a Frailty Index 
score ranging from 0 to 1. A detailed item description is presented in 
Supplementary Table S1; (2) Pre-hospital functional status (re-call 
based) measured by the 15-item Katz ADL Index score including basic and 
instrumental ADL18; (3) Depressive symptoms were screened by using the 
two questions ‘During the past month, have you often been bothered by 
feeling down, depressed or hopeless?’ and ‘During the past month, have 
you often been bothered by little interest or pleasure in doing things?’.19 
If one or two of these screening questions were answered with ‘yes’, the 
15-item GDS was subsequently assessed using a cut-off of five items for 
depression20,21; (4) Chronic conditions were measured by the Charlson 
Comorbidity Index (CCI)22; and (5) Length of hospital stay was obtained 
from the hospital medical records after hospital discharge.

 Fatigability was measured by the Pittsburgh Fatigability Scale (PFS).23 The 
PFS was originally developed in the United States as a self-administered 
scale consisting of 10-items on which respondents indicated the level 
of perceived physical and mental fatigue that they expect to perceive 
immediately after performing the activity on a scale from 0 (no fatigue 
at all) to 5 (extreme fatigue). Activities include physical activities, 
household activities, sedentary activities, and social activities. Total 
physical and mental fatigability scores range from 0-50, with higher 
scores indicating higher fatigability. The PFS was recently translated into 
Dutch and validated in older hospitalized patients, showing good internal 
consistency (range α: 0.80 - 0.92), and test-retest reliability (ICC: 0.80-
0.81).24 For this study, only the PFS physical score was used. 

Mobility was measured by the ‘De Morton Mobility Index’ (DEMMI).25 
The DEMMI is a physical performance test designed in Australia for 
older medical patients consisting of 15 mobility tasks that should be 
performed by the patient while lying (3 items), sitting (3 items), standing 
(4 items) and moving (5 items).25 A trained research assistant rated for 
each item whether the patient was able to perform the activity without 
help, with minimal assistance, or not at all. The total score ranged from 
0 (no mobility) to 100 (full mobility). The Dutch version of the DEMMI 
was successfully examined for inter-rater reliability (0.85) and construct 
validity with other physical performance tests (ρ ranging from 0.73 to 
0.74) among older hospitalized patients.26
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Statistical analysis 
First descriptive statistics including demographic and clinical 
characteristics of the total study sample were calculated. Next, group-
based trajectory modeling (GBTM) was applied to identify trajectories of 
fatigability and mobility. Here, a stepwise approach was used:27 

 Step 1, separate models: separate fatigability and mobility trajectories 
were plotted using a censored normal model with fixed cubic growth 
terms for both models. The number of trajectory groups was selected 
using Bayesian Information Criterion (BIC).28 Second, higher or lower 
order growth terms were added, and optimal trajectory shape was 
determined based on posterior diagnostic criteria such as 95% confidence 
intervals, odds of correct classification, and posterior probability of 
assignment. These posterior diagnostic criteria reflect the probability of 
a person belonging to the selected trajectory and are explained in detail 
elsewhere.28

Step 2, dual models: Next, the trajectories of fatigability and mobility 
obtained in the first step were simultaneously modeled. This so called 
dual trajectory model linked the trajectories of fatigability with the 
trajectories of mobility by estimating the conditional probabilities of 
membership in the trajectory groups of fatigability, given membership in 
one of the specific trajectory groups of mobility.  

Step 3, adding covariables: Finally multinomial logistic regression 
analyses were done to explore the associations between the identified 
dual trajectories and demographic and clinical co-variables. Age, sex, 
educational level, living situation, functional status, frailty status, 
depression, and length of hospital stay were alternately (univariably) 
added as independent variable using the estimated dual trajectory 
groups as dependent outcome. Given the complex interactions between 
fatigability, immobilization, disability, frailty, and comorbidity15, 16, 29, a 
multivariable model was built including these variables to explore potential 
confounding effects. For these variables, presence of multicollinearity was 
checked using Pearson’s correlations. Odds ratios and 95% confidence 
intervals of each co-variable per trajectory group were presented.

Subjects with missing data at all time points were excluded from the 

analysis. In the trajectory analysis, missing data for some time points were 
imputed using maximum likelihood estimation. Items of the PFS were 
imputed using item mean imputation when a. the question whether the 
activity had been done in the past month was present, and b. maximum 
three items of the PFS physical subscale were missing.30 For all analyses 
Stata Statistical Software release 14 was used  (StataCorp. 2015. College 
Station, Texas, USA) using the Traj plug-in.31 

RESULTS 

Characteristics of study participants 
Of the 843 eligible hospitalized medical patients aged 70 years and older, 
46 gave written consent to participate in our study. Two patients were 
excluded from the analyses due to withdrawn consent during baseline 
assessment, leaving 44 patients in the analytic sample. A flowchart of 
study participants is presented in Figure 1. Demographic and clinical 
characteristics of study participants are presented in Table 1. Among 
all participants, sex was equally distributed, median age was 75 years 
ranging from 70 to 88 years, and the median length of hospitalization 
was five days (IQR: 3; 8). The majority of the study population lived 
together (70%) and had one or more disabilities in performing ADL before 
hospital admission (60%). The minority of the study population had less 
than twelve years of education (42%) and had five or more depressive 
symptoms at baseline assessment (18%). The median comorbidity index 
score of the total group was 2 (IQR: 1; 3) and a detailed description 
comorbidity distribution is provided in Supplementary Table S2. 

Baseline characteristics of patients with missing data on the PFS physical 
subscale did not differ from patients with complete data (Supplementary 
Table S3), nor did we identify missing assessments of only the most 
vulnerable patients. Consequently, these types of missing data were 
assumed to be missing completely at random. Therefore the data of five 
patients (11%) with less than three missing items of the PFS physical 
subscale were imputed, and  maximum likelihood estimation was applied 
in the trajectory analyses when one or more assessments were missing. 
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Separate fatigability and mobility trajectory models
Among all evaluated trajectory models, a 3-group trajectory solution was 
selected as the optimal model for fatigability and a 2-group trajectory 
solution was selected as the optimal model for mobility. The posterior 

diagnostic criteria of the selected models were good, indicated by the 
margins of error <1%, the odds of correct classification >5, and the 
posterior probabilities of assignment ranging from 0.85 to 0.94 for the 
fatigability trajectories and from 0.95 to 0.96 for the mobility trajectories.
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Fatigability trajectories
Using repeated measures of four waves of the PFS physical subscale, 
three fatigability trajectories were identified: stable low fatigability (n: 
5, 13%), improving fatigability (n: 19, 43%), and stable high fatigability 
(n: 20, 45%). 

Mobility trajectories 
Using repeated measures of four waves of the DEMMI, two mobility 
trajectories were identified: stable low mobility (n: 15, 34.2%) and stable 
high mobility (n: 29, 65.8%). 

