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Abstract
Objective   To describe predictors for health-related 
quality of life, participation, physical activity and cognitive 
function in patients with intensive care unit (ICU)-
acquired muscle weakness 1 year after discharge from 
rehabilitation. 
Design  This is a cohort study. 
Participants  We included 150 chronic critically ill 
individuals with ICU-acquired muscle weakness.
Setting  Postacute ICU and rehabilitation units in Germany.
Measures  We measured health-related quality of life 
using the EQ-5D, participation using the Reintegration of 
Normal Living Index, physical activity using the Physical 
Activity Scale for Individuals With Physical Disabilities, 
and basal cognitive function using the Montreal Cognitive 
Assessment (MoCA) at 6 months, and the Clock Drawing 
Test 6 and 12 months after discharge from postacute 
treatment. We described the predictors of the results at 12 
months.
Results  The best predictors for good health-related 
quality of life 1 year after discharge were the time until 
regaining walking ability (OR=0.96, OR per day, 95% CI 
0.93 to 0.99) and the mean MoCA score on admission to 
our postacute ICU and rehabilitation units (OR=1.25,95% 
CI 1.02 to 1.52).The best predictor for good participation 
1 year after discharge was the MoCA sum score on 
admission to our postacute ICU and rehabilitation units 
(OR=0.85,95% CI 0.72 to 1.00). The best predictor for 
good physical activity 1 year after discharge was the 
Apache sum score on admission to our postacute ICU and 
rehabilitation units (OR=1.68,95% CI 0.89 to 3.13). The 
best predictor for normal cognitive function 1 year after 
discharge was regaining walking function in rehabilitation 
(OR=8.0,95% CI 0.49 to 13.69).
Conclusion  Recovery of health-related quality of life, 
participation, physical activity and basal cognitive function 
was still not complete 12 months after discharge from 
postacute treatment. We described the predictors for 
these important outcomes in participants with ICU-
acquired muscle weakness 1 year after discharge from 
rehabilitation.
Trial registration number  DRKS00007181.

Introduction 
A prolonged stay at an intensive care unit 
(ICU) is often associated with long-term 
impairments of physical and mental health. 
The Society of Critical Care Medicine recom-
mends a comprehensive treatment for ICU 
survivors during all phases of recovery.1 

One frequent physical impairment after 
ICU treatment is acquired muscle weak-
ness  (ICUAW).2–4 Acquired muscle weak-
ness is characterised by a profound weakness 
that is greater than normally expected from 
prolonged bed-rest, and is therefore defined 
as clinically detected weakness in critically ill 
patients in whom there is no plausible aeti-
ology other than critical illness.3–5 ICUAW 
often affects the  peripheral as well as 
the  respiratory muscles, limits the  activities 
of daily living, and delays rehabilitation and 
recovery.6–10

Although full recovery has been reported 
in approximately 50% of people with ICUAW, 
progress is related to the severity of the condi-
tion (eg, people with severe weakness may 

Strengths and limitations of this study

►► Patient-centred outcomes in the first 12 months of 
intensive care unit (ICU)-acquired muscle weakness 
after discharge from postacute ICU and rehabilita-
tion units were documented.

►► Clinical scores on admission may predict recovery 
of health-related quality of life, participation, physi-
cal activity and cognitive function of individuals with 
ICU-acquired muscle weakness.

►► Some of the severely affected ICU patients (eg, pa-
tients who were sedated) were excluded from this 
study.

►► Electromyography was not used in the study.
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take months to improve).5 11 Recent studies showed that 
ICUAW may have longer term consequences, beyond the 
acute phase. For example, ICUAW may be an important 
contributor to poor postintensive care outcomes that 
include decreased physical, mental and cognitive 
dysfunctions, which extend beyond the acute hospitalisa-
tion and have major impact on the quality of life of ICU 
survivors.12 Wieske et al13 investigated post-ICU mortality 
and physical functioning in 80 patients with acquired 
weakness at 6 months after ICU discharge. They found 
that ICU-acquired weakness is independently associated 
with post-ICU mortality and with decreased physical func-
tion at 6 months after ICU discharge. In other studies the 
presence of ICUAW at discharge from ICU was associated 
with poor long-term outcome (eg, health-related quality 
of life).14–16 In a 2-year follow-up of 222 survivors of 
severe critical illness, patients with ICUAW had reduced 
health-related quality of life compared with patients with 
normal strength.17

