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ABSTRACT

NORHEIM, K. L., C. K. CULLUM, J. L. ANDERSEN, M. KJAER, and A. KARLSEN. Inflammation Relates to Resistance Training–

induced Hypertrophy in Elderly Patients. Med. Sci. Sports Exerc., Vol. 49, No. 6, pp. 1079–1085, 2017. Purpose: Aging is associated

with a gradual loss of muscle mass, which some have suggested to be accelerated by short periods of muscle disuse due to medical

illness. We investigated the effect of hospitalization on skeletal muscle mass in acutely ill geriatric patients with focus on the relationship

between systemic inflammatory marker C-reactive protein (CRP) and changes in muscle mass, as well as the influence of resistance

training upon muscle mass. Method: Unilateral leg press resistance exercise was conducted daily during the hospital period. Outcomes

included changes in whole body and regional lean mass, maximal voluntary contraction of the knee extensors, leg extension power, and

functional performance. Activity level was measured using ActivPAL accelerometers, and CRP levels were obtained from blood sam-

ples. Results: Sixteen subjects completed the study (eight men and eight women, age = 84.8 T 1.9 yr, mean T SE). Lean mass at the

midthigh region of the trained leg increased by 2.4% T 1.1% (P G 0.05) after the intervention period. There was a negative association

between changes in midthigh lean mass of the trained leg and CRP (rs =j0.53, P G 0.05). Leg extension power increased significantly in

both legs (P G 0.05), with no difference observed between legs. There were no changes in maximal voluntary contraction or functional

performance. Conclusion: Muscle mass is not significantly lost during short-term hospitalization of relatively high functioning and

active geriatric patients although our findings are potentially affected by changes in hydration status. Resistance training during hospi-

talization increases skeletal muscle mass, and patients with high levels of systemic inflammation demonstrate less ability to increase or

preserve muscle mass in response to resistance training during illness. Key Words: HOSPITALIZATION, GERIATRIC PATIENTS,

EXERCISE, MUSCLE POWER, C-REACTIVE PROTEIN

A
ging is associated with a gradual loss of skeletal
muscle mass starting from the end of the fifth decade
of life (21,22). This loss may be accelerated by short

periods of inactivity and muscle disuse (11,26), as seen dur-
ing hospitalization of elderly geriatric patients (17,34). Re-
peated hospitalizations followed by incomplete recovery may
therefore accelerate the age-associated loss of muscle mass,
which in turn could reduce the amount of years spent inde-
pendently and without mobility limitations (16).

The effect of a hospital stay on muscle mass of geriatric
patients is inconclusive. It has previously been observed that
isometric knee extensor muscle strength remained unchanged,
whereas functional performance increased slightly, despite
very low levels of activity during hospitalization of geriatric
patients (9). This could be due to the accompanying recovery
from illness and gradual increase in activity during the hos-
pitalization period itself. Yet, when elderly individuals are
hospitalized for more than eight nonconsecutive days within a
year, they appear to experience reductions in whole body lean
mass and knee extensor strength (2). It is however not known
whether this loss happens during hospitalization itself. Re-
duced activity after discharge (27) or an impaired ability to
regenerate muscle mass and strength, as observed in elderly
after short-term disuse (20,38), may contribute to such a loss.

Geriatric patients may be hospitalized for medical condi-
tions, leading to elevated levels of proinflammatory markers
(5). Systemic C-reactive protein (CRP) shows an inverse
correlation with muscle mass in elderly (40), and high CRP
levels are related to poor muscle function in hospitalized ge-
riatric patients (5). This may indicate a negative correlation
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between CRP levels and muscle mass, but it is unknown
whether hypertrophic responses to resistance training are cor-
related to levels of CRP in hospitalized patients.

Resistance training during bed rest has been used to atten-
uate the loss of muscle mass and strength in young healthy
individuals (1,3) and during reduced activity in healthy el-
derly (15). However, the effects of resistance exercise on
skeletal muscle mass during hospitalization in acutely ill ge-
riatric patients have not yet been investigated.