Dual trajectory model of fatigability and mobility
Table 2 represents the posterior probabilities of each fatigability 
trajectory membership given the mobility trajectory (A) and the posterior 

probabilities of each mobility trajectory given the fatigability trajectories 
(B). Here we see that the fatigability trajectory largely determined the 
mobility trajectory someone is allocated to: 86% of the patients who 
were assigned to the stable low fatigability trajectory were assigned to 
the high mobility trajectory as well (p<0.001); all of the patients (100%) 
assigned to the improving fatigability trajectory were assigned to the 
high mobility trajectory too (p<0.001); and, 74% of the patients who 
were assigned to the high fatigability trajectory were assigned to the low 
mobility trajectory (p<0.001). Figure 2 presents these three trajectory 
combinations resulted from jointly modeling the fatigability and mobility 
trajectories: 1. Low fatigability and high mobility (11%); 2. Improving 
fatigability and high mobility (52%), and 3. High fatigability and low 
mobility (36%). Baseline characteristics of the study participants by 
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The results of the univariable multinomial logistic regression analysis 
showed that presence of ADL disabilities before hospital admission (OR: 
60.00, 95%CI: 3.04; 1185.03) and a higher frailty index (OR: 1.26, 95% 
CI: 1.08; 1.46) more often lead to membership of the high fatigability and 
low mobility trajectory group. The results of the multivariable multinomial 
logistic regression analysis showed that, after adjustment for baseline ADL 
disabilities, patient with a lower comorbidity index score (OR per point 
increase: 0.27, 95%CI 0.10; 0.74) and higher frailty status (OR per 0.01 
point increase: 1.36, 95%CI: 1.07; 1.74) more often belonged to the high 
fatigability and low mobility trajectory group (Table 3). For completeness, 
the results of all univariable analyses using the improving fatigability, 
high mobility as the reference group, the univariable regression estimates 
for the separate mobility and fatigability trajectories, and the correlation 
matrix of all covariables are presented in Supplementary Tables S4, S5, 
S6, and S7, respectively. 

DISCUSSION

The current study identified three distinct fatigability trajectories and 
two mobility trajectories from hospital admission up to six months after 
discharge. Combining these two models revealed three joint trajectory 
groups of fatigability and mobility. The smallest group (11%) had 
the most favorable outcome with low fatigability and high mobility; 
the majority of the patients (52%) was allocated to the improving 
fatigability and high mobility trajectories; and 32% of the patients were 
allocated to the least favorable trajectories of both low fatigability and 
low mobility. Controlling for baseline ADL disability, patients with a 
lower comorbidity index score and higher frailty index scores were more 
likely to be a member of the least favorable joint trajectory group: the 
high fatigability and low mobility trajectories. 

Univariable analyses identified baseline ADL disability and frailty as 
determinants of the least favorable joint trajectory group. However, the 
multivariable analysis identified a lower comorbidity index score as a 
determinant of the least favorable combined fatigability and mobility 
trajectory group as well. This finding was not surprising given the 

these trajectory combinations are presented in Table 1. Table 2-C presents 
the posterior probabilities of assignment to each of these dual trajectory 
groups. 

Associations between dual trajectory and covariables
The associations between baseline demographic and clinical characteristics 
and dual trajectory group membership probabilities using the most 
favorable trajectory group as the reference group are presented in Table 3. 
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complex and cyclic interplay of various factors that contribute to the 
manifestation of frailty such as immobility and fatigue: comorbidity 
and disability often co-occur together with frailty, but they are not 
conditional.15,28 In our study, patients with the highest probability 
of belonging to the most favorable trajectory group had more severe 
comorbidities (kidney disease, malignant tumor, metastatic tumor) that 
had a weighting factor of three or six on the total comorbidity index score. 
Lung disease and heart failure, on the other hand, were more common 
in people in the other two trajectory groups, which in themselves are 
less lethal than, for example, a metastatic tumor, but have a direct and 
profound impact on mobility and fatigability, which may explain the 
found associations between a lower baseline comorbidity index score 
and a higher likelihood of belonging to the high fatigability and low 
mobility trajectory group. 

Where previous research has identified fatigability to be a marker of 
mobility decline in community-dwelling older adults5,6, our findings 
suggest that fatigability is associated with mobility levels of older 
medical patients as well. More specifically, patients with initial high, 
but improving fatigability levels over the six months following hospital 
discharge were more likely to have high mobility levels over the same 
period. By contrast, patients in the constant high fatigability trajectory 
were more likely to keep low mobility levels over time. However, our 
results should be interpreted with caution, due to the small study sample, 
and larger studies are strongly recommended to determine the value of 
fatigability assessment in identifying older medical patients at risk for 
developing mobility problems. 
Strengths of this study included repeated measures of comprehensive 
fatigability and mobility assessments that were collected by face-to-face 
contact, allowing us to investigate the development and interactions of 
these constructs longitudinally and secured high reliability of the collected 
data. 

Despite this study was initially designed to investigate associations 
between fatigue, mobility and clinical patient characteristics, the low 
inclusion rates have led to underpowered results and thus unreliable 
estimates which limits to draw firm conclusion.32 Nevertheless, we 
have learned important lessons that can be of added value for other 

researchers aiming to design comparable studies in vulnerable groups: 1. 
Develop targeted study protocols with a limited amount of performance-
based assessments to limit the required effort of the older patient 
to increase the patient’s commitment to participate.33 Our extensive 
protocol including lung function analysis, bio-impedance analysis, 
mobility tracking, and blood sampling as well may have deterred the most 
vulnerable patients from participation; 2. Try to achieve cooperation and 
support from the attending professionals where possible, such as nursing 
or physiotherapeutic care.34 In our case, we got a lot of support from 
the attending professionals when we had to extend the study duration 
by one year to increase the inclusion rates; 3. Provide permanent and 
committed research staff during the study to ensure a good atmosphere 
and familiar faces, which may lead to higher commitment.33 In our study, 
the low dropout rate other than death may have been due to the good 
relationship with our participants, which they appreciated. 

CONCLUSION

Older medical patients showed three major distinct trajectories of 
fatigability and mobility from hospital admission up to six months after 
discharge. Controlling for baseline disabilities in ADL, a lower comorbidity 
index score and a higher baseline frailty index score were associated with 
the high fatigability and low mobility trajectories. Due to the small sample 
size in the current study, larger studies are needed to determine the value 
of fatigability assessment in identifying older medical patients at risk for 
developing mobility problems. 
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Notes: All baseline assessments referred to the situation two weeks before hospital admission unless indicated 
otherwise. (i)ADL, (instrumental) Activities of Daily Living; MOCA, Montreal Cognitive Assessment. 
* Baseline assessment referred to a month before hospital admission. 
† The MOCA was assessed within the first four days of hospital admission. 
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Results are presented as n (%) unless indicated otherwise. 
* counts for 1 point to the Charlson Cormordity Index total score. 
† counts for 2 points to the Charlson Cormordity Index total score. 

** counts for 3 points to the Charlson Cormordity Index total score. 

‡ counts for 6 points to the Charlson Cormordity Index total score. 
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The main objective of this dissertation was to evaluate trajectories of 
health status over time among older people. The first part was devoted 
to examining relevant psychometric properties of various instruments 
representing aspects of health status in older people. The second part 
concerned the actual health trajectories of both community-dwelling 
older people and hospitalized older patients. This general discussion 
will first present the main findings; second, a reflection on the findings 
compared to the existing literature and methodological strengths and 
weaknesses will be discussed, and; third, attention is paid to clinical 
implications and future research directions to which the results of this 
dissertation constitute a stepping stone.

