
Tarek Sharshar
Sylvie Bastuji-Garin
Bernard De Jonghe
Robert D. Stevens
Andrea Polito
Virginie Maxime
Pablo Rodriguez
Charles Cerf
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Abstract Background: The patho-
genesis of intensive care unit-acquired
paresis (ICUAP), a frequent and
severe complication of critical illness,
is poorly understood. Since ICUAP
has been associated with female
gender in some studies, we hypothe-
sized that hormonal dysfunction
might contribute to ICUAP.
Objective: To determine the rela-
tionship between hormonal status,
ICUAP and mortality in patients with
protracted critical illness.
Design: Prospective observational
study. Setting: Four medical and
surgical ICUs. Patients: ICU
patients mechanically ventilated for

[7 days. Interventions: None.
Measurements and main results:
Plasma levels of insulin growth fac-
tor-1 (IgF1), prolactin, thyroid
stimulating hormone (TSH), follicular
stimulating hormone (FSH), luteiniz-
ing hormone (LH), estradiol,
progesterone, testosterone, dehydro-
epiandrosterone (DHEA),
dehydroepiandrosterone sulphate
(DHEAS) and cortisol were measured
on the first day patients were awake
(day 1). Mean blood glucose from
admission to day 1 was calculated.
ICUAP was defined as Medical
Research Council sum score\48/60
on day 7. Results: We studied 102
patients (65 men and 37 women, 29
post-menopausal), of whom 24 (24%)
died during hospitalization. Among
the 86 patients tested at day 7, 39
(49%) had ICUAP, which was more
frequent in women (63% versus men
36%, p = 0.02). Mean blood glucose
was higher in patients with ICUAP.
Estradiol/testosterone ratio was
greater in men with ICUAP. Conclu-
sion: ICUAP 7 days after
awakening was associated with
increased blood glucose and with
biological evidence of hypogonadism
in men, while an association with
hormonal dysfunction was not
detected in women.

Keywords Hormones � Critical
illness neuromyopathy � Mortality
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Introduction

Critically ill patients are at risk for developing muscle
weakness or intensive care unit-acquired paresis (ICUAP)
[1]. ICUAP is frequent, affecting at least 25% of critically
ill patients [1], and is a serious neurological disease as it
has been associated with increased mortality [2, 3], pro-
longed mechanical ventilation and hospital stay [4, 5] and
long-term disability [6]. It can be related to axonal pol-
yneuropathy (critical illness polyneuropathy), myopathy
(critical illness myopathy) or, more frequently, both
(critical illness neuromyopathy, CINM) [1, 5, 7]. Various
mechanisms have been identified in the pathophysiology
of CINM, including systemic inflammatory responses,
immobilization, malnutrition, drug toxicity, metabolic
disturbances and hyperglycaemia [5]. A possible contri-
bution of endocrine dysfunction in ICUAP is plausible
since prolonged critical illness is associated with impaired
secretion of various hormones that have a direct effect on
muscle metabolism [8]. This hypothesis is also supported
by a recent study in which women had a more than
fourfold greater risk of developing ICUAP [1]. Therefore,
we assessed plasma levels of gonadic hormones and those
of hormones both mostly studied in critically ill patients
and affecting muscle metabolism, i.e. cortisol, DHEA,
TSH and IgF1. The primary objective of the present study
was to assess the relationships between plasma levels of
these hormones and ICUAP 7 days after awakening in
patients with protracted critical illness being weaned from
mechanical ventilation [9].

Methods

Patients

Patients were enrolled in a prospective study evaluating
the relationship between ICUAP and several outcomes
including duration of mechanical ventilation [4] and
mortality [3]. Inclusion and exclusion criteria have been
previously published [4]. After 7 days of mechanical
ventilation, patients were screened daily for awakening
and comprehension using five simple verbal commands,
as previously described [1, 4]. Patients were enrolled in
the study, and hormonal assays were performed on the
first day when awakening and comprehension were sat-
isfactory (day 1). The study protocol was approved by the
Ethics Committee of Saint-Germain-en-Laye, France,
which oversees all participating hospitals. Informed con-
sent was obtained from all patients. One hundred sixteen
patients fulfilled the inclusion criteria. Among the 116
patients, plasma hormones levels were available in 102
patients (Fig. 1).

