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Take-home message: The patients
surviving severe sepsis and septic shock
showed a reduction in physical activity of
daily life in the medium term in comparison
with the general population. In addition,
factors such as the use of corticosteroids and
length of hospital stay seem to negatively
influence muscle strength and exercise
capacity in these patients.
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Abstract Purpose: To quantify
the physical activity in daily life
(PADL), muscle strength, and exer-
cise capacity in the short and medium
term in survivors of severe sepsis and
septic shock. Methods: Prospective
cohort study with a follow-up from
hospital admission to 3 months after
hospital discharge. Seventy-two
patients admitted to the ICU for sev-
ere sepsis or septic shock and a
control group of healthy sedentary
subjects (n = 50) were enrolled. All
patients had their PADL quantified by
an accelerometer during their hospital
stay and 3 months after. Exercise
capacity and handgrip and quadriceps
muscle strength were also evaluated.
Results: During hospitalization,
patients spent the majority of their
time inactive in a lying or sitting
position (90 ± 34 % of daily time).
Physical inactivity was partially
reduced 3 months after (58 ± 20 %
of daily time). However, the time
patients spent walking was only 63 %
of the time reported for healthy

subjects. Patients also showed lower
movement intensity when compared
with controls (2.1 ± 0.3 vs
2.5 ± 0.4 m/s2). At hospital dis-
charge, muscle strength and exercise
capacity were approximately 54 % of
the predicted value, and these
parameters showed significant
increase in patients 3 months after
(70 % of predicted value). Multi-
variable analysis demonstrated that
the use of systemic corticosteroids
and hospitalization time negatively
influenced quadriceps strength and
exercise capacity at the time of hos-
pital discharge. Conclusion: Our
results suggest that survivors of sepsis
admitted to the ICU have a substan-
tial reduction in physical activity,
exercise capacity, and muscle
strength compared to healthy subjects
that persist even 3 months after hos-
pital discharge.
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Introduction

Sepsis is a clinical problem of great relevance within the
intensive care unit (ICU) because of its high mortality rate

and financial cost. In addition, survivors can suffer from
severe dysfunction and symptoms, such as fatigue, dys-
pnea, muscle weakness, reduced physical capacity, and a
decrease in health-related quality of life (HRQoL) [1–7].
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The recovery from complications can take months or
years for ICU survivors [6–9], and some studies have
evaluated the risk factors associated with the development
of morbidities, especially muscle weakness [10, 11]. De
Jonghe et al. [11] found independent predictors of a poor
prognosis related to muscle weakness, including gender,
duration of mechanical ventilation, days of multiple sys-
tem failure, and corticosteroid use. Although these factors
are associated with muscle weakness in ICU survivors,
sepsis continues to be the most important risk factor [12–
14].

The aggressiveness of inflammation caused by sepsis
can affect both muscle mass and force [15, 16]. These
musculoskeletal complications may result in difficulty
weaning [17] the patient from the ventilator during their
ICU stay; furthermore, these problems can lead to an
inability to perform physical activity in daily life (PADL)
after hospital discharge. Although the association between
muscle dysfunction and PADL has been demonstrated
previously in patients with chronic obstructive lung dis-
ease [18, 19] and interstitial lung disease [20], to our
knowledge, this link has not been investigated in sepsis
survivors.

The reduction of PADL is associated with an increased
mortality rate [21, 22] in the middle-aged and elderly
population, which are the age groups most affected by
sepsis [23]. Current data regarding the physical activity of
ICU patients is based on subjective questionnaires of
HRQoL. Although subjective methods are useful to
evaluate a patient’s functional status, this methodology
presents limited validity and reliability [24, 25]. For
instance, studies conducted in subjects with low back pain
or patients with walking limitations suggest that subjec-
tive methods should be treated with caution because
individuals overestimate their physical activity time when
compared with electronic devices [26, 27]. Physical
activity monitors have been shown to be reliable at
evaluating different bodily positions (lying, sitting, and
standing) and intensities of activity for long periods of
time [28]. However, there is no information as to the
PADL in sepsis survivors using this type of reliable
device.

Therefore, the aim of this study was to quantify
PADL, muscle strength (inspiratory muscles, handgrip,
and quadriceps) and exercise capacity (6-min walking
distance) in short- and medium-term survivors of sev-
ere sepsis and septic shock. These muscle groups and
the exercise capacity were selected because they
showed a reduction during ICU stays [4, 29, 30]. In
addition, we investigated the variables collected during
the study that could be associated with changes in
muscle strength, exercise capacity, and PADL during
hospitalization and 3 months after using a multivariable
regression analysis.

Materials and methods

Study design and population

This prospective cohort study enrolled sepsis patients who
were admitted to a general ICU for clinical and surgical
patients at the University Hospital of the University of
São Paulo from December 2008 to November 2010. The
study included all consecutive patients referred to the ICU
with severe sepsis or septic shock within 24 h of evolu-
tion in another unit, aged over 18 years old, of any race or
gender, and able to walk without assistance before hos-
pitalization. Furthermore, only patients who were able to
perform at least two physical assessments at the time of
hospital discharge and 3 months later were included.

The criteria for severe sepsis were defined according
to international guidelines [31], i.e., when there was a
suspicion of an infectious agent causing a systemic
inflammatory response associated with hypotension (sys-
tolic blood pressure less than 90 mmHg or a 40 mmHg
reduction from baseline pressure) and/or organ dysfunc-
tion. Septic shock was diagnosed when hypotension- and/
or hypoperfusion-induced sepsis is refractory to fluid
resuscitation and subsequently needs administration of
vasopressor agents.

