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Abstract 

Background: In older hospital patients with cognitive spectrum disorders (CSD), mobility should be monitored fre‑
quently with standardised and psychometrically sound measurement instruments. This study aimed to examine the 
responsiveness, minimal important change (MIC), floor effects and ceiling effects of commonly used outcome assess‑
ments of mobility capacity in older patients with dementia, delirium or other cognitive impairment.

Methods: In a cross‑sectional study that included acute older hospital patients with CSD (study period: 02/2015–
12/2015), the following mobility assessments were applied: de Morton Mobility Index (DEMMI), Hierarchical Assess‑
ment of Balance and Mobility (HABAM), Performance Oriented Mobility Assessment, Short Physical Performance 
Battery, 4‑m gait speed test, 5‑times chair rise test, 2‑min walk test, Timed Up and Go test, Barthel Index mobility sub‑
scale, and Functional Ambulation Categories. These assessments were administered shorty after hospital admission 
(baseline) and repeated prior to discharge (follow‑up). Global rating of mobility change scales and a clinical anchor 
of functional ambulation were used as external criteria to determine the area under the curve (AUC). Construct‑ and 
anchor‑based approaches determined responsiveness. MIC values for each instrument were established from differ‑
ent anchor‑ and distribution‑based approaches.

Results: Of the 63 participants (age range: 69–94 years) completing follow‑up assessments with mild (Mini Mental 
State Examination: 19–24 points; 67%) and moderate (10–18 points; 33%) cognitive impairment, 25% were diagnosed 
with dementia alone, 13% with delirium alone, 11% with delirium superimposed on dementia and 51% with another 
cognitive impairment. The follow‑up assessment was performed 10.8 ± 2.5 (range: 7–17) days on average after the 
baseline assessment. The DEMMI was the most responsive mobility assessment (all AUC > 0.7). For the other instru‑
ments, the data provided conflicting evidence of responsiveness, or evidence of no responsiveness. MIC values for 
each instrument varied depending on the method used for calculation. The DEMMI and HABAM were the only instru‑
ments without floor or ceiling effects.

Conclusions: Most outcome assessments of mobility capacity seem insufficiently responsive to change in older 
hospital patients with CSD. The significant floor effects of most instruments further limit the monitoring of mobility 
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Background
Cognitive spectrum disorders (CSD) is a term that 
encompasses diagnosed dementia, delirium, delirium 
superimposed on known dementia and other unspecified 
cognitive impairments [1]. Patients with CSD constitute a 
significant proportion of older hospital patients, and the 
number of people with dementia is expected to rise sig-
nificantly within the next decades [2]. Today, the in-hos-
pital prevalence of dementia is estimated to be between 
13 and 63% [3], and as many as 50% of people older than 
65  years of age who are admitted to hospitals present 
with delirium [4]. Reynish et al. [1] reported a 39% preva-
lence of CSD in older adults admitted to an emergency 
department.

Mobility is defined as ‘moving by changing body posi-
tion or location or by transferring from one place to 
another, by carrying, moving or manipulating objects, by 
walking, running or climbing, and by using various forms 
of transportation’ [5]. Mobility capacity is a relevant indi-
cator of the health status and the quality of life of older 
people [6]. In older hospital patients, however, mobility 
impairments are common and associated with a risk of 
additional loss of function [7]. Approximately 30–60% 
of older medical patients are not able to stand or walk 
without physical assistance at hospital admission [8–10]. 
Mobility decline is also considered an undesirable disease 
presentation that may facilitate risk stratification in older 
people admitted to hospitals [11].

The goal of mobility assessment is to guide interven-
tions supporting mobility and, thus, to improve care 
[12]. Mobility should be assessed frequently and with 
standardised and psychometrically sound measurement 
instruments [11, 12], in terms of reliability, validity and 
responsiveness to change [13, 14]. To assign qualitative 
meaning to a measurement instrument’s quantitative 
scores or change in scores, aspects of interpretability 
such as minimal important change (MIC) values or floor 
and ceiling effects in a specific population are of special 
interest [14].

Reviews and recommendation statements have out-
lined many multi-component mobility capacity meas-
ures that are considered suitable for older hospital 
patients [12, 15–17], including the Hierarchical Assess-
ment of Balance and Mobility (HABAM) [18], the Short 
Physical Performance Battery (SPPB) [19], Tinetti’s 

Performance Oriented Mobility Assessment (POMA) 
[20] and the de Morton Mobility Index (DEMMI) [21]. 
In clinical practice, (shorter) single-component meas-
ures of mobility are also used frequently [22, 23], such 
as timed short- and long-distance gait measures, timed 
chair rise tests and the Timed Up and Go test (TUG) 
[24]. However, there is no ‘gold standard’ or widely 
accepted consensus on a specific measurement instru-
ment of mobility capacity for acute older medical 
patients in inpatient settings [12].

In clinical care and research, mobility measures are 
often used to monitor a patient’s individual progress or 
disease progression and to evaluate the effect of inter-
ventions, such as exercises [25]. For these objectives, a 
measurement instrument must be sufficiently respon-
sive. Responsiveness to change, which is defined as ‘the 
ability of an outcome measure to detect change over 
time in the construct to be measured’ [14], is the meas-
urement property that has been examined the least in 
older (hospitalized) individuals [15, 17], and especially in 
those with cognitive impairment [26–28]. Because of a 
lack of psychometric studies, McGough et al. [26] calcu-
lated effect sizes, as an indicator of responsiveness, from 
data reported in clinical trials on exercise interventions 
in older people with dementia. The authors [26] found 
that the 6-min walk test, the TUG, repeated chair stand 
tests and short-distance gait speed tests were the most 
frequently used outcome measures of mobility capacity. 
These measurement instruments demonstrated a small, 
medium or large effect in at least 50% of exercise inter-
vention studies [26]. However, these results provide only 
limited evidence of responsiveness, since the assessment 
of responsiveness on the basis of effect size is consid-
ered invalid [13, 29, 30]. Effect size indices were devel-
oped as standardised measures of the magnitude of the 
effect of an intervention or another event that happened 
over time; therefore, expressing the magnitude of change 
relative to the standard deviation (SD) [13]. Thus, ‘a high 
magnitude of change gives little indication of the abil-
ity of the instrument to detect change over time on the 
construct to be measured’ [13]. In the absence of high-
quality psychometric studies and systematic reviews, the 
responsiveness of commonly used measurement instru-
ments of mobility capacity in older hospital patients with 
CSD is largely unknown.

alterations over time in this population. The DEMMI was the only instrument that was able to distinguish clinically 
important changes from measurement error.

Trial registration: German Clinical Trials Register (DRKS00005591). Registered February 2, 2015.

Keywords: Older people, Mobility limitation, Dementia, Cognitive impairment, Outcome assessment, 
Responsiveness, Minimal important change, Interpretability
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For planning and evaluating healthcare interventions, 
valid information on the interpretability of a patient’s 
mobility test scores is crucial. The MIC, which is defined 
as ‘the smallest change in score in the construct to be 
measured which patients perceive as important’ [13, 
14], is a key parameter of interpretability in clinical care. 
Knowledge of the MIC of a measurement instrument 
helps to interpret the relevance of measured changes. It 
also provides a metric for the planning of sample sizes in 
clinical trials based on the proportion of patients reach-
ing the MIC or higher [31]. The MIC values of measure-
ment instruments of mobility capacity in older hospital 
patients with CSD are largely unknown [26, 27].