As previously described [4], we recorded demographic
characteristics, admission diagnosis, comorbidities, ICU

admission diagnosis, Simplified Acute Physiologic scor-
e II (SAPS II) [10] at admission and day 1, daily organ
dysfunction and/or infection (ODIN) score [11] from
admission to inclusion as well as use of vasopressor,
duration of mechanical ventilation and length of ICU stay
prior to inclusion. Mean blood glucose and cumulative
dose of corticosteroids (expressed as hydrocortisone
equivalent dosage) prior to inclusion were calculated for
each patient.

Endocrine measurements

Plasma follicular stimulating hormone (FSH), luteinizing
hormone (LH) and prolactin concentrations were
measured using radioimmunometric assays (RIA; Immu-
notech, Beckman Coulter France); intra- and interassay
coefficients were less than 8%. Detection limits were
0.2 mUI/ml for FSH and LH, and 0.5 ng/ml for prolactin.
Plasma concentrations of testosterone, dehydroepian-
drosterone (DHEA) and estradiol were determined by
RIA after either extraction. Intra- and interassay coeffi-
cients were less than 10%. Detection limits were 0.07 ng/
ml for testosterone, 0.3 ng/ml for DHEA and 10 ng/ml for
estradiol. Dehydroepiandrosterone sulphate (DHEAS)
and progesterone were measured by RIA (Immunotech
Beckman Coulter France); intra- and interassay coeffi-
cients were less than 10%, detection limits were 60 ng/ml
(DHEAS) and 0.05 ng/ml.

Plasma cortisol concentration was measured directly
by RIA (Cis Bio International) with intra- and interassay
coefficients of 5% and 7%, respectively, and a detection
limit of 0.35 lg/dl. Plasma cortisol levels measured in
patients still treated with hydrocortisone were not taken

2 language barrier

10 no assessable limbs

24 transferred from another ICU

50 neurological disease

86 EXCLUDED

238 FULFILLED INCLUSION CRITERIA

324 MECHANICALLY VENTILATED PATIENTS 
FOR MORE THAN 7 DAYS

14 not available

6 overlooked

11 withheld consent

34 transferred before awakening

71 died

136 WERE  NOT INCLUDED

102 PATIENTS WERE INCLUDED

Fig. 1 Flow chart
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into account in the analysis. Plasma concentrations of
TSH were determined by a third-generation sandwich
immunoassay (Access 2, Beckman Coulter France). Intra-
and interassay coefficient of variation (CV) were less than
3%; detection limit was 0.01 mUI/l. IgF1 was measured
directly by RIA (Cis Bio International) with intra- and
interassay values less than 6%; detection limit was 5 ng/
ml. All samples from a given patient were analysed in
duplicate in a single assay. Plasma level was considered
abnormally low when it was below the lowest normal
value (Table 1).

We defined hypogonadism in men, independently of
age, as plasma testosterone level of \3 ng/ml [12].
Hypogonadism was considered secondary (SH) when
FSH and LH concentrations were \5 mU/l and primary
(PH) when FSH and LH levels were [10 mU/l [12].

Women were considered post-menopausal if they were
older than 55 years or if they reported amenorrhoea for
1 year or more. Because of the small number of pre-
menopausal women (n = 8), plasma levels of sex-
dependent hormones (FSH, LH, estradiol (E2), testoster-
one, DHEA, DHEAS and progesterone) were analysed
only in post-menopausal women. In post-menopausal
women, primary hypogonadism was considered to be the
rule; hypogonadism was considered secondary when LH
and FSH levels were inappropriately low (\10 mUI/l) in
the presence of a low estradiol level (\10 pg/ml) in post-
menopausal women [12].

