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Abstract
Background: Low muscle strength and 
muscle mass are associated with adverse 
outcomes in older hospitalized patients. 
The aim of this study was to assess the 
association between cognitive function-
ing and muscle strength and muscle 
mass in hospitalized older patients.

Methods: This prospective inception co-
hort included 378 patients aged 70 years 
or older. At admission patients were as-
sessed for cognitive functioning by use 
of the Six-Item Cognitive Impairment 
Test (6-CIT). Muscle strength and mus-
cle mass were assessed using handheld 
dynamometry and segmental multifre-
quency bioelectrical impedance analysis, 
within 48 h after admission and on day 7, 
or earlier at the day of discharge.

Results: The data of 371 patients (mean 
age ± standard deviation 80.1 ± 6.4 years, 
49.3% female) were available for anal-
yses. The median [interquartile range] 
6-CIT score was 4 [0, 8] points. At ad-
mission, lower cognitive functioning was 
associated with lower muscle strength, 
lower skeletal muscle mass  (SMM), lower 
appendicular lean mass, and lower SMM 
index. Cognitive functioning was not as-
sociated with change in muscle strength 
and muscle mass during hospitalization.

Conclusion: This study further strength-
ens evidence for an association between 
lower cognitive functioning and lower 
muscle strength and muscle mass, but 
not with a further decline during hospi-
talization.

Introduction
Low muscle strength and muscle mass 
(sarcopenia) are associated with adverse 
outcomes in older people, e.g., falls301, 
functional impairments145,302, higher risk 

of hospitalization303, a longer hospital 
length of stay304, higher re-admission 
rate304 and higher mortality305. Sarcope-
nia is present in 10-25% of older hospi-
talized patients304,306, but relies on the ap-
plied definition73. A significant decrease 
in muscle strength and muscle mass was 
found during hospitalization of electively 
admitted older patients307.

Low cognitive functioning might 
be a predisposing factor for low muscle 
strength and muscle mass308. In commu-
nity-dwelling older people, cross-sec-
tional studies found a positive associa-
tion between cognitive functioning and 
sarcopenia309. In longitudinally followed 
community-dwelling older people, low 
cognitive functioning was found to be 
associated with a faster decrease in hand 
grip strength (HGS)310, and low HGS was 
found to be associated with a more rap-
id decrease in cognitive functioning311, 
and a higher risk of developing Alzhei-
mer disease312. A recent cross-sectional 
study showed an association between 
low cognitive functioning and low mus-
cle strength and muscle mass in hospital-
ized older patients313. Whether cognitive 
functioning is associated with changes in 
muscle strength and muscle mass during 
hospitalization in older patients is un-
known.

The aim of this study was to 
assess the association between cogni-
tive functioning and muscle strength 
and muscle mass at admission and the 
change of muscle strength and muscle 
mass during hospitalization in older pa-
tients.

Methods
Study design 
The Evaluation of Muscle Parameters in 
a Prospective Cohort of Older Patients at 
Clinical Wards Exploring Relations with 
Bed Rest and Malnutrition (EMPOWER) is 
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Figure 1. Flowchart of patients included in this study. 6-CIT: Six-Item Cognitive Impairment Test.

Screened at admission 
(n = 838)

Muscle strength 
and mass 
(n = 316)

Included for first assessment 
(n = 378) 

Included for second assessment 
(n = 222)

Eligible for second assessment 
(n = 291) 

Only muscle 
strength 
(n = 55)

Only muscle 
strength 
(n = 43)

Muscle strength 
and mass 
(n = 176)

Excluded for first assessment (n = 460) 
-  isolation (n = 41)
-  unwilling to sign informed consent (n = 63)
-  severe dementia (n = 39)
-  delirum (n = 31)
-  otherwise unable to sign informed consent (n = 51)
-  expected length of stay <24 h (n = 118)
-  other (n = 117)

Excluded for second assessment (n = 80) 
-  died during admission (n = 7)
-  discharge <24 h after first assessment (n = 73)

Lost to follow-up (n = 69)
-  unwilling to participate (n = 2)
-  unexpected discharge or on weekends (n = 24)
-  other (n = 43)

Excluded from analyses due to missing 6-CIT (n = 7)

Included for analyses 
(n = 371)

Only muscle 
mass 
(n = 3)
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an observational, prospective, and longi-
tudinal inception cohort study conducted 
from April to December 2015 at the VU 
University Medical Center in Amsterdam, 
The Netherlands. Patients were excluded 
if their expected length of stay was < 24 
h, if they were admitted to intensive or 
medium care, if they were nursed in air 
pressure isolation room, if they did not 
understand the Dutch language, or if 
they were not able to give informed con-
sent due to advanced dementia or severe 
delirium. In this study, 378 patients were 
included. A flowchart of patient inclusion 
is shown in Figure 1.