In older hospital patients with CSD, the valid moni-
toring of mobility alterations is especially challenging; 
for example, complex test instructions and a high preva-
lence of functional limitations in this population [26, 32, 
33] lead to significant floor effects of single-component 
measures, such as timed walk tests [8, 11, 34]. Although 
floor and ceiling effects can significantly affect the clini-
cal value of mobility measures in older hospital patients 
with CSD, there is very limited evidence on these aspects 
of interpretability.

We have recently examined the psychometric proper-
ties of the DEMMI in older individuals with dementia, 
delirium, or other cognitive impairments, providing the 
first evidence that the DEMMI is a feasible, unidimen-
sional and construct-valid measurement instrument of 
mobility in this population [35]. The DEMMI was also 
found to be free of floor and ceiling effects [35]. In a sub-
analysis of the primary study, we have further analysed 
the test–retest reliability of the DEMMI and other com-
monly used mobility measures in older people with CSD 
[36]. The results indicated sufficient test–retest reliability 
for group-comparisons in all examined instruments, but 
limited use for individual monitoring of mobility over 
time due to the large measurement error in most of the 
instruments.

Since responsiveness and MIC of the DEMMI have 
not yet been analysed in older individuals with CSD, the 
main objective of the present study was to assess these 
measurement properties. Given the lack of evidence on 
responsiveness, MIC values, and floor and ceiling effects 
of mobility measures in older hospital patients with CSD, 
the secondary objective of the present study was to deter-
mine these measurement properties for several other 
commonly used measures of mobility capacity in this 
population based on the available data set.

Methods
Design and setting
Some methodical aspects of this study have already 
been reported elsewhere [35, 36]. The primary study 

[35] was approved by the Ethical Review Board of the 
University of Cologne (registration number 2014-05), 
conducted according to the ethical principles of the 
Declaration of Helsinki (2013), a priori registered in the 
German Clinical Trials Register (DRKS00005591) and 
performed in a geriatric hospital in Cologne, Germany 
(St. Marien-Hospital) [35, 36]. All participants pro-
vided written and ongoing informed consent, according 
to previously reported procedures. Recommendations 
of the STrengthening the Reporting of Observational 
studies in Epidemiology (STROBE) statement for cross-
sectional studies were followed. Reporting was further 
informed by the criteria of the Consensus-based Stand-
ards for the selection of health Measurement Instru-
ments (COSMIN) risk-of-bias checklist [37].

Participants with CSD included in the primary study 
(n = 153) [35] were assessed with a comprehensive set 
of mobility measures immediately after hospital admis-
sion (baseline sample). A sub-sample of the baseline 
participants repeated all baseline mobility measures 
[23, 35]. The present study reports the responsive-
ness and MIC values of commonly used measure-
ment instruments of mobility capacity and physical 
functioning.

Participants
Participant were enrolled from February 4, 2015 to 
December 11, 2015 [35, 36]. During the study period, 
we defined 91 screening days, which were spread unsys-
tematically [35]. All acute older inpatients consecu-
tively admitted to the hospital on one of the screening 
days were screened for eligibility. A sample of 153 
patients was included and constituted the baseline sam-
ple of the primary study [35, 36].

Patients were eligible if they were admitted to one 
of the acute geriatric wards of the hospital, ≥ 60  years 
old, and presented with a cognitive impairment, 
as indicated by a Mini-Mental State Examination 
(MMSE) score of ≤ 24 points [38]. The exclusion crite-
ria included: documented contraindications for mobi-
lisation, physician-directed partial weight-bearing of 
the lower extremity, isolation for infection, impending 
death, coma or severely impaired vigilance, acute major 
organ failure, blindness, deafness, severe dysphasia, a 
German-language barrier, or any acute psychiatric or 
medical/physical condition whereby mobility measure-
ments could lead to a worsening of the patient’s state of 
health [35, 36].

For the follow-up assessment, participants were 
excluded if they (1) were discharged within 6 days after 
the baseline assessment, (2) refused a second assessment 
(3) or were in an unstable/critical medical condition.
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Procedures
Eligible participants were examined within 7  days after 
hospital admission (baseline assessment). In a single 
baseline session, a comprehensive set of commonly used 
performance-based measurement instruments of mobil-
ity capacity was administered in a standardised order, 
starting with the least physically challenging tests. The 
procedure has been reported in detail previously [35, 36].

Participants were invited to participate in a follow-up 
session including the same set of measurement instru-
ments used in the baseline assessment. The measure-
ments were performed by the same rater, in the same 
order, and under the same conditions as in the baseline 
assessment.

The follow-up assessment was scheduled as close as 
possible to the patient’s hospital discharge and took place 
7–21 days after the baseline assessment. A minimum of 
7  days was chosen, since we expected a significant pro-
portion of patients to experience changes in their mobil-
ity capacity over this period and still reassess a maximum 
number of participants before discharge [13]. Socio-
demographic data was taken from the medical records 
and from hospital administrative data [35, 36].

Measurements
In this study [35, 36], 10 performance-based measures 
of the mobility capacity of older people were applied in 
the following order: DEMMI [21, 34], HABAM [39, 40], 
POMA [20], TUG [24], SPPB [19], 4-m gait speed test (as 
part of the SPPB), 5-times chair rise test (5xCRT; as part 
of the SPPB), 2-min walk test [41], Barthel Index mobil-
ity subscale [42], and Functional Ambulation Categories 
(FAC) [43].

We clustered all measurement instruments examined 
in this study according to the ICF mobility domain com-
ponents captured by each instrument [36]. Accordingly, 
instruments are separated into single- and multi-com-
ponent measures depending on the number of mobility 
domains included. Table 1 presents a clustered overview, 
including each instrument’s scale range [36]. The classi-
fication is the consensus of the authors, informed by the 
classifications reported by other authors [17, 44]. Addi-
tional file 1 provides a detailed description of the assess-
ment procedures and all measurement instruments.

Patient‑reported global rating of change amount (P‑GRC‑A) 
scale
After the follow-up assessment, a short ICF definition 
of mobility was provided to the participants. Then, par-
ticipants were asked if their mobility had improved, 
deteriorated or remained unchanged since the baseline 
assessment (hospital admission). If participants reported 

improvement, they were asked to estimate the amount 
of mobility change (improvement or deterioration) on a 
5-point global rating of change (P-GRC-A) scale ranging 
from ‘a little bit’, ‘somewhat’, ‘moderately’, ‘much’ to ‘very 
much’ better (+ 1 to + 5). Participants who reported dete-
rioration were given a corresponding scale (e.g. ‘a little 
bit’ to ‘very much’ worse; − 1 to − 5).

We used independent scales for participant improve-
ment and deterioration due to their better feasibility 
with older participants. This approach is indeed consist-
ent with an 11-point global rating of change scale (−  5 
to + 5).

Patient‑reported global rating of change importance 
(P‑GRC‑I) scale
Participants who reported any change in mobility were 
asked to estimate the importance of mobility change 
(improvement or deterioration) on a 6-point global rating 
of change scale (P-GRC-I), ranging from ‘unimportant’, ‘a 
little’, ‘somewhat’, ‘moderately’, ‘quite’ to ‘very’ important 
(0 to + 5). For example, a participant who estimated the 
amount of mobility change to be ‘moderate’ (P-GRC-
A = + 3) could rate this change as only ‘a little important’ 
(P-GRC-I = + 1).