Detection of ICUAP

Limb muscle strength was assessed in all patients at
inclusion and on day 7 by measuring the strength of three
muscle groups in the upper and lower limbs using the
Medical Research Council (MRC) score. This score

ranges from 0 (‘‘paralysis’’) to 5 (normal) and composite
limb muscle strength (sum score) from 0 to 60 [13].
Muscle strength was assessed by an ICU physical thera-
pist or senior physician in each centre. Consistent with
our previous study [1], we defined ICUAP as MRC\48 at
day 7.

Endpoints

The endpoints were the association of ICUAP, diagnosed
7 days after awakening, with plasma levels of non-
gonadic hormones measured at day 1 in the whole
population and with day-1 plasma levels of gonadic
hormones separately for post-menopausal women and
men.

Statistical analyses

Variables were recorded on admission, between admis-
sion and awakening, at awakening and at discharge
(Tables 2, 3). Continuous variables were not dichoto-
mized and are reported as median with interquartile range
(IQR); categorical variables were coded as 1 or 0 and
reported as numbers (%). The Mann–Whitney U test was
used for comparison of continuous variables, and the chi-
square or Fisher exact test was used for categorical
variables.

Clinical characteristics, hormonal status and outcome
were first compared between women and men by using
univariate analyses (Table 2). Then, patients with and
without day-7 ICUAP were compared on a priori selected
variables, including those previously found to be associ-
ated with ICUAP [5, 7], mean blood glucose and
hormonal measurements (Table 4). For variables a priori
(sex-dependent hormones) or a posteriori associated with
gender (p B 0.10) we systematically searched for first-
order interactions. Odds ratios (OR) and 95% confidence
intervals (CI) were estimated by using asymptotic
(Mantel–Haenszel) or exact logistic models as appropri-
ate for variables associated with ICUAP with p \ 0.10.
Crude ORs are presented when no association with
gender was a priori, or a posteriori, observed (p [ 0.10),
otherwise ORs were adjusted for gender when no inter-
action could be considered (p [ 0.15) or stratified by
gender when an interaction could not be excluded.
Considering the small number of events, multivariate
analysis including all variables associated with ICUAP
could not be performed.

p B 0.05 was considered statistically significant. All
significance tests were two-tailed. Data were analyzed
using Stata statistical software (release 8.0, 2003; Stata-
Corp, College Station, TX) and StatXact and LogXact
software (CYTEL Software Corporation, 2001).

Table 1 Normal values of plasma hormones levels

Hormone Women Men

FSH (mUI/ml) 2–9 2–9
LH (mUI/ml) 1–5 1–5
Prolactin (ng/ml) 2–18 2–18
Estradiol (pg/ml) 30–50 10–35
Testosterone (ng/ml) 0.18–0.50 3.5–8.5
DHEA (ng/ml) 1–9 1.5–10
DHAS (ng/ml) 500–2,500 1,200–3,900
Progesterone (ng/ml) 0.06–1.25 0.13–1.25
Cortisol (lg/dl) 9–18 9–18
TSH (mUI/l) 0.34–5.6 0.34–5.6
IgF1 (ng/ml) 115–228 115–228

FSH follicular stimulating hormone, LH luteinizing hormone,
DHEA dehydroepiandrosterone, DHEAS dehydroepiandrosterone
sulphate, TSH thyroid stimulating hormone, IgF1 insulin growth
factor-1
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Table 2 Clinical characteristics and outcome of patients

N (%), median (IQR) Total population,
N = 102 (100%)

Women,
N = 37 (36%)

