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Abstract Clinical consequences of critical illness and
critical care (CC) on bone health remain largely unexplored. This retrospective study aimed to assess the number
of new bone fractures (BF) following a prolonged length of
stay (LOS) in intensive care unit (ICU). Adults admitted in
our tertiary ICU during 2013 with a stay [7 days were
included (CC group). Patients who died in ICU or lost to
follow-up were excluded. For each CC patient still alive
after 2 years of follow-up, 2 control patients, scheduled for
surgery during 2013, were recruited and matched for gender and age. Basal fracture risk before admission was
calculated using FRAX tool. General practitioners were
phoned to check out new bone fracture (BF) during 2 years
after admission. Of the 457 enrolled CC patients, 207 did
not meet inclusion criteria and 72 died during FU (median
age 72 [65–77] years). New BF occurred in 9 of the 178
patients still alive at the end of FU (5%). Median age of
these patients was 64 [53–73] years. Fractured patients did
not differ from non-fractured ones based on demographic
and clinical characteristics, excepting for FRAX risks that
were higher in fractured patients. In the control group, 327
patients were analyzed. Their rate of BF was 3.4% without
statistical significance compared to the CC group. FRAX
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risks were similar in both groups. The risk of new BF in CC
group, expressed as an odds ratio, was 50% higher than in
the control group without achieving statistical significance
(odds ratio 1.53; 95% confidence interval 0.62–3.77;
p = 0.35). When comparing ICU survivors to patients who
underwent uncomplicated surgery in the present preliminary study included limited cohorts, the fracture risk in the
2 years following prolonged ICU stay was not statistically
higher. However, CC fractured patients had higher FRAX
risks than non-fractured patients. Such screening could
help to target prevention and appropriate treatment
strategies.
Keywords Critical care  Critical illness  Bone fracture 
FRAX index  Long term outcomes
Abbreviations
BF
Bone fracture
BMD
Bone mineral density
BMI
Body mass index
CC
Critical care
CVVH Continuous venovenous hemofiltration
FU
Follow-up
ICU
Intensive care unit
LOS
Length of stay
PICS
Post-intensive care syndrome

Background
Mortality rates during critical care have significantly
decreased then stabilized over the last past years. Surviving
critical illness is thus the next challenge: patients discharged from intensive care unit (ICU) have to face significant sequelae that have now been identified by the
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medical community as the post-intensive care syndrome
(PICS) [1]. Survivors may suffer from severe and prolonged physical, cognitive, and psychological problems
that may lead to serious functional impairments, reduced
quality of life and increased health related costs [2].
Among post-intensive care morbidities, ICU acquired
weakness is largely described and investigated. However,
muscle is not the only part of the locomotion system that
may be affected by critical illness and ICU stay. Bone
health itself may also be impacted by inflammation,
endocrine dysfunction, vitamin D deficiency, immobilization, or corticosteroids use. Nevertheless, clinical consequences of critical illness and critical care on bone health
remain largely unexplored.
Several bone turnover markers have been studied in
critically ill patients. The measured bone markers varied
widely among the studies, as well as methodologies.
However, according to a recent systematic review, an
increase in bone resorption markers and in immature
osteoblast activity seems to be noted, confirming an
increased bone turnover [3]. At this point, it is worth noting
that caution should be appropriate when dosing bone
markers in acute critically ill patients [4]. Pre-analytical
conditions may not be met in this particular context (i.e.
fasting in case of continuous enteral nutrition), fluid shifts
or renal function alteration may interfere with results
interpretation. Moreover, matrix effects may be suspected
when using immunoassays, due to variations in serum
protein concentrations during critical illness [5].
Changes in bone mineral density (BMD) during or after
critical care have also been evaluated. Measurements at
short and long term after critical illness onset both suggested a decrease in BMD that could led to a potential
increased calculated risk of bone fractures [6–8].
In clinical practice, it would be important to know how
such biological and physical negative changes influence the
occurrence of bone fracture in surviving patients. To the
best of our knowledge, only one study investigated the real
risk of new bone fracture following ICU stay [9]. That
retrospective study recruited ICU patients who required
invasive mechanical ventilation for at least 48 h and who
survived to ICU discharge. Included patients had in fact a
median ICU length of stay (LOS) of 7.8 days. Only women
were compared to a healthy matched population. Authors
reported an increased fracture risk in older female ICU
survivors but bone fracture risk factors previously existing
before ICU stay were not taken into account in the analysis.
Knowing the ICU-related factors of altered bone health,
long ICU-stayer patients may be expected to be at highest
risk of post-ICU bone fracture. At present, it is not clear if
bone fractures have to be included in the named ‘‘PICS’’.
The present retrospective study aimed to assess the number
of new bone fractures following critical illness, focusing on
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patients with a prolonged ICU stay. In a second phase of
the study, a control group was added for comparison. Intent
was to compare critically ill patients to surgical patients
(and not to healthy people), aiming to highlight a potential
impact of critical illness and/or critical care in the occurrence of new bone fracture.