Therapist‑reported global rating of change amount 
(T‑GRC‑A) scale
To assess a participant’s mobility change from a clinician’s 
point of view, assuming more objective estimations, the 
global rating of change scale procedure described above 
was performed by each participants’ responsible physio-
therapist. In more detail, the physiotherapist was asked if 
he or she had examined or treated the patient on the days 
of the baseline and follow-up assessments. If this was not 
the case, the responsible occupational therapist was con-
sulted. If neither the physiotherapist nor the occupational 
therapist had seen the participant on both days of the two 
study measures, the global rating of change scale was not 
assessable.

Therapists were asked if the mobility of the partici-
pant had improved, deteriorated or remained unchanged 
since the baseline assessment. The amount of improve-
ment or deterioration was rated on an 11-point thera-
pist-reported global rating of change (T-GRC-A) scale 
ranging from − 5 to + 5.

Therapist‑reported global rating of change importance 
(T‑GRC‑I) scale
The same procedure as that for the P-GRC-I scale was 
followed by asking the therapist to estimate the impor‑
tance of mobility change.
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Statistical analysis
Data were analysed using SPSS 21.0 (IBM Corp.; 
Armonk, New York, USA) and Microsoft Excel 2016 
(Microsoft Office; Redmond, Washington, USA). The 
sample characteristics are presented descriptively. Inter-
val-based data were examined for normality with the 
Shapiro–Wilk test of normality and by visual inspection 
of the related histograms and P–P-plots. P < 0.05 indi-
cated statistical significance.

Differences in clinical outcomes at baseline between 
participants included in this study and participants 
lost to follow-up were assessed using chi-square tests, 
t-tests, McNemar tests or Mann–Whitney U tests when 
appropriate.

The change scores (∆) of all mobility-related measure-
ment instruments were calculated by subtracting the 
baseline scores from the follow-up scores. Participants 
who deteriorated according to the anchors were excluded 
from all analyses on responsiveness and MIC due to the 
small sample size.

Cohen’s effect size was calculated as the difference 
between two means divided by the pooled SD.

Measurement properties
Responsiveness
The responsiveness of the 10 mobility measures was 
assessed following a construct- and an anchor-based 
approach [14]. The sample size approximation of 150 
participants for the baseline sample was based on sample 
size requirements for a Rasch analysis [35, 45]. For the 
follow-up measures, we tried to include as many partici-
pants as possible, but targeted at least 100 participants 
[46].

Responsiveness: construct approach
Responsiveness was assessed by following the meth-
odological approach of hypotheses testing. Instrument 
change scores and P-GRC-A and T-GRC-A scores were 
used to a priori formulate hypotheses [13]. For each 
instrument listed in Table 1, 11 hypotheses were formu-
lated (H1–H11):

H1–H9: For each instrument, a moderate correlation 
of ≥ 0.50 between the change scores of this instrument 
and the change scores of the other nine mobility instru-
ments was expected. The strengths of the correlations 
were expected to be at least moderate (≥ 0.50), since 
change scores are accompanied by a high measurement 
error [13].

H10–H11: For each instrument, a correlation of ≥ 0.30 
between the change scores of this instrument and the 
P-GRA-A and T-GRC-A scores was expected. The 
strengths of the correlations were expected to be at least 
weak (≥ 0.30), since global rating of change scales have 

critical validity and reliability [13, 47] and are known to 
be subject to recall bias [48]. Furthermore, global rat-
ing of change scales are known to be subjected to a high 
measurement error.

We applied one-tailed Pearson’s r (normally distributed 
change scores of interval measures) and Spearman’s rho 
(all other data) analyses, because the directions of the 
correlations were hypothesized a priori. For instruments 
in which lower scores represent better functioning (TUG 
and 5xCRT), a negative correlation was hypothesized. All 
correlations were reported unidirectionally to improve 
readability.

We decided against defining an a priori hypotheses 
percentage threshold (e.g. 75%), which would require 
confirmation in order for a measurement instrument to 
be considered valid or responsive [49, 50]. As stated by 
the COSMIN authors themselves, ‘there is no criterion 
to decide whether an instrument is valid or responsive. 
Assessing validity or responsiveness is a continuous pro-
cess of accumulating evidence’ [30]. That is why we leave 
it to the reader to decide the percentage of confirmed 
hypotheses deemed acceptable.

Responsiveness: anchor‑based approach
We used multiple independent patient-reported and clin-
ical anchors to examine and confirm responsiveness [51]. 
A correlation threshold of ≥ 0.30 was set as an accept-
able association between an anchor and an instrument’s 
change score [51].

The area under the receiver operating characteristic 
curve (AUC) for each external anchor was calculated. 
The AUC can be interpreted as the probability of cor-
rectly identifying an improved patient from randomly 
selected pairs of improved and unchanged patients [52]. 
An AUC ≥ 70% was considered satisfactory [13, 50].

Patient‑reported anchor: P‑GRC‑A scale The P-GRC-
A scale was used as an external anchor for the respon-
siveness analysis. Participants who rated themselves as 
a ‘little bit better’ (+ 1), ‘not changed’ (0), or ‘a little bit 
worse’ (− 1) were labelled ‘unchanged’. Participants who 
indicated that they were at least ‘somewhat better’ (+ 2 or 
higher) were labelled ‘improved’.

Therapist‑reported anchor: T‑GRC‑A scale Participants 
whose amount of mobility change was rated by the ther-
apist to be between −  1 and + 1 on the T-GRC-A scale 
were deemed ‘unchanged’. Participants with a score of + 2 
or higher were deemed ‘improved’.

Clinical anchor: functional ambulation categories The 
FAC is a rough scale that allows the level of ambulation 
to be rated according to six categories [43]. We consid-
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ered a change from one FAC category to the next as a 
relevant change in mobility. Thus, the FAC anchor was 
defined as participants who improved their level of ambu-
lation (FAC∆ ≥ 1 points; ‘improved’) versus patients who 
did not change according to the FAC (FAC∆ = 0 points; 
‘unchanged’).

Minimal important change (MIC)
There is no consensus on the best method to determine 
MIC. Generally, a combination of anchor- and distribu-
tion-based approaches are recommended and used to 
reveal a range of values for the MIC [51, 53–56]. Thus, 
our aim was examining ‘multiple values from different 
approaches and hopefully converging on a small range of 
values (or one single value)’ [51]. However, as distribu-
tion-based indices provide no direct information on the 
MIC, these values were only used as supportive informa-
tion for MIC estimates from anchor-based approaches 
[51].

MIC: anchor‑based approach
The MIC was quantified by constructing receiver oper-
ating characteristic (ROC) curves [57]. The ROC curve 
is the result of using different cut-off points for change 
scores, each with a given sensitivity (sens) and specific-
ity (spec). The optimal cut-off point (qf) can be used 
as the MIC value [55, 57, 58]. To estimate MIC thresh-
olds by using cut-off points from ROC curves, different 
approaches have been proposed. Since no consensus 
exists, three MIC values (cut-off points) were calculated 
for each anchor:

(1) The method described by Farrar et  al. (2001) [59] 
used the point closest to the intersection of a − 45° 
tangent line: qf = min{|sens − spec|}.

(2) Authors from the COSMIN group [57] have pro-
posed to choose the point closest to the top-
left corner of the ROC curve, which is assumed 
to represent the lowest overall misclassifica-
tion and which is equal to the Youden index [60]: 
qf = min{2 − sens − spec}.

(3) Froud et al. (2014) [58] proposed to first square the 
terms used by COSMIN, giving the following for-
mula: qf = min{(1 − sens)2 + (1 − spec)2}.