Men,
N = 65 (64%)

p}

Age (years) 66 (51–78) 67 (52–80) 62 (51–73) 0.15
COPDa 39 (38) 9 (24) 30 (46) 0.04
Chronic cardiac insufficiencya 28 (27.5) 12 (32) 16 (25) 0.49
Medical admission 71 (69.6) 25 (67) 46 (71) 0.77
SAPS II on ICU admission 46 (38–55) 48 (36–59) 46 (39–50) 0.39
From admission to awakening (day 1)
Septic shock (%)b 53 (52) 21 (57) 32 (49) 0.54
Days with failure C2 organs failurec 8 (7–11) 8.5 (7–15) 8 (7–11) 0.65
Duration of MV (days) 10.0 (8.0–14.0) 9 (8.0–15.0) 10.0 (8.0–13.0) 0.85
Mean blood glucose (mmol/l) 7.6 (6.9–8.8) 8.2 (7.4–9.4) 7.4 (6.7–8.6) 0.01
Use of vasopressors (%) 77 (75) 24 (65) 50 0.46
Use of corticosteroids (%) 64 (63) 26 (70) 39 (60) 0.39
Doses corticosteroids (103 g) 1.0 (0–1.9) 1.0 (0.0–2.13) 1.0 (0.0–1.8) 0.43
Delay from corticosteroids

discontinuation to day 1 (days)
3.0 (1.0–8.0) 3.0 (1.0–8.0) 3.0 0.72

Use of NMBA (%) 40 (39) 15 (41) 25 (38) 0.84
At awakening (day 1, n = 86)
SAPS II 30 (23–36) 30 (25–37) 30.0 (23–35) 0.47
MRC score (0–60) 40.0 (22.8–50.8) 30.5 (14.5–43.5) 41.0 (35–53.0) 0.002

At day 7
MRC score (0–60)** 48 (29–56) 42 (28–52) 50 (40–56) 0.03
MRC score \48 39/86 (45) 19/30 (63) 20/56 (36) 0.02

After awakening
ICU length of stay (days) 23 (15–35) 23.0 (15–36) 23 (16–34) 0.91
ICU mortality (%) 15 (15) 9 (24) 6(9) 0.047
In-hospital mortality 24 (24) 13 (35) 11 (17) 0.05

Data are presented as median (interquartile range) or number (%) as
appropriate
SAPS Simplified Acute Physiology Score [10], COPD chronic
obstructive pulmonary disease, MV mechanical ventilation, MRC
Medical Research Council score, NMBA neuromuscular blocking
agent, ICU intensive care unit, IQR interquartile range
** Assessed in 86 (84%) patients
} p-Value of Mann–Whitney U test or Fisher exact test as
appropriate

a Diagnoses of COPD and cardiac failure were based on clinical
history
b Septic shock was defined as administration of catecholamines
and concomitant documented infection after exclusion of other
causes of shock
c Renal, hepatic and haematological failures were defined accord-
ing to ODIN score [11]

Table 3 Hormonal characteristics of patients at day 1

N (%), median (IQR) Whole population Women (n = 37) Men (n = 65) p

FSH (mUI/ml)a 2.1 (0.75–4.9) 3.8 (1.9–7.5)
LH (mUI/ml)a 0.32 (0.2–1.7) 4.4 (2.1–7.0)
Prolactin (ng/ml) 9.3 (5.2–16.0) 8.8 (4.9–16) 9.5 (6.4–14) 0.71
Estradiola 10 (10–25) 14 (10–23)
Testosteronea 0.08 (0.07–0.18) 0.77 (0.36–1.60)
Estradiol/testosterone ratiob – 17.6 (10–34)
DHEAa 0.30 (0.30–0.90) 0.50 (0.30–1.50)
DHEAS (ng/ml)a 270 (107–469) 441 (164–902)
Progesterone (ng/ml)a 0.2 (0.04–0.3)
Plasma cortisol (lg/dl) 18.0 (12.0–25.0) 23.0 (13.0–25) 17.0 (12.0–23) 0.31
SH (%)a 68/94 (72) 22/29 (76) 46/65 (71) 0.80
PH (%)a 54/94 (57) 29/29 (100) 25/65 (39)
SH and PHa 68/94 22/29 (76) 13/65 (20)
TSH (mUI/l) 1.3 (0.5–2.2) 1.25 (0.52–3.12) 1.32 (0.63–2.18) 0.96
IgF1 (ng/ml) 71.0 (53.8–100.0) 69.0 (47.5–97.0) 75.0 (56.0–103) 0.21