Patients were excluded if they had a previous or cur-
rent history of stroke with physical limitations,
neuromuscular disease, traumatic brain injury or sub-
arachnoid hemorrhage, spinal cord injury, multiple
traumas with fractured limbs or limb amputation, or any
other disease that could affect the physical assessments.
In addition, terminal patients or those with persistent
coma and/or who were unable to perform at least two
evaluations on the day of discharge were excluded.
Finally, patients who did not attend the scheduled follow-
up at 3 months after discharge were also excluded
(Fig. 1). During the hospital stay, all patients received
medical treatment and general care according to previ-
ously described guidelines [31]. The Hospital Research
Ethics Committee (no. 796/08) approved the study and
patients or their caregivers that agreed to participate
provided written informed consent prior to study
participation.

Rehabilitation procedures during hospitalization and
after discharge

After admission to the ICU, patients received a physical
therapy care protocol twice a day. In summary, if a patient
was unable to perform active movements, 30 repetitions
of passive movements in each upper and lower limb were
performed. If a patient was able to perform partial active
movements with their limbs, assisted (manual assistance)
exercises were initiated in the supine position. If the
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patient tolerated these exercises, they began participation
in activities while sitting on their bedside or in a chair. If a
patient was able to stand up, they began walking
according to their maximal tolerance and acceptance.
Physical therapy sessions were continued until hospital
discharge; however, in the wards, sessions were per-
formed once a day. Patients able to walk without
assistance were dispensed from physical therapy care and
advised to remain active and avoid staying in bed. After
hospital discharge, patients were referred for medical
consultations but not outpatient rehabilitation because of
a lack of provider availability.

Data collection

Clinical and laboratory data were collected within 24 h of
patient admission to the ICU, including Acute Physiology
and Chronic Health Evaluation II (APACHE), Sepsis-

related Organ Failure Assessment (SOFA), sites of sus-
pected or documented infection, serum levels of C-
reactive protein, total bilirubin and fractions, blood gas
analysis and levels of creatinine, urea, sodium, potassium,
lactate, blood count, and glucose. During the ICU stay,
additional information was also collected, including time
in the ICU, comorbidities, history of smoking and alcohol
consumption, duration of mechanical ventilation, days of
dialysis, number of blood transfusions, and the number of
failed ventilator weaning trials. The total length of the
hospital stay was recorded. Medications suspected of
influencing physical capacity, such as midazolam, cate-
cholamines, corticosteroids, and neuromuscular blockers,
were recorded along with the total number of days of drug
administration and the cumulative dose of the drug. The
cumulative dose was calculated by multiplying the num-
ber of days on the drug by the daily dosage of the drug
throughout the hospitalization period, without accounting
for previous administrations or the time after
hospitalization.

Outcomes

At the time of hospital discharge and 3 months later, the
exercise capacity and muscle strength of patients were
evaluated. The PADL was assessed during the 2 days
prior to hospital discharge and 3 months later.

Physical activity in daily life

The patient’s PADL was determined by monitoring
movements with an accelerometer (Dynaport Minimod,
McRoberts, Netherlands) that was developed and vali-
dated in patients with chronic obstructive pulmonary
disease (COPD) [32] and other populations [33, 34]. This
small (54 9 84 9 8.5 mm) and light (45 g) high-resolu-
tion triaxial sensor quantifies the time spent performing
various activities, such as sitting, lying, standing, and
walking, and changes in body position and energy
expenditure. The equipment was inserted into an elastic
band positioned on the lower back near the second lumbar
vertebra. Measurements were performed in wards after
ICU discharge for 12 h per day (from 8 a.m. to 8 p.m.) for
two consecutive days prior to hospital discharge. Patients
were instructed to maintain their regular PADL. Three
months after discharge the patient’s PADL was quantified
at their home for 2 days, excluding the weekend days.
Assessments followed previously used protocols and were
performed only on weekdays to avoid biases, i.e., those
caused by potential differences in physical activity levels
between weekdays and weekend days [19]. If the day of
the assessment fell on a weekend, it was rescheduled for
the next weekday. It was previously demonstrated that a
minimum of 2 days of assessments provides an

Fig. 1 CONSORT enrollment diagram. Patients diagnosed with
stroke in the current hospitalization or previous stroke history with
physical limitations were excluded. Patients with limb amputation
during hospitalization were not evaluated
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acceptable intraclass reliability coefficient for monitoring
PADL in other populations [35].

The obtained signals were recorded in the accelerom-
eter and sent via the Internet to the manufacturer for further
analysis. The mean values obtained during this 2-day per-
iod were compared with a control group (n = 50) of
healthy sedentary subjects. To form the control group, the
researchers involved in the study invited people who were
visiting their families in hospital with the same sexes, ages
(±6 years), and BMIs (±2 kg/m2) as the septic patients to
participate in the study. The control subjects completed a
form with their demographic and personal characteristics.
Subjects were instructed to report any current or past health
problems. Only those without physical limitations and with
no history of participation in recreational (frequency less
than 3 times per week) or competitive sports activities were
matched. Subjects in the control group were instructed to
maintain their regular PADL while using the equipment to
assess PADL. The control group started using PADL
monitoring equipment the day after the hospital visit and
only those who would not return to the hospital in the next
48 h were included. The same instructions supplied to
septic patients on the use of the equipment in the homewere
given to healthy individuals.

Exercise capacity

In wards on the day of hospital discharge, exercise
capacity was evaluated using the 6-min walking distance
(6MWD) test as previously described [36]. Briefly,
patients walked as far as possible down a 30-m, flat
corridor with no traffic and were verbally encouraged
every minute. Interruptions in walking were allowed
when patients perceived intense dyspnea or discomfort.
Cardiac and respiratory rates and oxygen saturation were
monitored before and after the test. Two tests were per-
formed with a 1-h interval between tests. The farthest
distance walked during both tests was recorded. The
values obtained were compared with previously described
values [37].

Quadriceps muscle strength

Maximal isometric voluntary muscle strength was quanti-
fied using a digital dynamometer (EMG System, Brazil).
Signals were acquired and processed using software
(EMGLab V1.1, EMG System, Brazil). The maximal iso-
metric forcewas established by asking the patient to sustain
maximal force for 5 s while receiving verbal encourage-
ment. The highest values with a difference of less than
10 % from three tests was used for analysis. Rest was
allowed between each test, and patients performed one
practice trial without resistance before the test to minimize
the learning effect. Patient positioning was the same as that

used by other authors [38]. Muscle strength was evaluated
in the dominant limb of the patient and the values obtained
were compared with previously described values [38].