MAIN FINDINGS

In Chapter 2 the agreement between self-perceived and measured change 
in Activities of Daily Living (ADL) status by the 15-item Katz ADL Index 
from pre-hospital admission to three and twelve months post discharge 
was investigated. Poor agreement was found between self-perceived and 
formally measured change in ADL status from pre-hospital admission 
over both timeframes. 

In Chapter 3 the reproducibility and responsiveness were investigated of 
two most widely used frailty instruments: the Frailty Index (FI) and the 
Frailty Phenotype (FP). By using an anchor-based method, the Frailty 
Index showed good reproducibility and responsiveness over both three 
and twelve months timeframes. The Frailty Phenotype performed less 
well, as indicated by poor to moderate reproducibility and a sufficient 
responsiveness over a timeframe of 12 months only. 

In Chapter 4, the Pittsburgh Fatigability Scale (PFS) was translated 
into Dutch and subsequently validated in a cohort of older hospitalized 
patients. After extensive translation and testing procedures, the Dutch 
version of the PFS demonstrated good content validity, construct validity, 
and test-retest reliability for measuring perceived physical and mental 
fatigability in hospitalized adults aged 70 years and older. 
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In Chapter 5 the course of health status in community-dwelling older 
people was investigated. Four stable trajectories of self-rated health 
(SRH) over time were identified. Poor SRH trajectory membership was 
associated with female sex, lower educational levels, the presence 
of two or more chronic conditions, unhealthy life style behavior, and 
abnormalities in three or more physiological markers. 

In the final study, Chapter 6, dual trajectory modeling was used to explore 
the relation between fatigability and mobility in older medical patients. 
Three distinct trajectory combinations of fatigability and mobility from 
hospital admission up to six months after discharge were identified: the 
high fatigability and low mobility trajectory group, the low fatigability 
and high mobility trajectory group, and the improving fatigability, low 
mobility trajectory group. Here, a lower comorbidity index score and a 
higher baseline frailty index score were associated with the least favorable 
trajectory combination. 

In summary, three important lessons have been learned with this 
dissertation, which will be reflected on in the next parts of this chapter:

1.  Common used instruments of health status in older hospitalized people, 
although used as such, were not necessarily suitable for measuring change 
in health status over time (Chapters 2 and 3);

2.  Fatigability can be measured validly and reliably in older hospitalized 
patients, but the added value as a determinant of health status has not 
yet been conclusively demonstrated (Chapters 4 and 6);

3.  Certain determinants that can be traced back to frailty have a negative 
influence on health status trajectories in older people (Chapters 5 and 
6).

REFLECTION ON THE FINDINGS

Common instruments to measuring health status over time in older people
As already mentioned in the introduction, health status is a difficult 
construct to operationalize. In addition, the purpose of the development 
of an instrument and its measurements properties have implications 
for their application.1 Still, instruments to assess health status in older 
people are used to evaluate the effects of interventions, despite they 
are not being developed or tested for responsiveness. A first example 
is the frequent use of the Katz ADL Index to operationalize recovery of 
functional decline in ADL by comparing the number of ADL disabilities 
before and after hospitalization.2–5 Among hospitalized older people, 
high proportions of misclassification existed between change scores of 
the Katz ADL Index and patients’ perceptions of change in ADL in both 
directions (Chapter 2). Consequently, detecting any change in ADL status 
based on the calculation of disabilities according to the Katz ADL Index 
does not necessarily mean that a patient perceived himself deteriorated 
or improved in the same direction as well. The found discrepancies may be 
indicative for the occurrence of response shift, which may lead to an over- 
or underestimation of the effects if unadjusted.6,7 These results contribute 
to the opinion that the Katz ADL Index score is not suitable to measure 
change in ADL status over time that is relevant to the individual patient, 
and should therefore not be used for evaluative purposes in individuals. 

Another example of unintended use of instruments concerns frailty status, 
which is often used as a determinant of negative health outcomes in older 
hospitalized people. Frailty is defined as a state of increased vulnerability 
due to a reduced ability to maintain homoeostasis after a stressor event 
as a consequence of cumulative decline in multiple physiological systems 
during a lifetime.8 The gold standard for measuring frailty in a clinical 
setting is the comprehensive geriatric assessment (CGA), yet the use of 
an index based on CGA outcomes that can be used for research purposes 
has to be further validated.8 The FI and the FP, originally developed 
for screening and risk-assessment purposes, are the most widely used 
instruments used to establish frailty status in research.9,10 Recently, these 
instruments have been used to evaluate outcomes of interventions aiming 
at slowing down the development of frailty.11,12 Because information about 
the responsiveness was generally lacking, it remained unclear which 
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frailty instrument was most appropriate to measure the effectiveness of 
interventions.13–15 To contribute to the body of knowledge, the reliability 
and responsiveness of the FI and FP were investigated (Chapter 3). Our 
results indicated that the Frailty Index is more sensitive to measuring 
change over time than the Frailty Phenotype. Consequently, the Frailty 
Index seems more suitable for evaluative purposes in studies among older 
hospitalized people.

Fatigability as a determinant of health-status
In the search of relevant outcome measures of older hospitalized patients, 
fatigability emerged as a particular interesting outcome. On the one 
hand, this was prompted by the high incidence of fatigue in hospitalized 
older people, which is known from the literature16,17, and what was also 
observed in the Seniorlines cohort. On the other hand, the existing studies 
of fatigability among community-dwelling older people indicated that 
fatigability appeared to be a promising measure for detecting people who 
are susceptible to functional decline.18–20 To be able to assess fatigability 
in our Dutch population of older hospital patients (Chapter 6), the 
Pittsburgh Fatigability Scale (PFS) was first successfully translated and 
validated (Chapter 4). Although the study sample was small, in Chapter 
6, clear patterns of three distinct fatigability trajectories were identified. 
However, the absence of other studies that investigated trajectories of 
fatigability over time limited mutual comparisons. Therefore, no clear-
cut conclusions could be drawn about the value of fatigability assessment 
in identifying older medical patients at risk for developing health-status 
decline due to mobility problems.  

