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Abstract

Objective: To determine the impact of cognitive function on physical activity (PA), physical function and health-related
quality of life (HRQoL) in older adults within the first year after hip fracture (HF) surgery.
Methods: We included 397 home-dwelling individuals aged 70 years or older with the ability to walk 10 m before the fracture.
Cognitive function was measured at 1 month and other outcomes were assessed at 1, 4 and 12 months postoperatively. Mini-
Mental State Examination was used to assess cognitive function, accelerometer-based body-worn sensors to register PA, Short
Physical Performance Battery to test physical function and EuroQol-5-dimension-3-level to estimate the HRQoL. Data were
analysed by linear mixed-effects models with interactions and ordinal logistic regression models.
Results: Cognitive function, adjusted for the pre-fracture ability to perform activities of daily living, comorbidity, age and
gender, had an impact on PA [b = 3.64, 95% confidence interval (CI): 2.20–5.23, P < 0.001] and physical function (b = 0.08,
95% CI: 0.04–0.11, P < 0.001; b = 0.12, 95% CI: 0.09–0.15, P < 0.001; and b = 0.14, 95% CI: 0.10–0.18, P < 0.001 at
1, 4 and 12 months, respectively). The cognitive function did not have a considerable impact on HRQoL.
Conclusions: For older adults with HFs, cognitive function 1 month postoperatively had a significant impact on PA and
physical function in the first postoperative year. For the HRQoL, little or no evidence of such an effect was found.
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Key Points

• We investigated the impact of cognitive function on the outcome in the first year after hip fracture surgery.
• Our outcome measures were physical activity, physical function and health-related quality of life.
• We used accelerometer-based body-worn sensors, a performance-based test and a patient-reported outcome measure.
• Cognitive function was found to affect physical activity and physical function.
• For the health-related quality of life, there was little or no evidence of such an effect.
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Introduction

The increasing global incidence of hip fractures (HFs), from
an estimated 1.6 million per year in 2000 to 6.3 million
people per year by 2050 [1], is an established public health
concern. HF is one of the most harmful events in the life of
older adults and is associated with functional decline, high
morbidity rates and premature death [2]. As well as being
a determinant for independence and thereby contributing
to successful ageing [3], physical activity (PA) seems to be
one of the most important factors involved in rehabilitation
and prevention of functional decline in older adults [4],
particularly for those recovering from an HF [5]. Very low
levels of PA have been found following HF [6], and most
improvement seems to occur in the following 3 months [7,
8]. Given the importance of PA to recovery, it is necessary to
assess potential explanatory variables to establish appropriate
rehabilitation approaches.

Functional recovery has been associated with age [9],
pre-fracture function and health status, early mobility level,
muscle strength, anaemia, pain, fracture type [10], delirium
[11], surgery type, time to surgery, depression symptoms
[12], cognitive impairment (CI) [13] and PA [5]. Less is
known concerning explanatory factors for PA, although rela-
tionships with age [6], gender [14], comorbidity [6], frailty
[15], resilience, total lean body mass, pain [16] and gait speed
[14] have been indicated.

The prevalence of CI among HF patients reaches 40%
[17]. CI, a feature of dementia and delirium, is defined
as a disturbance in the patient’s mental processes related
to thinking, reasoning and judgement [18]. Rehabilitation
interventions are considered to account for most functional
recovery in improving patients’ mobility and activities of
daily living [19, 20], and at the same time, CI could be
an important factor for rehabilitation outcomes. A major
proportion of randomized controlled trials (RCTs) assessing
HF management have excluded or ignored individuals with
CI and consequently missed an opportunity to identify
factors associated with improved prognosis [21]. This might
cause systematic bias in existing knowledge, lowering the
external validity of evidence for interventions intended to
improve outcomes in this patient population [21]. Moreover,
a perception that cognitively impaired patients are unable to
benefit from rehabilitation persist among many health pro-
fessionals [22], leading to a sort of therapeutic nihilism [23,
24]. Indeed, studies have suggested that cognitively impaired
patients benefit from rehabilitation after an HF [25–27]. In
addition, two systematic reviews have indicated that indi-
viduals with CI exhibit gains similar to individuals without
CI [28, 29]. The pre-fracture function has been considered
more important than the cognitive function in predicting
short-term functional outcomes [9] and proposed as an
underlying mechanism for the association between cognitive
function and functional outcome [30]. To our knowledge,
no studies exist considering the relationship between cogni-
tive function and objective PA following HF. As PA in older
people with impaired function is mostly performed as part

of daily activities, measurement should include daily habitual
activity.

