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Abstract
We report an increased RANKL/OPG ratio and increased sclerostin levels in patients with septic shock one day after admission compared to healthy subjects, 
indicating an increased risk for bone loss in survivors of septic shock. No increase in RANKL/OPG ratio was observed in patients treated with hydrocortisone during 
septic shock. 
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Background
Patients recovered from critical illness have been demonstrated to 

have decreased bone mineral density (BMD) [1]. The global awareness 
of long term consequences of critical illness is rapidly increasing, but 
the identification of specific pathophysiological mechanisms is still 
tentative. Osteoporosis is widely considered an emerging health and 
socioeconomic threat contributing to morbidity and mortality in an 
ageing population [2]. The risk factors for secondary osteoporosis are 
well described and include (among others) female gender, high age, 
smoking and glucocorticoid treatment [3], but whether patients who 
recovered sepsis are at increased risk remains elusive. 

Bone is formed by osteoblasts producing bone matrix proteins and 
mineral crystals [4]. Sclerostin is a glycoprotein secreted by osteocytes, 
inhibits bone formation of osteoblasts, and thus contributes to bone loss 
[5]. However, bone loss is essentially caused by osteoclasts resorbing 
bone matrix (mainly Collagen type I) through the release of proteolytic 
enzymes. The large multinucleated osteoclasts are generated by fusion 
of hematopoietic mononuclear osteoprogenitor cells, a process that 
requires activation of the Receptor Activator of NFκB (RANK) through 
its ligand (RANKL), which is expressed by osteoblasts, osteocytes, T 
and B cells. This activation can be inhibited and RANKL neutralized 
by its decoy receptor osteoprotegerin (OPG) [4]. Thus, the RANKL/
OPG ratio is pivotal in the regulation of osteoclast differentiation, 
activation and survival and affects the balance between bone formation 
and resorption [6]. It has been shown that this ratio can be increased 
during inflammatory conditions, possibly caused by an increased 
release of cytokines [7]. However, to our knowledge it is not yet known 
if osteoclasts in vivo are affected by a severe infectious condition such as 
sepsis. The main aim of this study was to investigate the RANKL/OPG 
ratio in patients during and after septic shock. 

Patients and methods
This multicenter study was approved by the Ethical Committee for 

Human Research in Uppsala, Sweden. Patients were recruited from a 
larger study cohort which has been described in a previous publication 
[8]. In short; inclusion criteria were (i) age over 18, (ii) sepsis according 

to the American-European consensus criteria [9] (iii) treatment with 
at least one vasopressor. Exclusion criteria were (i) known infection 
with human immunodeficiency virus or hepatitis B or C, (ii) chronic 
treatment with glucocorticoids (iii) participation in any investigational 
drug study within four weeks preceding the study period, (iv) survival 
expected to be shorter than three days. Informed consent was initially 
obtained via next of kin and later directly from survivors. Consenting 
healthy subjects were recruited among non-smoking laboratory 
and hospital staff without any chronic or acute illness and with no 
medication. Blood samples were collected during septic shock; at T0 
within 24 hours of ICU admission, T1 24 hours after T0, T2 48-120 
hours after T0. The timepoint T3 was sampled 4-19 days after ICU 
admission when the acute inflammatory phase was considered to have 
resolved and the patient was stable without support to vital functions. 
Finally, blood was sampled after recovery at T4, 5-13 months after the 
patient had been discharged from the ICU. Samples were centrifuged 
at 1500g for 15 minutes and plasma was stored in -70°C until analysis. 
For quantification of markers of bone resorption, plasma samples were 
analyzed using commercially available enzyme linked immunosorbent 
assay (ELISA) kits (sRANKL and Sclerostin (Cusabio, College Park, 
MD, USA) and OPG (eBioscience, San Diego, CA, USA)”)” according 
to the manufacturer’s recommendations. Optical density was read at 
450 nm using a Spectra Max 340PC (Molecular Devices, Sunnyvale, 
California) running the SoftMax Pro 5.2 software. Data were 
graphically presented as group means and standard error of the mean 
(SEM). Differences between patients at T1 and healthy subjects and 
between patients treated with or not treated with hydrocortisone were 
tested with the two-tailed Mann-Whitney test (GaphPad Prism 6.0 for 
Windows, GraphPad Software Inc, La Jolla, CA, USA). A p value <0.05 
was considered statistically significant. 
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Results and discussion
In this study we quantified markers of osteoclast activation, 