Longitudinal studies have described the recovery of 
critically ill people with relatively short ICU stay5 13 17–19; 
however, few studies have been conducted examining 
critically ill people with ICUAW after long ICU stay (eg, 
longer than 21 days of ICU treatment).20 Furthermore 
information is lacking to predict health-related quality of 
life, participation, physical activity and cognitive function 
of patients with ICUAW after a long ICU care.

In summary not much is known about participation, 
physical activity and cognitive function in patients with 
ICUAW 1 year after discharge from postacute ICU and 
rehabilitation units (post-ICUaR). Post-ICUaR patients 
with mechanical respiratory weaning failure and a long 
ICU stay (ie, more than 14 days of mechanical ventilation) 
are treated with high-intensity physiotherapy and occupa-
tional therapy in order to be weaned off of mechanical 
ventilation and become independent in daily life activi-
ties. Therefore one of the aims of the General Weakness 
Syndrome Therapy (GymNAST) study was to describe the 
follow-up results of a patient cohort with ICUAW, and to 
identify predictors for health-related quality of life, partic-
ipation, activities and cognitive function in patients with 
ICUAW after a long ICU and post-ICUaR stay in Germany 
at 1-year follow-up.21

Methods and analysis
We followed our published protocol for the GymNAST 
cohort study and describe the results of this preplanned 
follow-up according to the guidelines of the Strengthening 
the Reporting of Observational Studies in Epidemiology.

We used the following inclusion and exclusion criteria 
for this cohort:

Inclusion criteria
►► Participants have chronic critical illness or a contem-

porary history of chronic critical illness. Chronic crit-
ical illness was defined as more than 21 days of ICU 
treatment including mechanical ventilation and at 

least 14 additional days with a  need for ICU  treat-
ment.22 23

►► Muscle weakness defined as a Medical Research 
Council (MRC) sum score of less than 48 points.3

►► A defined reason for ICUAW, such as a clinical diag-
nosis of critical illness myopathy (CIM) and critical 
illness polyneuropathy (CIP).24

►► 18 years old or older.
►► Richmond Agitation Sedation Scale score from −1 to 

225 on admission to our post-ICUaR (study onset).
►► Written informed consent from  the participant or 

legal guardian.

Exclusion criteria
►► Individuals receiving palliative care.
►► Comorbidities of the trunk or the lower limbs inter-

fering with upright posture and walking function (eg, 
amputation or fracture of the lower limb).

►► Other neuromuscular or neurological disease and/
or syndromes causing weakness in patients in the 
ICU (eg, Guillain-Barré syndrome, myasthenia gravis, 
porphyria, Lambert-Eaton syndrome, amyotrophic 
lateral sclerosis, vasculitic neuropathy, cervical 
myelopathy and botulism).

►► Severe physical comorbidity before becoming crit-
ically ill (eg, muscle weakness due to neurological 
conditions such as stroke).

All participants included in the GymNAST study 
were followed after discharge from our post-ICUaR of 
the Klinik Bavaria Kreischa in Germany (as previously 
reported).21

Measures and outcomes
According to our protocol,21 our long term follow-up of 
6 months and 12 months included the following:

►► Health-related quality of life, measured with the 
EQ-5D.26 We used the EQ-5D due to our good experi-
ence in a recent cohort study where we used this meas-
urement in severely affected individuals via postal 
questionnaires.27 In the former multicentre study, we 
found the EQ-5D was very practical, easy to administer 
even to severely affected individuals and also sensitive 
to detecting changes in a group of patients within 
a comparable stage of rehabilitation, age, physical 
severity and diagnosis as in this cohort.