We hypothesized that cognitive function would affect
patient outcomes regarding objective PA, physical function
and health-related quality of life (HRQoL) in older adults in
the first year after HF surgery. Thus, the aim of our study
was to examine the impact of cognitive function (not only
the absence or presence of CI) on these outcome measures at
1, 4 and 12 months postoperatively, with PA as the primary
outcome.

Methods

Study population

This a sub-study of the Trondheim Hip Fracture Trial, a
prospective RCT performed at St. Olav University Hos-
pital in Trondheim, Norway. Recruitment lasted from 17
April 2008 to 30 December 2010, with the final follow-up
completed in January 2012. The protocol, the intervention
and clinical outcomes from the study have been published
previously [31–36]. We included 397 patients who presented
with an HF, were aged 70 years or older, able to walk 10 m
before the fracture and home-dwelling (i.e. living in their
homes or sheltered housing, or staying temporarily in any
kind of institution). Patients with pathological fractures,
multiple traumas, short life expectancy or who were living
permanently in nursing homes were excluded. Informed
consent was obtained from patients or their next of kin
before participation in the study. The Regional Committee
of Ethics in Medical Research (REK4.2008.335), the Nor-
wegian Social Science Data Services (NSD19109) and the
Norwegian Directorate of Health (08/5814) approved the
protocol.

Procedures and follow-up

Follow-up assessments were done on Day 5, and 1, 4
and 12 months postoperatively. PA, physical function and
HRQoL were measured at 1, 4 and 12 months, and cognitive
status was assessed at 1 month postoperatively. Assessments
were performed by personnel who were not associated with
patient care. If possible, 4- and 12-month assessments were
undertaken at the hospital. All assessments at 1 month, and
4- and 12-months assessments in very sick patients, were
done wherever the patient resided. Patients were the primary
informant whenever possible during data collection. The
exception was Nottingham extended instrumental activities
of daily living (I-ADL) scores, which were collected from
proxies by telephone for 10–20% of patients who were
unable to provide the data. Trained study staff recorded the
patients’ demographic data (age and sex), type of fracture,
pre-fracture Nottingham extended I-ADL score [37] and
pre-fracture Charlson comorbidity index [38].

Main measures

Cognitive status was assessed with the Mini-Mental State
Examination (MMSE), which ranges from 0 to 30 (a high
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score suggests better cognitive function) and is a commonly
used tool in geriatric rehabilitation settings. The instrument
has standardized instructions and examines attention, mem-
ory (i.e. orientation, word recall, sentence recognition and
drawings) as well as initiation and maintenance of verbal and
motor responses [39].

We used body-worn, single-axis accelerometer-based
sensors (activPALs, PAL Technologies Ltd, Glasgow, UK)
attached to the front of the participants’ non-affected lower
thigh with a waterproof tape to objectively measure PA. All
participants attending the 4- and 12-month examination
were asked to wear sensors for the following 4 days. Only
data where there was minimum 24 h of continuous recording
was included. The activPAL sensor system provides good
validity for postures and transitions compared with video
observations in older adults with impaired walking ability,
including HF patients [40]. The outcome measure used
was the daily (24 h) mean time in an upright (walking and
standing) position, denoted hereafter as UPTIME.

Physical function was assessed by the Short Physical Per-
formance Battery (SPPB) [41], a performance-based test
consisting of a 4-m walk test, a standing balance test and a
chair-stand test. The test has been found to be both valid and
reliable for assessing physical function among older adults
[42].

HRQoL was rated by the EuroQol-5-dimension-3-
level (EQ-5D-3L) questionnaire [43]. The questionnaire
comprises five key dimensions; mobility, performing self-
care, usual activities, pain/discomfort and anxiety/depression
using three levels of response: from level 1 (indicating
no problems or the best state for that dimension) to 3
(indicating the worst state for that dimension). The EQ-5D-
3L index was calculated using a published utility algorithm
for the UK population based on the time-trade-off method
[44]. Questionnaires were answered by the participants
themselves.

