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Chapter 9
Abstract
Background: In patients admitted to 
geriatric rehabilitation, C-reactive protein 
(CRP) and albumin during acute hospi-
talization were associated with change in 
activities of daily living (ADL) score, and 
with ADL score, gait speed (GS), handgrip 
strength (HGS), and skeletal muscle mass 
index (SMI) immediately after acute hos-
pitalization.

Methods: Longitudinal cohort study initi-
ated in October 2017: REStORing Health 
of Acutely Unwell AdulTs (RESORT) study. 
Four geriatric rehabilitation wards of 
the Royal Melbourne Hospital, Victoria, 
Australia. Wave 1 included 693 geriat-
ric rehabilitation patients. Patients were 
assessed for change in Katz ADL score 
from two weeks before to immediately 
after acute hospitalization, and for ADL 
score, GS, HGS and SMI immediately af-
ter acute hospitalization. Average, vari-
ation and peak CRP and albumin levels 
were collected from serum samples and 
were associated using multivariable lin-
ear regression analysis adjusted for age, 
sex and length of acute hospital stay.

Results: The 643 patients included for 
analyses had a mean age of 82.2 years 
(SD 7.8), 56% were female. ADL scores 
declined in 87% of patients (median -4 
points, IQR -4, -2). Larger declines in ADL 
scores were observed for patients with 
lower average albumin, higher albumin 
variation and lower peak albumin, but 
was not associated with CRP. Lower av-
erage, higher variation and lower peak 
albumin were associated with lower ADL 
scores, GS, HGS and SMI immediately af-
ter acute hospitalization. Higher average 
CRP was associated with lower GS and 
HGS.
 
Conclusion: Inflammation during acute 

hospitalization predisposes geriatric re-
habilitation patients to lower ADL scores, 
GS, HGS and SMI at the start of rehabili-
tation. Albumin was associated with ADL 
score, GS, HGS and SMI, whereas CRP 
was associated with GS and HGS only. Re-
peated measures of albumin during acute 
hospitalization could inform healthcare 
professionals about the expected decline 
in ADL, and about muscle status at the 
start of geriatric rehabilitation.

Introduction
Acute hospitalization and subsequent 
geriatric rehabilitation influences muscle 
homeostasis and physical function13,307,362. 
Over one-third of older patients experi-
ence loss in activities of daily living (ADL) 
score during hospitalization6,13,14. Inflam-
mation is likely an important contributor 
to muscle wasting following acute hos-
pitalization, and a possible target in the 
prevention of disability363. Acute system-
ic inflammation, often seen in acutely ill 
hospitalized patients, can contribute to 
high levels of muscle wasting9 due to a 
catabolic state364, leading to muscle de-
generation through myonuclear apopto-
sis, alterations in muscle protein turnover 
and impaired satellite cell function9,38,365.
 C-reactive protein (CRP) and al-
bumin are markers of inflammation366,367. 
CRP is synthesized in the liver upon stim-
ulation by pro-inflammatory cytokines368. 
Albumin is a protein synthesized in the 
liver369, that regulates plasma oncotic 
pressure, and an antioxidant that moder-
ates the inflammatory response by bind-
ing pro-inflammatory molecules370,371. 
In sepsis and acute illness, the albumin 
transcapillary escape rate is increased, 
and the synthesis rate in the liver in-
creased to a lesser extent, resulting in an 
altered distribution over fluid compart-
ments and decreased serum albumin371. 
Being able to maintain normal levels of 
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albumin could indicate a level of protec-
tion against physiological stress result-
ing from inflammatory burden367. Higher 
levels of CRP and lower levels of albumin 
are associated with a decline in ADL, gait 
speed (GS), handgrip strength (HGS) and 
skeletal muscle mass after 5 - 10 years of 
follow-up in community-dwelling older 
adults341-343,372,373. Measurements of CRP 
and albumin during acute hospitaliza-
tion could identify patients at risk of de-
creased muscle tissue at the start of geri-
atric rehabilitation, and enable targeted 
interventions throughout rehabilitation.
 In patients admitted to geriatric 
rehabilitation, we investigated the asso-
ciations of longitudinally measured CRP 
and albumin during acute hospitalization 
with change in ADL score from two weeks 
before acute hospitalization to immedi-
ately after acute hospitalization, and with 
ADL score, GS, HGS and skeletal muscle 
mass index (SMI) immediately after acute 
hospitalization.