Inspiratory muscle strength

The inspiratory muscle strength was defined by the
maximal inspiratory pressure (MIP). To determine the
MIP, the patient was asked to take a normal breath and
insert the mouthpiece at the moment that he or she fin-
ished exhaling the tidal volume. Next, the patient made a
maximal inspiratory effort lasting at least 2 s against a
closed valve. The highest value for the MIP over three
reproducible (less than 10 % difference) maneuvers was
recorded. The procedure was performed according to the
techniques described by Black and Hyatt [39] and patient
data were compared with predicted values previously
described [40].

Muscle strength of upper limbs

The strength of the upper limbs was estimated by the
handgrip strength of the dominant hand with a
dynamometer (T18; Takei, Tokyo, Japan). The strength
was established by asking the patient to sustain maximal
strength for 5 s while receiving verbal encouragement.
The highest values with a difference of less than 10 %
from three tests were used for analysis. We conducted
handgrip measurements of patients in a seated position
while performing an upper limb dominant elbow flexion
to 90", adduction of the shoulder, and maintaining the
wrist in a neutral position. Prior to starting the test, the
patients underwent two attempts of the task to reduce
learning effects. The values obtained were compared with
values previously described [41].

Statistical analysis

At first, the variables collected during the study that could
affect muscle strength, exercise capacity, and PADL were
selected a priori on the basis of the findings of other
studies [10, 26] and our own observations and all of them
are listed in ‘‘Data collection’’. Then, to evaluate associ-
ations between exercise capacity, muscle strength, and
PADL and other quantitative variables collected during
the study we used univariable regression. The t test and
Mann–Whitney U test were used for the comparison of
quantitative variables and the Chi-square test was used for
the comparison of qualitative variables. Variables col-
lected during the study with p\ 0.05 in the univariable
analysis, t test, or Mann–Whitney U were then considered
in a backward multivariable linear regression analysis to
identify the independent contributors to the decline in
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exercise capacity, muscle strength, and PADL. Quantita-
tive variables were expressed as the mean and standard
deviation, and categorical variables were expressed as the
total number and percentage of patients.

The level of significance was set to 5 % (p\ 0.05),
and the statistical analysis was performed using a soft-
ware package (SPSS 17, SPSS Inc., USA). All statistical
analyses were performed independently of the PADL
equipment manufacturer.

Results

Seventy-two patients underwent physical assessments
prior to hospital discharge, and 51 patients returned
3 months later for reassessments (Fig. 1). The baseline
characteristics of patients admitted to the ICU for severe
sepsis and septic shock are described in Table 1. The
characteristics of patients who could not be evaluated
prior to hospital discharge were compared to those who

Table 1 Clinical characteristics of patients admitted to the ICU with severe sepsis and septic shock

Outcome Physical assessments performed
(n = 72)

Physical assessments not performed
(n = 141)

p value

Age, years 53.4 ± 17.6 61.2 ± 19.0 \0.01*
Sex, male, n (%) 36 (50) 77 (55) 0.56
Comorbidity
Diabetes mellitus, n (%) 15 (20.8) 44 (31.2) 0.14
Chronic renal failure, n (%) 20 (27.8) 37 (26.2) 0.87
Alcohol abuse, n (%) 17 (23.7) 20 (14.2) \0.01*
Systemic artery hypertension, n (%) 22 (30.6) 55 (39) 0.23
COPD, n (%) 4 (5.6) 12 (8.5) 0.58
Chronic heart failure, n (%) 7 (9.7) 25 (17.7) 0.15
HIV, n (%) 1 (1.4) 3 (2.1) 1.00
Surgical patient, n (%) 8 (11.1) 44 (31.2) \0.01*
Source of sepsis, n (%)
Pneumonia 26 (36.2) 60 (42.6) 0.36
Urinary tract infect 17 (23.7) 15 (10.6) 0.01
Intra-abdominal infection 12 (16.7) 33 (23.5) 0.25
Infection of unknown source 10 (13.8) 22 (15.6) 0.74
Catheter-related infection 5 (6.9) 5 (3.5) 0.26
Other 2 (2.7) 6 (4.2) 0.59
ICU admission patients’ characteristics
APACHE 20.0 ± 6.6 22.2 ± 5.7 \0.01*
Total SOFA 9.0 (6–12) 12.0 (10–14) \0.01*
Septic shock, n (%) 28 (38.9) 116 (82.3) \0.01
Blood glucose 154.1 ± 59.2 141.4 ± 71.5 0.21
Serum creatinine, mg dL-1 1.8 ± 1.2 2.5 ± 2.7 0.02*
Bilirubin, mg dL-1 1.7 ± 2.3 2.1 ± 3.9 0.34
PaO2/FIO2 265.9 ± 101.3 243.7 ± 114.0 0.18
Hematocrit, % 33.6 ± 7.1 32.1 ± 7.8 0.15
pH 7.35 ± 0.1 7.30 ± 0.2 \0.01*
Lactate, mg dL-1 18.1 ± 12.1 26.4 ± 25.0 0.01*
CRP, mg dL-1 207.3 ± 130.7 190.5 ± 114.8 0.38
INR 1.6 ± 1.1 1.6 ± 0.7 0.88
WBC count lL-1 14,763.9 ± 8589.5 10,958.9 ± 6793.8 0.01*
Use of MV 37 (51.4) 125 (88.7) \0.01*
Duration of MV, days 7.5 ± 6.2 8.5 ± 8.9 0.51
ICU length of stay, days 10.4 ± 11.1 12.4 ± 11.8 0.25
Medication
Corticosteroids, n (%) 42 (58.4) 91 (64.5) 0.45
Dosage cumulative (mg) 1068.6 ± 827.5 1486.6 ± 1978.3 0.5
Midazolam, n (%) 37 (51.4) 125 (88.7) \0.01*
Dosage cumulative (mg) 493.4 ± 403.3 793.1 ± 570.2 \0.01
Norepinephrine, n (%) 33 (45.9) 116 (82.3) \0.01*
Dosage cumulative (mg) 81.5 ± 48.1 110.9 ± 67.1 \0.01
Neuromuscular blockers, n (%) 7 (9.7) 12 (8.5) 0.80
Dosage cumulative (mg) 7.4 ± 2.0 10.7 ± 4.6 0.09