►► Participation, measured with the Reintegration of 
Normal Living  Index (RNL-Index).28 29 We used 
this measurement to measure participation because 
we have had very good clinical experience with the 
RNL-Index in severely affected individuals (compa-
rable with participants in this cohort) and have used 
this outcome measure for more than 15 years to 
measure the success of participation after discharge 
from inpatient rehabilitation. The RNL-Index appears 
to be a very useful tool to measure participation and 
was recently used in a cohort study investigating the 
long-term consequences after neurosurgery.30 In the 
literature, however, we could not find information on 
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test–retest reliability and information on the criterion 
or concurrent validity of the RNL-Index in the specific 
population of critically ill people with ICUAW.

►► Physical activities, measured with the Physical Activity 
Scale for Individuals With Physical Disabilities 
(PASIPD).31 32 The PASIPD has not yet been conclu-
sively investigated for chronically critically ill patients 
with ICUAW.33–35 Despite this limitation we used the 
PASIPD because our pilot investigation found excel-
lent inter-rater reliability (ϱ>0.8) when comparing the 
results of two independent raters who  examined 20 
patients with ICUAW. In addition we have had very 
good clinical experience in using this scale especially 
in patients with ICUAW who have severe speaking and 
swallowing dysfunction,24 36 and we found the PASIPD 
particularly useful as a postal questionnaire to get 
appropriate information on  important long-term 
physical activity information from  our patients who 
are chronically critically ill. Although we could  not 
find investigations on the reliability of the PASIPD 
in the specific population of critically ill people with 
ICUAW, the PASIPD has been described to be reli-
able and valid when used in patients with disabili-
ties (eg, subacute and/or and chronic stroke), with 
a good test–retest reliability of r=0.77.37 38 In the liter-
ature, however, we could  not find information on 
the criterion or concurrent validity of the RNL-Index 
in the specific population of critically ill people with 
ICUAW. One study provided information on factor 
analysis of the PASIPD in people with disabilities, and 
the  Cronbach’s alpha coefficients ranged from  0.37 
to  0.65, indicating low-to-moderate internal consist-
ency within factors.39

►► Cognitive function with the Montreal Cognitive 
Assessment (MoCA)40 at 6 months and the Clock 
Drawing Test (CDT)41 at 6 and 12 months. The MoCa 
and the CDT have been shown to have excellent reli-
ability and concurrent validity in neurological patient 
cohorts which are comparable with the participants 
of the present study.42 43 However, the reliability and 
concurrent validity of the MoCA and the CDT have 
not yet been conclusively investigated for chronically 
critically ill patients with ICUAW.33–35 Despite this 
limitation we used both scales as pragmatic cognitive 
assessments to examine the reduced attention span 
and reduced cognitive capacity of our participants. In 
our pilot investigation we found excellent inter-rater 
reliability for both the MoCA (ϱ>0.8) and the CDT 
(ϰ >0.8). In addition we have had very good clinical 
experience in using these scales especially in patients 
with ICUAW with severe speaking and swallowing 
dysfunction.24 36

In addition, we decided to use these four outcomes in 
our protocol because they appear to be neither closely 
contextually nor statistically related to one another.

Our four main outcomes were assessed via stan-
dardised postal questionnaires at 6 and 12 months after 
discharge from rehabilitation, with up to three telephone 

reminders. These four measures were designated as our 
dependent variables.

To explain these dependent variables at 12 months in 
a multivariate logistic regression analysis, we critically 
discussed and reached consensus in our team to set the 
following cut-offs:

►► We defined good health-related quality of life as a score 
of  ≥70 points on the EQ-5D  Visual Analogue Scale 
(VAS) (0–100). This specific cut-off was used according 
to the results of a recent study including 3109 individ-
uals where the mean score of ≥70 points visibly distin-
guished between healthy and non-healthy people of a 
similar age (eg, after myocardial infarct or stroke).44 
Additionally we found this specific cut-off very useful 
in  distinguishing patient groups with good or poor 
recovery in a recent multicentre cohort study including 
754 people from 16 postacute hospitals and inpatient 
rehabilitation units of comparable age and severity.27

►► We defined good participation (reintegration 
in normal living) as a score of  ≥75 points on the 
RNL-Index (0–100).

►► We defined good physical activity as a score of  ≥20 
points on the PASIPD (0–100).