Methods
Study Design
The REStORing Health of Acutely Unwell 
AdulTs (RESORT) Study is an ongoing 
observational, prospective and longitu-
dinal inception cohort study initiated in 
October 2017 at the Royal Melbourne 
Hospital (Melbourne, Victoria, Australia). 
Wave 1 included 693 patients admitted 
after October 16th 2017 and discharged 
by August 31st 2018, at four geriatric 
rehabilitation wards after acute hospi-
talization. The study was approved by 
the Melbourne Health Human Research 
Ethics Committee (no. 2017.085). Writ-
ten informed consent was obtained from 
either the patients themselves or their 
next of kin. Patients were excluded (n 
= 152, 15.3%) if they were transferred 
back to acute care before consent was 
obtained, were unable to give informed 

consent (e.g. severe dementia, delirium) 
and did not have a nominated proxy, or 
were receiving palliative care. A total of 
150 patients (15.1%) refused to partici-
pate in the study. Patients were assessed 
within 48 hours after transfer to geriatric 
rehabilitation and within 48 hours of dis-
charge. A Comprehensive Geriatric As-
sessment (CGA) was performed in every 
patient as part of usual care by trained 
medical, nursing and allied health pro-
fessionals. The CGA focusses on physical, 
cognitive, functional and social domains 
and included demographic characteris-
tics, questionnaires, ADL score, GS, HGS, 
SMI, and blood sampling. 

For the present analyses, 643 
out of 693 patients were included due 
to missing data. Main reason for missing 
data was time constraints. An overview of 
available data is shown in the flowchart 
(Figure 1). 

Data collection
Patient characteristics
Demographic data were collected im-
mediately after acute hospitalization at 
admission to geriatric rehabilitation and 
included age, sex, self-reported living sta-
tus, use of a walking aid and experiencing 
a fall in the preceding year. Multimorbid-
ity was assessed using the Charlson Co-
morbidity Index (CCI)374, cognitive status 
using the Mini-Mental State Examination 
(MMSE)348, risk of malnutrition using the 
Malnutrition Screening Tool (MST)375, 
and frailty status using the Rockwood 
Clinical Frailty Scale (CFS)376. Height was 
measured upright if patients were able 
to stand, otherwise height was estimated 
from knee height using the Longitudinal 
Aging Study Amsterdam (LASA) formu-
la (male = 74.48 + [2.03 x knee height] 
– [0.15 x age], female = 68.74 + [2.07 x 
knee height] – [0.16 x age]). Weight was 
measured using a weighing scale or 
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weighing chair. Body mass index was cal-
culated from height and weight. Length 
of stay (LOS) was collected for acute hos-
pitalization and geriatric rehabilitation 
from patient medical records. 

Physical parameters
ADL was measured by the self-reported 
Katz index349 scoring two weeks before 
acute hospitalization and immediate-
ly after acute hospitalization. The score 
on the Katz ADL index ranges from 0-6 
points, with 0 points indicating full de-
pendency and 6 points indication full in-
dependency. 

GS, HGS and SMI were measured 
immediately after acute hospitalization: 
GS in m/s was measured using the 4-me-
ter walk test at usual pace from a standing 
start, following the protocol of the Short 
Physical Performance Battery192. The fast-
est trial out of two attempts was used for 
analysis. HGS in kg was measured using 

a hydraulic handheld dynamometer (Ja-
mar, Sammons Preston, Inc. Bolingbrook, 
IL, USA) sitting upright in a chair, with el-
bows unsupported at an angle of 90 de-
grees. Where patients were confined to 
bed, HGS was measured in supine posi-
tion with elbows unsupported in an angle 
of 30 degrees. Repeated measurements 
were performed in the same position 
with three attempts per hand, alternating 
between hands101. The maximum score 
out of six attempts was used for analysis. 
SMI in kg/m2 was measured using direct 
segmental multi-frequency bioelectrical 
impedance analysis (DSM-BIA, InBody 
S10, Biospace Co., Ltd, Seoul), calculated 
as skeletal muscle mass divided by height 
squared146. Contraindications for DSM-
BIA measurement included pacemaker 
or any electronic internal medical device, 
plasters or bandages that could not be 
removed from the positioning place of 
the electrodes, amputated arm and/or 
leg or contact isolation.