Sensitivity and specificity were valued equally. A corre-
lation threshold of a ‘nontrivial’ association (≥ 0.30) [51] 
was set as an acceptable association between an anchor 
and an instrument’s change score [51]. Since there is no 
consensus on a correlation threshold [55, 56, 58] (e.g. the 
COSMIN authors proposed a ‘substantial’ association 
without proposing a clear cut-off value [57]), and for the 

sake of completeness, we also reported MIC values if the 
rho correlation was < 0.3. However, we highlighted MIC 
values considered to be invalid according to recent beliefs 
[51].

A change deemed ‘a little better/worse’ (amount) is 
not explicitly important in any sense. That is why we 
used global rating of change scales of importance for 
the MIC analysis. The following external anchors were 
used to divide the sample into groups of participants 
who had experienced at least a minimal important 
change/improvement and participants who experienced 
an unimportant change/improvement or no change in 
mobility, according to the anchors.

Patient‑reported anchor: P‑GRC‑I scale Participants 
who reported no change at all (P-GRC-A = 0) or a change 
in their mobility of no importance (P-GRC-I = 0) were 
labelled as ‘not importantly improved’. Participants who 
rated any perceived improvement (P-GRC-A ≥ + 1) to be 
at least ‘a little important’ (P-GRC-I ≥ + 1) were labelled 
as ‘importantly improved’.

Therapist‑reported anchor: T‑GRC‑I scale For the 
T-GRC-I anchor, the same criteria as for the P-GRC-I 
anchor were used.

Clinical anchor: functional ambulation categories To 
calculate the MIC according to the FAC, the same anchor 
as for the responsiveness analysis was used. Thus, par-
ticipants with FAC∆ = 0 were considered ‘not importantly 
improved’, while participants with FAC∆ ≥ 1 were deemed 
‘importantly improved’.

MIC: within‑patient change score approach
Another anchor-based MIC value was determined as the 
mean change in the instrument change scores observed 
in the ‘small important improvement group’, which con-
sisted of participants who rated any improvement as ‘a 
little’, ‘somewhat’, or ‘moderately’ important (+ 1 to + 3) 
on the P-GRC-I scale [51]. Another MIC was calculated 
using the same method with the T-GRC-I scale. These 
MIC scores were only considered valid if the ‘small 
important improvement group’ demonstrated mean 
changes that were larger than in the ‘not importantly 
improved’ groups [51] and in samples ≥ 10 participants.

MIC: distribution‑based methods
Half of  a  standard deviation Norman et  al. [61] pro-
posed the use of 0.5 SD of a sample’s baseline score as a 
MIC value. We used the SD of the baseline mean scores 
of the complete sample due to the larger sample size 
(n = 153).
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Standard error of measurement The standard error of 
measurement (SEM) was taken from the inter-day test–
retest reliability analysis based on 65 stable participants 
of the study cohort who were re-assessed within 1 day 
[36]. The value of one SEM was taken as the MIC [55].

Floor and ceiling effects
For measures with a fixed scale range (DEMMI, 
HABAM, POMA, SPPB, Barthel Index mobility sub-
scale and FAC), an absolute floor or ceiling effect was 
considered if > 15% of the participants scored the high-
est or lowest possible score, respectively [49].

For measures with a ratio unit (4-m gait speed test, 
2-min walk test, 5xCRT and TUG), a floor effect was 
considered if > 15% were not able to perform this meas-
ure. An absolute ceiling effect was considered if > 15% 
of participants reached a score ‘faster/better’ than the 
normative value for older people (≥ 80  years) ± 1 SD 
or the upper/lower 95% confidence interval (CI) of the 
normative value, respectively. We used normative val-
ues for women if authors reported sex-stratified values 
only. The following ceiling effect boarders were used: 
gait speed = 1.03 m/s (upper 95% CI [62]); 2-min walk 
test = 142.9  m (upper 95% CI [63]); 5xCRT = 10.7  s 
(lower 95% CI [64]); TUG = 7.6 s (normative value − 1 
SD [65]).

When a patient scores close to one of the extremes, a 
real change (defined as the minimal detectable change, 
MDC) could cross that extreme. Patients who score 
within the MDC-range from one of the extremes can, 
thus, be regarded as being at either their floor or ceil-
ing as well [66]. Therefore, we additionally calculated 
floor and ceiling effects related to the MDC-ranges for 
the extremes. MDC values with 95% confidence of each 
scale were taken from the reliability analyses based on 
the same cohort [36]. Admission floor and ceiling effects 
were calculated based on the baseline sample. Discharge 
floor and ceiling effects were not calculated due to the 
small number of participants assessed within 1  week 
prior to discharge.

Results
A total sample of 63 participants with CSD took part in 
the follow-up assessment (participant flow: Fig. 1; admis-
sion characteristics: Table 2). Study participants included 
in the follow-up sample (n = 63, 41%) did not differ from 
participants who did not perform a follow-up measure 
(n = 90, 59%) with respect to relevant baseline charac-
teristics, such as age, gender or MMSE mean score (see 
additional results in Additional file  2). However, there 
were more reports of depression (30% vs 14%) and 

follow-up participants stayed significantly longer on the 
acute ward.

A diagnosis of dementia alone was documented in 25% 
of participants. At baseline, delirium alone was present in 
13% participants, 11% of participants had delirium super-
imposed on dementia and 51% of participants presented 
with cognitive impairment without documented demen-
tia or delirium. At baseline, according to the MMSE 
assessment, 33% of participants had a moderate cognitive 
impairment and 67% had a mild cognitive impairment.

The baseline assessment was performed in the very 
early phase following hospital admission, within 3  days 
on average and within 6 days at the most for every par-
ticipant. The follow-up assessment was performed 
10.8 ± 2.5 (range: 7–17) days on average after the baseline 
assessment and within 7  days prior to discharge for 41 
(65%) participants.

Participant performance scores in the 10 mobility 
measures at baseline and follow-up are given in Table 3 
together with respective change scores and effect sizes 
(small-to-moderate effects).

At baseline, most participants (n = 45, 71%) were 
not able to walk or needed some kind of assistance for 
ambulation. This number decreased slightly at follow-
up (n = 39, 62%). This resulted in a reduced number of 
participants available for the responsiveness and MIC 
analyses at follow-up, as some participants were not able 
to perform some single-component mobility measures 
(Table  3; for detailed results, see Additional file  2). The 
inability to perform these mobility measures was due to 
insufficient balance, walking, or transfer abilities, or a 
limited understanding of the test instructions.

The P-GRC-A, P-GRC-I, T-GRC-A, and T-GRC-I scale 
ratings were available from most patients and therapists, 
respectively. However, there was substantial disagree-
ment on the amount of change (kappa = 0.47) and the 
importance of change (kappa = 0.35). Detailed values are 
presented in the tables in Additional file 2.

Responsiveness
Responsiveness: construct approach
Table  4 provides all correlations between the change 
scores of each mobility instrument with the change 
scores of the other instrument scores, and with P-GRC-
A and T-GRC-A scale scores. The instruments with the 
most confirmed hypotheses were the DEMMI (55%) and 
the FAC (55%), followed by the SPPB (45%), 5xCRT (45%) 
and the Barthel Index mobility subscale (45%).

Responsiveness: anchor‑based approach
The results of anchor-based responsiveness are given 
in Table 5. The DEMMI was the only instrument with a 
sufficiently large AUC for all three anchors. The POMA 
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and the 5xCRT had two AUCs ≥ 70% each. The SPPB, 
2-min walk test and Barthel Index mobility subscale each 
showed a sufficiently large AUC with one out of three 
anchors. The change scores of the HABAM, 4-m gait 

speed test, TUG, and FAC did not correlate ≥ 0.3 with 
any anchor or the AUC was under the critical value of 
70%.