IQR interquartile range, DHEA dehydroepiandrosterone, DHEAS
dehydroepiandrosterone sulphate, FSH follicular stimulating hor-
mone, LH luteinizing hormone, TSH thyroid stimulating hormone,
IgF1 insulin growth factor-1, SH secondary hypogonadism, PH
primary hypogonadism

a Evaluated in all 65 men and only in the 29 post-menopausal
women
b Evaluated only in men
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Results

Patient characteristics (Table 2)

Awakening occurred after a median duration of
mechanical ventilation of 10 days (8–14 days). At day 1,
median MRC score was 40 (23–51). From day 1 to 7, 16
(16%) patients died or were discharged. MRC score was
therefore assessed in 86 (84%) patients at day 7, includ-
ing 56 (71%) men and 23 (29%) women, among whom
there were 18 post-menopausal women. At day 7, median
MRC score was 48 (29–56) and 39 (49%) patients had
ICUAP. MRC score at day 7 was significantly lower and
ICUAP more frequent in women than in men. Twenty-
four patients (24%) died during hospitalization, including
15 in the ICU.

Hormonal status (Table 3)

Plasma cortisol levels were in the low range in 14 (14%)
patients. Median cumulative dose of hydrocortisone and
median delay between discontinuation of corticosteroids
and hormonal measurement were not correlated with
plasma cortisol level (data not shown). Plasma levels of
IgF1 and TSH were low in 81 (79%) and 14 (14%).
SAPS II assessed at awakening was inversely correlated
with plasma levels of DHEA (rho = 0.22, p = 0.03),
DHEAS (rho = 0.20, p = 0.05) and IgF1 (rho = 0.29,
p = 0.004). Plasma levels of the non-gonadic hormones
were not significantly associated with gender.

In post-menopausal women (n = 29), plasma levels of
DHEA and DHEAS were low in 22 (76%) patients. SH
was observed in 22 of these women (76%). In men,
plasma levels of DHEA and DHEAS were low in 48
(74%) and 56 (86%) patients. Plasma testosterone levels
were low in all except 1 patient, and estradiol/testosterone
ratio was high in 20 (31%) men. SH was present in 46
(71%) men, alone (n = 33, 51%) or associated with PH
(n = 13, 20%). PH and isolated PH were present in 25
(39%) and 12 (19%) men.

Relationships between day-1 hormonal status
and ICUAP at day 7 (Table 4)

In the whole population, mean blood glucose was sig-
nificantly higher in patients with than without ICUAP; the
association persisted when the analysis was adjusted for
gender. Plasma prolactin levels tended to be greater and
secondary hypogonadism more frequent in patients with
ICUAP. Plasma levels of cortisol, IgF1 and TSH did not
differ between the two groups.

Plasma estradiol tended to be lower in women with
than without ICUAP. In men, only estradiol/testosterone
ratio significantly differed between the two groups. PH
tended to be less frequent in men without ICUAP.

Female gender, number of days with at least two organ
failures, duration of mechanical ventilation, septic shock,
and use and dose of corticosteroids were also significantly
associated with ICUAP.

There was no statistical difference between patients
with (n = 11) and without (n = 75) severe ICUAP,
defined by MRC score below or above 24, except for
plasma IgF1 level, which was significantly lower in
patients with severe ICUAP (54 [36–99] versus 74 [56–
156], p = 0.02).