►► We defined good cognitive function (ie, within the 
normal range) as the best possible score of 1 point on 
the CDT (score of 1–6); the best score in this test is 1 
point and the worst score is 6 points.

We assessed the following outcomes on admission to 
our post-ICUaR as independent (ie, predictor) variables 
(to explain the above-mentioned dependent variables):

►► Activities of daily living measured with the Barthel 
Index (10 items).45

►► Clinical severity measured with Apache II score (a 
lower score is better than a higher score).

►► Muscle strength of the upper (shoulder, elbow and 
wrist) and lower limb (hip, knee and ankle) using the 
MRC for the upper and lower limbs.3 46

►► Summed grip strength of both hands (measured bilat-
erally using a dynamometer).47 48

►► Functional Status Score for the Intensive Care Unit 
(FSS-ICU; scores range from 0 to 35, with  higher 
scores indicating better physical functioning).49 50

►► Physical Function ICU Test (scored)  (PFIT-s; scores 
range  from 0 to 10, with higher scores indicating 
better physical functioning).51 52

►► Pain using a Numeric Pain Rating Scale.53

►► Walking speed (m/s) and walking endurance (metres 
walked in 6 min).6 14

►► Ability to walk measured with the Functional Ambula-
tion Categories (FAC; score of 0–5, with higher scores 
representing better function).54

►► Time of regaining walking ability (defined as the time 
between study entry on admission to our post-ICUaR 
and the date of reaching an FAC equal or more than 
3; the time between these dates is the time span used 
here).

All assessments and standardised measures were admin-
istered by trained and experienced assessors (clinical 
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experience of more than 10 years) during the first week 
in our post-ICUaR. All examiners where trained for 
2 weeks prior to the study onset. After this we used specific 
training videos of patients with different severity to train 
the assessor again, and as a  result we achieved a high 
concordance (reliability coefficients of greater than 0.8) 
between the examiners.

We defined baseline as the first admission to our post-
ICUaR. Based on this definition the duration of illness 
was defined as the time between the very first day in ICU 
(first admission to the acute hospital due to the onset of 
primary illness) until the study onset (baseline, admission 
to our post-ICUaR).

Patient involvement
No patients were directly involved in the development 
of our research question, the selection of the outcome 
measures, the design and the implementation of our 
study, or the interpretation of our results.

Statistical analyses
We used descriptive analyses (eg, median and IQR, and 
mean and SD) of continuous variables and frequencies 
and proportions of categorical variables as appropriate.55 
The global alpha level was set at 0.05.

Our four main dependent variables were (1) health-re-
lated quality of life (EQ-5D  VAS), (2) participation 
(RNL-Index), (3) physical activities (PASIPD) and (4) 
cognitive function (CDT) at 12-month follow-up. We used 
univariate and multivariate logistic regression analyses 
with a selection of possible predictor variables to predict 
the outcome of our four dependent variables.56

According to Stoltzfus57 we tested and confirmed the 
following key assumptions for logistic regression:

►► Dependent variable is binary.
►► Observations are independent of each other and do not 

come from repeated measurements or matching data.
►► A low or no multicollinearity between the inde-

pendent variables.
►► The independent variables are linked linearly to the 

log odds.
►► An adequate sample size.
To assess the final regression model fit, we examined 

the residuals of the final model (ie, we examined the 
difference between the estimated and observed values of 
the dependent variable).

Univariate analysis
In our univariate logistic regression analysis, we included 
the following as possible predictor variables: age at study 
onset, body mass index, sex, duration of illness, number 
of medical tubes (catheters and vascular access), duration 
of mechanical ventilation, number secondary diagnosis, 
Apache II, ability to reach forward, FSS-ICU score, PFIT-s 
score, grip strength, MRC sum score of the upper limb, 
MRC sum score of the lower limb and VAS. We did univar-
iate logistic regression analysis of these possible predictor 
variables and listed the results.