Fig. 1 Flow chart of study participants (MMSE Mini‑Mental State Examination)
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Table 2 Characteristics of participants at baseline (n = 63)

Characteristic Value

Age, years 83 ± 6 (69–94)

Gender: male/female, n (%) 39/24 (38/62)

Pre‑clinical living situation: home alone/home with family or relatives, n (%) 42/21 (67/33)

Time between admission and baseline assessment, days 3.0 ± 1.5 (0–6)

Time between baseline and follow‑up assessment, days 10.8 ± 2.5 (7–17)

Time between follow‑up assessment and discharge, days 7.9 ± 8.8 (0–52)

Total length of stay on the acute ward, days 21.8 ± 8.6 (11–64)

Primary diagnosis according to ICD‑10 categories

 IX Circulatory, n (%) 11 (17)

 X Respiratory, n (%) 6 (10)

 XI Digestive, n (%) 4 (6)

 XIII Musculoskeletal, n (%) 5 (8)

 XVIII Symptoms, signs and abnormal findings, not elsewhere classified, n (%) 8 (13)

 XIX Injury, poisoning and certain other consequences of external causes 19 (30)

 Other, n (%) 10 (16)

Potential reasons for a cognitive impairment reported in the medical chart (diagnosis, symptom, medical sign; double‑counts due 
to multi‑morbidity)

 None reported, n (%) 11 (17)

 Alzheimer’s dementia, n (%) 3 (5)

 Vascular dementia, n (%) 11 (17)

 Dementia, not specified, n (%) 9 (14)

 Parkinson’s disease, n (%) 7 (11)

 Stroke, n (%) 8 (13)

 Depression, n (%) 19 (30)

 Delirium, n (%) 15 (24)

 Other (psychosis, alcohol abuse), n (%) 5 (8)

Cognitive spectrum disorder

 Dementia alone 16 (25)

 Delirium alone 8 (13)

 Delirium superimposed on known dementia 7 (11)

 Unspecified cognitive  impairmenta 32 (51)

In‑hospital walking aid, at baseline/follow‑up 

 Wheeled‑walker or rollator, n (%) 19/24 (30/38)

 None, n (%) 12/9 (19/14)

 Cane or crutch, n (%) 3/4 (5/6)

 Other, n (%) 1/0 (2/0)

 Non‑ambulatory (wheelchair), n (%) 28/26 (44/41)

Ambulation, at baseline/follow‑up 

 Independent walkers (FAC ≥ 4), n (%) 18/24 (29/38)

 Not ambulatory or dependent walkers (FAC ≤ 3), n (%) 45/39 (71/62)

Barthel Index, 0–100 points, mean score, points 44 ± 20 (0–90)

Mini Mental State Examination, 0–30 points

 Severe cognitive impairment, 0–9 points, n (%) 0 (0)

 Moderate cognitive impairment, 10–18 points, n (%) 21 (33)

 Mild cognitive impairment, 19–24 points, n (%) 42 (67)

 Mean score, points 19.8 ± 3.4 (12–24)

 Median score, points 21 (17–23)

Clock Drawing Test, 1–6 points

 Unsuspicious: 1–2 points, n (%) 3 (5)

 Suspicious: 3–6 points, n (%) 46 (73)
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Minimal important change (MIC)
For some instruments, the rho correlation between the 
change scores and the anchor was below the thresh-
old of 0.3 and, therefore, considered invalid (Table  6). 
Furthermore, there were only four participants in the 
patient-reported ‘small important improvement group’ 
(P-GRC-I), so no MIC could be established according 
to this method.

MIC results of the 10 mobility measures are given 
in Table  6. MIC values for instruments with rho < 0.3 
are reported in this table for the sake of completeness, 
but these MIC values are considered invalid according 
to recent beliefs [51]. These values are not illustrated 
in Figs. 2, 3, 4, 5 and 6, which illustrate MIC values of 
those measurement instruments with at least five of 
10 possible valid anchor-based MIC values (DEMMI, 
POMA, SPPB, Barthel Index mobility subscale and 
5xCRT).

Floor and ceiling effects
Absolute and MDC-related floor and ceiling effects at 
baseline (admission) for all mobility measures are given 
in the table in Additional file 2 and illustrated in Fig. 7.

Discussion
This is the first study on the responsiveness and interpret-
ability of commonly used measures of mobility in older 
hospital patients with CSD. The study provides evidence 
of limited responsiveness for all instruments based on a 
construct approach. Based on an anchor-based approach, 
the DEMMI was the only instrument with evidence of 
sufficient responsiveness and for all other instruments, 
our analyses provide evidence of limited or insufficient 
responsiveness. Large floor effects were observed in most 
instruments. The DEMMI and the HABAM were the 
only instruments without MDC-related floor and ceiling 
effects.

Table 2 (continued)

Characteristic Value

 Missing/not possible, n (%) 1/13 (2/21)

 Mean score, points (n = 49) 4.2 ± 1.2 (1–6)

Geriatric Depression Scale short form, 0–15 points

 Normal: 0–4 points, n (%) 28 (44)

 Mild depressive: 5–8 points, n (%) 16 (25)

 Moderate depressive: 9–11 points, n (%) 9 (14)

 Severe depressive: 12–15 points, n (%) 4 (6)

 Missing/not possible, n (%) 3/3 (5/5)

 Mean score, points (n = 57) 5.5 ± 3.3 (0–13)

Values are presented as mean ± standard deviation (range) or median (interquartile range)

ICD-10 International Classification of Diseases 10th version, na not applicable, FAC Functional Ambulation Categories
a Mini Mental State Examination score ≤ 24 points, no delirium, no known dementia

Table 3 Mobility outcome scores of the participants (n = 63)

SD standard deviation, CI confidence interval

Measurement instrument Baseline score 
[mean ± SD (range)]

Follow-up score 
[mean ± SD (range)]

Change [mean (95% CI)] Effect size

de Morton Mobility Index, 0–100 points 35.1 ± 23.1 (0–85) 40.8 ± 22.3 (0–85) 5.7 (3.4 to 7.9) 0.25

Hierarchical Assessment of Balance and Mobility, 0–26 points 12.9 ± 7.9 (0–26) 15.4 ± 7.2 (0–26) 2.5 (1.5 to 3.6) 0.33

Performance Oriented Mobility Assessment, 0–28 points 8.6 ± 9.5 (0–27) 11.0 ± 9.4 (0–28) 2.4 (1.4 to 3.5) 0.25

Short Physical Performance Battery, 0–12 points 2.6 ± 3.5 (0–12) 3.2 ± 3.8 (0–12) 0.6 (0.2 to 1.0) 0.16

4‑m gait speed test, m/sec (n = 27) 0.65 ± 0.25 (0.15–1.14) 0.75 ± 0.24 (0.34–1.29) 0.09 (0.04 to 0.15) 0.41

5 × chair rise test, sec (n = 15) 15.8 ± 4.5 (9.2–24.7) 14.6 ± 4.7 (7.2–24.3) − 1.2 (− 4.0 to 1.5) 0.26

2‑min walk test, m (n = 28) 71.8 ± 31.8 (12–126) 82.8 ± 31.8 (19–162) 11.0 (4.6 to 17.5) 0.35

Timed Up and Go test, sec (n = 24) 20.3 ± 8.8 (9.6–48.9) 17.1 ± 5.3 (9.3–30.4) − 3.3 (− 6.2 to − 0.3) 0.44

Barthel Index mobility subscale, 0–40 points 17.0 ± 13.4 (0–40) 20.7 ± 12.6 (0–40) 3.7 (2.4 to 5.1) 0.28

Functional Ambulation Categories, 0–5 points 1.8 ± 2.0 (0–5) 2.3 ± 2.1 (0–5) 0.5 (0.2 to 0.8) 0.24
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Responsiveness
The DEMMI was the only instrument with an AUC ≥ 0.7 
for all three anchors, indicating sufficient responsiveness 
according to this approach. For five instruments (POMA, 
5xCRT, SPPB, 2-min walk test and the Barthel Index 
mobility subscale) there is conflicting evidence, since 
these instruments had sufficiently large AUCs in one 
or two out of three anchors. For the HABAM, 4-m gait 
speed test, TUG and FAC, there is evidence of no respon-
siveness, since no AUC was ≥ 0.7, or the change scores 
did not correlate ≥ 0.3 with any anchor.