Determinants of poor health status over time
When investigating the course of health status in community-dwelling 
older people, four stable trajectories of SRH over time among 12.685 
community-dwelling older people were identified (Chapter 5). Although 
the majority of the people had highest probability of belonging to the 
moderate SRH trajectory, the main focus was the group with the highest 
probability of poor SRH, as poor SRH is a known predictor of mortality 
among older people.21,22 In this cohort, poor SRH trajectory membership 
was associated with female sex, lower educational levels, presence of 
multimorbidity (defined as two or more chronic conditions), unhealthy 
life style behavior, and abnormalities in three or more physiological 

markers, of which the latter is indicative of pre-frailty.23 In the cohort 
of older hospitalized people, controlling for baseline disabilities in ADL, 
a lower comorbidity index score (based on the Charlson Comorbidity 
Index (CCI)) and a higher baseline frailty index score were associated 
with the least favorable trajectory combination: the high fatigability 
and low mobility trajectory group. The seemingly unexpected inverse 
association between a lower baseline comorbidity index score and a 
higher likelihood of the worst outcome is likely explained by the fact that 
patients in the most favorable trajectory group often had severe chronic 
disease, such as metastatic tumor and kidney disease. These conditions 
had higher weighting factors than for instance chronic lung disease or 
rheumatic disease, which were more present among the patients of the 
high fatigability and low mobility trajectory group. The weights of the 
CCI were originally added for the relative risk of mortality. However, our 
outcomes were fatigability and mobility which might have had a different 
weighting. For instance, the relative risk of mobility decline within six 
months in patients having chronic lung disease or rheumatic disease is 
probably higher than the relative risk of dying. Consequently, to clarify the 
association between co- or multimorbidity and health status trajectories, 
the use of a generic outcome that counts the co-occurrence of multiple 
chronic conditions within a person without weighting, such as the Index 
of Co-Existent Disease24, is recommended.25 

In summary, the determinants found in Chapters 5 and 6 that were 
associated with unfavorable health status trajectories can be traced back 
to frailty. Frailty is considered as an accumulation of measurable deficits 
that affect physiological reserves of underlying organ systems to such an 
extent that there is less resilience to deal with other external stressors, 
such as hospitalization.8 In chapter 5, these deficits were reflected by 
abnormalities in physiological markers and the presence of multiple 
chronic conditions. Deviating physiological markers are directly linked to 
inefficient functioning of the underlying physiological systems that affect 
frailty.23 Presence of chronic conditions have an impact on physiological 
reserves as well, which cannot be used when acute stressors, such as 
hospitalizations, occur.26 In chapter 6, the number of deficits were directly 
assessed by using the Frailty Index, which is based on deficits associated 
with health status.27
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In addition, a lower educational level, female sex, and an unhealthy 
lifestyle were determinants of poor health status of older people in 
chapter 5. Previous literature has already proven the protective effect of 
higher education on poor health status28–30, even in older age groups.29,31 
Regarding the relation between sex and poor health status over time, there 
is no conclusive evidence, as the literature shows ambiguous results.30,32,33 
However, sex and educational level in older adults are not considered 
modifiable determinants. From a pragmatic perspective, therefore, the 
most interesting determinant is probably the finding that unhealthy life-
style behavior was associated with the poor health status trajectory, as it 
may provide a base for preventing or reversing poor health status. 

Older people with multimorbidity or frailty may benefit from specific 
intervention programs aiming at improving health behavior and health 
status.11,34–36 A community based self-management program among 
people with multimorbidity including education and lifestyle activities, 
lead to a small decrease in length of hospital stay within four to 6 months 
after the intervention34. Among frail older people recruited from  the 
community, long term care facilities, retirement homes and hospitals, no 
effects of health care utilization or care costs were found.11,35 Intervention 
programs that include physical exercise showed the greatest improvements 
in physical functioning and functional ability in both frail older people11,35 
and in older people with multimorbidity.34 More specifically, multidomain 
intervention programs, for instance combining resistance, aerobic, 
balance, and flexibility exercises, lasting for more than 5 months with 
a frequency of three times per week for 30 to 45 minutes per session 
were most beneficial35, and group training seems to be more effective 
than individual programs.11,36 

METHODOLOGICAL CONSIDERATIONS

Research into older people, and in elderly hospital patients in 
particular, poses several challenges. The older populations consists of 
a heterogeneous group of people with varying levels of vulnerability, 
fitness, and number and severity of chronic conditions potentially leading 

to selective response of only the fittest older patients. In addition, the 
risk of dropout, for example due to death or mobility constraints, is higher 
than in younger populations.37 In this section, the applied strategies to 
increase recruitment, as well as strategies to reduce the risk of attrition 
bias are discussed. Finally, the methodological strengths and limitations 
of the methods used to measure change in health status of the studies in 
this dissertation will be discussed. 

Challenges in studies of older people
Recruitment strategies
A main concern in observational studies is the risk of a lower internal 
validity due to the likelihood of selective response, which in turn affects 
external validity.38,39 External validity in observational studies concerns 
the representativeness of the population.38 The external validity of 
the Lifelines Cohort Study was explicitly examined40, but not for the 
Seniorlines Cohort Study. Although the Seniorlines Cohort Study was 
performed in one hospital, the broad inclusion criteria for participation 
and the fact that the UMCG provides both primary and specialist care 
for patients from several regions of the Netherlands, we evaluated the 
sample as a representative reflection of older hospitalized patients in 
general. Recruitment was low in the Seniorlines 2.0 study and a certain 
degree of selective response is expected to have occurred because the 
extensive study protocol may have deterred the most vulnerable older 
patients from participation. We tried to overcome low recruitment rates 
by providing home-visits for follow-up assessments and using an opt-out 
recruitment strategy.41,42 Unfortunately, these efforts were to no avail, as 
shown by the small study sample and corresponding low statistical power 
in Chapter 6. When the more vulnerable patient would have participated, 
there may have been more subgroups identified within the sample, and the 
found differences between the best and worst identified subgroups may 
have been even larger. The results described in Chapter 6 showed that 
the differences between the mean fatigability score of the best and worst 
trajectories already exceeded the predefined smallest detectable change 
scores, indicating real subsamples. However, the number of trajectories 
is at odds with the number of patients within each trajectory43, thus 
increasing the sample size is the main challenge for future research into 
trajectories of fatigability and mobility in older hospital patients. 
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Drop-out and attrition bias
Missing data and attrition bias in longitudinal studies are common and 
serious problems in longitudinal studies44, especially in studies of older 
people.37 Drop-out rates and percentage of deceased subjects of the 
studies used in this dissertation were 36% (†4%), 40% (†16%), and 
22% (†17%) of the Lifelines, Seniorlines, and Seniorlines 2.0 cohort 
studies, respectively. To increase retention rates the research nurses 
proactively asked for the desire for a short break during the study-
procedures (Seniorlines and Seniorlines 2.0) and advance notification and 
home visits were part of the follow-up measurements (Seniorlines 2.0). In 
addition, several analytical strategies were applied to reduce the negative 
effect of attrition and missing data on the resuls44: 1. Missing data were 
imputed to increase statistical power and results were compared with 
sensitivity analysis including only complete cases (Chapters 2-4); 2. 
Maximum likelihood estimation of missing data for some time points in 
the group-based trajectory analysis were applied (Chapters 5 and 6); 3. 
A group-based trajectory modeling technique was applied in a sensitivity 
analysis, which takes non-random attrition into account45 (Chapter 5). All 
of the sensitivity analyses yielded no different conclusions, indicating no 
serious effects of attrition or missing data on the results. 