Values are presented as mean ± standard deviation or as number
subjects (percentage), except in the variable SOFA [median (IQR)]
ICU intensive care unit, HIV human immunodeficiency virus,
COPD chronic obstructive pulmonary disease, APACHE Acute
Physiology and Chronic Health Evaluation, SOFA Sequential
Organ Failure Assessment, CRP C-reactive protein, INR

international normalized ratio, WBC white blood cell, MV
mechanical ventilation
* p\ 0.05 when compared between groups. Statistical analysis
was performed with the unpaired t and Mann–Whitney U test
(quantitative variables) and Chi-square test (qualitative variables)
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were successfully assessed (Table 1); the reasons why
patients did not undergo evaluations are displayed in
Fig. 1. Patients who were not evaluated prior to hospital
discharge were significantly different in age, histories of
alcohol abuse, number of surgical patients, laboratory test
results, prognostic scores at ICU admission, and medi-
cations taken when compared with patients who had
received an assessment (p\ 0.05; Table 1). Patients
admitted with severe sepsis who then developed septic
shock during hospitalization were analyzed in the septic
shock group. There was no difference between the septic
patients and the healthy individuals in the variables age,
gender, and body mass index (p[ 0.05) (see Table 2).

Physical activity in daily life

Figure 2 shows the time spent per day completing different
activities in various bodily positions by sepsis survivors
and healthy individuals in the ward and 3 months later.
Septic patients demonstrated a lower walking time per day
when compared with healthy subjects in the ward
(1.9 ± 1.6 vs 10.1 ± 4.4 %, p\ 0.05) and 3 months later
(6.3 ± 3.0 vs 10.1 ± 4.4 %, p\ 0.05). Notably, each
percent of the total time represents 7.2 min/day. Patients
remained inactive during the majority of their hospital-
ization and spent up to 89.2 % of their time sitting or lying
down. After hospital discharge, the time spent inactive in a
sitting or lying position was reduced to 58 % (p\ 0.05).
There was no significant difference between walking times
among patients with severe sepsis and septic shock
3 months after hospital discharge. Sepsis patients had a
lower movement intensity during walking after their hos-
pital discharge when compared with healthy subjects
(2.1 ± 0.3 vs 2.5 ± 0.4 m/s2, respectively, p\ 0.05). At
3 months post-hospitalization, approximately 60 % of
septic patients walked more than 30 min a day, whereas
this value reached 85 % in healthy subjects. None of the
septic patients reported performing regular physical
activity at least 3 times a week 3 months after discharge.

Muscle strength and exercise capacity

Figure 3a displays the muscle strengths and exercise
capacity of the sepsis survivors at hospital discharge and
3 months after. Briefly, patients had lower values than
predicted, with mean values of 45.9 ± 25.9, 50.9 ± 22.3,
54.6 ± 20.9, and 63.7 ± 32.1 % in assessments of
6MWD, quadriceps strength, handgrip strength, and MIP,
respectively (Fig. 3a). These values increased to
69.0 ± 30.3, 68.5 ± 24.9, 66.5 ± 23.9, and
72.0 ± 26.5 % (Fig. 3a), respectively, 3 months after
hospital discharge; however, these data remained lower
than expected (p\ 0.05, Fig. 3a).

To evaluate the influence of severity of sepsis on
muscle strength and exercise capacity, patients with sev-
ere sepsis were assessed separately from those with septic
shock (Fig. 3b). Patients who developed septic shock
presented with lower quadriceps and handgrip strengths

Table 2 Anthropometric characteristics and presence of comorbidities in septic patients and in healthy individuals

Comorbidity Septic patients (n = 72) Healthy individuals (n = 50) p

Age, years 53.4 ± 17.6 54.6 ± 17.0 0.60
Sex, male, n (%) 36 (50) 25 (50) 1.00
BMI, kg/m2 25.5 ± 4.8 24.2 ± 2.9 0.08
Systemic arterial hypertension, n (%) 22 (30.6) 20 (40) 0.31
Diabetes, n (%) 15 (20.8) 8 (16) 0.47
COPD, n (%) 4 (5.6) 2 (4) 0.67
Chronic heart failure, n (%) 7 (9.7) 0 (0) 0.02*
Chronic renal failure, n (%) 20 (27.8) 0 (0) \0.01*
HIV, n (%) 1 (1.4) 0 (0) 0.39

Values are presented as mean ± standard deviation or as number
subjects (percentage)
HIV human immunodeficiency virus, BMI body mass index, COPD
chronic obstructive pulmonary disease

* p\ 0.05 difference between septic patients and healthy indi-
viduals. Statistical analysis was performed with the unpaired t
(quantitative variables) and Chi-square or Fisher’s exact test
(qualitative variables)

Fig. 2 Time spent per day executing different activities in septic
patients and in controls in the ward and at a 3-month follow-up.
Data in septic patients are presented as mean and standard
deviation. Data in healthy controls are presented with dotted line
indicating the mean time spent in each activity. *p\ 0.05
comparison between hospitalization (in the ward) and 3-month
follow-up. #p\ 0.05 comparison between septic patients and
healthy subjects
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compared to patients with severe sepsis (p\ 0.05);
however, no difference was observed between them in the
6MWD and MIP tests on the day of hospital discharge
(p[ 0.05; Fig. 3b). After 3 months, the patients with
severe sepsis and septic shock had similar values for
muscle strength and exercise capacity (p[ 0.05).