Multivariate analysis and model building
After the univariate logistic regression analysis and listing 
of  the results, we selected all clinically meaningful and 
statistically significant variables (ie, alpha level of 0.2 for 
selection) as candidate predictor variables. Afterwards we 
used a stepwise logistic regression analysis with all candi-
date predictor variables. Variables with the highest global 
scores were selected first into a multivariable model.58–60 
In the process of stepwise regression, a predictor variable 
had to be significant at the 0.2 level to be entered into 
the multivariate model, and a variable in the model had 
to be significant at the 0.1 level to remain in the multi-
variate model. The aim of our analysis was to explain the 
dependent variable by a multivariate logistic model with 
a small number of variables. Therefore we limited this 
model-building process to a maximum of four variables 
in the multivariate model. After this process we compared 
the multivariate models (with the remaining variables) 
on the global score χ2 statistic (ie, best subset selection) 
and on the Hosmer-Lemeshow goodness-of-fit test to 
decide for our final multivariate model.56 We expressed 
the effects of our final multivariate model as ORs with 
95% CIs. We used SAS/STAT V.9.3 for all statistical proce-
dures, and the statistical assumptions were tested with the 
implemented function of the PROC LOGISTIC of SAS/
STAT V.9.3 according to specific recommendations for 
this approach.60

Results
We screened 1387 patients between January 2013 and 
March 2015 and included 150 participants with ICUAW 
(30% female) in our cohort study (see figure  1 and 
table 1). From these initially 150 recruited participants, 
we were able to follow 51 (34%) at 6 months and 50 (33%) 
at  12 months after their postacute inpatient treatment. 
The demographic and clinical characteristics at baseline 
are shown in table 1.

The detailed results for the four main outcome 
variables—(1) health-related quality of life (EQ-5D), 
(2) participation (RNL-Index), (3) physical activities 
(PASIPD) and (4) cognitive function (MoCA/CDT)—at 
6-month and 12-month follow-up are shown in table 2.

Good health-related quality of life, with a score of ≥70 
points on the EQ-5D-VAS (0–100), was reached by 44% 
of all followed patients 12 months after discharge from 
rehabilitation. Good participation, with  a score of  ≥75 
points on the RNL-Index (0–100), was reached by 38% of 
all followed patients. A good physical activity, defined as a 
score of ≥20 points on the PASIPD (0–100), was reached 
by 22% of all followed patients. Cognitive function within 
the normal range (CDT=1) was reached by 88% of all 
followed patients.

After inspecting our data we found that the statistical 
key assumptions for logistic regression analysis were met. 
There were no violations of the assumptions for logistic 
regression, and there was no potential outlier for the 
multivariate model as assessed with residual analysis.
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The best predictors for good health-related quality of 
life 1 year after discharge were the time until regaining 
walking ability (OR=0.96, OR per day, 95% CI 0.93 to 0.99) 
and the mean MoCA score at start of rehabilitation 
(OR=1.25, 95% CI 1.02  to  1.52)   (Hosmer-Lemeshow 
goodness-of-fit test, p=0.7372, r2=0.4561). Individuals who 
achieved good health-related quality of life at 12-month 
follow-up had a shorter time until regaining their walking 
ability (52.6±23.96 vs 101.4±60.0 days) and a higher 
MoCA score (18.00±5.08 vs 13.66±7.07 points) compared 
with those not achieving good health-related quality of 
life, respectively. These findings suggest that a shorter 

time to regaining walking ability and a higher MoCA 
score on admission to our post-ICUaR increase the like-
lihood of good health-related quality of life 1 year after 
discharge. The MoCA score and the time to regaining 
walking explained approximately 45% of the health-re-
lated quality of life 1 year after discharge.

The best predictor for good participation 1 year after 
discharge was the MoCA sum score on admission to our 
post-ICUaR (OR=0.85, 95% CI 0.72 to 1.00) (Hosmer-Le-
meshow goodness-of-fit test, p=0.83, r2=0.19). Individ-
uals who achieved good participation had a mean MoCA 
sum score of 17.86±5.17 points at the beginning of 