Measuring change in health status
Selecting the primary outcomes for trajectories of health status
The selection of primary outcome measures should be based on the 
purpose why an instrument is developed and sound psychometric 
properties. SRH was selected as the main outcome of Chapter 5 because 
SRH is recommended as a comprehensive indicator of health status 
within population studies.46 However, SRH is a global measure of health 
status, consisting of one question, potentially limiting its responsiveness 
which may explain why four stable trajectories of SRH were identified 
in Chapter 5.47 It is therefore suggested to use this outcome as a proxy 
health status over time, but preferably together with other instruments of 
health status, like generic multi-domain or disease specific instruments.48 
Unfortunately, no multi-domain of disease-specific instrument of health 
status was included in the Lifelines questionnaires. Despite this limitation, 
our results are of added value, as it has been shown that pre-frailty status 
in community-dwelling older people is associated with poor health status 
over time, which may inspire other researchers to elaborate on this.

Fatigability and mobility were the primary outcomes of trajectories of 
health status in Chapter 6. As explained above, fatigability was selected 
to elaborate on the assumed relationship with poor health outcomes. 
Mobility was selected as an objective and responsive proxy of health 
status due to its association with disabilities in ADL49, self-report of 
functioning50, and perceptions of health.50 Moreover, mobility is conditional 
to independence and maintaining independence is one of the health-
outcomes that older people prioritize, making mobility a meaningful 
outcome for older people.51,52 Based on excellent psychometric properties 
in older hospitalized patients and the absence of a floor effect in bedridden 
patients the preferred instrument when studying this population should 
be the De Morton Mobility Index (DEMMI).53 For community-dwelling 
older people the Tinetti Scale or the Short Physical Performance Battery 
(SPPB) are recommended, yet when the study population concerns both 
community-dwelling and (non-bedridden) hospitalized older people one 
should consider using the Short Physical Performance Battery.53

The use of anchor questions
Anchor questions are used to retrospectively assess perceived change 
in the construct of interest.54 Although, the use of anchor questions is 
an established method to determine responsiveness of patient-reported 
outcome measures55,56, its use is often criticized due to the risk of recall 
bias.57,58 Here, the perspective is important, as for individual patients in 
general the biggest gain is to ‘feel better’, regardless of whether it is caused 
by the treatment, a placebo, or one’s ability to adapt.59 Consequently, to 
assess perceived change in individuals, a single anchor question asking 
for the individual patients’ perception of change, as in Chapter 2, can 
be applied without any problems. Recall bias may be of influence on 
population level, for instance when using an anchor question as ‘the gold 
standard’ for perceived change when studying the responsiveness.54 In 
Chapter 3, recall bias could not be ruled out, as the responsiveness of the 
FI and FP was investigated by using two anchor questions referring to two 
frailty-related constructs (functional status and health status). However, 
especially in determining responsiveness, there is no preferred method 
to investigate, and combinations of distribution-based and anchor-
based methods are recommended to gain an impression of the properties 
of an instrument to measure meaningful change on individual or group 
level.56,60 Therefore, with this study, we have taken a first step and more 
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will have to follow to get a clear picture of the responsiveness of existing 
frailty instruments in older people.

Trajectory analysis
Group-Based Trajectory Modeling (GBTM) provided the opportunity to 
identify clusters of individuals that followed certain health trajectories 
and determinants that were likely associated with belonging to the 
least favorable trajectories. In addition, GBTM provides a graphical 
representation of how an outcome changes over time for different 
subgroups within a population which make the results tangible and 
easier to understand.61 GBTM is distinguished from other methods that 
are used to analyze trajectories over time by restricting within-group 
variability.62 This means that all individuals that are allocated to a certain 
trajectory group are comparable concerning the direction (or slope) and 
level (or intercept) of their trajectory. Restricting within-group variability 
theoretically results in a true representation of the actual subgroups in a 
population.62,63 In addition, as predefined assumptions about the number 
of expected trajectories are not required, using GBTM can lead to new 
hypotheses or theories about the presence of subpopulations within a 
certain population. However, the disadvantage is that this method may 
lead to inexplicable or too small groups. Therefore, it is recommended not 
only to rely on statistical measures when selecting the optimal number of 
trajectories, but the identified trajectories should be clinically interpretable 
as well.62–64 Though GBTM, like any model, remains an estimation of 
reality, we believe that GBTM is a valuable method to identify those most 
at risk of, in this dissertation, poor health status, which may provide a 
base for future preventive interventions. 

CLINICAL IMPLICATIONS AND FUTURE DIRECTIONS

Implications for the use of instruments to measure health status over time 
in older people 
The common thread running through this dissertation is the attempt to 
use meaningful outcomes that were suitable to measure health status of 
older people over time. Table 1 presents an overview of the instruments 
that were investigated for their psychometric properties in the first 
three chapters of this dissertation. In summary, based on the results of 
the first three chapters of this dissertation, supplemented with existing 
literature, it can be concluded that: First, the FI is more responsive 
than the FP (Chapter 3). However, using an anchor-based method, the 
minimal detectable change (MDC) based on the stable group exceeded 
the mean change found in the deteriorated group (Chapter 3). Therefore, 
also taking into account that frailty is a concept that is not used by older 
people themselves65, it is recommended to use this instrument at group-
level only. Second, based on the poor agreement between self-reported 
change and measured change in ADL status in hospitalized older people 
(Chapter 2) and because the MDC exceeds the minimal important change 
in community-dwelling older people66, it was recommended to use the 
Katz ADL Index at group-level only. In addition, a mean difference of at 
least three disabilities should be taken into account to identify change in 
ADL status beyond measurement error.66 Third, based on the results of 
the test-retest data, the Dutch PFS can be applied to measure change 
over time on group-level, taking into account change scores of twelve 
and fourteen points for the physical and mental subscales, respectively 
(Chapter 4). These results and recommendations are summarized in Table 
1. 
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Future directions for preventing poor health status trajectories in older 
people 
Having identified several trajectories of health status in older people, 
we identified presence of multiple chronic conditions and (pre-)frailty 
as the common determinants of the poorest health trajectories in both 
community-dwelling and hospitalized older people. As stated above, 
older people with multimorbidity or frailty may likely benefit from 
physical exercise intervention programs aiming at improving health 
behavior and health status.11,34–36 In addition, among older people with 
cancer, the benefit of physical exercise interventions on cancer-related 
fatigue has already been proven.67 Given the association between 
fatigability and negative health outcomes18,68, there is a strong demand 
for studies investigating which interventions are most suitable to improve 
fatigability in older people.69–71  

Future research on adverse health outcomes in older people
To optimize the benefits and costs of targeted interventions, it is important 
to identify people who need it most. Clinical symptoms of frailty, such 
as weight loss and exhaustion, are considered to play a key role in the 
identification of older hospitalized patients at risk for negative health 
outcomes.72,73 However, these are not stand-alone symptoms, but they 
are considered as an expression of the decreased physiological reserve 
due to underlying processes. Some suggest that when weight loss and 
exhaustion occur it is already too late to start interventions to delay or 
reverse the development of frailty.73,74 As previously demonstrated in 
community-dwelling older people, fatigability assessment could offer 
an alternative screening tool to distinguish apparently fit older people, 
who are susceptible to frailty, from their real fit counterparts.18,75 Future 
research should elaborate on the relationship between fatigability 
and frailty in older people. In addition, its use as a screening tool for 
determining populations who are still susceptible to delaying or reversing 
the development of frailty and improving resilience should be investigated 
as well. 