Statistical analysis

Analyses were performed using SPSS 28.0 (IBM). Con-
tinuous variables are summarized as means and standard
deviations (SDs), and categorical variables are presented as
proportions and frequencies. Results were considered sig-
nificant at P < 0.05. Histograms and Kolmogorov–Smirnov
tests were used to assess the normality of the data.

We used linear mixed-effects models to examine the
impact of cognitive function, adjusted for age, gender, pre-
fracture ADL and comorbidity, on PA and physical function
at given time points following surgery. Multilevel models
were necessary since each outcome was measured repeatedly
on the same participant. Assumptions of linearity, normally
distributed residuals and constant SD of residuals for dif-
ferent magnitudes of fitted values were checked by plotting
the data, using histograms and with Kolmogorov–Smirnov
tests. Cognitive function, participant demographics, pre-
fracture ADL score, comorbidity and time were included as
fixed effects, and a random, subject-specific intercept was

Table 1. Demographic and clinical characteristics of 397
patients admitted with hip fracture

Mean ± SD or n (%)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age (years) 83.3 ± 6.1
Gender

Female 293 (74)
Male 104 (26)

Charlson comorbidity index (CCI) 2.3 ± 2.1
Previous diagnoses

Heart disease 186 (47)
Stroke 106 (27)
Diabetes 51 (13)
Dementia 53 (13)
Cancer 96 (24)
Kidney disease 27 (7)

Pre-fracture NEIADL score 42.2 ± 17.6
MMSE score, 1 month 22.9 ± 5.9
Fracture type

Femoral neck 246 (62)
Trochanteric 124 (31)
Subtrochanteric 27 (7)

Surgical treatment
Hemiarthroplasty 164 (41)
Screws 70 (18)
Bone plates and screws 132 (33)
Other 27 (7)
Died before surgery 4 (1)

Data are mean ± SD or n (%). NEIADL, Nottingham extended instrumental
activities of daily living

included to account for the repeated measurements. To test
whether the effect of cognitive function on PA or physical
function varied over the post-discharge period, interaction
terms between cognitive function and measurement time
were included. Interactions between cognitive function
and gender were evaluated similarly. The magnitude of the
interaction is not of practical interest, but the interest lies
in the varying impact of cognitive function at different time
points. Therefore, different estimates for each time point are
reported when a significant interaction with time is found.
The method of estimation for linear mixed-effects models
allows for missing data at the outcome variable on one or
more occasions, as long as the data are missing at random,
such that data for all individuals with at least one observation
are included in the analyses. Missing values in the predictor
variables were handled by listwise deletion of individuals.

Regarding HRQoL, the relationship between cognitive
function and each of the five dimensions comprised by the
EQ-5D-3L at 1, 4 and 12 months were investigated in
unadjusted and adjusted ordinal logistic regression (OLR)
analyses. We controlled for the same possible confounders
as in the linear mixed-effect models. Statistics were based on
cases with valid data for all variables in the model.

Results

Table 1 shows the participants’ demographic and clinical
characteristics. The average age was 83.3 years (SD = 6.1) and
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Figure 1. Participant study flow diagram. ∗Two participants registered as deceased finished their final tests before death.

the majority (74%) were females. Participants had variable
levels of comorbidity, represented by health conditions
such as heart disease (47%), stroke (27%), diabetes (13%),
dementia (13%), cancer (24%) and kidney disease (7%).
Participants were primarily recovering from femoral neck
(n = 246) and trochanteric (n = 124) fractures. Operative
interventions of hemiarthroplasty (n = 164), screws (n = 70)
and bone plates and screws (n = 132) were most common.
The number of deaths was 21 within the 1st month,
19 between the 1st and 4th month and 27 between the
4th and 12th month after surgery. From 397 included
participants, 311 (78.3%) participants remained at the last

follow-up (Figure 1). Table 2 displays the values of PA,
physical function and HRQoL over time.