Methods
Population
Critically ill patients were recruited in a 34-bed tertiary
adult mixed medical and surgical ICU. All patients
admitted during the year 2013 were screened. Adults
([18 years old) with an ICU LOS [7 days were included.
Patients who died in ICU and burn patients were excluded.
During ICU stay, all critically ill patients benefited from
local standard care procedures. Nutrition was administered
by oral, enteral, or parenteral route according to patient’s
status, aiming to obtain daily intakes of 20–25 kcal/kg and
1.2–1.5 g of proteins/kg. Continuous intravenous insulin
was administered to maintain blood glucose level between
0.8 and 1.8 g/l. Regional citrate anticoagulation was used
in case of continuous venovenous hemofiltration (CVVH)
therapy. An early and targeted mobilization strategy was
implemented, including passive or active cycling, passive
or active range of motion, sitting out of bed, transfers,
ambulation, and other mobilization techniques as
appropriate.
In the control group were included patients who were
scheduled for surgery or invasive procedure during the
same year 2013. Patients scheduled for cardiac or cerebral
surgery were excluded.
Method
Same method was applied for all patients in both groups,
named Critical Care (CC) Group and Control Group. Some
data were collected from patients’ medical files: demographic data, medical history, and specific data related to
ICU stay or scheduled surgery.
For each patient, basal fracture risk before ICU or
hospital admission was evaluated using the FRAX tool
(Fracture Risk Assessment tool), developed by the
University of Sheffield, in association with the World
Health Organization. FRAX uses validated clinical risk
factors to provide a prediction of individual’s risk of
fracture in the next 10 years. The risk is expressed in
percentages. In the present study, the Belgian version of the
FRAX algorithm was used [10, 11], without the measurement of femoral neck bone mineral density (http://www.
shef.ac.uk/FRAX/tool.jsp?locationValue=9).
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During the first semester of 2016, referent general
practitioners were contacted by phone for each patient, to
check out occurrence of new bone fracture during the
2 years following ICU or hospital admission (in the CC
group or Control group respectively). Date and circumstances of fracture were noted, as well as the affected bone.
Patients who sustained fractures on multiple occasions
were included only for the first fracture. In the present
study were considered frailty fractures, defined as fracture
occurring spontaneously or after a low energy trauma.
Fractures occurring after a high velocity trauma (falls [3
m, motor vehicle related traffic injuries, blunt violence) or
pathological fractures were not included.
Calculation of the needed sample size was not achievable due to insufficient available data in the literature,
especially regarding the anticipated fracture risk in the
control population.
Statistical analysis was performed using Graphpad
Prism (version 6.0 for Mac OSX, Graphpad Inc., San
Diego, CA, USA). Data were tested for normality using the
Shapiro–Wilk test. Results are expressed as medians with
interquartile ranges or frequency distribution. Unpaired
data were compared using Mann and Whitney test. Proportions were compared using Fisher’s exact test. A p value
\0.05 was considered to be statistically significant.