According to a construct approach, only two instru-
ments (DEMMI and FAC) had > 50% of confirmed 
hypotheses (both 55%). No instrument had 75% or more 
hypotheses confirmed. This threshold has been proposed 
by the COSMIN group to indicate sufficient responsive-
ness of a measurement instrument [49, 50]. We recom-
mend interpreting these results with caution, because 
including the non-responsive instruments (based on the 
anchor-based approach) as reference instruments in the 
analyses of responsiveness based on a construct approach 
might have significantly influenced these analyses.

Table 5 Responsiveness of the 10 measurement instruments of mobility (n = 63)

Bold vales are considered valid based on a Spearman’s rho correlation of ≥ 0.3 between the instrument’s change scores and the anchor

AUC  area under the curve, P-GRC-A patient-reported global rating of change amount scale, T-GRC-A therapist-reported global rating of change amount scale, FAC-C 
Functional Ambulation Categories change anchor, na not applicable

Anchor P-GRC-A: included in analysis (n = 58): unchanged (n = 32), changed/improved (n = 26); excluded (n = 5): deteriorated (n = 3), GRC missing (n = 2)

Anchor T-GRC-A: included in analysis (n = 55): unchanged (n = 29), changed/improved (n = 26); excluded (n = 8): deteriorated (n = 2), GRC missing (n = 6)

Anchor FAC-C: included in analysis (n = 61): unchanged (n = 41), changed/improved (n = 20); excluded (n = 2): deteriorated (n = 2), GRC missing (n = 0)

Instrument Anchor n rho AUC statistics

AUC 95% CI P

de Morton Mobility Index P-GRC-A 58 0.40 73 60–86 < 0.01
T-GRC-A 55 0.35 70 56–84 0.01
FAC-C 61 0.43 76 62–90 < 0.01

Hierarchical Assessment of Balance and Mobility P‑GRC‑A 58 0.25 64 50–79 0.06

T-GRC-A 55 0.30 67 52–81 0.04
FAC‑C 61 0.29 68 54–81 0.03

Performance Oriented Mobility Assessment P‑GRC‑A 58 0.25 65 50–79 0.06

T-GRC-A 55 0.35 70 55–85 0.01
FAC-C 61 0.51 81 68–95 < 0.01

Short Physical Performance Battery P-GRC-A 58 0.32 68 54–82 0.02
T-GRC-A 55 0.35 69 55–83 0.02
FAC-C 61 0.51 79 67–91 < 0.01

4‑m gait speed test P‑GRC‑A 27 0.24 64 42–86 0.22

T‑GRC‑A 25 0.13 57 34–81 0.54

FAC‑C 27 − 0.09 44 22–67 0.64

5 × chair rise test P-GRC-A 15 − 0.50 80 56–100 0.06
T‑GRC‑A 14 − 0.14 58 24–93 0.61

FAC-C 15 − 0.35 73 46–99 0.19
2‑min walk test P-GRC-A 28 0.42 75 54–95 0.03

T-GRC-A 25 0.30 68 46–89 0.14
FAC‑C 28 − 0.03 48 26–70 0.87

Timed Up and Go test P‑GRC‑A 24 − 0.09 55 32–79 0.66

T‑GRC‑A 22 0.12 43 18–68 0.57

FAC‑C 24 −0.11 57 32–81 0.60

Barthel Index mobility subscale P‑GRC‑A 58 0.23 63 49–77 0.09

T‑GRC‑A 55 0.27 65 50–79 0.07

FAC-C 61 0.41 74 60–88 < 0.01
Functional Ambulation Categories P-GRC-A 58 0.36 68 54–82 0.02

T-GRC-A 55 0.33 66 51–81 0.04
FAC‑C na na na na na
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The comparison of responsiveness approximations 
found in the present study with existing evidence is lim-
ited due to the small number of responsiveness studies 
performed with older adults with dementia or other 
cognitive impairments. None of the three psychometric 

reviews in this field [26, 27, 67] provide any evidence of 
responsiveness according to an adequate methodology 
(only effect sizes reported) [49, 50]. Van Iersel et al. [68] 
assessed the responsiveness of the TUG, the POMA 
and a short-distance gait speed measure in 85 frail 

Table 6 Minimal important change values of the 10 measurement instruments of mobility (n = 63)
Table 6 Minimal important change values of the 10 measurement instruments of mobility (n = 63) 
Instrument Anchor-based Distribu�on-based