The linear mixed-effects model showed an impact of
MMSE on PA, adjusted for age, gender, pre-fracture ADL
and comorbidity (Table 3). For every unit of increase in
MMSE, the time spent upright (UPTIME) increased by
3.64 min per day [95% confidence interval (CI): 2.20–
5.23, P < 0.001]. Higher age, female gender, lower ADL
score and higher comorbidity index were negatively related
to PA. The interaction terms of MMSE with time and
MMSE with gender turned out to be non-significant
(Appendix 2).
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Table 2.Values of PA (UPTIME), physical function (SPPB) and dimensions of HRQoL (EQ-5D-3L) at 1, 4 and 12 months
after HF

1 month 4 months 12 months

Variable n Mean (SD) N Mean (SD) n Mean (SD)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
UPTIME 283 215.3 (136.9) 252 216.3 (134.2)
SPPB 333 3.3 (2.7) 325 4.8 (3.2) 284 5.0 (3.3)
EQ-5D-3L 316 0.48 (0.33) 306 0.57 (0.31) 272 0.64 (0.30)

Mobility 318 1.8 (0.5) 307 1.7 (0.5) 275 1.6 (0.5)
Self-care 318 1.6 (0.6) 307 1.4 (0.6) 275 1.3 (0.5)
Usual activities 317 2.2 (0.7) 307 1.8 (0.7) 274 1.7 (0.7)
Pain/discomfort 317 1.9 (0.6) 307 1.8 (0.6) 276 1.7 (0.6)
Anxiety/depression 317 1.6 (0.6) 306 1.5 (0.6) 276 1.4 (0.6)

UPTIME represents the daily (24 h) mean time in upright (walking and standing) position in minutes.

In the linear mixed-effects model for physical function,
MMSE and the adjustment variables had statistically sig-
nificant effects in the same directions as in the model for
PA, except for gender (Table 3). There was a significant
interaction between time and MMSE, indicating a progres-
sive increase in the mean change in physical function per
unit increase of MMSE at later points in time (P= 0.015,
Appendix 2). For every unit increase in MMSE, the mean
increase in SPPB was 0.08 units at 1 month (95% CI: 0.04–
0.11, P < 0.001), 0.12 units at 4 months (95% CI: 0.09–
0.15, P < 0.001) and 0.14 units at 12 months (95% CI:
0.10–0.18, P < 0.001).

Table 4 presents the results of the unadjusted and adjusted
OLR analyses used to estimate the odds ratio (OR) for an
increase in EuroQol level (worse state for that dimension)
per unit increase in MMSE for each of the five dimensions
of the EQ-5D-3L questionnaire. The estimated ORs were
all changed substantially towards 1 after adjustment. The
only remaining statistically significant association was with
the self-care dimension at 4 months (OR 0.92, 95% CI:
0.87–0.97, P = 0.004). However, at the other time points,
the association was weaker and non-significant for self-care
as well (OR 0.96, 95% CI: 0.91–1.01, P = 0.081 and OR
0.95, 95% CI: 0.89–1.01, P = 0.108 for 1 and 12 months,
respectively).

Discussion

This Norwegian post-HF cohort showed mildly impaired
functional and cognitive status, as denoted by the pre-
fracture Nottingham extended I-ADL value and the MMSE
score, respectively. Our results indicate that lower cognitive
function has a negative impact on objective PA and physical
function in older adults recovering from HF, after adjusting
for the pre-fracture ability to perform ADL, comorbidities,
age and gender. The adjustment variables also significantly
affected PA, except for gender and physical function. Regard-
ing dimensions of HRQoL, cognitive function was of less
importance in affecting the outcome.

The minimally meaningful change in SPPB score has
been found to be in the range of 0.3–0.8 points [45, 46].

Based on the lowest range value and the estimated impact
of cognitive function on SPPB, our results imply that a
difference in MMSE at 1 month of at least 3.8, 2.5 or
2.1 units could have a small, yet clinically meaningful impact
on group level physical function at 1, 4 and 12 months,
respectively. For objectively measured PA, less is known
concerning clinically meaningful differences. A change of
3.64 min spent upright per day for each unit of MMSE
itself may not be regarded as clinically meaningful. Still,
the direct relationship indicates that cognitively impaired
patients tend to be less active in their daily life. Daily PA
has been associated with decreased risk of mortality and
contributes to the maintenance and promotion of health in
older adults [47, 48]. Although less is known concerning this
relationship in patients with HF specifically, participation in
appropriate PA after HF is important for functional recovery
[5]. Considering PA in older adults with impaired function
is mostly performed as part of daily activities, differences in
PA levels between patients at different ends of the spectrum
of cognitive function should not be neglected.