Figure 1. Flowchart of data availability of the RESORT study.

Admitted patients Wave 1

(n=995)

Handgrip strength

- able (n=524)

- unable (n=36)

Included in Wave 1 (n=693)

Skeletal

muscle mass

index (n=465)

Excluded (n=152)

Refused participation (n=150)

Excluded from analyses (n=50)

- no acute hospitalization (n=38)

- no C-reactive protein and albumin

(n=12)

Included for analyses (n=643)

Gait speed

- able (n=384)

- unable (n=196)

Albumin

- ≥1 measurement (n=633)

- ≥2 measurements (n=546)

C-reactive protein

- ≥1 measurement (n=510)

- ≥2 measurements (n=367)

Activities of

daily living

(n=624)

Δ Activities of

daily living

(n=615)
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Blood markers
Circulating markers were assessed us-
ing routine blood sampling. All mea-
surements of CRP and albumin obtained 
during acute hospitalization were collect-
ed. High-sensitivity CRP in milligrams/
liter (mg/L) was measured in serum 
samples by Multigent CRP Vario assay 
for quantitative immunoturbidimetric 
determination using the Architect cSys-
tems. Albumin in grams/liter (g/L) was 
measured in serum samples by using the 
Albumin BCP assay on the Architect cSys-
tems.
 CRP was expressed as: 1) the 
mean value (average CRP); 2) the stan-
dard deviation of the mean (CRP varia-
tion); and 3) the maximum value (peak 
CRP) calculated over all measurements 
during acute hospitalization. Albumin 
was expressed as: 1) the mean value (av-
erage albumin); 2) the standard deviation 
of the mean (albumin variation); and 3) 
the minimum value (peak albumin). Clus-
ters were formed combining high versus 

low levels of average CRP with high ver-
sus low levels of peak albumin and albu-
min variation. Median values were used 
to categorize high versus low, as pre-
defined cut-off values for high versus low 
average and peak are not available. Data 
for CRP and albumin together with ADL, 
ADL score, GS, HGS and SMI before and 
immediately after acute hospitalization 
are presented in Figure 2.

Statistical analysis
Basic statistics were presented as number 
(%), mean (SD) or median (IQR) as appro-
priate.  Potential selection bias of patients 
with zero, one or ≥ two measurements of 
CRP and albumin was investigated using 
one-way ANOVA (normal distribution), 
Mann-Whitney U test (skewed distribu-
tion) or Chi-square test (categorical vari-
ables).

The associations between the 
average, variation and peak CRP and al-
bumin with change in ADL (∆ADL) score 
from two weeks before acute hospitaliza-
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Figure 2. Overview of C-reactive protein and albumin measurements during acute hospitalization with 
change in ADL score and ADL score, GS, HGS and SMI immediately after acute hospitalization. Dashed lines 
indicate the average of C-reactive protein and albumin measurements. Dashed arrows indicate the variation 
of C-reactive protein and albumin measurements. ADL score: Activities of daily living. GS: Gait speed. HGS: 
Handgrip strength. SMI: Skeletal muscle mass index.
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tion to immediately after acute hospital-
ization, and ADL score, GS, HGS and SMI 
immediately after acute hospitalization 
were investigated by use of multivari-
able linear regression analyses, adjusted 
for age, sex and length of acute hospi-
tal stay. The model with ∆ADL score was 
additionally adjusted for ADL score two 
weeks before acute hospitalization. Un-
adjusted residuals of all models were 
checked for normality. 