Anchor n rho Farrer method COSMIN method Froud method WPCS
T-GRC-I 

0.5 SDb SEM

MIC SEN SPE MIC SEN SPE MIC SEN SPE n MIC n MIC nc MIC
de Morton 
Mobility Index

P-GRC-I 54 0.39 6.0 67 67 13.5 50 92 8.5 57 83
13 3.5 153 10.6 65 2.3 T-GRC-I 54 0.30 3.5 67 63 4.5 63 71 4.5 63 71 

FAC-C 61 0.43 7.5 75 76 8.5 70 83 8.5 70 83 

HABAM P-GRC-I 54 0.20 2.0 63 63 0.5 73 58 0.5 73 58 
13 2.0 153 3.7 65 1.1 T-GRC-I 54 0.28 0.5 73 67 0.5 73 67 0.5 73 67 

FAC-C 61 0.29 2.0 65 59 0.5 85 59 0.5 85 59 

POMA P-GRC-I 54 0.28 1.5 67 58 3.5 50 88 2.5 60 71 
13 1.4 153 4.4 65 1.1 T-GRC-I 54 0.33 1.5 67 67 0.5 80 58 0.5 80 58 

FAC-C 61 0.51 2.5 80 78 3.5 70 90 2.5 80 78 

Short Physical 
Performance 
Ba�ery

P-GRC-I 54 0.32 0.5 53 75 1.5 43 88 0.5 53 75 
13 0.4 153 1.5 65 0.7 T-GRC-I 54 0.27 0.5 47 75 1.5 37 75 0.5 47 75 

FAC-C 61 0.51 0.5 75 78 0.5 75 78 0.5 75 78 

4-meter gait 
speed test

P-GRC-I 25 0.20 0.11 60 60 0.10 67 60 0.10 67 60 
7 † 85 0.11 35 0.09 T-GRC-I 25 0.10 0.11 44 44 0.01 75 44 0.01 75 44 

FAC-C 27 -0.09 0.10 44 39 0.01 78 33 0.01 78 33 

5x chair rise 
testa

P-GRC-I 14 -0.47 0.7 63 67 4.0 50 100 4.0 50 100
5 † 28 2.9 16 2.5 T-GRC-I 14 -0.14 0.7 63 67 0.7 63 67 0.7 63 67 

FAC-C 15 -0.35 2.0 75 64 2.0 75 64 2.0 75 64 

2-minute walk 
test

P-GRC-I 25 0.36 12.5 80 80 12.5 80 80 12.5 80 80 
7 † 88 14.5 35 8.0 T-GRC-I 25 0.28 12.5 63 67 13.5 56 78 13.5 56 78 

FAC-C 28 -0.03 13.5 50 56 4.0 80 33 12.5 60 50 

Timed Up and 
Go testa

P-GRC-I 22 -0.07 2.0 54 57 3.4 46 78 2.2 54 67 
5 † 72 5.7 33 3.2 T-GRC-I 22 0.12 1.6 39 33 8.3 15 100 2.2 39 67 

FAC-C 24 -0.11 2.0 50 56 1.8 63 56 1.8 63 56 

Barthel Index 
mobility 
subscale

P-GRC-I 54 0.20 2.5 60 46 7.5 43 83 7.5 43 83 
13 3.5 153 6.3 65 2.2 T-GRC-I 54 0.31 2.5 60 67 2.5 60 67 2.5 60 67 

FAC-C 61 0.41 2.5 70 59 7.5 60 88 7.5 60 88 

Func�onal 
Ambula�on 
Categories

P-GRC-I 54 0.40 0.5 53 88 0.5 53 88 0.5 53 88 
13 0.5 153 0.9 # # T-GRC-I 54 0.23 0.5 43 79 0.5 43 79 0.5 43 79 

FAC-C # # # # # # # # # # #

Green shaded values indicate ‘valid’ anchor-based MIC values according to Spearman’s rho correlation ≥ 0.3 between the instrument’s change scores and the anchor

MIC Minimal important change, rho Spearman’s rho correlation coefficient between anchor and instrument’s change score, COSMIN COnsensus-based Standards for 
the selection of health Measurement Instruments, WPCS within-patient change score, SEN sensitivity, SPE specificity, SD standard deviation, SEM standard error of 
measurement, FAC Functional Ambulation Categories, HABAM Hierarchical Assessment of Balance and Mobility, POMA Performance Oriented Mobility Assessment, 
P-GRC-I patient-reported global rating of change importance scale, T-GRC-I therapist-reported global rating of change importance scale, FAC-C Functional Ambulation 
Categories change anchor
† Not calculated because of small sample size (< 10 participants)
# FAC-C anchor-based analysis and SEM calculation not possible for the FAC change scores
a Change scores for improvement are negative, but MIC values are reported positive
b MIC values are based on the baseline sample participants reported in Braun et al. 2018 [35]
c MIC values are based on the test–retest reliability sample reported in Braun et al. 2019 [36]

Anchor P-GRC-I: Included in analysis (n = 54): not importantly changed (n = 24), importantly improved (n = 30). Excluded from analysis (n = 9): deteriorated (n = 5), 
GRC missing (n = 4)

Anchor T-GRC-I: Included in analysis (n = 54): not importantly changed (n = 24), importantly improved (n = 30). Excluded from analysis (n = 9): deteriorated (n = 3), 
GRC missing (n = 6)

Anchor FAC-C: Included in analysis (n = 61): unchanged (n = 41), changed/improved (n = 20). Excluded from analysis (n = 2): deteriorated (n = 2), GRC missing (n = 0)
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older hospital patients, of whom 45% had dementia. 
The authors used effect size indices and ROC analyses 
to assess responsiveness, but did not report AUC val-
ues. They concluded that these measures were unsuit-
able as independent screening instruments for clinically 
relevant changes in mobility capacity due to the partici-
pants’ high intra-individual variability [68]. We are not 
aware of any other published studies on the responsive-
ness of mobility measures in older adults with CSD.

According to a recent systematic review on instru-
ments used to evaluate the mobility capacity of older 
adults during hospitalization [17] and our own litera-
ture searches, the responsiveness of the DEMMI has 
been established with distribution-based methods only 
and judged as good to excellent [21, 34, 69]. For the 
HABAM, responsiveness has not been established so 
far. In the review [17], responsiveness was judged as 
excellent for the SPPB [70, 71], good for the TUG [72], 
fair for the POMA [33], poor to good for the 6-min walk 
test [73, 74], and fair for gait speed tests [75]. However, 
most of these studies were performed in non-hospital 
settings and/or only used methods to assess respon-
siveness on the basis of effect sizes or other inadequate 
methods [33, 70, 71, 74, 75]. Thus, results must be 

interpreted with caution. The comparability of our find-
ings is limited to older hospital patients with CSD.

Minimal important change
We used anchor-based methods to establish MIC val-
ues, with distribution-based MICs as supporting infor-
mation [51]. We aimed to examine multiple values 
from different approaches in order to converge on one 
single value or a small range of values [51].

Anchor-based MIC values for the DEMMI (Fig.  2) 
range from 3.5 to 13.5, with 9/10 (90%) MIC val-
ues ≤ 8.5 points. Thus, we consider a MIC of 9 DEMMI 
points a robust value, which is 9% of the total DEMMI 
scale range and close to the MIC of 10 points reported 
in the DEMMI development study based on a sample 
of acute older medical patients [21].

We also tried to derive MIC values for the other 9 
instruments. A description, based on our study find-
ings, is reported in the Additional file  3. If possible, 
we also compare our findings to MIC estimations 
reported in other studies on geriatric patients, taking 
into account that MIC values are population- and con-
text-specific [58]. The proposed MIC values for each 
instrument are listed in Table 7.
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Fig. 2 Minimal important change (MIC) values of the de Morton Mobility Index (DEMMI)
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Fig. 3 Minimal important change (MIC) values of the Performance‑Oriented Mobility Assessment (POMA)
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Fig. 4 Minimal important change (MIC) values of the Short Physical Performance Battery (SPPB)
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Fig. 5 Minimal important change (MIC) values of the Barthel Index mobility subscale
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Fig. 6 Minimal important change (MIC) values of the 5‑times chair rise test (5xCRT)
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Relating measurement error to the MIC
A measurement instrument should be able to distin-
guish clinically important change from measurement 
error. In Table  7, the MIC values from this trial are 
related to the MDC values with 90% confidence estab-
lished in the same cohort [36]. According to the COS-
MIN criteria [50], the DEMMI is the only instrument 
for which the measurement property ‘measurement 
error’ can be judged as good, since the measurement 
error is smaller than the MIC.

Floor and ceiling effects
The clinical value and interpretability of the POMA, 
SPPB, FAC, 4-m gait speed test, 5xCRT, 2-min walk 
test and TUG seems considerably limited due to the 
large MDC-related floor effects, which are evident in 
36% (FAC) to 82% (5xCRT) of patients with CSD upon 
hospital admission. Comparable estimations have been 
reported for measures of gait and balance that require 
the patient to stand or walk [8, 11, 32, 34, 35, 76, 77].