Previous studies have demonstrated significant functional
decline following HF, even in individuals with high pre-
fracture function levels [49, 50]. Indeed, their functional
status and length of disability can be improved by early and
active mobilization. Despite high reported prevalence rates
of CI [17], the role of cognitive status in affecting outcomes,
especially objective PA, in older adults recovering from HF
has not yet been extensively studied. Although participants
in this study were home-dwelling and able to walk 10 m
before the fracture, we included individuals who repre-
sented the whole spectrum of cognitive function. Our find-
ings that cognitive function, adjusted for pre-fracture func-
tional impairment, comorbidity, age and gender, appears to
be an influencing factor of physical function and activity,
might contribute to resolving the discordancy between exist-
ing studies. Concretely, the pre-fracture function has been
proposed as an underlying mechanism for the association
between CI and functional outcome [30]. Functional sta-
tus and cognitive function have shown a strict correlation,
confirming preceding findings of a cross-sectional relation-
ship between different degrees of CI and disability [13].
Also, pre-fracture motor functional independence measure
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Table 3. Estimates of fixed effects for the linear mixed-effects model evaluating the impact of cognitive function at 1 month
on PA and physical function 1, 4 and 12 months after HF

PA (UPTIME) Physical function (SPPB)

Variable Estimate (95% CI) P-value Estimate (95% CI) P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cognitive function
MMSE, overall effect on UPTIME 3.64 (2.20 to 5.23) <0.001
Interaction between MMSE and each measurement time for SPPB

MMSE × 1 month after surgery 0.08 (0.04 to 0.11) <0.001
MMSE × 4 months after surgery 0.12 (0.09 to 0.15) <0.001
MMSE × 12 months after surgery 0.14 (0.10 to 0.18) <0.001

Demographic characteristics
Age −1.71 (−2.91 to −0.56) 0.003 −0.11 (−0.13 to −0.09) <0.001
Gender (female as reference) 53.61 (40.37 to 69.87) <0.001 −0.20 (−0.46 to 0.02) 0.103
Health status
NEIADL score 3.56 (3.13 to 3.97) <0.001 0.07 (0.06 to 0.08) <0.001
Charlson comorbidity index −9.48 (−12.73 to −5.43) <0.001 −0.10 (−0.15 to −0.05) <0.001

Cognitive function measured according to MMSE; pre-fracture health status measured according to Nottingham extended instrumental activities of daily living
(NEIADL) score and Charlson comorbidity index. Significant interaction between MMSE and time on SPPB gives three estimates for the effect of MMSE on
SPPB, as SPPB was performed at 1, 4 and 12 months. Non-significant interaction between MMSE and time on UPTIME gives one estimate for the overall effect
of MMSE across all levels (time points) of the time variable.

Table 4. Results from univariable and multivariablea OLR to assess the impact of cognitive function on HRQoL according
to the five dimensions of the EQ-5D-3L questionnaire

Unadjusted OLR Adjusted OLR

Variable 1 month 1 month

OR 95% CI P-value OR 95% CI P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mobility 0.09 (0.03–0.30) <0.001 0.97 (0.92–1.03) 0.353
Self-care 0.10 (0.04–0.27) <0.001 0.96 (0.91–1.01) 0.081
Usual activities 0.11 (0.04–0.28) <0.001 1.01 (0.97–1.06) 0.619
Pain/discomfort 0.29 (0.10–0.83) 0.021 1.02 (0.97–1.07) 0.512
Anxiety/depression 0.25 (0.09–0.69) 0.007 0.98 (0.93–1.03) 0.452