The primary aim of the present study was to investigate the
effect of resistance training upon skeletal muscle mass in
acutely ill geriatric patients during hospitalization and to de-
termine whether a relationship between systemic CRP and
changes in muscle mass exists. This was done by performing
unilateral heavy resistance training of one leg, whereas the
contralateral leg served as control. It was hypothesized that
there would be a loss of lean mass, strength, and power in the
untrained leg, whereas the trained leg would show preserva-
tion of these. Further, it was expected that CRP would be
negatively associated with changes in lean mass in the leg
subjected to resistance training.

METHODS

Participants

Elderly hospitalized patients from the Geriatric ward at
Bispebjerg Hospital, Denmark, were recruited between August
2015 and May 2016. Patients (Q65 yr) who were admitted
because of acute illness were included. Patients were excluded
based on three main criteria: (i) cognition—patients with de-
mentia, deliria, and severe memory dysfunction and those
who could not speak Danish; (ii) function—patients with a
recent surgery (knee or hip replacement) in one or both of the
lower extremities, with large unilateral strength differences in
the lower extremities or patients with a functional level that
made adequate testing impossible; and (iii) illness—patients
with an acute medical condition that is known to accelerate
loss of muscle mass (e.g., terminal cancer and HIV/AIDS),
with an unstable chronic disease (e.g., dialysis, cardiac ar-
rhythmias), those in isolation or patients who were terminal.
Further, patients with expected short hospitalization periods
(G7 d) and those who were not approved for participation by
the responsible doctor were excluded. The study was ap-
proved by the Research Ethics Committees of the Capital
Region of Denmark (H-15005016) and conformed to the
standards set by the Declaration of Helsinki. All volunteers
gave written informed consent before inclusion.

Study Design

Patients were admitted to the department in the afternoon,
where they were screened for eligibility in the study (day 1).
Eligible subjects were then given verbal and written infor-
mation about the project. On the following day (day 2), those
who agreed to participate signed a letter of informed consent.
Immediately after, the patients were pretested, followed by

completion of the first resistance exercise session in the af-
ternoon. On the following days, the patients completed a daily
resistance exercise session, until the day before the posttesting,
which was performed 10 d after admission, or at the day of
discharge in patients with a duration of stay G10 d. Blinded
examiners performed all tests.

Intervention

Resistance training was conducted daily 7 dIwkj1 in a
standard leg press machine (Steens Physical, Steens Industrier
AS, Norway), stationed in the dining room on the geriatric
floor. The subjects, seated upright with their back supported,
performed unilateral leg press. Adjustments were made so
that the knee was flexed at ~90- at the starting position and
extended to ~10- (0- being full extension). Two warm-up sets
with incremental loads were completed before each training
session. The subjects were instructed to perform 12 repeti-
tions, with a 1- to 2-s concentric phase and a 2- to 3-s ec-
centric phase. The load was increased in 2.5-kg increments
when more than 12 repetitions could be lifted so that the last
repetition was close to voluntary failure, resulting in working
sets of 10–12 repetitions. Patients were encouraged to com-
plete as many sets as possible with a maximum of six sets per
day. Some patients were not always able to complete six sets
because of general tiredness or low motivation; however,
three sets were noted as a successful training session. Rest
intervals between sets were approximately 60–90 s. Training
sessions lasted 10–20 min (including warm-up) and was su-
pervised by the same investigator. Training loads and self-
reported muscle soreness was recorded daily for each subject.

Measurements

Dual-energy x-ray absorptiometry. Body composi-
tion was assessed by dual-energy x-ray absorptiometry
(DEXA) scans (Lunar DPX-IQ; GE Healthcare, Chalfont St.
Giles, UK). The scanner was calibrated according to the
manufacturer"s guidelines. Skeletal muscle index was calcu-
lated as (bilateral arm + bilateral leg lean mass)/height2,
according to Baumgartner et al. (4). To estimate thigh lean
mass, an artifact was drawn to cover everything below the
lateral epicondyle of the femur, thereby removing the lower
legs from the original scanning image. In addition, a 4.03-cm
subregion of the lean mass of the thigh was measured at 50%
femur length (midthigh region) (39). The same scanning im-
ages were analyzed two separate times to investigate the re-
liability of this method of analysis, showing a coefficient of
variation of 0.15%. The subjects were transported to the
DEXA scanner in a wheelchair and wore the same clothing
each scan. All scans were analyzed in a blinded manner,
using extended research analysis software (Lunar DPX, ver-
sion 3.6z software).