Data collection
Patients were assessed at two occa-
sions during hospitalization. The first 
assessment was performed within 48 h 
of admission and included recording of 
general patient characteristics and mea-
surement of muscle strength and muscle 
mass. The second assessment was per-
formed at the day of discharge or at the 
latest on day 7 after the first assessment 
and included re-measurement of muscle 
strength and muscle mass. 

Characteristics of patients
Age, sex, number of comorbidities, and 
number of medications and attending 
medical specialism were collected from 
medical records. Further determinants 
were collected with bedside interviews: 
smoking habits, living situation, falls in 
the previous 6 months, risk of delirium 
assessed by asking for presence of mem-
ory problems, depending on care in the 
24 h prior to admission, delirium during 
previous hospitalization, functional sta-
tus measured by the Katz Index of In-
dependence in Activities of Daily Living 
(ADL)314, height in cm estimated using 
knee height315, and weight in kg.

Cognition
Cognition was tested at admission using 
the Six-Item Cognitive Impairment Test 
(6-CIT)316. The 6-CIT is a short question-
naire and consists of six questions, one 
memory question (remembering an ad-
dress), two calculation questions (recall-
ing numbers and months backward), and 
three orientation questions (naming of 
the time, the month, and the year). The 
6-CIT is a validated questionnaire in an 
older emergency department popula-
tion316 and is based on the 26-item Bless-
ed Information-Memory-Concentration 
Scale317. The score on the 6-CIT ranges 
from 0 to 28 and has been used as a con-
tinuous and as dichotomous measure 
with a proposed cut-off value of ≥10 
points indicating low cognitive function-
ing318.

Muscle parameters
Muscle strength
Muscle strength was estimated by HGS 
measured using a hydraulic handheld 
dynamometer (Jamar, Sammons Preston 
Rolyan, Bolingbrook IL, USA). Patients 
were asked to sit in upright position with 
the elbows unsupported and in flexed 
position (90°). If patients were unable to 
sit, HGS was measured with the bed in a 
30° angle and with unsupported elbows. 
Each patient had two attempts on each 
side. Patients were asked to squeeze 
maximally and were encouraged by the 
assessor. The maximum score was used 
for further analysis. 

Muscle mass
Measurements for muscle mass were 
performed using direct segmental multi-
frequency bioelectrical impedance analy-
sis (DSM-BIA, InBody S10, Biospace Co., 
Ltd, Seoul, Korea). DSM-BIA is a validated 
method for estimating skeletal muscle 
mass  (SSM) compared to dual-energy 
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Table 1. Characteristics of the study population. 
n = 371

Age, years, mean (SD) 80.1 (6.4)
Female 183 (49.3)
Living independently 333 (89.8)
Comorbidities >1 327 (88.1)
Medications >4 229 (61.7)
Current smoking 39 (10.5)
Weight, kg, mean (SD) 73.2 (17.1)
Height, cm, mean (SD)a 168 (9.5)
Risk of deliriumb 221 (59.6)
Falls last six months 169 (45.6)
KATZ ADL, score >1c 150 (40.4)
6-CIT, score, median [IQR] 4 [0, 8]
Elective admission 57 (15.4)
Non-surgical admission 212 (57.1)
Onset of delirium during hospitalizationd 32 (8.6)
Length of stay, days, median [IQR] 5.0 [3.0, 8.0]
Time between measurements, days, median [IQR]d 5.0 [3.0, 7.0]
HGS, kg, mean (SD) 20.6 (9.9)
SMM, kg, mean (SD) 26.1 (6.0)
ALM, kg, mean (SD) 20.1 (5.5)
SMI, kg/m2, mean (SD) 9.2 (1.5)
Relative SMM, %, mean (SD) 36.4 (6.0)
Relative ALM, %, mean (SD) 27.9 (5.8)
All variables are presented as N (%) unless indicated otherwise. ALM: Appendicular 
Lean Mass. HGS: Hand Grip Strength. IQR: Interquartile range. kg: kilograms. m: me-
ters. n: number of patients. SD: standard deviation. SMI: Skeletal Muscle Index. SMM: 
Skeletal Muscle Mass. aBased on knee height and LASA formula. bRisk of delirium in 
case one or more questions answered with. cKATZ ADL: Katz index of Independence 
in Activities of Daily living (range 0-6, 0:independent). dAssessed in n = 222.
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X-ray absorptiometry319. Muscle mass 
was expressed as SMM in kg, appendic-
ular lean mass (ALM) in kg, SMM index 
(SMI; SMM/height2 in kg/m2), relative 
SMM (SMM/weight) in percent, and rela-
tive ALM (ALM/weight) in percent.