Discussion

This study confirms prior data [1] showing that ICUAP
is significantly more frequent in women; however, we
were not able to identify a hormonal disturbance to
explain this association. We also found that protracted
critical illness is associated with low plasma levels of
IgF1 and with secondary hypogonadism in more than
two-third of patients, irrespective of gender. These
neuroendocrine alterations have been previously repor-
ted in a comparable range [8, 12, 14–17]. We also
report that more than 70% of patients had low plasma
levels of DHEA and DHEAS, but only 14% of them
had low plasma cortisol levels. The combination of low
plasma DHEA and DHEAS levels with normal circu-
lating cortisol levels can be interpreted as a sign of
exhausted adrenal reserve [18]. In contrast to previous
reports [8, 12, 19–21], alterations of TSH and prolactin
secretion were relatively uncommon in our prolonged
critically ill patients, possibly because few patients
were treated with dopamine infusion [22, 23]. In
agreement with previous studies [8, 17, 24], we found
that prolonged critical illness results in primary hypo-
gonadism (58%) and increased aromatization of
androgens in men. We did not find any statistical
relationship between ICUAP and plasma levels of cor-
tisol and TSH in both men and women. While plasma
levels of IgF1 were significantly lower in patients with
severe ICUAP, we believe that this result should be
interpreted with caution because of the small number of
cases. It should be noted that administration of growth
hormone can be highly deleterious for critically ill
patients [25]. Therefore, our results rather suggest that
non-gonadic anabolic hormones are not involved in
muscle weakness.

Although we confirmed our prior findings that
women are at increased risk for ICUAP, this gender
association was not found in other observational studies
[2, 7, 26]. There is no clear explanation for this dis-
crepancy. Our results indicate a potential pathogenic role
of some gonadic anabolic hormones. Decreased testos-
terone activity is a critical endocrine factor associated
with muscle weakness in men. This may result from
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either decrease in synthesis of testosterone or increase in
its aromatization, as suggested by the low plasma tes-
tosterone levels and high estradiol/testosterone ratio in
men who developed ICUAP. In post-menopausal
women, muscle weakness tended to be associated only
with decrease in estradiol and FSH, both of which have
anabolic properties.

The therapeutic implication of these findings is
uncertain. The pathogenesis of CINM is highly complex,
involving inflammatory, toxic and metabolic factors [7].
We do not know at this time the respective importance of
these pathogenic factors. Therefore, it is conceivable that
administration of a given anabolic hormone will not
improve muscle strength and will not be safe in critically

Table 4 Comparison between patients with and without ICU-acquired paresis at day 7 (assessed in 86 patients)

N (%), median (IQR) No ICUAP (n = 47) ICUAP (n = 39) p* OR [95% CI]�

Women (%) 11 (23) 19 (49) 0.02 3.1 [1.2–7.8]
Age (years) 66 (47–76) 64 (53–81) 0.45
Women 74 (53–83) 74 (39–80) 0.46
Men 64 (44.5–73) 63 (55–81) 0.20

From admission to awakening (day 1)
Days with failure C2 organsb 4 (0–6) 8 (3–11) 0.005 1.2 [1.1–1.4]
Duration of MV (days)b 15 (14–18) 18 (15–25) 0.016 1.1 [1.0–1.2]
Mean blood glucose (mmol/l)c 7.3 (6.8–8.6) 8.1 (7.5–8.9) 0.006 2.6 [1.1–6.2]a,�

Women 7.6 (6.4–11.7) 8.1 (7.6–8.9) 0.68
Men 7.25 (6.9–8.35) 8.0 (6.3–10.3) 0.17

Use of corticosteroids (%)b 22 (48) 29 (74) 0.015 3.2 [1.3–7.9]
Dose of corticosteroids (103 g)b 0 (0–1.25) 1.4 (0–2.7) 0.0008 1.7 [1.2–2.6]a

At awakening (day 1)
Plasma cortisol T0 (lg/dl) 16 (12–24) 22 (12–27) 0.25
DHEAd

Women 0.30 (0.30–0.66) 0.30 (0.30–0.58) 0.67
Men 0.50 (0.3–1.45) 0.30 (0.30–1.2) 0.13