Measuring change in health status in individual older people
This dissertation endorses the statement mentioned in the introduction: 
measuring health status and decline or improvement in health status is 
not straightforward. In the introduction, the clinical case description of 
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a fictive study participant illustrated the dynamic nature of health status 
by means of Mrs. White’s adaptation to the changing circumstances as a 
consequence of the hospital admission. Consequently, simply counting 
the number of disabilities before and after hospitalization did not fully 
reflect the change in health status experienced by Mrs. White herself. In 
addition, the use of an outcome that is too generic, such as general self-
rated health, may not be sensitive enough to serve as a realistic estimate 
of her perceived change in health status. It is therefore important to 
emphasize again that the choice of an instrument to measure health 
status depends on the purpose, the target group and the psychometric 
characteristics of the instrument of interest. Although the investigated 
instruments in this dissertation are suitable for measuring change in 
health status for research purposes (taking into account MDC), none of the 
investigated instruments should be used for measuring change at patient 
level. Fortunately, there are national and global initiatives that encourage 
and advise on the use of health-related outcomes that are meaningful to 
individual patients and can be used in the doctor’s office.76–79
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SUMMARY

Societal context
Newspapers are full of the consequences of the so-called ‘aging society’, 
‘Gray Wave’ or ‘Silver Tsunami’. These metaphors mean that the number 
of older people in relation to the working population is increasing 
exponentially. Within the population aged 65 and older, the proportion 
of people aged 80 years and older will increase even more rapidly. 
This accelerated aging of society is not only predicted for the coming 
decades in the Netherlands, but also worldwide. The often negative 
connotation of the accelerated aging is referring to its associated 
expected problems. The increasing number of older people relative to a 
younger generation means there will be fewer people available to take 
care of the older generation. Consequently, this stresses the health care 
system and with that the burden on society. One solution to reduce this 
burden is to enable older people to live as independently and as healthy 
for as long as possible. On the one hand this meets the needs of the 
majority of the elderly themselves, on the other hand it ensures that 
care remains manageable (in terms of workforce) and affordable (in 
terms of costs) and thus reducing the burden on healthcare. One way to 
enable people to live as independently and healthy for as long as possible 
is to implement interventions to maintain or regain an optimal health 
status in older people. However, in order to do so, there is work to be 
done: First, persons who are at high risk to develop poor health status 
should be identified in order to target preventive interventions; Second, 
it should be investigated which determinants distinguish people with a 
high risk of poor health status from people with a low risk of poor health 
status in order to develop targeted interventions; Third, to evaluate the 
effectiveness of interventions requires valid, reliable, and responsive 
instruments. This dissertation aims to contribute to these questions by 
examining psychometric properties of multiple existing instruments used 
to measure change in health status of older people (Chapters 2, 3 and 
4) and by identifying trajectories of health status of older people and to 
investigate the determinants of these different trajectories (Chapters 5 
and 6).
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Measuring change in health status of older people
In geriatrics, functional status and frailty status are two important 
outcomes that are frequently used to measure the health status in older 
people. Functional status is often measured by counting the number of 
activities of daily living (ADL) a person can perform without assistance. 
The Katz ADL Index is the most commonly used instrument among 
older hospitalized patients. To measure frailty status, two instruments 
are widely used: 1. The ‘Frailty Phenotype’, a screening instrument to 
measure physical frailty, and 2. The ‘Frailty Index’, which measures the 
frailty status of older people across multiple domains, such as physical, 
social, and mental functioning, symptoms or diseases. The Katz ADL 
Index, the Frailty Phenotype and the Frailty Index are already used in 
scientific research to measure change in functional or frailty status over 
time. However, literature on the responsiveness of these instruments is 
sparse. Without information about the responsiveness, it is difficult to 
determine whether a measured difference actually represents a change 
in functional or frailty status. Therefore, in this dissertation two studies 
were devoted to investigate the validity and responsiveness of these 
common used instruments of functional and frailty status. 

In Chapter 2 the agreement between the change in functional status 
experienced by the patient and the change in the number of ADL 
limitations, measured with the Katz ADL Index from pre-hospital 
admission to three and twelve months post discharge was investigated. 
Agreement was low (<50%) over both time frames. These results give 
reason to doubt the usefulness of this instrument to measure change in 
functional status over time that is relevant to the individual patient. 

In Chapter 3 the reproducibility and responsiveness were investigated 
of the Frailty Index and the Frailty Phenotype. Again, the time frames 
from pre-hospital admission up to three and twelve months after 
hospitalization have been included. The Frailty Index showed good 
reproducibility and responsiveness over both three and twelve months 
timeframes. The Frailty Phenotype performed less well, as indicated by 
poor to moderate reproducibility and a sufficient responsiveness over a 
timeframe of 12 months only.

Chapter 4 was devoted to the Dutch translation and validation of the 
Pittsburgh Fatigability Scale (PFS) in a sample of older hospitalized 
patients. The PFS aims to measure mental and physical fatigue while 
performing physical activities, which is defined as fatigability. The Dutch 
version of the PFS appeared a valid and reliable instrument for measuring 
mental and physical fatigability in hospitalized patients aged 70 years 
and older. Future research should prove whether the Dutch version of the 
PFS is also suitable for other groups, such as community-dwelling older 
people, and to what extent a change measured with the PFS represents 
meaningful change in fatigability to older people themselves. 

Based on the results of the first three chapters of this dissertation, 
supplemented by existing literature, in Chapter 7, the general discussion, 
recommendations were formulated for the use of the investigated 
instruments to measure change in health status over time. First, 
based on the results of Chapter 2, supported by previous research that 
demonstrated that the minimal important change according to the patient 
is lower than the smallest detectable change in community-dwelling 
older people, it was recommended that the Katz ADL Index can only be 
used at group level. Second, we recommend to prefer the Frailty Index 
over the Frailty Phenotype to measure change in frailty status over time 
among older hospitalized people at group level. Third, we recommend 
the Dutch version of the PFS to measure physical and mental fatigability 
of hospitalized older people, including change in fatigability over time at 
group level.

Trajectories of health status and their determinants in older people
In order to support individual people with a high risk of poor health status, 
for example by providing behavioral interventions, we need to identify 
the subgroup of individuals having the highest risk of developing poor 
health status. Trajectory modeling provides the opportunity to identify 
clusters of individuals within a given population. Once these different 
subpopulations have been identified, characteristics of individuals within 
a subpopulation can be compared with characteristics of individuals 
belonging to another subpopulation. In this way, determinants of persons 
with a high versus low risk of poor health status can be distinguished. 
In this dissertation, determinants of trajectories of generic health 
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status (general self-rated health, SRH) (Chapter 5) and trajectories of 
fatigability and mobility were investigated (Chapter 6).
In Chapter 5, four stable trajectories of SRH over a five-year period were 
identified. Persons belonging to the least favorable SRH trajectory were 
more often female and lower educated and they more often had two or 
more chronic conditions, an unhealthy lifestyle, and abnormalities in 
three or more physiological markers, of which the latter is indicative for 
an early stage of frailty.