Results
Of the 1446 patients admitted in ICU during the year 2013,
457 had an ICU LOS [7 days and were then enrolled. Due
to exclusion criteria, 285 patients have been included in the
study and 250 were finally analyzed in the CC group
(Fig. 1). Of those, 72 died during the follow-up period and
were analyzed separately to assess a potential bone fracture
as the cause of death. At the end of the 2 years of followup, 178 patients were still alive. For each one, two control
patients, matched for gender and age, were then recruited
among all the patients who attended pre-operative anesthesia consultation in 2013. Less than 10% of these patients
were considered lost to follow-up and 327 were finally
analyzed in the Control group (Fig. 1).
Descriptive characteristics of critically ill patents and
control patients are detailed in Table 1. Control patients did
not differ from alive critically ill patients in terms of age,
gender, BMI, or basal FRAX risk. Critically ill patients had
actually a prolonged stay in ICU and even in hospital.
Among the 72 critically ill patients who died during the
2 years of follow-up, only one patient (a 62 years male)
experienced hip fracture 17 months after ICU admission.
Yet, his death was not reported to be due directly to this
fracture.

Nine alive patients (5%) sustained fracture during the
two years after ICU admission. Four of them were men.
Fractures occurred after 7.5 (2.4–22.8) months, all in a
context of fall at home. All fractured patients experienced
only one fracture during the follow-up period. Descriptive
characteristics of non-fractured and fractured patients in
the CC group are detailed in Table 2. No significant differences were noted between the two groups in term of age,
gender, BMI, SAPS II score, ICU length of stay (LOS) or
mechanical ventilation duration. None of the fractured
patients benefited from a CVVH treatment. Both basal
major and hip FRAX risk were significantly higher in the
fractured patients when compared to non-fractured patients
in the CC group (p = 0.0029 and p = 0.0065 for major
and hip FRAX risk respectively). Major FRAX risks were
16 (5.4–24) % and 5.2 (2.7–8.2) %, and hip FRAX risks
were 6.8 (1.4–15.5) % and 1.4 (0.5–3.3) %, in fractured
and non-fractured patients, respectively (Fig. 2). Only a
few patients received vitamin D supplementation before
ICU admission or during ICU stay. Proportion of supplemented patients did not differ between fractured and nonfractured patients. Similarly, corticosteroids treatment
during critical illness was not more common in fractured
patients when compared to non -fractured patients. Proportion of patients living at home 2 years after critical care
admission was statistically similar in the two groups. Even
if not different from a statistical point of view, proportion
of patients fully autonomous 2 years after ICU admission
tended to be higher in the non-fractured group.
In the Control group, 11 patients (3.4%) sustained new
bone fracture, 14.5 (6–20.5) months after hospital admission. Each of them was due to a fall. Of note, one of the 11
fractured patients experienced 2 fractures during the
2 years of follow-up: both affected the same bone, the
second one occurring more than one year after the initial
event. Fractured patients in the Control group were not
different from the critically ill fractured patients in terms of
age, gender, and BMI. Median age was 63 years in both
groups, with IQR 60–83 or 54–69 in CC group or control
group, respectively. Female represented 55% of the fractured population in both groups. Fractured patients’s BMI
was 25.8 (24–29) and 26.7 (22–31) kg/m2 in CC group and
control group, respectively. Basal major and hip FRAX
risks were similar in both groups (Fig. 2). Timing of
fracture occurrence was not statistically different between
both groups.
Proportion of new bone fracture in the CC group and
Control group is presented on Fig. 3. The risk of new
fracture in the critical care cohort, expressed as an odds
ratio, was 50% higher than in the control group without
achieving statistical significance (odds ratio 1.53; 95%
confidence interval 0.62–3.77; p = 0.35).
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Fig. 1 Flow chart. y years, ICU intensive care unit, LOS length of stay