Average CRP and peak albumin 
were combined into clusters. Clusters 
consisted of high versus low average 
CRP and high versus low peak albumin, 
with the most favorable cluster including 
low average CRP and high peak albumin 
and the least favorable cluster including 
high average CRP and low peak albumin 
based on previous literature341-343,372,373. 
Clusters consisting of high versus low av-
erage CRP and high versus low albumin 
variation were included as supplementa-
ry analyses. The associations between the 
clusters with ADL score, GS, HGS and SMI 
were analyzed using multivariable linear 
regression models with dummy variables 
of the clusters, using the same adjust-
ments. Results of the clusters were visu-
alized as bar charts with unstandardized 
predicted means using GraphPad Prism 
for Windows (version 8.0. GraphPad Soft-
ware Inc.). Associations were considered 
statistically significant if p<0.05, and con-
sidered a trend if p≥0.05 and <0.10. The 
Statistical Package for the Social Sciences 
was used for all analysis (IBM SPSS Statis-
tics for Windows, Version 23.0. Armonk, 
NY, IBM Corp).

Results
Characteristics of patients admitted to 
geriatric rehabilitation collected imme-
diately after acute hospitalization are 
shown in Table 1. Mean age was 82.2 
years (SD 7.8), 361 patients (56.1%) 

were female, 78.1% used a walking aid 
and 65.0% had experienced a fall in the 
preceding year. From two weeks before 
acute hospitalization to immediately af-
ter acute hospitalization, 87% of patients 
declined in ADL score with a median of 
-4 points (IQR -4 – -2). Appendix 1: Sup-
plementary Table A1 shows the charac-
teristics of patients stratified by zero, 
one or ≥ two CRP and albumin measure-
ments (CRP: range 0 – 42 measurements, 
albumin: range 0 – 65 measurements 
during acute hospitalization). Compared 
to patients with zero or one measure-
ment of CRP or albumin, patients with 
≥ two measurements are more likely to 
be male, multimorbid, more frail, have a 
longer acute and geriatric rehabilitation 
LOS, a higher average and peak CRP, a 
lower average and peak albumin and a 
lower ADL score immediately after acute 
hospitalization.

Table 2 shows the associations 
between CRP and albumin with ΔADL 
score, and ADL score, GS, HGS and SMI 
immediately after acute hospitalization. 
Average CRP was negatively associated 
with GS and HGS. No statistically signif-
icant associations were observed for CRP 
variation and peak CRP. Average albu-
min was positively associated with ΔADL 
score, ADL, score, GS and HGS. Albumin 
variation was negatively associated with 
ΔADL score, ADL score and GS. Peak al-
bumin was positively associated with 
ΔADL score, ADL score, GS, HGS and SMI. 

Figure 3 visualizes clusters of av-
erage CRP and peak albumin with ΔADL 
score, ADL score, GS, HGS and SMI. Com-
pared to the most favorable cluster (low 
average CRP, high peak albumin), the 
least favorable cluster with high aver-
age CRP and low peak albumin showed 
a larger decline in ΔADL score, a lower 
ADL score, GS and HGS. No statistically 
significant associations were observed 
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Table 1. Patient characteristics collected at admission to geriatric rehabilitation, the 
RESORT study.

n Total (n=643)
Age, years 643 82.2 (7.8)
Sex, female, n (%) 643 361 (56.1)
BMI, kg/m2 602 27.3 (6.5)
Living alone, n (%) 638 592 (92.8)
CCI score 641 6.6 (2.6)
MMSE score 517 21 [15 – 25]
MST score 633 1 [0 – 2]
CFS score 566 6 [5 – 6]
Use of walking aid, n (%) 607 474 (78.1)
Fall in previous 12 months, n (%) 611 397 (65.0)
LOS acute hospitalization, days 643 7 [4 – 11]
LOS geriatric rehabilitation, days 643 20 [14 – 30]
CRP, mg/L Average 510 37.4 [10.1 – 88.9]

Variation 367 28.6 [9.4 – 61.0]
Peak 510 53.4 [12.2 – 155.8]

Albumin, g/L Average 633 29.6 [26.3 – 32.5]
Variation 546 2.2 [1.4 – 3.4]
Peak 633 27 [23 – 31]

ADL score two weeks before acute hospitalization 617 6 [4 – 6]
ADL score immediately after acute hospitalization 624 2 [1 – 3]

