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Delirium in hip fractured patients
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The current clinical case concerns the mixed delirium in a 70-year-old man 
with hip fracture, following a fall at home. In his medical history, the pa-
tient reported several comorbidities, among which also sarcopenia. De-
lirium was already diagnosed by the geriatrician on hospital admission. 
The patient underwent hip endoprosthesis surgery after 24 hours without 
any intra-operative complications. However, in the post-operative period 
delirium persisted, causing a prolonged hospital stay, a delayed physio-
therapy rehabilitation with poor functional recovery, and subsequent insti-
tutionalization. The prevalence of delirium in older people with hip fracture 
is extremely high and it is associated with several negative outcomes. De-
lirium is considered a multifactorial disorder, and, in particular, sarcopenia 
appears directly linked to the development of delirium. The systematic as-
sessment of sarcopenia should be performed in hospitalized older patients 
with hip fracture, together with the other predisposing risk factors for delir-
ium, to timely identify people at higher risk for both delirium and disability.

Key words: musculoskeletal, falls and fractures, nervous system, de-
pression and dementia 

CASE PRESENTATION

A 70-year-old man was admitted to the hospital because of a left femoral 
neck fracture due to a fall without witnesses at home; the patient was 
found confused and agitated on the ground by his wife. 
He had a history of arterial hypertension, visual impairment, suspected de-
mentia at onset. He reported a positive family history of Alzheimer desease 
with his father and paternal grandmother, with a relatively early onset in 
their 70s.
His current medications included: clopidogrel 75 mg/die, ramipril 5 mg/
die, donepezil 5 mg/die, lorazepam 2.5 mg/die. 
Before hospital admission, the patient lived at home with his wife and two 
daughter. He was partially dependent in Instrumental Activities of Daily 
Living (IADL 3/5), but independent in Basic Activities of Daily Living (BADL 
5/6). He wore glasses. He did not drink alcohol. 
At medical and neuropsychological examination evaluation on hospital ad-
mission, the patient was alert and poorly oriented in space, time, and per-
son; moreover, at 4AT administration to assess delirium, he was not able 
to list the days of the week and months backwards (4AT = 4). The physical 
examination revealed signs of systemic dehydration and the patient ap-
peared suffering. The calf circumference was 28 centimeters. Because of 
the lack of cooperation from the patient, it was not possible to administer 
the Hand Grip Test (HGT). During the pre-operative period, the patient 
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was treated with oxycodone/acetaminophen 5/325 mg 
b.i.d. with a good pain control. Among pre-operative
exams, laboratory tests revealed elevated serum levels
of C-Reactive Protein and leucocytes. Serum levels of
total protein were low (5.5 g/dl) with hypoalbuminemia
(2.5 g/dl). Urine culture was obtained. Brain Computed
Tomography (CT) without contrast showed atrophic and
vascular encephalopathy without any acute lesions.
After 24 hours from hospital admission, a hip endopros-
thesis surgery was performed without any intra-operative
complication. During the stay in Orthogeriatric Depart-
ment, he alternated episodes of psychomotor agitation
(verbal aggression, hostility during the medical examina-
tion and self-removal of the intravenous lines and the
urinary catheter) with phases of apathy, drowsiness up to
coma-like conditions. Non-pharmacologic interventions
(such as reorientation, analgesia and family support) and
antipsychotic (quetiapine) were administered to treat hy-
peractive delirium with partial clinical response.
During hospitalization he developed a sepsis caused by
nosocomial pneumonia and inferior urinary tract infec-
tion (blood cultures were positive for E. Coli ESBL posi-
tive). A targeted antimicrobial therapy (piperacillin and
tazobactam) was started with intravenous hydration,
parenteral nutrition and necessity of Intensive Care Unit
(ICU) admission for mechanical ventilation and adminis-
tration of vasopressors. During the ICU stay, quetiapine
was discontinued and intravenous haloperidol was
started given the persistence of visual hallucination.
After 5 day, the patient was extubated and the vaso-
pressors discontinued, and consequently he was dis-
charged from ICU to an internal medicine ward with the
following medications: ramipril 5  mg/die, furosemide

25 mg b.i.d, atorvastatin 40 mg/die, haloperidol 2 mg 
t.i.d., enoxaparin 4000  UI/die, oxycodone/naloxone
5/2.5 mg b.i.d. During the whole post-operative period,
delirium persisted with a prolonged hospital stay and a
delayed physiotherapy rehabilitation.
Gradually, patient’s cognition, laboratory-test findings, and
functional status improved and, after 30 days from hospital 
admission, he was discharged at home, with the following
diagnosis: “Hip fracture treated with left endoprosthesis,
and mixed delirium during sepsis caused by nosocomial
pneumonia and inferior urinary tract infection”.