In Chapter 6 three different trajectory combinations of fatigability  and 
mobility from hospital admission up to six months after discharge were 
identified. Individuals belonging to the least favorable trajectory, the 
high fatigability and low mobility group, were more likely to have a lower 
comorbidity score and a higher Frailty Index before hospital admission. 
However, the results of Chapter 6 should be interpreted with caution due 
to the small sample size.

Based on the results of Chapters 5 and 6, in Chapter 7, the general 
discussion, it was concluded that certain determinants that can be traced 
back to frailty have a negative impact on health status trajectories of 
older people. The presence of multiple chronic conditions and (an 
early stage of) frailty have been identified as determinants of the least 
favorable health status trajectories in both community-dwelling and 
hospitalized older people. If these determinants could be modifiable 
and slow down the deterioration of health status, lifestyle behaviors 
appeared a potential starting point for the design of interventions. 
Previous research demonstrated that older people with multimorbidity 
or frailty may benefit from interventions aimed at improving lifestyle 
and with that improving health status. In order to further optimize 
the costs and benefits of such targeted interventions, it is important 
to identify even more precisely which individuals can benefit most 
from such interventions. Previous research has shown an association 
between increased fatigability and negative health outcomes in older 
people, such as functional decline. Chapter 6 also demonstrated that the 
course of fatigability was associated with the course of mobility of older 
hospitalized patients. Consequently, we recommend to design future 
studies to investigate the added value of fatigability as a screening tool 

for the identification of individuals who are most likely to benefit from 
interventions to delay or improve their frailty status. In addition, the 
relationship between fatigability and frailty should be investigated in 
more detail, as well as how to design interventions aimed to improving 
fatigability in older people in general.
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Maatschappelijke context
Het zal u niet ontgaan zijn: kranten staan vol van de gevolgen van de 
zogenaamde grijze golf of, mooier verpakt, de zilveren tsunami. Met 
deze metafoor wordt bedoeld dat het aantal ouderen ten opzichte van 
de werkende bevolking toeneemt, wat niet alleen de verwachting is voor 
de komende decennia in Nederland, maar ook wereldwijd. De veelal 
negatieve connotatie van deze termen komt door de daarmee gepaard 
gaande verwachte problemen. Ons sociale stelsel is zo ingericht dat de 
werkende bevolking de lasten draagt van de niet werkende bevolking, 
waaronder ouderen vallen. Met een grotere niet werkenden / werkenden 
ratio neemt de lastendruk op de werkende bevolking toe. Een van de 
maatregelen om deze lastendruk te verlagen is door mensen in staat te 
stellen zo lang mogelijk zelfstandig en in goede gezondheid te leven. 
Enerzijds komt dit tegemoet aan de behoeften van de meerderheid van 
de ouderen zelf, anderzijds zorgt het ervoor dat de zorg beheersbaar (qua 
personeelsbestand) en betaalbaar blijft en draagt op die manier bij aan 
verlaging van de lastendruk op onze werkende bevolking. Een manier 
om mensen in staat te stellen zo lang mogelijk zelfstandig en in goede 
gezondheid te leven is door interventies te ontwerpen en te implementeren 
om de optimale gezondheidstoestand bij ouderen te behouden of te 
herwinnen. Echter om hiertoe over te kunnen gaan is het nodige voorwerk 
vereist: ten eerste dient onderzocht te worden welke personen tot een 
hoog risico groep behoren om gericht interventies te kunnen toepassen; 
ten tweede dient onderzocht te worden wat mensen met een hoog risico 
op een slechte gezondheidstoestand onderscheidt van mensen met een 
laag risico op een slechte gezondheidstoestand om aanknopingspunten 
te verkrijgen voor het ontwikkelen van gerichte interventies; ten derde 
is het noodzakelijk om valide, betrouwbare en responsieve instrumenten 
te gebruiken om de effectiviteit van interventies te beoordelen. Met 
dit proefschrift is beoogd om een deel van dit voorwerk te doen, door 
psychometrische eigenschappen te onderzoeken van verschillende 
bestaande instrumenten die worden gebruikt om verandering in de 
gezondheidstoestand van ouderen te meten (Hoofdstukken 2, 3 en 4) en 
door trajecten van gezondheidstoestand van ouderen in kaart te brengen 
en de determinanten van deze verschillende trajecten te onderzoeken 
(Hoofdstukken 5 en 6). 
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reproduceerbaarheid en een voldoende responsiviteit over een tijdsbestek 
van 12 maanden.

Hoofdstuk 4 was gewijd aan een (tot nog toe) minder gebruikt 
instrument in de ouderenzorg: de ‘Pittsburgh Fatigability Scale (PFS)’. 
Deze vragenlijst heeft als doel om vermoeidheid tijdens het uitvoeren 
van fysieke activiteiten, zogeheten vermoeibaarheid, te meten en is 
door ons in het Nederlands vertaald en gevalideerd bij een groep oudere 
ziekenhuispatiënten. De Nederlandse versie van de PFS bleek een valide 
en betrouwbaar instrument om mentale en fysieke vermoeibaarheid bij 
ziekenhuispatiënten van 70 jaar en ouder te meten. Of deze Nederlandse 
versie van de PFS ook geschikt is voor andere groepen, zoals thuiswonende 
ouderen en in hoeverre een verandering gemeten met de PFS ook 
betekenisvol is voor de oudere zelf zal toekomstig onderzoek moeten 
uitwijzen. 

Op basis van de resultaten van de eerste drie hoofdstukken van dit 
proefschrift, aangevuld met bestaande literatuur, zijn, in Hoofdstuk 7, 
de algemene discussie, aanbevelingen geformuleerd voor het gebruik van 
de onderzochte instrumenten om verandering in gezondheid van ouderen 
over de tijd te meten. Ten eerste, op basis van de slechte overeenkomst 
tussen ervaren verandering en gemeten verandering in functionele 
status bij oudere ziekenhuispatiënten en omdat uit eerder onderzoek 
is gebleken het kleinste betekenisvolle effect voor de patiënt binnen 
de kleinst meetbare verandering valt bij thuiswonende ouderen, werd 
aanbevolen om de Katz ADL index alleen op groepsniveau te gebruiken. 
Ten tweede is aanbevolen om de Frailty Index boven het Frailty Phenotype 
instrument te verkiezen om kwetsbaarheidsstatus over de tijd te meten 
bij ouderen. Ook voor deze instrumenten geldt de aanbeveling ze alleen 
op groepsniveau te gebruiken. Ten derde hebben we geconcludeerd op 
basis van de resultaten van de test-hertest gegevens dat de Nederlandse 
PFS kan worden gebruikt om verandering in vermoeibaarheid over de tijd 
op groepsniveau te meten.