4 months 4 months

OR 95% CI P-value OR 95% CI P-value

Mobility 0.29 (0.09–0.91) 0.034 1.02 (0.97–1.08) 0.431
Self-care 0.08 (0.02–0.24) <0.001 0.92 (0.87–0.97) 0.004
Usual activities 0.07 (0.02–0.20) <0.001 0.99 (0.94–1.04) 0.661
Pain/discomfort 0.38 (0.13–1.12) 0.079 1.00 (0.95–1.06) 0.958
Anxiety/depression 0.43 (0.14–1.31) 0.139 0.98 (0.93–1.03) 0.444

12 months 12 months

OR 95% CI P-value OR 95% CI P-value

Mobility 0.20 (0.05–0.71) 0.013 1.03 (0.97–1.10) 0.349
Self-care 0.21 (0.06–0.76) 0.017 0.95 (0.89–1.01) 0.108
Usual activities 0.06 (0.02–0.21) <0.001 0.98 (0.93–1.04) 0.535
Pain/discomfort 0.88 (0.28–2.79) 0.821 1.00 (0.95–1.06) 0.894
Anxiety/depression 0.45 (0.13–1.53) 0.199 0.98 (0.92–1.04) 0.511

Cognitive function measured according to Mini-Mental State Examination; HRQoL measured according to EuroQol 5-dimension 3-level instrument. aAdjusted
for age, gender, Charlson comorbidity index and Nottingham extended instrumental ADL (activities of daily living) score.

and walking ability before the fracture and discharge to
rehabilitation units, rather than cognitive status, have been
identified as variables related to preserved walking ability
at 4 months [9]. Conversely, other authors have reported
that dementia can predict ambulatory status [51]. The use
of different instruments and thresholds used to define CI
might explain the discordancy in results regarding the role

of cognitive function in influencing walking ability in the
aforementioned studies.

Studies have demonstrated that the EQ-5D-3L is a good
measuring tool for outcomes in patients recovering from HF,
including cognitively impaired patients [52, 53]. Opposing
our results, chronic CI has showed a negative impact on
HRQoL after an HF [53–55].
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Strengths and limitations

Some limitations must be addressed. First, the use of MMSE
as the only tool for detecting CI might not account for
the full complexity of the condition. Using MMSE as a
global cognitive test did not allow the classification of deficits
into cognitive domains, such as memory, attentive, func-
tional and visuospatial deficits, which could have different
roles in affecting outcomes. Second, MMSE has been found
to be insensitive to CI resulting from right hemisphere
dysfunction as well as mild cognitive impairments [56].
Nevertheless, the MMSE is a widely accepted and used
clinical standard assessment that provides comparability with
previously published reports. Third, the pre-fracture ADL
score was collected retrospectively, which could introduce
recall bias. Fourth, the comprehensive geriatric care regimen
might influence both cognitive function and mobility in the
same direction, potentially being a confounder. However, no
statistically or clinically significant effect of group allocation
on MMSE at 1 month was found in the main trial.

However, a strength of our study includes the timing of
evaluating cognitive function 1 month after surgery, which
prevents acute cognitive changes due to factors such as pain,
fear, hospitalization and analgesic drugs from being assessed
as chronic CI. Other strengths of our study include its
large sample size and the use of well-validated instruments
to measure mobility outcome, HRQoL and cognitive sta-
tus. Furthermore, we included all types of HFs and oper-
ation methods, which makes the data more representative
than a small sample of selected participants and accordingly
increases the external validity. Previous studies have reported
1-year mortality of 23% [57], which is slightly higher than
in our sample (21.7%) but could be an expression of a low
risk of selection bias. Finally, our linear mixed-effects models
explained high proportions of the variance; for instance,
the models related to PA and physical function obtained
Conditional R2 of 0.851 and 0.789, respectively, and the
deviance in the adjusted OLR for HRQoL ranged from
0.601 to 0.997.

Conclusion

Cognitive function 1 month postoperatively was found to
affect PA and physical function the first year following HF
in older adults. For HRQoL, there was little or no evidence
of such an effect. Daily PA might be an important factor
in the rehabilitation of older adults with HF, and cognitively
impaired patients may require additional attention to partici-
pate in daily PA. Specific rehabilitative approaches according
to cognitive function should be considered.

Supplementary Data: Supplementary data are available in
Age and Ageing online.
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