Factors associated with exercise capacity and muscle
strength during hospitalization

The variables collected during the study that entered the
backward multivariable linear regression model with the
dependent variables muscle strength and exercise capacity
obtained on the day of hospital discharge are displayed in
Table 3. There were no variables associated with inspi-
ratory muscle strength and PADL during hospitalization.
Furthermore, none of the variables were associated with

exercise capacity, muscle strength, and PADL results
from 3 months after discharge.

Discussion

This study clearly demonstrated that patients referred to
the ICU for severe sepsis or septic shock had a significant
reduction in short- and medium-term PADL when com-
pared with healthy subjects. Furthermore, a significant
reduction in movement intensity was observed during
walking even at 3 months after discharge. We demon-
strated that sepsis survivors partially recover peripheral
muscle strength and exercise capacity after hospital dis-
charge; however, these outcomes remain below the
expected values.

To the best of our knowledge, no previous study has
quantified PADL in sepsis survivors during hospitaliza-
tion. Our results show that patients remained largely
inactive (sitting and lying = 89.2 %) during hospitaliza-
tion. The physical inactivity observed in hospitalized
patients has previously been described in the elderly [42]
and patients with chronic lung disease [18, 19]. Villumsen
et al. [42] demonstrated that elderly patients nearing
hospital discharge spent approximately 10 min/day
walking. In COPD patients, the average daily walking
time during hospitalization was less than 10 min/day [18,
19]. This inactivity was also observed in our patients

Fig. 3 a Represents the values obtained during assessments of
exercise capacity and muscle strength at hospital discharge and
3 months after discharge compared to predicted values described in
the literature [37–41]. b Represents the values obtained during
assessments of exercise capacity and muscle strength at hospital
discharge in patients with severe sepsis and septic shock. 6MWD
six-min walking distance, Quadriceps quadriceps muscle strength,
Handgrip handgrip strength, MIP maximal inspiratory pressure.
Data are presented as a percentage of predicted values of six-min
walking distance [37], quadriceps strength [38], handgrip strength
[41], and maximal inspiratory pressure (MIP) [40]. *p\ 0.05
comparison between hospital discharge and 3 months after (paired t
test) and also the comparison between the value obtained and
predicted (unpaired t test). #p\ 0.05 comparison between patients
with severe sepsis and septic shock (unpaired t test)

Table 3 Multivariable regression analysis with clinical and labo-
ratory factors for muscle strength and exercise capacity obtained on
the day of hospital discharge

Variables B-
coefficients

Standard
error

T p

6MWD
Intercept 0.5212 0.0585 8.91 \0.01
Used
corticosteroids

-0.1258 0.0571 -2.16 0.03*

SOFA -0.0079 0.0088 -0.90 0.37
Hospital stay -0.0050 0.0015 -3.63 \0.01*
Noradrenaline time -0.0073 0.0119 -0.61 0.54
Quadriceps strength
Intercept 0.5247 0.0494 10.63 \0.01
Used
corticosteroids

-0.1206 0.0479 -2.52 0.01*

C-reactive protein -0.0001 0.0002 -0.84 0.40
Hospital stay -0.0048 0.0013 -3.81 \0.01*
Noradrenaline time -0.0184 0.0094 -1.95 0.06
Handgrip strength
Intercept 0.6020 0.0369 16.33 \0.01
Body mass index 0.0180 0.0044 4.06 \0.01*
SOFA -0.0034 0.0068 -0.50 0.61
Used noradrenaline -0.0577 0.0507 -1.14 0.25
Hospital stay -0.0046 0.0011 -4.20 \0.01*

6MWD six-min walking distance
* p\ 0.05 clinical or laboratory factors independently associated
with the physical evaluation of the hospital discharge day
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(14 min/day), allowing us to conclude that this is a
common occurrence in several populations of hospitalized
patients. Potential reasons for physical inactivity include
disease severity, the effects of diseases on the muscu-
loskeletal system, fear of worsening symptoms, low
confidence, and the hospital environment. In addition, the
hospital environment favors inactivity because all basic
needs such as eating, drinking, and going to the bathroom
are carried out in bed or near the bed. The potentially
harmful effects of immobility in short- and medium-term
sepsis survivors have not been established. Therefore,
further studies using exercises, specific strategies [43], or
walking programs can help to reduce physical inactivity
and may be promising strategies for these patients.

The level of physical inactivity observed in our
patients after hospital discharge is not surprising. Previous
studies using the physical function domain of the Short
Form-36 (SF-36) questionnaire suggested that the level of
physical activity in these patients may be compromised
[2, 6]. However, questionnaires are unable to produce
detailed information about a patient’s PADL. Thus, this is
the first study to demonstrate the differences between
sepsis survivors and healthy subjects in terms of time
spent completing different activities in various body
positions and the intensity of movement during walking.
Septic patients had a lower intensity of movement than
healthy subjects (2.1 ± 0.3 vs 2.5 ± 0.4 m/s2). The val-
ues obtained in our study for healthy subjects are close to
those obtained in other studies (2.4 and 2.3 m/s2) [19, 35].
Physical inactivity was clearly demonstrated with patients
spending approximately 14 % of their time lying down
compared with 8 % in healthy subjects. This highlights an
important health issue because physical activity guideli-
nes recommend a daily physical activity time of at least
30 min [44]. In our study, 60 % of patients were able to
achieve this recommendation, whereas 85 % of healthy
subjects reached this goal. This was similar to previous
results in Brazilian COPD patients, where 72 % of
patients were able to achieve 30 min/day of walking
compared to 93 % of healthy volunteers [45]. In contrast,
only 37 % of Australian ICU survivors spent at least
30 min/day walking [46]. The differences obtained in the
walking times of Brazilian patients in relation to other
countries have been demonstrated previously [47] and can
be explained in part by the low socioeconomic status of
Brazilian patients, who do not have access to public and
private transport and, therefore, have to walk more during
activities of daily life. Other hypotheses included climatic
differences and size differences between cities that could
directly influence the time spent on activities such as
walking. These results suggest a need for the establish-
ment of rehabilitation programs for medium- and long-
term ICU survivors that aim to improve physical activity.