Maximal voluntary contraction. Maximal voluntary
contraction (MVC) strength of the knee extensor muscles was
determined in a customized chair with the subjects seated
with their knees at approximately 90- and their lower legs
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hanging vertical without touching the floor. A dynamometer
(Manual Muscle Tester, model 01165; Lafayette Instrument
Company, Lafayette, IN) was placed 5 cm proximal to the
malleoli. To optimize reliability of the measurement, the dy-
namometer was held by a rigid belt instead of by hand, as
described by Bohannon et al. (10). In brief, an inextensible
adjustable belt was wrapped over the back of the dynamom-
eter and secured to the back of the chair. Chair adjustments
were customized to the individual subjects so that the belt was
in a horizontal position during the MVC. Two seat belt straps
were also fastened over the thighs and hip of the subjects to
avoid vertical displacement. The same chair settings were
used for the posttest. With their arms folded across their chest,
the subjects were given one test trial followed by three max-
imal trials, alternating between legs, separated by approxi-
mately 2 min. The dynamometer was set to a force threshold
of 20 N, and the recording time was set at 6 s. Maximal force
and moment arm (length from rotational axis to dynamome-
ter) was recorded, and the maximal torque was calculated as
force (N) � moment arm (m).

Leg extension power. Maximal unilateral leg extension
power (LEP) was determined using a Nottingham Leg
Extensor Power Rig (Medical Engineering Unit, University
of Nottingham Medical School, Nottingham, UK) according
to Bassey et al. (36). Maximal power output was measured in
watts with the standard software supplied by the manufac-
turer. Briefly, two test trials followed by five maximal trials
were completed on the right and left leg, respectively. The
subjects continued until there was no improvement in the last
two trials.

Functional performance and activity levels. Mobility
was assessed with the de Morton Mobility Index (DEMMI)
(14). A 30-s chair stand test (30-s CST) (23) and a 4-m gait
speed test (37) were used to assess physical function. Hand-
grip strength at admission, measured with a digital Jamar�
handheld dynamometer (30), and New Mobility Score (33)
served as descriptive variables. Activity levels were measured
using ActivPAL accelerometers (PAL Technologies, Glasgow,
Scotland) attached anterior on the midthigh of each subject.
Recordings started after the pretests had been completed and
stopped before the posttests began. Only full days of recording
(24 h) were included in the analysis. Activity level was
divided into the time spent sedentary (lying or sitting), stand-
ing, and walking.

Blood samples and analyses. For most patients, two
blood samples were collected during the hospitalization pe-
riod, both at 8 AM. The first blood sample was collected on
days 2–5 (n = 16) and the second on days 5–7 (n = 11) with a
range of 2–5 d between the two samplings. CRP levels from
the patients with two blood samples were averaged for sta-
tistical analysis. Blood was drawn from the antecubital vein
into 6-mL tubes, which were cooled in ice water for 10 min,
followed by centrifugation (10 min at 3970g at 4-C). Plasma
was stored at j80-C for analysis of CRP using enzyme-
linked immunosorbent assay kits (CRP DuoSet DY1707)
from R&D Systems (Minneapolis, MN).

Statistics

All continuous data were tested for normality and equal
variance using the Shapiro–Wilk test and the Brown–
Forsynthe test, respectively. Functional test scores (30-s CST,
DEMMI, 4-m gait speed) and CRP levels were nonnormally
distributed. Differences in muscle mass and muscle power/
MVC between the trained leg and the untrained leg were an-
alyzed with a two-way repeated-measures ANOVA (time
[pre vs post] � treatment [trained vs untrained]). Significant
interactions were analyzed using the Holm–Sidak post hoc test.
Changes from pre to post were analyzed with a two-tailed t-test
or with the Wilcoxon signed rank test for nonnormally dis-
tributed data. Spearman"s rho (rs) was used to determine the
relationship between the CRP and the relative change in
muscle mass in the trained leg. Normally distributed data are
presented as arithmetic mean T SE, whereas nonnormally
distributed data are presented as medians (interquartile ranges
[IQR]). Differences were considered significant when P G
0.05. Statistical analysis was conducted using SigmaPlot ver-
sion 13.0 for Windows (Systat Software Inc., San Jose, CA).