Male Female
GS, m/s 384 0.49 (0.23) 0.40 (0.19)
HGS, kg 524 21.7 (7.4) 13.8 (5.8)
SMI, kg/m2 465 9.38 (1.37) 8.49 (1.33)
All variables are presented as mean (SD) or median [IQR], unless indicated otherwise. 
ADL: Activities of daily living. BMI: Body mass index. CCI: Charlson comorbidity in-
dex. CFS: Clinical frailty scale. CRP: C-reactive protein. GS: Gait speed. HGS: Handgrip 
strength. IQR: Interquartile range. LOS: Length of stay. MST: Malnutrition screening 
tool. MMSE: Mini-mental state examination. SD: Standard deviation. SMI: Skeletal 
muscle mass index.
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Table 2. Associations between CRP and albumin measurements during acute hospi-
talization, with change in ADL score and ADL score, GS, HGS and SMI and immedi-
ately after acute hospitalization.

n ΔADL 
scorea

B (95% 
CI)

n ADL 
score
B (95% 
CI)

n GS

B (95% 
CI)

n HGS

B (95% 
CI)

n SMI 

B (95% 
CI)

CRP mg/L
Average 485 -0.002 

(-0.004, 
0.001)

493 -0.001 
(-0.004, 
0.001)

459 -0.001 
(-0.001, 
-0.000)

444 -0.013 
(-0.025, 
-0.001)

367 -0.002 
(-0.004, 
0.001)

Variation 349 -0.004 
(-0.008, 
0.001)

356 -0.003 
(-0.007, 
0.002)

333 -0.001 
(-0.001, 
0.000)

316 -0.017 
(-0.040, 
0.006)

259 -0.002 
(-0.007, 
0.002)

Peak 485 -0.001 
(-0.002, 
0.000)

493 -0.001 
(-0.002, 
0.000)

459 -0.000 
(-0.000, 
0.000)

444 -0.006 
(-0.013, 
0.001)

367 -0.001 
(-0.002, 
0.001)

Albumin g/L
Average 606 0.035 

(0.005, 
0.065)

615 0.032 
(0.000, 
0.063)

572 0.011 
(0.006, 
0.017)

551 0.254 
(0.094, 
0.414)

457 0.030 
(-0.001, 
0.061)

Variation 523 -0.095 
(-0.180, 
-0.011)

532 -0.092 
(-0.182, 
-0.003)

491 -0.025 
(-0.042, 
-0.009)

472 -0.445 
(-0.941, 
0.050)

387 -0.061 
(-0.145, 
0.024)

Peak 606 0.038 
(0.012, 
0.064)

615 0.036 
(0.009, 
0.063)

572 0.009 
(0.005, 
0.014)

551 0.238 
(0.101, 
0.375)

457 0.033 
(0.007, 
0.060)

ADL score: Activities of daily living. B: Beta. CI: Confidence interval. CRP: C-reactive 
protein. GS: Gait speed. HGS: Handgrip strength. SMI: Skeletal muscle mass index. All 
models are adjusted for age, sex and length of acute hospital stay. aChange in ADL 
from two weeks before acute hospitalization to immediately after acute hospital-
ization: additionally adjusted for ADL score two weeks before acute hospitalization. 
Bold indicates statistical significant results (p≤0.05), italic indicates trend (p≥0.05 
and <0.10).
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for SMI. The clusters of average CRP and 
albumin variation associated with ΔADL 
score, ADL score, GS, HGS and SMI are 
visualized in Appendix 2: Supplementary 
Figure A1. Compared to the most favor-
able cluster (low average CRP and low 
albumin variation), the least favorable 
cluster with high average CRP and high 
albumin variation showed a lower GS and 
HGS.

Discussion
In patients admitted to geriatric rehabili-
tation, lower average albumin, higher al-
bumin variation and lower peak albumin 
during acute hospitalization were associ-
ated with a larger decline in ADL scores 
from two weeks before acute hospital-
ization to immediately after acute hospi-
talization. The associations with CRP and 
change in ADL showed a trend but did 
not reach statistical significance. All albu-
min variables were associated with lower 
ADL score, GS, HGS and SMI immediately 
after hospitalization, as opposed to CRP 
variables of which only higher average 
CRP was associated with lower GS and 
HGS, yet not with ADL and SMI. No as-
sociations were found between CRP vari-
ation and peak CRP with ADL score, GS, 
HGS and SMI. When clustering average 
CRP with peak albumin, the least favor-
able cluster with high average CRP and 
low peak albumin showed a larger de-
cline in ADL score, and a lower ADL score, 
HGS and GS immediately after acute hos-
pitalization. Clusters of average CRP and 
peak albumin were not associated with 
SMI.