Statistical analysis
Variables with a normal distribution were 
presented as mean with standard devia-
tion. Variables with a skewed distribution 
were presented as median with inter-
quartile range. Categorical variables were 
presented as number with percentage. 
Seven patients were excluded from the 
analysis due to missing 6-CIT score, leav-
ing 371 patients for analysis (Figure 1). 

Linear regression analysis 
was used to test the associations be-
tween cognitive functioning and muscle 
strength and muscle mass at admission, 
and the change in muscle strength and 
muscle mass during hospitalization. Ad-
justments included sex, age (model 1), 
number of comorbidities, HGS for height, 
and relative muscle mass values for 
weight (model 2). The analysis of change 
in muscle strength and mass additionally 
included time between measurements, 
incidence of delirium during hospitaliza-
tion, and HGS and muscle mass parame-
ters at admission in model 2. Data were 
presented as beta with 95% confidence 
interval. The Statistical Package for the 
Social Sciences (IBM SPSS Statistics for 
Windows, Version 23.0, IBM Corp., Ar-
monk, NY, USA) was used for statistical 
analysis. p values <0.05 were considered 
statistically significant.

Results
Table 1 shows the characteristics of the 
study population. The mean age was 80.1 
years (standard deviation 6.4). The per-
centage of female patients was 49.3%. 
The median [interquartile range] 6-CIT 

score was 4 [0, 8] points and the median 
[interquartile range] length of stay was 
5 [3, 8] days. Similar results for baseline 
characteristics were found for both fe-
male and male patients. 

Figure 2 shows the results of the 
associations between cognitive function-
ing and HGS and muscle mass at admis-
sion. Lower cognitive functioning was 
significantly associated with lower HGS, 
SMM, ALM and SMI. No statistically sig-
nificant associations were found between 
cognitive functioning and relative ALM 
and relative SMM. The detailed effect siz-
es of the cross-sectional analyses can be 
found in Supplementary Table 1.

Descriptive statics of HGS and 
muscle mass at admission and discharge 
can be found in Supplementary Table 2. 
The associations between cognitive func-
tioning and change in HGS and muscle 
mass during hospitalization are given in 
Table 2. No statistically significant associ-
ation was found between cognitive func-
tioning and change in HGS. Lower cog-
nitive functioning was associated with a 
greater change towards a larger relative 
SMM after adjustment for sex and age. 
After further adjustment (model 2), this 
significant association was lost. 

Discussion
In this observational, prospective incep-
tion cohort study, lower cognitive func-
tioning measured by the 6-CIT was asso-
ciated with lower HGS, lower SMM, lower 
ALM, and lower SMI in older hospitalized 
patients at admission. Cognitive func-
tioning was not associated with chang-
es in muscle strength and muscle mass 
during hospitalization. 