RESULTS

Recruitment and characteristics. A total of 566 pa-
tients were admitted to the department and screened during
the study period, from where 151 patients were identified as
eligible to participate in the study. One hundred and thirty-
two patients declined to participate either after being given
oral information about the study (n = 110) or after reading the
study material (n = 22). Nineteen patients agreed to partici-
pate in the study; however, three of these patients were
transferred to a different department before finishing the in-
tervention. Hence, 16 patients completed the study. Charac-
teristics of the 16 study patients who completed the entire
intervention are presented in Table 1. The included subjects
had multiple diagnoses at time of admission: pain or physical
injury (n = 7), respiratory disease (n = 7), cardiovascular
disease (n = 6), genitourinary disease (n = 4), endocrine dis-
ease (n = 2), gastrointestinal disease (n = 1), and other (n = 7).

Training. The number of possible training sessions and
number of attended training sessions were 5.8 T 0.3 and 4.9 T
0.3, respectively. This gave an average training compliance of
~86%. The mean number of training sets after the warm-up
was 4.5 T 0.3. None of the subjects experienced any form of
injuries or self-reported incidences of muscle soreness during
the intervention.

TABLE 1. Characteristics of the study patients.

Characteristic

Age, yr 84.8 T 1.9
Sex, male/female 8/8
Weight, kg 65.1 T 4.4
Height, cm 162.4 T 2.7
BMI, kgImj2 24.6 T 1.3
Length of stay, d 7.0 (6.3–12.3)
New Mobility Score 9.0 (6.3–9.0)
Handgrip strength, kg 20.2 (18.3–26.4)

Data are presented as mean T SE or median (IQR). n = 16.
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Body composition. The mean number of full days be-
tween pre- and postassessment was 6.2 T 0.5; hence,
postassessments were on days 8.2 T 0.5 of the hospitalization.
Changes in whole and regional body composition are sum-
marized in Table 2. Eight of 16 patients had a skeletal muscle
index below the sex-specific cutoff points for sarcopenia (4).
No effect was found when examining whether the presence of
sarcopenia influenced any of the measured outcomes. There
were no significant changes in absolute body composition
during the intervention period. A significant interaction was
found for the relative changes in lean mass of the midthigh
region (P G 0.05), and post hoc testing revealed a significant
increase (2.4% T 1.1%) in the trained leg (P G 0.05), which
was significantly different from the untrained leg at post (P G
0.01, Fig. 1), whereas no changes were observed in the con-
trol leg (0.9% T 1.1%, P = 0.42).

CRP. There was no difference in CRP concentration be-
tween the first and the second sample (20.0 [14.3–41.0] vs
20.0 [13.0–31.5], median [IQR], respectively) for the patients
with two blood samples. Levels of CRP during the interven-
tion period were significantly associated (rs = j0.52, P G

0.05) with relative changes in midthigh region lean mass of
the trained leg (Fig. 2A). Furthermore, by dividing the pa-
tients into two equally sized groups (eight in each) based on
CRP levels, those with the lowest (LOW) CRP levels (CRP,
11.3 [8.3–14.1] mgILj1) significantly differed from those
with the highest (HIGH) CRP levels (CRP, 38.3 [29.6–
48.8] mgILj1) with regard to changes in midthigh region lean
mass of the trained leg (+4.6% T 1.6% vs +0.2% T 1.1%,
respectively, P G 0.05; Fig. 2B). Regarding the control leg, a
weak, nonsignificant association (rs = j0.42, P = 0.10) was
observed between CRP and changes in midthigh region lean
mass and a similarly nonsignificant difference in relative
changes between the LOW and the HIGH group (+2.1% T
1.7% vs j0.3% T 1.2%, respectively, P = 0.30).

Muscle strength, power, and training load. Three
subjects were unable to complete the MVC test because of
local pain in the area where the dynamometer was posi-
tioned. Absolute changes in LEP, knee extension MVC
torque, and training load are presented in Table 3. There was
a significant main effect of time (+9.3% P G 0.05, Table 3)
for LEP, but there were no significant changes in knee

TABLE 2. Absolute changes in body composition from pre- to postintervention.