FSH (mUI/ml)d

Women 4.9 (1.7–29.0) 1.8 (0.75–4.3) 0.13
Men 3.4 (1.9–6.3) 4.7 (2.2–8.3) 0.47

LH (mUI/ml)d

Women 1.7 (0.2–3.0) 0.25 (0.2–1) 0.39
Men 4.5 (2.2–7.4) 4.4 (1.6–6.3) 0.74

Prolactin (ng/ml) 8.3 (5.1–11.0) 10.0 (5.3–19.0) 0.08 2.4 [1.0–5.6]a

Estradiold

Women 12 (10–29) 10 (10–12) 0.10
Men 13.5 (10–23) 15.5 (10–37) 0.57

Testosteroned

Women 0.07 (0.07–0.18) 0.07 (0.07–0.29) 0.81
Men 0.94 (0.43–1.8) 0.57 (0.28–1.14) 0.15

Estradiol/testosterone, male 15 (8–31) 25 (15–63) 0.05 4.2 [1.2–14.5]a

DHEAS (ng/ml)d

Women 275 (192–469) 138 (100–385) 0.34
Men 487 (188–1,170) 193 (104–552) 0.13

Progesterone (ng/ml), women 0.16 (0.03–0.30) 0.24 (0.06–.27) 0.20
SH (%)d 28 (62) 28 (82) 0.08 2.4 [0.9–7.1]
PH (%) male 12 (33) 11 (55) 0.11
TSH (mUI/ml) 1.24 (0.52–2.16) 1.32 (0.45–3.67) 0.33
IgF1 (ng/ml)* 76 (56–104) 68.5 (51–99) 0.41

SAPS Simplified Acute Physiology Score [10], ICUAP ICU-
acquired paresis, MV mechanical ventilation, MRC Medical
Research Council score, ICU intensive care unit, DHEA dehydro-
epiandrosterone, DHEAS dehydroepiandrosterone sulphate, FSH
follicular stimulating hormone, LH luteinizing hormone, TSH thy-
roid stimulating hormone, IgF1 insulin growth factor-1, SH
secondary hypogonadism, PH primary hypogonadism, IQR inter-
quartile range
*p value of the Mann–Whitney U test or Fisher exact test as
appropriate
� Odds ratios (OR) and 95% confidence intervals (CI) were esti-
mated by using asymptotic (Mantel–Haenszel) or exact methods as
appropriate (logistic models). Crude ORs are presented when no

association with gender was a priori, or a posteriori, observed
(p [ 0.10), otherwise ORs were �adjusted for gender when no
interaction could be considered or stratified by gender when an
interaction was observed
a Indicates that ORs were estimated after dichotomization on
median value
b Factors previously found to be independently associated with
occurrence of ICUAP
c Factors not evaluated in the previous study
d Assessed in 79 patients, including 56 men and 23 post-meno-
pausal women. Among the 56 men and 23 post-menopausal
women, 20 and 14 developed ICUAP, respectively
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ill patients. For instance, androgens have been shown to
have no significant effect on muscle strength in non-
critically ill patients [27, 28]. Moreover, the strength of
the association between ICUAP and circulating levels of
anabolic hormones was weak in comparison with other
known risk factors, such as hyperglycaemia, SAPS II and
steroids.

Therefore, a preventive approach, such as controlling
blood glucose or reducing use of corticosteroids, might
be a more relevant therapeutic approach. Hyperglyca-
emia has been identified as a significant risk factor for
electrophysiological abnormalities potentially suggestive
of critical illness polyneuropathy [7], but our study is the
first to show that increased blood glucose is associated
with ICUAP. Although there are no prospective ran-
domized trials evaluating the impact of intensive
glycaemic control on ICUAP as a primary outcome, the
fact that intensive insulin therapy reduced the severity of
electrophysiological abnormalities suggestive of CINM
in two large clinical trials suggests that major clinical
benefit can be expected [5]. Interestingly, we found that
mean blood glucose was higher in post-menopausal
women than in men. This discrepancy may be explained
by the occurrence of insulin resistance in menopause
[29].