No studies have yet investigated 
the association of inflammation during 
acute hospitalization with ADL score, 
GS, HGS and SMI in patients admitted to 
geriatric rehabilitation. Albumin exerts a 
more robust association with ADL score, 
GS, HGS and SMI compared to CRP. We 

reported that peak CRP was not associat-
ed with any measurement, partly oppos-
ing previous findings in the EMPOWER 
study in geriatric inpatients377 showing 
that peak CRP >10 mg/L was associat-
ed with lower HGS at discharge, but not 
with lower skeletal muscle mass. A sec-
ond study in geriatric inpatients with 
CRP >10 mg/L at admission and every 
7th day thereafter had significantly lower 
HGS at admission compared to non-in-
flammatory patients, but HGS was not 
significantly different at discharge272. CRP 
and HGS assessed at admission were not 
correlated in 33 geriatric inpatients ad-
mitted with acute infection-induced in-
flammation378. Geriatric inpatients with 
albumin < 35 g/L at admission more fre-
quently showed a decline in ADL scores 
from 2 weeks before hospitalization to 
discharge from hospitalization, and they 
were more likely to stay ADL dependent 
after 1 year follow-up16. Albumin < 30 
g/L at admission to the hospital was as-
sociated with a higher risk of new onset 
ADL disability at discharge in geriatric 
hospitalized patients379. Change in albu-
min from admission to discharge was 
positively correlated to change in ADL 
score in geriatric patients, as opposed to 
change in CRP which was not correlated 
to change in ADL score380. 

Serial measurements of CRP 
and albumin are applied in clinical prac-
tice, and seem beneficial in prognosis of 
disease state, but are rarely used in re-
search366,367 and have not been associated 
with ADL score, GS, HGS and SMI. Clus-
ters of CRP (cut-off point: 5mg/dl) and 
albumin (cut-off point: 3.5 g/dl) in geriat-
ric inpatients were associated with high-
er risk of in-hospital mortality381, and, in 
line with our results, albumin was a bet-
ter predictor than CRP381. A combination 
of (dichotomized) CRP and albumin has 
been used as a predictor of cancer prog-
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Figure 3. Clusters of average CRP and peak albu-
min during acute hospitalization, associated with 
change in ADL score and ADL score, GS, HGS and 
SMI immediately after acute hospitalization. Bars: 
Unstandardized predicted means, adjusted for age, 
sex and length of acute hospital stay. ∆ADL score 
additionally adjusted for ADL score two weeks be-
fore acute hospitalization. Error bars: 1 Standard 
Error. High average CRP ≥37.4 mg/L, low peak al-
bumin <27 g/L. Solid line indicates statistical sig-
nificant result (p<0.05). ∆ADL score: Change in ADL 
score from two weeks before acute hospitalization 
to immediately after acute hospitalization. ADL 
score: Activities of daily living. CRP: C-reactive pro-
tein. GS: Gait speed. HGS: Handgrip strength. SMI: 
Skeletal muscle mass index.
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nosis, also known as the Glasgow Prog-
nostic Score, in various types of cancer382, 
but the value of repeated measurements 
has not been reported. In sepsis patients 
aged 18 years and older, CRP/albumin 
ratios at admission and discharge were 
better predictors of 90-day and 180-day 
mortality after hospitalization compared 
to CRP or albumin alone383,384.
 CRP and albumin are nonspecif-
ic markers of inflammation, but may also 
have a direct effect on muscle health. The 
size of myotubes in vitro may decrease 
after exposure to CRP with a decreased 
rate of protein synthesis through a de-
crease in regulators of mechanistic tar-
get of rapamycin complex 1 and an in-
crease in phosphorylated AMP-activated 
protein kinase385. Albumin binds proin-
flammatory cytokines and reactive oxi-
gen species, indirectly moderating the 
effect of systemic inflammation on de-
terioration371. Albumin further activates 
the phosphatidyl-inositol 3-kinase/AKT 
pathway386, potentially leading to muscle 
hypertrophy387.