Preintervention Postintervention

Total LM (kg) 42.6 T 2.3 42.7 T 2.3
Total FM (kg) 20.8 T 2.7 20.7 T 2.6
Body fat (%) 30.6 T 2.1 30.6 T 2.1
SMI (kgImj2) 6.8 T 0.3 6.9 T 0.3
Leg LM (g)

Trained 6970 T 526 7040 T 488
Untrained 6983 T 538 6967 T 487

Thigh LM (g)
Trained 4656 T 358 4665 T 332
Untrained 4725 T 382 4675 T 342

Midthigh region LM (g)
Trained 452 T 30 460 T 29
Untrained 460 T 32 461 T 28

LM, lean mass; FM, fat mass; SMI, skeletal muscle index = (bilateral arm + bilateral leg
LM) � height (m)j2. Data are presented as mean T SE (n = 16).

FIGURE 1—Relative change in midthigh region lean mass (LM) from
pre- to postintervention in the trained leg and untrained leg. Histograms
are mean values, whereas changes for each individual are displayed as
open circles connected by a line (n = 16). *Significantly different from
preintervention (P G 0.05). †Significantly different from untrained leg (P G 0.01).

FIGURE 2—A, Correlation between CRP levels during the interven-
tion period and the relative changes in midthigh region lean mass (LM)
of the trained leg. B, Relative changes in midthigh region LM of the
trained leg for the eight patients with the lowest levels of CRP (LOW)
versus the eight patients with the highest levels (HIGH). Histograms are
mean values with individual values displayed as open circles. *Signifi-
cant difference between LOW and HIGH (P G 0.05).

TABLE 3. Changes in muscle power, strength, and training load.

n Pre/First Post/Last

LEP (WIkgj1)a 16
Trained leg 0.9 T 0.1 1.0 T 0.1
Untrained leg 0.9 T 0.1 1.0 T 0.1

MVC torque (NIm) 13
Trained leg 64.9 T 7.6 64.9 T 7.3
Untrained leg 62.5 T 7.0 61.5 T 7.0

Training load (kg) 16 40.9 T 4.7 48.9 T 5.8b

LEP, leg extension power. Data are presented as mean T SE.
aSignificant main effect of time (P G 0.05).
bSignificant difference between first and last training session (P G 0.05).
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extension MVC torque from pre- to postintervention
(j0.8%, P = 0.7, Table 3). The average training load in-
creased significantly (+19.6%, P G 0.05, Table 3) from the
first to the last training session.

Functional performance and activity levels. One
subject did not complete the DEMMI test while another
subject did not complete the 4-m gait speed test. No signifi-
cant changes from pre- to postintervention could be detected
in DEMMI score (67 [53–85] vs 74 [53–74], P = 0.12, n =
15), 30-s CST performance (5.5 [0.3–10.8] vs 7.5 [1.8–10.0]
reps, P = 0.47, n = 16) or 4-m gait speed (5.7 [4.5–8.3] vs
5.7 [4.6–9.1] s, P = 0.64, n = 15). Activity level was mea-
sured in 15 of the subjects because one accelerometer was
lost during the intervention period. The mean number of days
measured was 4.9 T 0.3. The median (IQR) time spent lying or
sitting was 21.9 (21.0–22.5) hIdj1, time spent standing was
1.9 (1.3–2.3) hIdj1, and time spent walking was 0.3 (0.2–
0.6) hIdj1. There were no significant associations between
activity levels and changes in muscle mass, strength, power,
or functional performance (data not shown).

DISCUSSION

The main findings of the present study were that (i)
muscle mass was not lost during short-term hospitalization
in geriatric patients, (ii) muscle mass increased in the leg
receiving resistance training during hospitalization, and (iii)
CRP levels were negatively associated with resistance
training-induced hypertrophy.