Discussion
The present study is one of the few interested in clinical
bone consequences of critical illness or critical care. The
retrospective observations showed that the risk of new
bone fracture following ICU admission was not statistically different from that of patients discharged after a
scheduled surgery or invasive procedure. These results are
similar to those previously published in a retrospective
study in which authors demonstrated no significantly
higher fracture risk in their entire female ICU cohort
followed during a median period of 3.7 years after ICU
discharge, when compared to a matched healthy cohort
[9]. Compared to that previously published study, the
present one brings other insights regarding frailty fracture
risk after critical illness. Present analysis was about the
global ICU adult population, with no age or sex restriction. Moreover, present results focused on long ICU
stayers. Such patients are anticipated to be at higher risk
of bone health alteration, as they are also at higher risk of
developing ICU acquired weakness [12]. Bone disease
may be due to systemic repercussions of critical illness
itself, but also critical care including immobilization,
treatment strategies, or received medications. There is no
consensus in the literature about the definition of a
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‘‘prolonged ICU stay’’. It is probably depending on several factors such as hospital type or critical illness type. In
the literature, a prolonged ICU stay has been defined as
ICU LOS from [4 days up to [14 days according to the
studies. In the present study, the usual LOS encountered
in our general tertiary ICU (median LOS of 3 days) was
used to define what was considered as a prolonged LOS,
i.e. [7 days. Such definition has already been admitted as
valid in other published studies related to functional
outcomes [13]. Finally, follow-up of the included patients
lasted two years after admission. Advantage of a limited
follow-up period is to link fracture occurrence with the
direct consequences of critical care or critical illness,
without influence of other future confounding factors
affecting bone health.
Both the previously published study [9] and the present
one do not completely confirm what was suspected through
studies indicating a higher calculated fracture risk based on
BMD changes during or after ICU stay. One explanation
may be the limited physical capacities that are known to
persist from 6 months to 5 years according to studies
[2, 14, 15]. Exercises limitations and lower physical
functioning may reduce the probability for the patients to
find themselves in a suitable situation leading to bone
fracture.
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Table 1 Demographic, clinical characteristics, and outcomes of included patients in Critical Care group and Control group
Critical Care group

Control Group (n = 327)
Deceased (n = 72)

Alive (n = 178)

Age, years

72 (65–77)

64 (53–73)

64 (53–73)

Female, n (%)

25 (35)

65 (36)

122 (37)

BMI, kg/m2

26.7 (23–30)

25.2 (23–30)

26.2 (23–29)

Cardiovascular, n (%)

62 (86)

128 (72)

50 (15)

Respiratory, n (%)

27 (37)

52 (29)

39 (12)

Renal, n (%)
IT DM, n (%)

14 (19)
5 (7)

23 (13)
8 (4)

19 (5.8)
7 (2)

Comorbidities

SAPS II

42 (30–54)

44.5 (34–55)

–

Admission category, n (%)

Medical

41(57)

76 (43)

–

Surgical

31 (43)

102 (57)

Admission failure, n (%)

Cardiovascular

25 (35)

50 (28)

Abdominal

91 (28)

Digestive

6 (8)

11 (6)

Endoscopy

5 (1.6)

Hepatic

2 (3)

5 (3)

Eye

20 (6)

Metabolic

1 (1)

3 (2)

HPN

2 (0.6)

Neurologic

8 (11)

32 (18)

Maxilofacial

2 (0.6)

Other

0

6 (3)

Neurosurgery

34 (10)

Pulmonary

25 (35)

46 (26)

ENT

45 (14)

Renal/Urologic

3 (4)

3 (2)

Plastic

23 (7)

Trauma

2 (3)

22 (12)

Outcomes
ICU LOS, days
Hospital LOS, days

327 (100)

Senologic

7 (2.2)

Urologic

98 (30)

18 (11–29)

15 (10–23)

–

42 (29–63)

38 (26–60)

2 (1–4)

Ventilation duration, days

8 (1–17)

7 (1–13)

–

CVVH, n (%)

8 (11)

13 (7)

–

CVVH duration, days

5 (2–14)

15 (7–23)

–

Major fracture, %

8.5 (6.8–15)

5.4 (2.8–8.5)

5.7 (2.9–10)

Hip fracture, %

3.8 (2.2–6.8)

1.5 (0.5–3.8)

1.5 (0.4–4.1)