DISCUSSION

The presented case deals with a patient with a mixed 
delirium (initially hyperactive, then hypoactive) in an 
older man hospitalized for hip fracture, affected by 
suspected dementia at onset and likely pre-existing 
sarcopenia. The chronology of clinical events suggests 
that several predisposing factors (such as sensory im-
pairment, atrophic and vascular encephalopathy and 
sarcopenia) induced the patient’s fall with the conse-
quent hip fracture, one of the main precipitating factors 
for delirium (Fig. 1). Thus, the prolonged hospitalization 
with major surgery, use of restraints and antipsychot-
ics, and poor mobility perpetuated the confusional state 
with hyperactive and hypoactive phases. Therefore, we 
hypothesized that the described delirium’s form was 
prevalent, because already present on hospital admis-
sion; this form is notoriously associated with several 
adverse outcomes in older people (i.e. disability, institu-
tionalization, and death) 1.

Figure 1. Predisposing and precipitating factors for delirium in the described clinical case.
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Delirium is a common geriatric syndrome, characterized 
by an acute and fluctuating disturbance in attention, 
awareness and cognition triggered by one or more un-
derlying medical conditions 2. Indeed, delirium is consid-
ered a multifactorial disorder, sustained by the concur-
rent presence of multiple predisposing and precipitating 
factors (Fig. 1) 1,3. According to the geriatric literature 4, 
delirium is an independent predictor for several adverse 

outcomes, such as, in our case, a prolonged hospital 
stay, a delayed physiotherapy rehabilitation with poor 
functional recovery, and institutionalization 5,7. Inouye et 
al. (2014) 1 showed that patients with hip fracture who 
develop delirium during hospitalization had an impaired 
physical function at least for 30 days after discharge from 
surgical department. Moreover, in older patients with 
pre-existing dementia, delirium is considered a marker of 

brain vulnerability, because it is also associated with an 
increased risk of a progressive and permanent cognitive 
decline 4,6. According to the current literature 1, the prev-
alence of delirium among patients with hip fracture is ex-
tremely high, ranging from 28 to 50%. Moreover, Brauer 
et al. (2000) 4 reported that the frequency of delirium on 
admission (9.5%) was lower than that described during 
the hospital stay (53.0%), especially after surgery.

As mentioned above, the multifactorial etiology of delirium 
has been well-validated as a complex interrelationship be-
tween the pre-existing patient’s vulnerability (predisposing 
factors) and the exposure to external stimuli (precipitating 
factors) 8. Thus, in the current clinical case the patient ap-
pears extremely vulnerable, reporting several predisposing 
factors (Fig. 1), and it is reasonable to hypothesize that 
also a weaker insult than a hip fracture could cause the 

Table I. Studies investigating the risk factors for delirium in patients with hip fracture.
Author/Year Cohort (Country) Study design 

(duration)
Population characteristics Age (years) Sex (F) Prevalence of delirium Risk factors of delirium Conclusions

Inouye et al. (1996) 8 United States Prospective Development cohort:
196 patients ≥ 70 y

NA NA 18.0% Use of physical restraints and bladder catheter, 
malnutrition, polypharmacy

Precipitating and baseline vulnerability 
factors are highly interrelated and 
contribute to the development of 

delirium in independent ways

Validation cohort: 312 patients ≥ 70 y

Bellelli et al. (2018) 12 Italy Cross-sectional 588 patients ≥ 70 y admitted to acute geriatric 
wards

Mean 80.9 
(SD 6.8)

53.2% Patients with sarcopenia: 7.0% Sarcopenia On admission, delirium is more frequent 
in patients with sarcopenia. Delirium is 
independently associated with the risk 
of being sarcopenic during the hospital 

stayPatients without sarcopenia: 
2.3% 

Zucchelli et al. (2020) 14 Italy Point prevalence 1675 patients ≥ 65 y
admitted to hospital, nursing homes and 

hospices

Mean 83.1 
(SD 7.6)

63.1% 24.1% Sarcopenia Sarcopenia is independently associated 
with delirium

Neerland et al. (2016) 18 Norway Prospective 151 patients with hip fracture NA NA Patients with prior cognitive 
impairment: 77.0% 

High CFS levels of CRP, IL-6 and High CSF levels of CRP and sIL-6R 
may be associated with delirium 

in relation to the presence of prior 
cognitive impairmentUnited Kingdom Patients without prior cognitive 

impairment: 29.0%
sIL-6R

Brauer et al. (2000) 4 United States Prospective 572 patients > 50 y with hip fracture Median 85 
(IQR 69-101)

81.0% 9.5% Sensory impairment, environmental changes, 
infection, fluid-electrolyte disturbances, metabolic/

endocrine/ cardiopulmonary disease

The presence of comorbidities is 
strongly associated with delirium

O’Keeffe et al. (1997) 19 NA Prospective 225 patients admitted to acute medical wards NA NA On admission: 18.0% Chronic cognitive impairment, severe acute illness, 
multiple comorbidities, functional disability