Trajecten en determinanten van de gezondheidstoestand van ouderen 
Om mensen met een hoog risico op gezondheidsproblemen te ondersteunen 
om hun risico te verlagen door bijvoorbeeld gedrags interventies toe 
te passen, dienen we te onderzoeken welke mensen tot de hoog risico 

Het meten van verandering in de gezondheidstoestand van ouderen
In de ouderenzorg zijn functionele status en kwetsbaarheidsstatus 
(frailty status) twee belangrijke uitkomsten die gebruikt worden om 
gezondheidstoestand van ouderen te meten. Functionele status wordt 
veelal gemeten door te tellen hoeveel activiteiten van het dagelijkse leven 
(ADL) iemand zonder hulp kan uitvoeren. De Katz ADL Index is daarbij 
het meest gebruikte instrument bij oudere ziekenhuispatiënten. Om de 
kwetsbaarheidsstatus van ouderen in kaart te brengen worden in de 
wetenschap twee instrumenten veel gebruikt: 1. Het ‘Frailty Phenotype’ 
instrument, een screeningsinstrument om fysieke  kwetsbaarheid 
van ouderen te meten, en 2. De ‘Frailty Index’, die de kwetsbaarheid 
van ouderen in kaart gemeten over meerdere domeinen, zoals fysiek 
functioneren, sociaal functioneren, mentaal functioneren of symptomen 
of ziektes. Zowel de Katz ADL Index, het Frailty Phenotype instrument 
als de Frailty Index worden reeds gebruikt bij wetenschappelijk onderzoek 
om verandering in functionele dan wel kwetsbaarheidsstatus over de tijd 
te meten. In de literatuur is echter nog weinig bekend over de zogeheten 
responsieve eigenschappen van deze instrumenten, dat wil zeggen het 
vermogen van een instrument om verandering over de tijd te meten. 
Daarom zijn in dit proefschrift twee studies uitgevoerd om de validiteit en 
responsiviteit van deze instrumenten te onderzoeken. 

In Hoofdstuk 2  is onderzocht of de door de patiënt ervaren verandering 
in functionele status overeen komt met de gemeten verandering van 
het aantal ADL beperkingen, gemeten met de Katz ADL Index. Hierbij 
werden twee tijdsbestekken meegenomen: de functionele status vóór 
de ziekenhuisopname tot drie maanden na ziekenhuisopname en de 
functionele status vóór de ziekenhuisopname tot twaalf maanden na 
ziekenhuisopname. Over beide tijdsbestekken was de overeenkomst laag 
(<50%). Deze resultaten geven reden tot twijfel over de bruikbaarheid 
van dit instrument om verandering in ervaren functionele status van een 
patiënt over de tijd te meten. In Hoofdstuk 3 zijn de reproduceerbaarheid 
en responsiviteit onderzocht van de Frailty Index en het Frailty Phenotype 
instrument. Wederom zijn de tijdsbestekken van de situatie vóór de 
ziekenhuisopname tot drie en twaalf maanden na de ziekenhuisopname 
meegenomen. De Frailty Index bleek over een goede reproduceerbaarheid 
en responsiviteit te beschikken over beide tijdsbestekken. De Frailty 
Phenotype instrument presteerde minder goed: een slechte tot matige 
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leefstijl en daarmee de gezondheidstoestand. Om de baten en kosten 
van dergelijke gerichte interventies verder te optimaliseren, is het 
belangrijk om nog nauwkeuriger de juiste groep mensen te identificeren 
die het meest kunnen profiteren van dergelijke interventies. Eerder 
onderzoek laat een verband zien tussen vermoeibaarheid en negatieve 
gezondheidsuitkomsten van ouderen, zoals functionele achteruitgang. 
Ook uit Hoofdstuk 6 blijkt dat de mate van vermoeibaarheid geassocieerd 
is met het verloop van mobiliteit van oudere ziekenhuispatiënten. Op basis 
hiervan is aanbevolen dat toekomstig onderzoek gedaan dient te worden 
naar de meerwaarde van vermoeibaarheid als screeningsinstrument 
voor de identificatie van ouderen die mogelijk kunnen profiteren van 
interventies om hun kwetsbaarheidsstatus te verbeteren. Daarnaast 
pleiten we voor toekomstige studies die de relatie tussen vermoeibaarheid 
en kwetsbaarheid nader onderzoeken alsmede welke interventies het 
meest geschikt zijn om vermoeibaarheid bij ouderen te verbeteren.

groep behoren. Traject analyse is hiervoor een geschikte methode omdat 
het binnen een gegeven groep subpopulaties in kaart brengt. Zodra 
verschillende subpopulaties binnen een groep gemodelleerd zijn, kunnen 
kenmerken van individuen binnen een subpopulatie worden vergeleken 
met kenmerken van individuen die tot een andere subpopulatie behoren. 
Op deze manier worden determinanten van  bijvoorbeeld personen met een 
‘hoog risico op gezondheidsproblemen’ zichtbaar. In dit proefschrift zijn 
determinanten van trajecten van generieke ervaren gezondheid (general 
self-rated health, SRH) (Hoofdstuk 5) en trajecten van vermoeibaarheid 
en mobiliteit onderzocht (Hoofdstuk 6). 

In Hoofdstuk 5 werden vier stabiele trajecten van SRH over een tijdsbestek 
van vijf jaar geïdentificeerd. Personen die toebehoorden aan het minst 
gunstige SRH-traject waren vaker vrouw en hadden vaker een lagere 
opleidingsniveau, twee of meer chronische aandoeningen, een ongezonde 
leefstijl en afwijkingen in drie of meer fysiologische markers, wat een 
indicatie is voor een voorstadium van kwetsbaarheid.

In Hoofdstuk 6 werden drie verschillende trajectcombinaties van 
vermoeibaarheid en mobiliteit vanaf ziekenhuisopname tot zes maanden 
na ontslag geïdentificeerd. Personen die toebehoorden aan de minst 
gunstige traject, namelijk hoge mate van vermoeibaarheid en een lage 
mobiliteit, hadden vaker een lagere comorbiditeitsscore en een hogere 
kwetsbaarheidsstatus vóór de ziekenhuisopname. De resultaten van 
Hoofdstuk 6 dienen echter met voorzichtigheid geïnterpreteerd te worden 
vanwege het kleine aantal deelnemers aan deze studie. 

Gebaseerd op de resultaten van Hoofdstukken 5 en 6 is in Hoofdstuk 
7, de algemene discussie, geconcludeerd dat bepaalde determinanten 
die terug te voeren zijn op kwetsbaarheid een negatieve invloed op 
gezondheidstrajecten bij ouderen hebben. De aanwezigheid van meerdere 
chronische aandoeningen en (een voorstadium van) kwetsbaarheid zijn 
geïdentificeerd als de meest voorkomende determinanten van de minst 
gunstige gezondheids trajecten bij zowel thuiswonende ouderen als 
oudere ziekenhuispatiënten. Leefstijl kan een mogelijk aanknopingspunt 
vormen voor de inrichting van interventies. Uit eerder onderzoek blijkt 
dat ouderen met multimorbiditeit of kwetsbaarheid mogelijk kunnen 
profiteren van interventies die gericht zijn op het verbeteren van 
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