Cognitive impairment has been 
associated with less physical activity320,321 
and inadequate dietary intake322, leading 
to loss of muscle mass in affected peo-
ple. Alternatively, several other common 
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Figure 2. The association between cognitive functioning and handgrip strength and muscle mass of pa-
tients at admission (n = 371). Bars: Predicted means. Error bars: 1 Standard Error. Adjusted for sex, age, 
number of comorbidities, HGS for height and relative muscle mass values for weight. Level of significance: 
* p≤0.05, ** p<0.01, *** p<0.001. 6-CIT: Six-Item Cognitive Impairment Test. ALM: Appendicular Lean Mass. 
HGS: Hand Grip Strength. kg: kilograms. m: meters. n: number of patients. SMI: Skeletal Muscle Index. SMM: 
Skeletal Muscle Mass.
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Table 2. The association between cognitive functioning and change in handgrip 
strength and muscle mass of patients during hospitalization (n = 222).
6-CIT score ΔHGS, 

kg
ΔSMM, 
kga

ΔALM, 
kga

ΔSMI, 
kg/m2a

ΔRelative 
SMM, %a

ΔRelative 
ALM, %a

Model 1, B 
(95% CI)

0.04 
(-0.05 – 
0.13)

0.04 
(0.00 – 
0.09)

0.02 
(-0.02 – 
0.07) 

0.02 
(0.00 – 
0.03) 

0.07 
(0.01 – 
0.14) 

0.05 
(-0.02 – 
0.12) 

Model 2, B 
(95% CI)

-0.02 
(-0.11 – 
0.08)

0.04 
(-0.02 – 
0.09) 

-0.01 
(-0.05 – 
0.05)

0.01 
(-0.01 – 
0.03)

0.05 
(-0.02 – 
0.13)

0.02 
(-0.06 – 
0.10)

ALM: Appendicular Lean Mass. CI: Confidence Interval. HGS: Hand Grip Strength. kg: 
kilograms. m: meters. n: number of patients. SMI: Skeletal Muscle Index. SMM: Skel-
etal Muscle Mass. Model 1: adjusted for sex and age; Model 2: Model 1 + adjusted 
for number of comorbidities, time between measurements, onset of delirium during 
hospitalization, HGS and muscle mass parameters at admission, HGS for height, rel-
ative measures (Relative SMM, Relative ALM) for weight. Bold: statistically significant 
(P<0.05). aFor measures of muscle mass: n = 179.

underlying causes for cognitive func-
tioning and muscle strength and muscle 
mass have been reported, e.g., inflamma-
tion323,324, oxidative stress325,326, sex steroid 
levels327,328, and myokines329. Therefore, 
our finding that lower cognitive func-
tioning is associated with lower HGS at 
admission is in line with the theoretical 
framework and with a recent cross-sec-
tional study conducted in Japan that 
showed an association between low cog-
nitive functioning and the presence of 
the combination of low HGS and low SMI 
in hospitalized older patients313. In this 
study, no data was presented for muscle 
strength and muscle mass separately. Two 
previous cross-sectional studies in com-
munity-dwelling older people showed 
an association between lower cognitive 
functioning and lower HGS310,311. We 
found that patients with lower cognitive 

functioning had a lower SMM, ALM and 
SMI. In community-dwelling adults, an 
association was found between cognitive 
functioning and muscle mass in men330, 
but not in women331. 

No associations were found be-
tween cognitive functioning and relative 
muscle mass. Differences between ab-
solute and relative muscle measures can 
be explained by a confounding effect of 
body mass on the ratio between abso-
lute and relative muscle mass, i.e., relative 
muscle mass tends to get lower in people 
with a higher total body mass170. In our 
population, patients with lower cognitive 
functioning had a lower total body mass 
inducing, a higher relative muscle mass. 
After adjustment for weight, the asso-
ciation between cognitive functioning 
and lower relative muscle measures got 
stronger.
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In community-dwelling people, 
cognitive functioning was found to be as-
sociated with a faster decrease in HGS310. 
We expected that patients with lower 
cognitive functioning would be at a high-
er risk for a decrease in muscle strength 
during hospitalization. However, this hy-
pothesis could not be substantiated, nei-
ther for HGS nor for measures of muscle 
mass. Discrepancies may be explained by 
a short length of stay, with subsequent 
short observation period. Long-term fol-
low-up measurements after hospital stay 
are needed for further assessment of the 
relation between cognition and muscle 
measures in populations of hospitalized 
patients and to address the effect of hos-
pitalization itself. 