FRAX risk

Data are showed as median with interquartile ranges or number and percentages
y years, BMI body mass index, SAPS II Simplified Acute Physiology Score, IT DM insulin-treated diabetes mellitus, ENT ear, nose and throat
surgery, HPN hand and peripheral nerve surgery, ICU intensive care unit, LOS length of stay, CVVH continuous venovenous hemofiltration

Notion of basal fracture risk before ICU admission was
unfortunately lacking in near all previous studies related to
bone health after critical illness. The present study has the
strength to have integrated such data in the form of the
FRAX risk score. Fracture occurrence after 2 years in the
CC group reached or even exceeded the risk predicted by
the basal major FRAX score for alive or dead patients,
respectively. This highlights the frailty of critically ill
patients, comparing to the general population on which the
FRAX probability is calculated. Interestingly, critically ill
patients who sustained new bone fractures in the two years
following ICU admission had higher basal FRAX risks

than non-fractured patients. This emphasizes the importance of post-ICU bone fracture prevention, beginning with
a screening of patients that should be considered at high
risk. Implementation of basal FRAX risk calculation for
each patient admitted in ICU could be a first relevant step.
However, discriminant value of FRAX risk is not yet
known. It is worth noting that FRAX tool calculates a risk
of fracture at 10 years. This statement may be of useful
consideration when interpreting comparison of basal
FRAX risks in fractured and non-fractured patients in both
groups of the present study. Similar FRAX risks were
observed in the Control group, unlike CC group. This may
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Table 2 Demographic and
outcomes of non-fractured and
fractured patients in the Critical
Care group

Critical Care group (n = 178)
Non-fractured patients (n = 169)

Fractured patients (n = 9)

Age, years

64 (53–72)

63 (60–83)

Female, n (%)

60 (35.5)

5 (55)

BMI, kg/m2

25.2 (23–29)

25.8 (24–29)

SAPS II

44 (34–55)

53.5 (28–61)

ICU LOS, days

16 (10–25)

10 (9–18)

Hospital LOS, days

38 (26–60)

33 (23–80)

Ventilation duration, days

7 (1–13)

2 (0–11)

Outcomes

CVVH, n (%)

13 (7.7)

0

CVVH duration, days

15 (7–23)

–

28 (16.5)

3 (33)

Corticosteroids during ICU stay
Vitamin D supplementation
Before admission

19 (11)

2 (22)

During ICU stay

12 (7)

1 (11)

Living at home, n (%)

148 (87.6)

9 (100)

Living in institution, n (%)

21 (12.4)

0

2 years status

Level of autonomy at 2 years
Fully autonomous, n (%)

87 (51)

1 (11)

Needs help, n (%)

72 (42.5)

7 (78)

Dependant, n (%)

11 (6.5)

1 (11)

Data are showed as median with interquartile ranges or number and percentages
y years, BMI body mass index, SAPS II Simplified Acute Physiology Score, ICU intensive care unit, LOS
length of stay, CVVH continuous venovenous hemofiltration