81

65

125

68

11

55

81

58

10

10

81

65

125

68

11

55

59

15

10

10

53

87

12

67

111

83

70

85

125

142

72

88

27

84

127

83

92

137

132

143

19

1

16

18

31

15

2

10

18

1

0

0

1

1

15

15

2

1

11

0

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Timed up and go test (TUG)

2-min walk test

5x chair rise test

4-meter gait speed

Barthel Index mobility subscale

Functional Ambulation Categories (FAC)

Short Physical Performance Battery (SPPB)

Performance Oriented Mobility Assessment (POMA)

Hierarchical Assessment of
Balance and Mobility (HABAM)

de Morton Mobility Index (DEMMI)

MDC-related floor and ceiling effects

Timed up and go test (TUG)

2-min walk test

5x chair rise test

4-meter gait speed

Barthel Index mobility subscale

Functional Ambulation Categories (FAC)

Short Physical Performance Battery (SPPB)

Performance Oriented Mobility Assessment (POMA)

Hierarchical Assessment of
Balance and Mobility (HABAM)

de Morton Mobility Index (DEMMI)

Absolute floor and ceiling effects

Floor effect Adequate Ceiling effect
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floor and ceiling effects, as proposed by Terwee et al. 2007 [49]
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Our study underlines that ceiling effects of mobility 
measures are very unlikely in acute older medical patients 
with CSD upon hospital admission due to high levels of 
multimorbidity, frailty and functional impairment.

Strengths and limitations
This study provides a comprehensive assessment of 
responsiveness and aspects of interpretability of a broad 
set of commonly used single- and multi-component 
performance-based mobility measures in geriatric care. 
Results allow a head-to-head comparison of these instru-
ments. The selection of instruments was based on psy-
chometric evidence, clinical feasibility, prevalence in the 
scientific literature and our own awareness [15, 17, 26, 
27, 67, 78–80]. Our study includes the most frequently 
applied instruments in individuals with dementia, such 
as the TUG, SPPB and 4-m gait speed test [26, 27].

The consecutive baseline sample of 153 participants 
seems sufficiently large for sound analyses of floor and 
ceiling effects. The size of the follow-up sample (n = 63) 
can be judged as good according to the COSMIN criteria 
[14, 46], and baseline characteristics of those participants 
who did complete a follow-up assessment did not differ 
from those who did not.

Sampling bias may exist in the data, since the selec-
tion of study participants with CSD was based on routine 
MMSE data [35, 36]. It is possible that we might have 
missed some potentially eligible patients, because we ini-
tially excluded 122 (21%) patients without MMSE assess-
ment. This was caused by organisational constraints, 
refusal, and vigilance issues, among others. It is not unu-
sual that individuals with CSD refuse cognitive assess-
ment [81, 82]. Thus, we assume that within the group 
of excluded individuals, there is a significant number of 
people with (severe) dementia and/or delirium. Further 

misclassification may be based on participants with 
intact cognition and depression who scored low on the 
MMSE [83]. A more detailed, instant and frequent psy-
chiatric review of study participants would have helped 
to better select and describe the study sample. Further 
studies should include a more representative sample of 
patients with a more heterogeneous level of cognitive 
impairment.

Results of responsiveness are strongly influenced by 
the validity of the applied methods. A major strength of 
this study is that we used recommended construct- and 
anchor-based approaches to establish responsiveness, 
which are considered more appropriate than respon-
siveness estimations based on effect size indices [13, 
14]. However, the validity of the anchors may be lim-
ited. Although global rating of change scales have high 
face validity [13], the reliability and validity of such ret-
rospective measures of change has been questioned [84, 
85]. The trustworthiness of the patient-reported anchor 
might especially be limited in patients with CSD, of 
whom many suffer from memory complaints. We also 
observed that some patients had difficulty in distinguish-
ing between the concepts of amount and importance of 
change. Although we provided and accurately explained 
a broad definition of the concept of mobility, we had the 
impression that some participants only expressed their 
impression of change in walking and ambulation. The 
therapist-reported global rating of change scales may be 
biased by inaccurate recall of the participants’ baseline 
mobility capacity in a busy hospital with a large number 
of different patients. These considerations are under-
pinned by the low agreement between the patient- and 
therapist-reported global rating of change scores of 
ƙ = 0.47 and ƙ = 0.35 for the global rating of mobility 
change scales of amount and importance, respectively.

Table 7 Relation between measurement error and minimal important change values of each instrument

MDC90 minimal detectable change with 90% confidence, MIC minimal important change, NA not applicable
a MDC values are taken from Braun et al. 2019 [36] and are based on the same cohort

Instrument Measurement error 
 (MDC90)a

MIC value MDC90 < MIC

de Morton Mobility Index, 0–100 points 5.3 8.5 Yes

Hierarchical Assessment of Balance and Mobility, 0–26 points 2.5 2.0 No

Performance Oriented Mobility Assessment, 0–28 points 2.6 2.5 No

Short Physical Performance Battery, 0–12 points 1.5 0.5 No

4‑m gait speed test, m/sec 0.21 0.11 No

5 × chair rise test, sec 5.8 2.0–4.0 No

2‑min walk test, m 18.5 12.5 No

Timed Up and Go test, sec 7.4 NA NA

Barthel Index mobility subscale, 0–40 points 5.1 3.5 No

Functional Ambulation Categories, 0–5 points NA 0.5 NA



Page 20 of 23Braun et al. Health Qual Life Outcomes           (2021) 19:68 

Implications
The present results are in agreement with our previous 
findings, indicating that the DEMMI has sufficient meas-
urement properties in terms of feasibility, validity, reli-
ability and responsiveness in older hospital patients with 
cognitive impairment [35, 36].

Furthermore, the DEMMI was the only instrument that 
was able to distinguish clinically important change from 
measurement error in this population. This result has 
high clinical importance. A healthcare professional who 
monitors alterations in the mobility capacity of an older 
patient with CSD must be confident that an observed 
(meaningful) change in mobility is a true change and not 
based on measurement error.

Clinicians and researchers can use the MIC values 
established in this study to plan and evaluate healthcare 
interventions, for shared decision-making processes, goal 
setting with patients and relatives, and the planning of 
sample sizes in clinical trials. However, these MIC val-
ues need to be further proven by high-quality, large-scale 
studies.

For mobility measures that cannot be performed by 
patients due to functional or cognitive impairments, 
longitudinal monitoring of mobility is very difficult or 
impossible. With instruments such as short- and long-
distance walk tests, the TUG and chair rise tests, no 
change scores can be obtained if baseline values or hos-
pital admission test scores are missing. Thus, it is impos-
sible to identify patients who deteriorate or worsen in a 
mobility capacity by means of these instruments or by 
any other instrument with large floor effects, such as the 
POMA, SPPB and FAC. This is of high clinical impor-
tance, since mobility measures can be used to identify 
older patients at high-risk of adverse outcomes. Hub-
bard et al. [11] reported a relative risk of death for older 
hospital patients who deteriorated during the first 48  h 
of admission of 17.1 (95% CI 4.9–60.3) compared to 
patients whose mobility capacity stabilized or improved. 
Mobility measures with floor effects seem unsuitable to 
identify these high-risk patients.

More studies assessing the responsiveness and inter-
pretability of mobility measures in older hospital patients 
with and without CSD are urgently needed. Furthermore, 
consensus-based agreement on appropriate methods to 
determine MIC values is necessary to support authors 
of psychometric studies in establishing evidence-based 
MIC values of health-related outcome measures in older 
people.

Conclusions
In conclusion, this study provides more evidence for the 
DEMMI to be a psychometrically sound measurement 
instrument of mobility in older hospital patients with 

CSD. The DEMMI has some crucial advantages in com-
parison to other commonly used instruments, especially 
concerning its sufficient responsiveness and scale widths. 
The DEMMI was the only instrument that was able to 
distinguish clinically important changes from measure-
ment error and has the potential to become the standard 
measurement instrument of mobility capacity in older 
hospital patients with CSD.
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