Figure 1  Flow chart. FU, follow-up.
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rehabilitation compared with a mean MoCA sum score 
of 13.63±7.08 points for those not achieving good partic-
ipation 12 months later. These findings suggest that 
the higher the MoCA sum score on admission to our 

post-ICUaR, the more likely an individual will have good 
participation 1 year after discharge. The MoCA score 
explained approximately 19% of participation 1 year 
after discharge. The best predictor for good physical 
activity 1 year after discharge was the Apache sum score 
(OR=1.68, 95% CI 0.89  to  3.13) (Hosmer-Lemeshow 
goodness-of-fit test, p=0.83; r2=0.23). Individuals who 
achieved good physical activity had a mean Apache II 
sum score of 14.27±4.03 points on admission to our post-
ICUaR compared with a mean Apache II sum score of 
16.63±4.05 points for those not achieving good physical 
activity 1 year after discharge. These findings suggest that 
the lower the Apache sum score on admission to our post-
ICUaR, the more likely individuals will have good physical 
activity 1 year after discharge. The Apache II sum score 
explained approximately 23% of physical activity 1 year 
after discharge.

The best predictor for normal cognitive function 1 year 
after discharge was regaining walking function (OR=8.0, 
95% CI 0.49 to 13.69) (Hosmer-Lemeshow goodness-of-fit 
test, p=0.54; r2=0.11). Of the individuals who achieved 
walking function after admission to our post-ICUaR, 76% 
regained cognitive function within the expected normal 
range at 1 year compared with 24% of the individuals who 
did not achieve walking function. These findings suggest 
that regaining walking function is related to good cogni-
tive function 1 year after discharge. Regaining walking 
function after admission to our post-ICUaR explained 
approximately 11% of cognitive function 1 year after 
discharge.

Table 1  Baseline characteristics (measured at first 
admission to our postacute hospital or our inpatient 
rehabilitation)

Variable (n=150) Median (IQR) Mean (SD)

Age (years) 71 (12) 69.16 (9.02)

BMI (points) 27.4 (6.7) 29.11 (8.25)

Duration of illness (days)* 41 (30) 49.13 (29.13)

Duration of mechanical 
ventilation (days)

53 (42) 65.22 (45.14)

Apache II (points) 16 (5) 16.45 (4.08)

Barthel Index (points) 5 (25) 14.68 (19.20)

MRC sum score at baseline, 
upper limb

9.5 (3.25) 0.5 (0.8)

MRC sum score at baseline, 
lower limb

9 (3.25) 0.5 (0.8)

MoCA score at baseline 
(points)

16 (10) 14.3 (7.0)

CDT score at baseline (points) 4 (4) 3.9 (1.8)

*Duration of illness was defined as the time between the very first 
day on ICU (first admission to the acute hospital due to the onset 
of primary illness) until the study onset (admission to our postacute 
hospital or our inpatient rehabilitation).
BMI, body mass index; CDT, Clock Drawing Test; ICU, intensive 
care unit; MoCA, Montreal Cognitive Assessment; MRC, Medical 
Research Council.

Table 2  Results of follow-up at 6 and 12 months

Variable (n=51) Median (IQR) Mean (SD)

Health-related quality of life 

 � EQ-5D, score (0–60) at 6 months 40 (20) 41.4 (11.7) 

 � EQ-5D, score (0–60) at 12 months 40 (20) 39.8 (11.2) 

 � EQ-5D VAS (0–100) at 6 months 60 (30) 59.9 (22.2) 

 � EQ-5D VAS (0–100) at 12 months 60 (29) 61.9 (20.8) 

 � Participation, RNL-Index (0–100) at 6 months 
 �  

65.5 (42) 64.3 (27.9) 

 � Participation, RNL-Index (0–100) at 12 months 68.2 (53) 65.9 (27.2) 

 � Physical activities, PASIPD (0–100) at 6 months 7.9 (17.4) 16.2 (22.4) 

 � Physical activities, PASIPD (0–100) at 12 months 7.9 (17.3) 12.3 (13.6) 

Cognitive function 

 � MoCA (0–30) at 6 months 24 (5) 22.8 (5.2) 

 � MoCA (0–30) at 12  months NA NA

 � CDT (0–6) at 6 months 1 (1) 1.7 (1.1) 

 � CDT (0–6) at 12 months 1 (0) 1.4 (0.8) 

 � Pain VAS (0–10) at 6 months 4 (4) 4.2 (3.0) 

 � Pain VAS (0–10) at 12 months 3 (6) 3.5 (3.1) 

CDT, Clock Drawing Test; EQ-5D, health-related quality of life; MoCA, Montreal Cognitive Assessment; NA, not available; PASIPD, Physical 
Activity Scale for Individuals With Physical Disabilities; RNL-Index, Reintegration of Normal Living Index; VAS, Visual Analogue Scale.
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At 12-month follow-up, 27% of all followed participants 
lived alone and 73% lived with a partner.