Contrary to our hypothesis, no loss of muscle mass during
the relatively short period of hospitalization could be detected
in the present study (Table 2). Although both bed rest (26) and
reduced activity (11) are known to have a negative effect on
muscle mass in elderly, no previous studies have directly in-
vestigated the effect of acute hospitalization on muscle mass
in geriatric patients. It has been shown that even a very short
period (4 d) of lower limb immobilization reduces muscle
mass and strength markedly in elderly (38), and somewhat
along this line, an observational cohort study found a signif-
icant loss of lean mass in elderly individuals (age = 70–79 yr)
when hospitalized for more than eight nonconsecutive days
within a year (2). Therefore, we hypothesized that 7–10 d of
hospitalization would result in a loss of muscle mass in el-
derly geriatric patients. Normative data for community-living
independent elderly have suggested that a DEMMI score G62
signify limited mobility, whereas a score Q62 signifies high
mobility (28). Hence, the patients in the present study had
relatively high mobility, as 11 of 15 patients had a DEMMI
score of 62 or higher. In line with this, the patients in the
present study spent a median time of 2.1 hIdj1 either standing
or walking, whereas previous studies found geriatric patients
spending 0.8–1.1 hIdj1 either standing or walking (9,34),
suggesting that the patients in the present study had a higher
activity level than would be expected in geriatric patients. A
higher level of mobility and activity during their hospital stay

could, in part, explain why no loss of muscle mass could be
detected in the patients included here. It is furthermore pos-
sible that geriatric patients are mildly dehydrated at admission
to the hospital, and that rehydration would mask a loss of
muscle mass assessed with DEXA scan. Alternatively, several
days before admission may have been spent inactive as illness
progressed, and thus our initial determination of muscle mass
and strength would underestimate the habitual level in these
patients. In support of this, 65% of geriatric patients had a
reduction in self-reported mobility at admission when com-
pared with 2 wk before hospitalization (19). As the largest loss
of muscle mass in elderly immobilized muscle occurs during
the initial few (~4) days, without further decrease after 2 wk
(38), it is possible that the most pronounced loss of muscle
mass occurred before the intervention in these patients.

With respect to resistance training, there was a significant
increase in the relative midthigh region lean mass (2.4%) in
the trained leg after the intervention period (Fig. 1). This re-
gion corresponded to the area where others have found the
thigh muscles to be the most adaptable to changes in size,
either by resistance training (32) or bed rest (1). In a previous
study, where elderly men were subjected to six total sessions
of unilateral resistance exercise during 2 wk of reduced ac-
tivity, leg lean mass was found to increase by 1.4% in the
trained leg (15). Despite none of the subjects experiencing
any form of muscle soreness, it could be argued that the rel-
atively large increase (+2.4%) found after only ~6 d in the
present study was merely the effect of muscle edema because
of unaccustomed exercise (12) and no recovery between ex-
ercise days. We did not in this study investigate this further
and cannot completely rule this out. However, as the study
was performed with patients being their own controls, at least
the changes with training were only seen in the trained leg
with no sign of any general increase in lean mass in other
parts of the body. Despite this, the large increase in muscle
mass in the trained leg could be explained by a combination
of resistance training–induced muscle preservation and rehy-
dration upon hospitalization.

Of clinical interest is the finding of a significant correlation
between CRP and changes in midthigh region lean mass of the
trained leg (Fig. 2A). Inflammation leads to the secretion of
proinflammatory cytokines, which in turn induces the pro-
duction of acute-phase proteins such as CRP (7). There are
indications of an increased inflammatory susceptibility in age
muscle, which may impair the regenerative capacity of muscle
tissue (31). This is supported by a study reporting a negative
correlation between serum CRP and muscle mass, in addition
to indications of elevated CRP having negative effects on
myoblast proliferation rate in vitro (40). Our findings suggest
that patients with the highest levels of CRP during their
hospital stay were less able to increase or regain muscle mass
(Fig. 2B). These patients did not differ from the patients with
LOW CRP with respect to training adherence and number of
sets completed. There was however a numerical nonsignifi-
cant difference between the groups in terms of relative in-
creases in training load (+30.6 vs +13.2, respectively, P = 0.2).
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Supportive, geriatric patients admitted with elevated systemic
inflammation have poorer muscle function compared with
noninflammatory patients, which does not seem to improve
during hospitalization, despite being medically treated (5).