RANKL and OPG as well as sclerostin as a negative marker of bone 
formation, in 15 patients (8 males) with septic shock and 9 healthy 
subjects (4 males). The median (range) age of the patients and healthy 
subjects were 62 (32-83) and 52 (32-67) respectively. We observed 
limited but consistent data suggesting increased osteoclastic activity 
and decreased bone formation in patients with septic shock compared 
to healthy subjects. During the day after admission (T1), the RANKL/
OPG ratio had increased in the patients compared to healthy subjects 
(p=0.0083), starting from a level similar to that of healthy subjects at 
T0 (Figure 1A). In most of the patients, the ratio increased further and 
peaked during the shock phase (T2). After recovery (T4), the ratio of 
most of the patients had retroceded to levels similar to healthy subjects. 
The concentration of sclerostin was increased in the patients compared 
to healthy subjects at T1 and did not retrocede to the levels of healthy 
subjects during the study period (Figure 1B). Our finding points to 
increased bone resorption, which is in broad agreement with previous 
studies observing increased concentrations of other bone resorption 
markers (urinary pyridinoline and deoxypyridinoline) in patients 
with sepsis compared to trauma [10] and surgery [11]. Sclerostin has 
previously been associated with bone loss in human diseases related to 
immobilization such as paralysis [12], but to our knowledge no reports 
have yet assessed the association between sclerostin and septic shock. 
The elevated ratio between RANKL/OPG in patients during septic 

shock is most likely associated with increased osteoclast activation, and 
the increased concentration of sclerostin points towards decreased bone 
formation. As sepsis is a multifactorial critical illness, the underlying 
mechanism contributing to the observed shift in bone metabolism may 
be attributed to several factors, there among immobilization, cytokine 
release and nitric oxide production [13]. Numerous proinflammatory 
cytokines are known to increase RANKL mRNA expression in human 
osteoblastic cells. In addition, many patients with septic shock are 
treated with hydrocortisone according to the current clinical guidelines 
[14]. Among the patients included in the present study, 9 of 15 were 
treated with hydrocortisone for septic shock at some point during 
intensive care. Interestingly, the patients treated with hydrocortisone 
displayed a decreased RANKL/OPG ratio compared to patients 
not treated with hydrocortisone (p=0.014). This finding stands in 
contrast to the well described adverse effects of high dose therapeutic 
glucocorticoids on bone as well as previous studies demonstrating that 
RANKL expression is upregulated by glucocorticoids in vitro [15]. 
However, increasing evidence suggests that the catabolic and anabolic 
effects on bone caused by glucocorticoids may be dose dependent 
[14]. The hydrocortisone dose used for treatment during septic shock 
is relatively low, meant to replace the physiological concentration 
of cortisol during septic shock. At such levels, glucocorticoids have 
been shown to cause mesenchymal progenitor cells to differentiate 
into osteoblasts, and thereby preserve and increase bone formation 
[14]. It is also possible that low dose glucocorticoid treatment may 
inhibit bone loss by dampening inflammation and proinflammatory 
cytokine release. If the finding of a decreased RANKL/OPG ratio in 
treated patients can be confirmed, glucocorticoid treatment may be 
useful in preserving bone formation in patients at risk of inflammation 
associated bone loss. However, as the concentration of sclerostin was 
unaffected by glucocorticoid treatment in these patients, a decrease in 
bone formation associated with septic shock may not be recovered by 
glucocorticoid treatment. 

Conclusions
The increased ratio of RANKL/OPG and increased concentration 

of sclerostin suggest increased bone loss in patients with septic shock. 
These patients may be at elevated risk of osteoporosis following their 
critical illness, but further studies are needed to confirm this hypothesis. 
Although data are limited, we also observed a lower RANKL/OPG ratio 
in the patients treated with hydrocortisone compared to patients not 
treated with any glucocorticoids. Future studies should incorporate 
clinical measures of bone density to confirm whether RANKL/OPG 
ratio and sclerostin could be used as biomarkers for increased risk of 
inflammation associated osteoporosis in patients with septic shock. 
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