stress out the role of critical care or critical illness in
accelerating occurrence of bone fracture in patients previously at risk.
In the present study, no other association was statistically demonstrated between fracture and ICU characteristics, such as illness severity, CVVH requirement or
corticosteroid use during ICU stay. Vitamin D supplementation during ICU stay was quite uncommon in both
fractured and non-fractured survivors. Prolonged critically
ill patients are at risk of vitamin D deficiency due to
reduced synthesis and intakes or abnormal wasting [16].
When considering the Endocrine Society recommendations
[17], daily cholecalciferol requirements for adults at risk of
vitamin D deficiency range from 1500 to 2000 UI, which is
never obtained by the sole nutrition, either oral or artificial
nutrition. There is to date no clear evidence that vitamin D
supplementation or even treatment is beneficial in term of
bone health in critically ill patients. In the VITdAL-ICU
study [18], fracture incidence in critically ill survivors with
an initial vitamin D deficiency was similar after vitamin D3
supplementation at high dose during 6 months or after
placebo. It is unknown if a longer supplementation period
would have lead to better bone outcomes, even at a longer
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term. Moreover, if 30 ng/ml is thought to be the minimal
25OH-D level required for bone health [19], the optimal
level and its timing is still not clear. However, these
uncertainties should not prevent ICU physician to supply at
least at recommend dose in order to reduce an easily
avoidable bone weakening.
Some limitations need to be acknowledged. First of all,
present results have to be interpreted with caution due to
limited included cohorts, making this study potentially
underpowered. Preliminary sample size calculation was
difficult due to the absence of published relevant data, in
particular if considering the risk of new bone fracture in a
limited period of 2 years after ICU admission or if considering comparison of critically ill patients with a prolonged LOS to non-healthy and surgical patients. For
information purposes, with the same proportion of new
bone fractures in each groups, and with a 80% power, more
than 3000 patients should have been included a posteriori
to get a statistically significant difference between the two
groups. Second, two years may be a short follow-up when
considering bone health and fracture occurrence. However,
this timing avoids interference of later confounding factors
other than ICU stay. Third, it is impossible to certify that
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Fig. 2 Major FRAX risk in fractured and non-fractured patients in
both groups. *p \ 0.05

different hospital or medical centers). To avoid answers
based on memories, physicians were asked to check out
occurrence of any new fracture based on the patient’s
medical chart. Nevertheless, only symptomatic fractures
were reported, thus excluding clinically silent fractures (i.e.
vertebra fractures) that may have lead to underestimation
of fracture occurrence in both groups. Fourth, data
regarding bone markers or bone mineral density were not
available in the examined medical charts. This could
undeniably have added precious information to characterize fractured patients. The lack of consideration about bone
health in daily critical care practice has to be admitted,
justifying that actually such lab or imaging exams are not
routinely requested to explore bone health status in surviving ICU patients. Fifth, due to retrospective method, it
was impossible to assess exactly the functional status of
included patients. Indeed, it would have been interesting to
assess link between muscle performances and fracture
incidence. Finally, kidney function was not systematically
reassessed during the two years of follow-up, so that it was
impossible to evaluate impact of this confounding factor in
bone fracture occurrence. Similarly, prescription of drugs
affecting bone health, compliance to treatment during the
two years of follow-up and their influence on fracture
occurrence were not investigated, due to limited availability of such information in a retrospective approach. In
particular, data about bisphosphonates prescription should
be included in further studies, whether it be a preadmission,
an acute care or a post-discharge use. This would help to
confirm their beneficial effects on bone density [20] and the
potential translation in terms of fracture incidence reduction, as well as on mortality as suggested by recent studies
[21, 22].

Conclusions

Fig. 3 Kaplan–Meyer curve presenting fracture proportions during
the years of follow-up after ICU or hospital discharge in the Critical
Care group or Control group, respectively

the contacted general practitioners were aware of all the
fractures their patients would have experienced. However,
in Belgium, most of the patients have a referent general
physician who centralizes all the medical data about his/her
patients. This is actually the best way to get information
about patient’s evolution, as each patient has the choice for
both specialists and hospitals (and may thus be followed in

In this preliminary and retrospective study comparing ICU
survivors to patients who underwent uncomplicated surgery (and thus potentially considered frailer that healthy
people), and including limited cohorts, clinical evidence of
an increased fracture risk after prolonged critical illness is
not statistically so obvious. However, the present findings
do not entitle to consider bone fractures as a futile outcome
after prolonged critical illness. There is a clear and urgent
need for further prospective and integrative studies
regarding bone health after critical care. This should lead to
a better knowledge on the real incidence of new bone
fracture in ICU survivors and on which parameters constitute the highest risks. Such approach could be part of
what tends to be developed in a growing number of ICU,
namely dedicated follow-up clinics for ICU survivors.
Meanwhile, based on the demonstrated higher basal FRAX
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risk in fractured patients, detecting frail patients should be
implemented as soon as ICU hospitalization. Such
approach should aim to promote targeted strategies (osteoporosis diagnosis and appropriated treatment) in order
to prevent as much as possible the occurrence of new
frailty fracture after ICU discharge.
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