In the present study, we found a significant main effect of
time for LEP (+9.3%) with no difference between the trained
and untrained leg (Table 3). In perspective, an 18% increase
in LEP was found after 12 wk of resistance training in healthy
elderly women (36). Surprisingly, no difference in LEP could
be detected between the trained and the untrained leg al-
though midthigh lean mass increased in the trained leg only.
Although speculative, the reason for not finding any signifi-
cant difference between the trained and the untrained leg
could be due to cross education (35), and possibly also some
degree of fatigue in the trained leg (18), as the posttest was
performed the day after the last training session. Given our
within-subjects design, no firm conclusions can be made
regarding such adaptations. Alternatively, the increase seen in
both the trained and the untrained leg may be explained by a
learning effect because of the lack of a familiarization session;
however, a previous reproducibility study in elderly patients
found that two testing sessions, separated by 1 wk, led to a
systematic decline in MVC while LEP was not affected by
time (8). Nonetheless, poor LEP is associated with an in-
creased risk of mobility limitations (6), and clinically mean-
ingful improvements in LEP have been estimated to 9%–10%
(25), which is comparable with the increase found in the
present study.

Regarding isometric strength, no significant changes could
be detected in the present study (Table 3), which is somewhat
in line with previous observations in geriatric patients not
subjected to any form of intervention (9). Interestingly, knee
extension MVC decreased in both groups when young
healthy individuals were subjected to either bed rest or bed
rest in combination with leg press resistance training for 14 d
(3). The trained group did however maintain their one-
repetition maximum in leg press. Moreover, when reduced
activity was combined with unilateral leg press and knee ex-
tension exercise, no significant change in knee extension
MVC could be detected in either leg, whereas leg press one-
repetition maximum was significantly increased in the trained
leg only (15). These findings indicate training-specific adap-
tations to resistance training and might explain why no sig-
nificant changes could be detected for isometric strength of
the knee extensors in the present study, contrary to the ~20%
increase in training load in the leg press machine (Table 3).

No significant changes in functional performance could be
detected during hospitalization in the present study. Contrary,
others have found improved function during hospitalization in
geriatric patients (9). Although not statistically significant, the
numerical improvements in function observed in the current
study are comparable with previous observations in our de-
partment (24), and given that only one leg was trained with
the current study design, we did not expect large functional
improvements in tasks that involve both legs. In addition, it
should be noted that these patients had a relatively high

functional level, and patients with higher function at ad-
mission are less likely to increase function during hospi-
talization (13).

The findings of the present study are limited by some fac-
tors that could not be controlled for. One factor that might
have influenced the results is hydration level, as some patients
might be dehydrated during the initial days of hospitalization,
which would underestimate lean mass measurements at ad-
mission. If this was the case, then perhaps instead of an
increase in midthigh leg lean mass, there might have been a
decrease in the control leg, whereas the trained leg was main-
tained and not increased. This we cannot say for certain, but our
within-subjects design should however account for this when
comparing the training response between legs. Unfortunately,
this design also confounds our results in terms of strength and
power adaptations to resistance training through cross educa-
tion, as well as the possibility of training-induced fatigue in the
trained leg. Cross education may even have affected muscle
mass (29), thereby attenuating a decline in muscle mass in the
untrained limb. Also, the findings in the current study may not
be generalizable to average geriatric patients given that the
included patients were more active and had relatively high
functional level compared with previous findings (9,34). In the
current study, lean mass was assessed by a DEXA scan, and
variability in this method might affect the results. Because of
the intense test battery and physical status of the patients, we
did not perform additional DEXA scans to assess the test–retest
reliability of the method. However, the analysis of the midthigh
region showed a good reliability (CV = 0.15%), and the uni-
lateral training design might have compensated for day-to-day
variations in DEXA scans as well as for the hydration status.
So although the direction of change in muscle mass may have
been affected by hydration status, we are confident that the
differences observed between the legs represent a physiological
change as a result of the training.

In conclusion, patients with high levels of inflammation
during hospitalization may be less able to increase or pre-
serve muscle mass in response to resistance training during
illness. Also, the findings of the present study suggest that
muscle mass is not lost during short-term hospitalization of
relatively high functioning and active geriatric patients;
however, these findings are complicated by the fact that
patients may have been dehydrated at admission, which
would influence the muscle mass measurements. Future
studies are needed where muscle mass is assessed at ad-
mission using a method not influenced by hydration status to
determine the effects of short-term hospitalization on muscle
mass in this population.
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