It was previously demonstrated that ICU survivors
showed a reduced muscle strength, health status, and
HRQoL [2–4]. However, few studies have analyzed

muscular strength and exercise capacity in depth in short-
and medium-term patients referred to the ICU for severe
sepsis and septic shock [16, 48]. In our study, patients had
a muscle strength and physical capacity that was only
55 % of the predicted value. Eikermann et al. found a
reduction of approximately 30 % in skeletal muscle
strength in septic patients [16]. In addition, peripheral
muscle weakness has been shown using electrophysio-
logical measurements [48]. The causes of muscle
dysfunction in sepsis have been attributed to many fac-
tors, including the reduction of membrane excitability,
sarcolemma membrane damage, altered calcium home-
ostasis, increased proteolytic degradation, and decreased
protein synthesis [49]. However, the association among
these variables, clinical measurements, and muscle
strength and exercise capacity needs further investigation.
The reduction in muscle strength and exercise capacity
observed at hospital discharge in our study has also been
observed in the long term [8], which may suggest an
increase in patient morbidity and expenses related to
health care; however, this remains to be investigated.

Initially, we believed that patients who developed
septic shock would experience greater effects on their
exercise capacity and peripheral muscle strength com-
pared to patients with severe sepsis because the mortality
rate is higher in patients with septic shock [31]. There-
fore, the survivors of septic shock could recover with a
higher number of sequelae. Surprisingly, patients with
septic shock showed no difference in 6MWD and MIP
results when compared to patients with severe sepsis. We
believe that this was observed for MIP because patients
generate negative inspiratory pressures constantly
throughout the day to hold their breath, which would
reduce the effects of sepsis on inspiratory muscle
strength. As for 6MWD, the rehabilitation protocol
applied at the institution may have attenuated the differ-
ences between the groups because the protocol aims to
encourage ambulation of patients as early as possible.
This result differs from the quadriceps and handgrip
strength tests, for which the institution’s rehabilitation
protocols had no specific strength training objectives.
After 3 months, the differences between septic patients
disappeared, allowing us to suggest that these effects are
more restricted to the hospitalization period.

We observed an association between the use of cor-
ticosteroids and both quadriceps weakness and 6MWD. A
prospective observational study reported that the use of
corticosteroids was the highest risk factor for the devel-
opment of muscle weakness in patients submitted to
mechanical ventilation in the ICU; however, no associa-
tion was observed with the total dose or duration of
therapy with corticosteroids [11]. On the other hand, a
recent study found no association between corticosteroids
and 6MWD or physical function outcome results during a
follow-up study in acute lung injury survivors [50]. To
date, the role of systemic corticosteroids in the
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development of muscle weakness is unclear and contro-
versial [51–53]. Interestingly, a recent study reported that
hyperglycemia may partially mediate the deleterious
effects of corticosteroids on the neuromuscular system
[54]. However, we did not find an association between
glucose levels and physical dysfunction. Another risk
factor in our study suggests that hospital stay lengths are
associated with the development of weakness and reduced
exercise capacity. These findings are similar to previous
results [48] and may reflect the severity of side effects
suffered by patients during times when a longer hospital
stay is necessary for treatment.

This study had some limitations. First, the tests used to
measure muscle strength were dependent on the patient’s
motivation. However, we tried to minimize this effect by
only considering the three greatest values that had a
maximum difference of 10 % between tests and by
determining the muscle strength on the basis of the
greatest value. We were unable to obtain baseline mea-
surements of muscle strength, exercise capacity, or PADL
because of the severity and speed of disease onset; thus,
the full magnitude of the changes caused by sepsis could
not be determined. However, we used healthy subjects
and normative data from the general population for our
assessments. Second, PADL was quantified for 2 instead
of 7 days, as previously described [46]. In addition, we
also performed evaluations on weekdays only. However,
this decision can be explained by the following: (1) there
is evidence that 2 days of assessment provides an
acceptable reliability for assess PADL and (2) our data
obtained from septic patients was compared with healthy
subjects, who are known to walk less on weekends. Third,
it was impossible to pair the septic patients with matched
controls for all comorbidities and anthropometric char-
acteristics mainly because several septic patients only
were diagnosed with human immunodeficiency virus
infection, chronic renal failure, and other comorbidities
after admission, unlike the control group who filled out a
form about the diseases that they knew they currently had.
However, in a secondary analysis (data not shown) we
compared the septic patients with human

immunodeficiency virus or chronic renal failure or
chronic heart failure history with other septic patients and
found no difference in PADL after 3 months. Therefore
patients were matched only by gender and anthropometric
characteristics. Furthermore, other studies on PADL also
paired the control patients through anthropometric char-
acteristics and not comorbidities [55, 56]. Fourth,
myopathy and polyneuropathy have been identified as the
main causes of muscle weakness in the ICU [57]; these
were previously shown to be prognostic markers in the
recovery process of patients and mortality [58, 59].
Despite this, the electrophysiological testing required for
the diagnosis of myopathy and polyneuropathy were not
performed in our study because it is highly time-con-
suming, technically difficult to perform, expensive, and
not available in all ICUs [60, 61]. Lastly, it was not
possible to quantify the effects of the institution’s reha-
bilitation program on the results obtained in septic
patients because this was not one of the study objectives.