After discharge up to 12 months later, 86% of all partici-
pants received no occupational therapy and 71% received 
no physiotherapy,  while 14% received at least one 
appointment for occupational therapy or physiotherapy. 
We found that no cognitive therapy was received for 
any of the included participants over the 12 months of 
follow-up.

Discussion
The present study describes the outcomes of individuals 
with ICUAW at 12 months after discharge from an inpa-
tient rehabilitation. The main result is that health-related 
quality of life, participation and physical activity were still 
very limited 12 months after discharge from rehabilita-
tion. Less than half of our followed patients reached good 
health-related quality of life, participation and physical 
activity (44%, 38% and 24%, respectively).

We also found that health-related quality of life, partic-
ipation, physical activity and cognitive function did not 
change much between 6 and 12 months after discharge 
from rehabilitation. This is in line with the results of 
Chan et al,61 who described that the walking velocity of 
19 patients with ICUAW did not differ between 6 and 12 
months after ICU discharge.

Health-related quality of life and participation
There are several studies describing the health-related 
quality of life of individuals after ICU stay.6 14 62 Studies 
describing the quality of life of individuals with ICUAW 
after discharge from rehabilitation are, however, some-
what rare. In a prospective analysis of 293 survivors of 
critical illness, Griffith et al described in a multicentre 
questionnaire-based study the health-related quality of life 
6 and 12 months after ICU discharge.63 The median score 
was 64 out of 100 on the EQ-5D VAS at 6 months, and 
66 out of 100 at 12 months, with no significant changes 
during follow-up. The health-related quality of life of our 
participants was more limited (ie, approximately 40).

Even less is known about participation of patients with 
ICUAW. We are not aware of any study measuring partic-
ipation over a long duration of individuals with ICUAW. 
Jolley et al64 pointed out that a significant knowledge gap 
exists concerning long-term outcomes of individuals with 
ICUAW after critical illness.

Physical activity
To our knowledge cohort studies describing the recovery 
of physical activity in individuals with ICUAW are quite 
rare. However a few studies have investigated phys-
ical activity in individuals after ICU stay. Wright et al65 
recruited 308 participants over 34 months: 150  were 
assigned to an intervention and 158 to the control group. 
At 6 months there was no difference in the Physical 
Component Summary measure of SF-36. Fan et al17 anal-
ysed the physical function of the SF-36 questionnaire and 

6 min walking test within the first 24 months after ICU 
discharge in 18 acute lung injury survivors who devel-
oped ICUAW. Patients had a 80% decrease in the physical 
functioning subscale and achieved only 40% of normal 
walking distance in the 6 min walking test within the 
first 12 months after discharge from ICU. Wieske et al13 
reported a significant lower physical functioning score 
of individuals with ICUAW. Chan et al61 compared 19 
patients with ICUAW with 290 with normal muscle func-
tion at 6 and 12 months after ICU discharge. Patients with 
ICUAW were much slower in the 4 m walking test, while 
individuals without muscle impairment reached a normal 
gait velocity.

Cognitive function
In a landmark study cognition was assessed on 821 
patients after a stay in an acute ICU hospital and then 
followed over a 1-year period.66 At the beginning of 
the acute stay, only 6% had cognitive impairment, but 
3 months later 40% of all patients had a reduced global 
cognition score. Deficits persisted for about 30% of all 
patients at 12 months.66 There are, however, no cohort 
studies describing the recovery of cognitive function espe-
cially for people with ICUAW. Our results showed that 
88% of our participants reached the best possible result 
in the CDT. Our findings are difficult to compare with 
other studies and also to interpret as there is no reason-
able threshold for this specific sample. Furthermore our 
participants who reached the 12-month follow-up possibly 
differ from those who did not reach this time point. This 
might be interpreted as the  so-called ‘healthy worker’ 
effect, which explains another result: 27% of all patients 
followed lived alone and 73% lived with a partner.