We aimed to identify patients at 
risk of low ADL score, GS, HGS and SMI 
immediately after acute hospitalization 
at transfer to geriatric rehabilitation. 
Geriatric rehabilitation after acute hos-
pitalization is understudied. The preva-
lence of sarcopenia in geriatric rehabil-
itation ranges from 28-69% depending 
on the applied diagnostic criteria36. In 
this specific population, sarcopenia has 
been associated with incomplete func-
tional recovery during admission388, and 
poor recovery after further rehabilitation 
at home389. Optimal treatment for inflam-
matory geriatric inpatients comprises 
pharmacological, resistance training and 
nutritional intervention390-392. However, 
the acute hospital and geriatric rehabil-
itation setting imposes obstacles to im-
plementation and adherence of these 

interventions.
Some limitations of the study 

should be considered. Missing data was 
reported due to usual routine care, since 
we aimed to include as many patients as 
possible to minimize selection bias and 
include a diverse patient population. Al-
tered albumin distribution could cause 
fluid shifts over the body compartments, 
which could have influenced the BIA 
measurements of muscle mass367. Inflam-
matory state is preferably assessed using 
specific markers such as pro-inflamma-
tory cytokines, yet these are used infre-
quently in routine patient care, driving 
us to use measurements of CRP and al-
bumin. Limiting the use of CRP and al-
bumin measurements are the relatively 
large inter-individual variability, and high 
responsiveness to various external and 
internal factors. Finally, because of inclu-
sion of patients at admission to geriatric 
rehabilitation, we were unable to analyse 
GS, HGS and SMI before acute hospital-
ization.

Conclusion
Measures of albumin were associated 
with a larger decline in ADL scores from 
two weeks before acute hospitalization 
to immediately after acute hospital-
ization, and with low GS, HGS and SMI 
immediately after acute hospitalization, 
compared with measures of CRP which 
were less associated with these measure-
ments. Clusters of high average CRP and 
low peak albumin were associated with 
change in ADL score, GS and HGS.
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Supplementary Table 1. Patient characteristics stratified by number of CRP and albumin measurements 
during acute hospitalization.

0 CRP 
(n = 133)

1 CRP 
(n = 143)

≥ 2 CRP 
(n = 367)

0 albumin 
(n = 10)

1 albumin 
(n = 87)

≥ 2 albumin 
(n = 546)

Age, years 83.2 (7.6) 81.8 (8.1) 82.1 (7.8) 80.0 (8.0) 82.6 (7.9) 82.2 (7.8)
Sex, female 88, 66.2 83, 58.0 177, 48.2a 6, 60.0 61, 70.1 294, 53.8b

BMI, kg/m2 27.1 (5.8) 27.4 (6.8) 27.3 (6.7) 31.0 (6.8) 28.2 (6.7) 27.0 (6.4)
Living inde-
pendently

119, 89.5 133, 93.0 340, 93.9 10, 100.0 83, 95.4 499, 92.2

CCI score 6.3 (2.4) 6.1 (2.1) 6.9 (2.7)b 4.5 (1.6) 6.1 (2.3) 6.7 (2.6)a

MMSE score 20 [15–25] 21 [16–26] 20 [14–25] 23 [20–28] 19 [14–24] 21 [15–25]
MST score 1 [0–2] 0 [0–2] 1 [0–2] 0 [0–2] 0 [0–2] 1 [0–2]
CFS score 6 [5–6] 6 [5–7] 6 [5–7]a 5 [4–6] 6 [5–6] 6 [5–7]a,b

Use of walking aid 97, 77.0 107, 79.3 270, 78.0 8, 80.0 64, 77.1 402, 78.2
Fall in previous 12 
months

91, 71.7 89, 65.0 217, 62.5 6, 66.7 50, 61.0 341, 65.6

LOS acute hospital-
ization, days 

6 [3–9] 5 [3–8] 9 [6–14]a,b 3 [2–7] 3 [2–6] 8 [5–13]a,b 

LOS geriatric reha-
bilitation, days 

16 [12–26] 20 [14–28]a 21 [14–33]a 20 [12–43] 19 [14–27] 20 [14–31]