Conclusion

Patients referred to the ICU for severe sepsis or septic
shock had a substantial reduction in their short-term and
medium-term PADL that was associated with a reduction
in peripheral muscle strength and exercise capacity.
Although patients exhibited a general recovery of muscle
strength and exercise capacity, their performance was
below that of healthy subjects. The use of corticosteroids
and hospitalization time influenced quadriceps muscle
weakness and exercise capacity in sepsis survivors.
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Koeppen S, Neuhäuser M, Peters J
(2006) Muscle force and fatigue in
patients with sepsis and multiorgan
failure. Intensive Care Med 32:251–259

17. Laghi F, D’Alfonso N, Tobin MJ
(2014) A paper on the pace of recovery
from diaphragmatic fatigue and its
unexpected dividends. Intensive Care
Med 40:1220–1226

18. Borges RC, Carvalho CRF (2012)
Physical activity in daily life in
Brazilian COPD patients during and
after exacerbation. COPD 9:596–602

19. Pitta F, Troosters T, Probst VS et al
(2006) Physical activity and
hospitalization for exacerbation of
COPD. Chest 129:536–539

20. Wickerson L, Mathur S, Helm D,
Singer L, Brooks D (2013) Physical
activity profile of lung transplant
candidates with interstitial lung disease.
J Cardiopulm Rehabil Prev 33:106–112

21. Brown WJ, McLaughlin D, Leung J,
McCaul KA, Flicker L, Almeida OP,
Hankey GJ, Lopez D, Dobson AJ
(2012) Physical activity and all-cause
mortality in older women and men. Br J
Sports Med 46:664–668

22. Samitz G, Egger M, Zwahlen M (2011)
Domains of physical activity and all-
cause mortality: systematic review and
dose-response meta-analysis of cohort
studies. Int J Epidemiol 40:1382–1400

23. Peterson MJ, Giuliani C, Morey MC,
Pieper CF, Evenson KR, Mercer V,
Cohen HJ, Visser M, Brach JS,
Kritchevsky SB, Goodpaster BH, Rubin
S, Satterfield S, Newman AB,
Simonsick EM, Health, Aging and
Body Composition Study Research
Group (2009) Physical activity as a
preventative factor for frailty: the
health, aging, and body composition
study. J Gerontol A Biol Sci Med Sci
64:61–68

24. Lareau SC, Meek PM, Roos PJ (1998)
Development and testing of the
modified version of the pulmonary
functional status and dyspnea
questionnaire (PFSDQ-M). Heart Lung
27:159–168

25. Shephard RJ (2003) Limits to the
measurement of habitual physical
activity by questionnaires. Br J Sports
Med 37:197–206

26. Giantomaso T, Makowsky L, Ashworth
NL, Sankaran R (2003) The validity of
patient and physician estimates of
walking distance. Clin Rehabil 17:394–
401

27. Sanders SH (1983) Automated versus
self-monitoring of up-time in chronic
low-back-pain patients: a comparative
study. Pain 15:399–405

28. Pitta F, Troosters T, Probst VS, Spruit
MA, Decramer M, Gosselink R (2006)
Quantifying physical activity in daily
life with questionnaires and motion
sensors in COPD. Eur Respir J
27:1040–1055

29. Ali NA, O’Brien JM Jr, Hoffmann SP,
Phillips G, Garland A, Finley JC,
Almoosa K, Hejal R, Wolf KM,
Lemeshow S, Connors AF Jr, Marsh
CB, Midwest Critical Care Consortium
(2008) Acquired weakness, handgrip
strength, and mortality in critically ill
patients. Am J Respir Crit Care Med
178:261–268

1442



30. Burtin C, Clerckx B, Robbeets C,
Ferdinande P, Langer D, Troosters T,
Hermans G, Decramer M, Gosselink R
(2009) Early exercise in critically ill
patients enhances short-term functional
recovery. Crit Care Med 37:2499–2505

31. Dellinger RP, Levy MM, Rhodes A,
Annane D, Gerlach H, Opal SM,
Sevransky JE, Sprung CL, Douglas IS,
Jaeschke R, Osborn TM, Nunnally ME,
Townsend SR, Reinhart K, Kleinpell
RM, Angus DC, Deutschman CS,
Machado FR, Rubenfeld GD, Webb S,
Beale RJ, Vincent JL, Moreno R,
Surviving Sepsis Campaign Guidelines
Committee including The Pediatric
Subgroup (2013) Surviving Sepsis
Campaign: international guidelines for
management of severe sepsis and septic
shock, 2012. Intensive Care Med
39:165–228

32. Langer D, Gosselink R, Sena R, Burtin
C, Decramer M, Troosters T (2009)
Validation of two activity monitors in
patients with COPD. Thorax 64:641–
642

33. Dijkstra B, Kamsma Y, Zijlstra W
(2010) Detection of gait and postures
using a miniaturised triaxial
accelerometer-based system: accuracy
in community-dwelling older adults.
Age Ageing 39:259–262

34. Dijkstra B, Kamsma YP, Zijlstra W
(2010) Detection of gait and postures
using a miniaturized triaxial
accelerometer-based system: accuracy
in patients with mild to moderate
Parkinson’s disease. Arch Phys Med
Rehabil 91:1272–1277

35. Pitta F, Troosters T, Spruit MA, Probst
VS, Decramer M, Gosselink R (2005)
Characteristics of physical activities in
daily life in chronic obstructive
pulmonary disease. Am J Respir Crit
Care Med 171:972–977

36. American Thoracic Society (2002) ATS
statement: guidelines for the six-minute
walk test. Am J Respir Crit Care Med
166:111–117

37. Enright PL, Sherrill DL (1998)
Reference equations for the six-minute
walk in healthy adults. Am J Respir Crit
Care Med 158(5 Pt 1):1384–1387

38. Hogrel JY, Payan CA, Ollivier G,
Tanant V, Attarian S, Couillandre A,
Dupeyron A, Lacomblez L, Doppler V,
Meininger V, Tranchant C, Pouget J,
Desnuelle C (2007) Development of a
french isometric strength normative
database for adults using quantitative
muscle testing. Arch Phys Med Rehabil
88:1289–1297

39. Black LF, Hyatt RE (1999) Maximal
respiratory pressures: normal values
and relationship to age and sex. Am
Rev Respir Dis 99:969–974