We used a wide range of functional variables to predict 
and found that health-related quality of life, participation, 
physical activity and cognitive function can be predicted 
by clinical variables during  post-ICUaR. However, the 
predictions can be seen as poor for participation, physical 
activity and cognitive function, and this suggests that this 
is an area for  further study in individuals with ICUAW. 
The main predictor variables in our multivariate model 
were clinical scales or functional scores, such as cognitive 
function (MoCA Score), clinical severity (Apache II sum 
score) and walking ability (regaining walking and time 
until walking was regained). Those scales or scores can 
be used very early and oftentimes easily in patients in the 
ICU and may predict important patient goals of individ-
uals with ICUAW.

The  strong aspects of the  GymNAST study  are its 
prospective design and that various clinical assessments 
for individuals with ICUAW were used to predict patients’ 
long-term outcomes. The present study might therefore 
provide new information about the long-term results of 
physical rehabilitation of individuals with ICUAW.

A potential limitation of this study is that we could not 
include sedated or very agitated individuals because they 
were unable to perform the assessments. This reduces 
the possibility of generalising the results to the entire 
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critically ill population. Another point is  that the diag-
nosis of CIP and CIM requires clinical evaluation and 
electrophysiological investigations.67 Therefore another 
limitation is that a clinical but not always both a clinical 
and an electrophysiological evaluation was  provided. 
The limitations of this study are that electromyography 
was not used for differential diagnostics of muscle weak-
ness (eg, between CIM and CIP and for other reasons of 
acquired muscle weakness) and that creatine kinase was 
not measured.

Additionally one could argue that the participants in 
our study were much more chronically affected and there-
fore not directly comparable with other published clinical 
trials in the field of ICU research. A consequence of this 
could be that our participants do not have the identical 
potential for recovery that patients in the first week of the 
acute stage might have. Moreover our participants might 
be seen as less severe as shown by the Apache score, but 
had a longer duration of primary illness and a longer 
ventilation period compared with studies focusing on the 
first weeks of ICU.13 17 Our participants were chronically 
critically ill and might have started later with mobilisation 
and rehabilitation than other critically ill individuals in 
the ICU, due to a necessarily extended weaning period. 
Further studies, however, should investigate certain 
differences between patient groups weaned off early and 
those weaned off later in respect to long-term outcomes 
(ie, health-related quality of life, participation, and phys-
ical and cognitive function).

Although the features of the instruments chosen (eg, for 
health-related quality of life, activities and participation) 
are established in some studies, these instruments, up to 
the present, have not been used extensively in different 
contexts and populations. Therefore it is important to 
examine the validity and reliability of these instruments 
for chronically critically ill individuals.

We used a consensus-based definition of ‘good outcome’ 
for our dependent variables. Our definitions were not 
tested for validity and reliability in the ICU population. 
This could be a limitation of our study. Since the initia-
tion of this study published core outcome sets that recom-
mend the EQ-5D and the SF-36 to measure health-related 
quality of life in the chronically ill population have been 
performed.68

Another limitation of this study is that the  reliability 
and concurrent validity of the EQ-5D, PASIPD, MoCA 
and CDT have not been established for chronically criti-
cally ill patients with ICUAW.33–35 However, in one of our 
pilot studies, we had good clinical experience with the 
application of these measures in this specific population 
with very good reliability. We decided therefore a priori 
to use the PASIPD, MoCA and CDT for this study. In the 
future, however, large studies will be required to investi-
gate the reliability and validity of these scales in individ-
uals with ICUAW.

Currently not much is known about the relation 
between the EQ-5D, PASIPD, RNL-Index and MoCA in 
people with ICUAW. Future studies should therefore 

investigate the concurrent validity of these measures in 
the specific population of individuals with ICUAW.

Further studies should use a randomised controlled 
design including individuals with ICUAW with a defined 
reason for muscle weakness (ie, defined diagnosis of CIP 
and/or CIM) to investigate specific rehabilitation thera-
pies to enhance recovery.
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