CRP, 
mg/L

Average NA 10.5 
[2.7–34.0]

53.3
[18.1–102.1]
b

17.1 
[8.7–31.9]

15.0 
[3.3–55.9]

42.4 
[11.4–94.7]b

Variation NA NA 28.6 
[9.4–61.0]

6.6 
[1.9–24.5]

19.1 
[4.8–56.9]

28.9 
[9.7–62.2]

Peak NA 10.5 
[2.7–34.0]

90.3 
[29.5–201.0]
b

18.9 
[8.7–41.6]

15.9 
[3.3–79.6]

67.6 
[16.5–
174.5]a,b

Albumin, 
g/L

Average 31 [28–33] 32 [29–34] 28 [25–31]a,b NA 32 [30–35] 29 [26–32]b

Variation 2.1 [1.3–3.0] 2.1 [1.3–3.5] 2.4 [1.6–3.4] NA NA 2.2 [1.4–3.4]
Peak 29 [25–32] 30 [26–32] 25 [22–29]a,b NA 32 [30–35] 26 [23–30]b

ADL score two 
weeks before acute 
hospitalization

6 [5–6] 6 [4–6] 6 [4–6] 6 [5–6] 6 [4–6] 6 [4–6]

ADL score imme-
diately after acute 
hospitalization

2 [1–3] 2 [1–3] 1 [1–2]a,b 3 [2–5] 2 [1–3] 2 [1–3]b

Male Fe-
male

Male Fe-
male

Male Fe-
male

Male Fe-
male

Male Fe-
male

Male Fe-
male

GS, m/s 0.49 
(0.27)

0.37 
(0.18)

0.48 
(0.23)

0.42 
(0.20)

0.49 
(0.22)

0.42 
(0.18)

0.49 
(0.06)

0.42 
(0.25)

0.47 
(0.30)

0.35 
(0.18)

0.49 
(0.22)

0.42 
(0.19)

HGS, kg 23.8
(7.5)

13.8 
(5.4)

22.3 
(7.4)

14.9 
(5.7)

20.9 
(7.3)

13.3 
(6.0)

22.3 
(4.0)

14.5 
(4.5)

20.9 
(7.8)

13.8 
(6.4)

21.8 
(7.4)

13.7 
(5.7)

SMI, kg/m2 9.46 
(1.31)

8.43 
(1.11)

9.74 
(1.29)

8.54 
(1.40)

9.23 
(1.39)

8.49 
(1.41)

9.85 
(0.62)

8.93 
(1.38)

9.53 
(1.65)

8.76 
(1.19)

9.35 
(1.34)

8.41 
(1.36)

All variables are presented as mean (SD), median [IQR] or n, %. ADL: Activities of daily living. BMI: Body mass 
index. CCI: Charlson comorbidity index. CFS: Clinical frailty scale. CRP: C-reactive protein. GS: Gait speed. HGS: 
Handgrip strength. IQR: Interquartile range. LOS: Length of stay. MST: Malnutrition screening tool. MMSE: 
Mini-mental state examination. SD: Standard deviation. SMI: Skeletal muscle mass index. Bold indicates sta-
tistical significant difference. aSignificantly different vs 0 measurements. bSignificantly different vs 1 measure-
ment.
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Supplementary Figure 1. Clusters of average CRP 
and albumin variation during acute hospitalization, 
associated with change in ADL score and ADL score, 
GS, HGS and SMI immediately after acute hospi-
talization. Bars: Unstandardized predicted means, 
adjusted for age, sex and length of acute hospi-
tal stay. ∆ADL score additionally adjusted for ADL 
score two weeks before acute hospitalization. Error 
bars: 1 Standard Error. High average CRP ≥37.4 
mg/L, low albumin variation <2.2 g/L. Solid line in-
dicates statistical significant result (p<0.05), dotted 
line indicates trend (p≥0.05 and <0.10). ∆ADL score: 
Change in ADL score from two weeks before acute 
hospitalization to immediately after acute hospi-
talization. ADL score: Activities of daily living. CRP: 
C-reactive protein. GS: Gait speed. HGS: Handgrip 
strength. SMI: Skeletal muscle mass index.
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