40. Neder JA, Andreoni S, Castelo-Filho A
et al (1999) Reference values for lung
function tests. Braz J Med Biol Res
32:703–717

41. Günther CM, Bürger A, Rickert M,
Crispin A, Schulz CU (2008) Grip
strength in healthy caucasian adults:
reference values. J Hand Surg Am
33:558–565

42. Villumsen M, Jorgensen MG,
Andreasen J, Rathleff MS, Mølgaard
CM (2014) Very low levels of physical
activity in older patients during
hospitalization at an acute geriatric
ward—a prospective cohort study. J
Aging Phys Act. doi:
10.1123/japa.2014-0115

43. Schweickert WD, Pohlman MC,
Pohlman AS, Nigos C, Pawlik AJ,
Esbrook CL, Spears L, Miller M,
Franczyk M, Deprizio D, Schmidt GA,
Bowman A, Barr R, McCallister KE,
Hall JB, Kress JP (2009) Early physical
and occupational therapy in
mechanically ventilated, critically ill
patients: a randomized controlled trial.
Lancet 373:1874–1882

44. Pate RR, Pratt M, Blair SN, Haskell
WL, Macera CA, Bouchard C,
Buchaner D, Ettinger W, Heath GW,
King AC et al (1995) Physical activity
and public health: a recommendation
from the Centers for Disease Control
and Prevention and the American
College of Sports Medicine. JAMA
273:402–407

45. Hernandes NA, Teixeira Dde C, Probst
VS, Brunetto AF, Ramos EM, Pitta F
(2009) Profile of the level of physical
activity in the daily lives of patients
with COPD in Brazil. J Bras Pneumol
35:949–956

46. Denehy L, Berney S, Whitburn L,
Edbrooke L (2012) Quantifying
physical activity levels of survivors of
intensive care: a prospective
observational study. Phys Ther
92:1507–1517

47. Pitta F, Breyer MK, Hernandes NA,
Teixeira D, Sant’Anna TJ, Fontana AD,
Probst VS, Brunetto AF, Spruit MA,
Wouters EF, Burghuber OC, Hartl S
(2009) Comparison of daily physical
activity between COPD patients from
Central Europe and South America.
Respir Med 103:421–426

48. Witt NJ, Zochodne DW, Bolton CF,
Grand’Maison F, Wells G, Young GB,
Sibbald WJ (1991) Peripheral nerve
function in sepsis and multiple organ
failure. Chest 99:176–184

49. Callahan LA, Supinski GS (2009)
Sepsis-induced myopathy. Crit Care
Med 37(10 Suppl):S354–S367

50. Fan E, Dowdy DW, Colantuoni E,
Mendez-Tellez PA, Sevransky JE,
Shanholtz C, Himmelfarb CR, Desai
SV, Ciesla N, Herridge MS, Pronovost
PJ, Needham DM (2014) Physical
complications in acute lung injury
survivors: a two-year longitudinal
prospective study. Crit Care Med
42:849–859

51. Hough CL, Steinberg KP, Taylor
Thompson B, Rubenfeld GD, Hudson
LD (2009) Intensive care unit-acquired
neuromyopathy and corticosteroids in
survivors of persistent ARDS. Intensive
Care Med 35:63–68

52. Bednarı́k J, Vondracek P, Dusek L,
Moravcova E, Cundrle I (2005) Risk
factors for critical illness
polyneuromyopathy. J Neurol 252:343–
351

53. Coakley JH, Nagendran K, Yarwood
GD, Honavar M, Hinds CJ (1998)
Patterns of neurophysiological
abnormality in prolonged critical
illness. Intensive Care Med 24:801–807

54. Hermans G, Wilmer A, Meersseman W,
Milants I, Wouters PJ, Bobbaers H,
Bruyninckx F, Van den Berghe G
(2007) Impact of intensive insulin
therapy on neuromuscular
complications and ventilator
dependency in the medical intensive
care unit. Am J Respir Crit Care Med
175:480–489

55. Troosters T, Sciurba F, Battaglia S,
Langer D, Valluri SR, Martino L,
Benzo R, Andre D, Weisman I,
Decramer M (2010) Physical inactivity
in patients with COPD, a controlled
multi-center pilot-study. Respir Med
104:1005–1011

56. Vorrink SN, Kort HS, Troosters T,
Lammers JW (2011) Level of daily
physical activity in individuals with
COPD compared with healthy controls.
Respir Res 12:33

57. Latronico N, Bolton CF (2011) Critical
illness polyneuropathy and myopathy: a
major cause of muscle weakness and
paralysis. Lancet Neurol 10:931–941

58. Guarneri B, Bertolini G, Latronico N
(2008) Long-term outcome in patients
with critical illness myopathy or
neuropathy: the Italian multicentre
CRIMYNE study. J Neurol Neurosurg
Psychiatry 79:838–841

1443

http://dx.doi.org/10.1123/japa.2014-0115


59. Moss M, Yang M, Macht M, Sottile P,
Gray L, McNulty M, Quan D (2014)
Screening for critical illness
polyneuromyopathy with single nerve
conduction studies. Intensive Care Med
40:683–690

60. Latronico N, Shehu I, Guarneri B
(2009) Use of electrophysiologic
testing. Crit Care Med 37(10
Suppl):S316–S320

61. Schweickert WD, Hall J (2007) ICU-
acquired weakness. Chest 131:1541–
1549

1444


	Physical activity, muscle strength, and exercise capacity 3 months after severe sepsis and septic shock
	Abstract
	Introduction
	Materials and methods
	Study design and population
	Rehabilitation procedures during hospitalization and after discharge
	Data collection
	Outcomes
	Physical activity in daily life
	Exercise capacity
	Quadriceps muscle strength
	Inspiratory muscle strength
	Muscle strength of upper limbs

	Statistical analysis

	Results
	Physical activity in daily life
	Muscle strength and exercise capacity
	Factors associated with exercise capacity and muscle strength during hospitalization

	Discussion
	Conclusion
	Acknowledgments
	References