Limitations of the study

ICUAP was diagnosed with clinical muscle testing done
7 days after awakening. This delay between assessment
of plasma levels of hormones, performed at time of
awakening, and diagnosis of ICUAP, done 7 days after
awakening, was deliberately selected for the following
reasons: (1) to be consistent with our original study,
which showed that women were at higher risk for
ICUAP 7 days after awakening [1], (2) to select patients
with lasting muscle weakness reflecting a more severe
subset of CINM and (3) to determine the prognostic
value of endocrine variables, which necessarily require
a delay between predictors and the predicted event. It is
possible that this delay resulted in the selection of
patients with critical illness polyneuropathy rather than
critical illness myopathy, as the latter recovers more
rapidly than the former [6]. Such a bias may account
for the fact that ICUAP was not correlated with plasma
levels of anabolic hormones but with blood glucose.
However, lack of power might be the main explanation
for these absences of correlation. This is the case for
women, especially pre-menopausal women, who were
excluded from the analysis of sex-dependent hormones.
We chose to study patients at awakening because it is a
prerequisite for clinical assessment of muscle strength
and a major milestone in the course of critical illness.

It is at this time when important therapeutic decisions
are taken such as ventilator weaning or physiotherapy.

According to our previous studies [1, 3, 4] and that of
Ali et al. [2], ICUAP was defined by MRC score below
48, which corresponds to an average strength of less than
4 (anti-gravity strength) across all muscles tested. This
criterion is also relevant because so-defined ICUAP is
independently associated with increased duration of
mechanical ventilation [4] and mortality [2, 3]. It has to
be noted, except for IgF1, that our results remain
unchanged when using a lower cut-off (i.e. MRC score
\24) for defining ICUAP.

The biological effects of hormones depend on their
circulating levels but also on synthesis and clearance of
specific and non-specific circulating hormone binding
proteins, and on the expression and regulation of hor-
mone receptors. Since we did not assess binding protein
levels nor hormone receptor activity, we cannot exclude
that a given hormone is associated with ICUAP based on
total serum levels alone. Finally, interpretation of single
circulating levels of hormones has to be cautious
because levels fluctuate with time and dynamic assess-
ments were not performed [12]. Repeated measurements
before and after awakening might have provided very
interesting information. However, sampling before
awakening would have implied obtaining blood sample
from a large number of patients who would die before
awakening and would therefore not be evaluated for
ICUAP. We reasoned when designing the project that
obtaining blood samples after awakening, notably at
day 7, might be less acceptable to patients, especially
those who would recover normal strength. It has to be
noted that plasma levels of many hormones are
decreased and fluctuate less post acute phase of critical
illness. Therefore, it is likely that plasma hormonal
levels performed 7 days after awakening would have
been comparable to at day 1.

These results must be interpreted with caution, as a
statistical association does not signify a causal relation-
ship. Endocrine dysfunction and ICUAP might be two
independent consequences of critical illness. Because of
the relatively small number of events, we did not perform
multivariate analysis to determine whether specific
endocrine imbalances were independently associated with
ICUAP or in-hospital mortality. Despite these limitations,
our study is the first to assess the relationships between
hormonal status and ICUAP.

In conclusion, our study confirms that women devel-
oped ICUAP more frequently, perhaps because of the
higher prevalence of hyperglycaemia. In men, there is a
weak association between ICUAP and a decrease in go-
nadic anabolic hormones. IgF1 was significantly lower in
11 patients with severe ICUAP. We did not find an asso-
ciation between other non-gonadic anabolic hormones and
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muscle weakness. However, before envisioning specific
clinical trials, the associations demonstrated in this study
should be confirmed in a larger cohort and their pathogenic
mechanisms elucidated.
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