Strengths and limitations
To the best of our knowledge, the pres-
ent study was the first to assess the re-
lationship between cognitive functioning 
and change in muscle strength and mus-
cle mass during hospitalization of older 
patients. Selection bias was minimized by 
the design of a clinically relevant incep-
tion cohort, applying a limited number of 
exclusion criteria. The average length of 
stay was short, and long term follow-up 
for muscle mass and muscle strength was 
not available. We used the 6-CIT ques-
tionnaire as a proxy for cognitive func-
tioning.  The 6-CIT was recently validat-
ed316, and this short questionnaire was 
easy to apply in the clinical setting. The 
use of DSM-BIA to measure muscle mass 
was easy but may have been influenced 
by the patients’ hydration status. Since 
patients with advanced dementia were 
excluded and a median 6-CIT score of 4 
(interquartile range 0-8) in the present 
study population implies a normal cog-
nitive function316, the impact of dementia 
on muscle measures was not examined 
in this study. We were not able to con-

trol for influential factors as nutritional 
intake, physical activity, and treatments 
during hospitalization, which may have 
influenced our outcome measures.

Conclusion
This observational, prospective inception 
cohort study in older hospitalized pa-
tients further strengthens evidence for 
an association between lower cognitive 
functioning as measured by the 6-CIT 
and lower HGS, lower SMM, lower ALM 
and lower SMI at admission. No asso-
ciations were found between cognitive 
functioning at admission and change in 
muscle strength and muscle mass during 
hospitalization. Further research with a 
longer follow-up period is recommend-
ed to re-assess the effects of hospitaliza-
tion on muscle strength and muscle mass 
in older patients in relation to cognitive 
functioning. 
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Supplementary Table 1. The association between cognitive functioning and hand 
grip strength and muscle mass of patients at admission (n = 371).
6-CIT score HGS, kg SMM, kga ALM, kga SMI, 

kg/m2a
Relative 
SMM, %a

Relative 
ALM, %a

Model 1, B 
(95% CI)

-0.27 
(-0.38 – 
-0.15) 

-0.11 
(-0.19 – 
-0.03)

-0.08 
(-0.16 – 
-0.01)

-0.03 
(-0.05 – 
-0.01)

-0.04 
(-0.13 – 
0.05)

-0.03 
(-0.12 – 
0.05) 

Model 2, B 
(95% CI)

-0.23 
(-0.34 – 
-0.12)

-0.11 
(-0.19 – 
-0.03)

-0.08 
(-0.16 – 
-0.01)

-0.03 
(-0.05 – 
-0.01)

-0.07 
(-0.15 – 
0.01)

-0.05 
(-0.14 – 
0.03)

ALM: Appendicular Lean Mass. CI: Confidence Interval. HGS: Hand Grip Strength. kg: 
kilograms. m: meters. n: number of patients. SMI: Skeletal Muscle Index. SMM: Skel-
etal Muscle Mass. Model 1: adjusted for sex and age; Model 2: Model 1 + adjusted 
for number of comorbidities, HGS adjusted for height, relative measures (Relative 
SMM, Relative ALM) for weight. Bold: statistically significant (p<0,05). aFor measures 
of muscle mass: n = 316.
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Supplementary Table 2. Hand grip strength and muscle mass at admission and 
discharge (n = 222).

Admission Discharge
HGS. kg 19.6 (9.3) 20.5 (9.2)
SMM. kga 25.4 (5.5) 25.3 (5.5)
ALM. kga 19.3 (4.9) 19.8 (5.0)
SMI. kg/m2a 9.05 (1.4) 9.04 (1.4)
Relative SMM. %a 36.6 (6.0) 36.6 (6.2)
Relative ALM. %a 27.7 (4.8) 28.5 (5.5)
All variables are presented as mean (SD). ALM: Appendicular Lean Mass. HGS: Hand 
Grip Strength. kg: kilograms. m: meters. n: number of patients. SD: standard devi-
ation. SMI: Skeletal Muscle Index. SMM: Skeletal Muscle Mass. aFor measures of 
muscle mass: n = 179.


	Thesis Jeanine Van Ancum_Part112
	Thesis Jeanine Van Ancum_Part113
	Thesis Jeanine Van Ancum_Part114
	Thesis Jeanine Van Ancum_Part115
	Thesis Jeanine Van Ancum_Part116
	Thesis Jeanine Van Ancum_Part117
	Thesis Jeanine Van Ancum_Part118
	Thesis Jeanine Van Ancum_Part119
	Thesis Jeanine Van Ancum_Part120
	Thesis Jeanine Van Ancum_Part121
	Thesis Jeanine Van Ancum_Part122
	Thesis Jeanine Van Ancum_Part123