Delirium is an independent predictor 
of adverse outcomes in older 

hospitalized patients
On discharge: 24.0% 

Melissa et al. (2000) 20 United States Prospective 804 patients ≥ 65 y with hip fracture Mean 83 
(SD 7.1)

78.0% 13.5% Advanced age, functional impairments history of 
congestive heart failure, stroke, or TIA, cancer, high 

values of white blood cells

Delirium is a predictor of poor 
outcomes (surgical delay, 

prolonged immobility, limitation of 
rehabilitation) in older patients
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development of delirium. In literature, there are several 
research focused on the risk factors for delirium in pa-
tients with hip fracture 4,8,10-14; the most important studies 
are summarized in Table  I. As showed by Inouye et al. 
(1996) 8, patients with dementia reported a higher risk for 
delirium with long-term cognitive and functional decline; in 
particular, the prevalence of delirium reached 89% in com-
munity-dwelling older population with dementia 8. We hy-
pothesized that our patient, being affected by an atrophic 
and vascular encephalopathy with mild neuropsychologi-
cal deficits, was likely affected by cognitive impairment at 
onset. Moreover, the role of polypharmacy as predispos-
ing risk factor for delirium is widely described in literature 9. 
Many medications have been associated with delirium, 
especially some specific pharmacological classes like 
those acting on one or more central neurotransmitters, 
being the pathogenetic mechanism of delirium explained 
by the alteration in neurotransmitter’s activities. Among 
these, influencing GABAergic system, sedative-hypnotics 
(such as benzodiazepines administrated to our patient 
during the hospital stay) were described as independently 
associated with a higher risk of delirium 9. In addition, older 
people are extremely exposed to sedative-hypnotics’ ac-
tion, due to the longer duration (caused by pharmacoki-
netics and pharmacodynamics’ age-related variation) and 
the stronger effect (caused by the increased blood-brain 
barrier permeability and brain sensitivity for the pres-
ence of many comorbidities, such as stroke or cognitive 
impairment) of this pharmacological class in advanced 
age  10. Pharmacokinetic parameters that change with 
age include an extension of the half-life, due to reduced 
metabolic capacity or decreased renal elimination, and 
an alteration in volume of distribution, which expands 
for lipid soluble medications such as benzodiazepines 9. 
Moreover, a probable predisposing factor for delirium in 
our patient, and well-described in several studies 4,8, is the 
presence of visual impairment, a known intrinsic risk factor 
also for falling and fracture. Finally, of note, based on the 
clinical examination on admission, the assessment of pa-
tient’s muscle mass revealed a probable pre-existing sar-
copenia; this diagnosis was not confirmed, because the 
evaluation of muscle strength and physical performance 
was not possible to execute, due to the severe patient’s 
agitation. Despite the association between delirium and 
sarcopenia was investigated only by few studies 12-14, it is 
reasonable to hypothesize the presence of a direct and 
strict relationship between these two clinical conditions, 
also due to several shared pathogenetic mechanisms. 
In a observational study on 127 older individuals with hip 
fracture, the sarcopenic patients had an almost three-fold 
risk of delirium compared to non-sarcopenic patients 13. 
Indeed, sarcopenia is widely considered a marker of frailty, 
and frailty is a known risk factor for delirium 15,16. Moreover, 
the reduction in muscle mass in sarcopenic patients might 

modify the distribution volumes of hydrophilic drugs, with 
a higher risk of adverse drug reactions, including drug-
induced delirium. Of note, elevated blood concentrations 
of inflammatory cytokines were found in sarcopenic pa-
tients, as well as in patients with delirium, suggesting the 
presence of an inappropriate inflammatory response in 
both syndromes 17,18. In particular, some studies reported 
higher level of C-Reactive Protein (CRP) in patients with 
sarcopenia without any differences for IL-6 and TNF-a 
concentration compared to non-sarcopenic patients  17. 
Contrary, in other researches the serum levels of TNF-α 
were found higher in sarcopenia individuals  17. TNF-α is 
a pro-inflammatory cytokine involved in muscle degrada-
tion process and responsible for the production of other 
cytokines with the consequent systemic inflammatory re-
sponse. Evidences suggest that this chronic inflammatory 
stimulus, present in sarcopenic patients, might damage 
the blood-brain barrier, allowing to pro-inflammatory cy-
tokines to reach the brain and cause neuronal dysfunc-
tion, and eventually delirium.
In our clinical case, the main precipitating factor was the 
hip fracture that was in turn associated with other noxious 
stimuli that could sustain delirium, such as major surgery, 
uncontrolled pain, sepsis, hospitalization, and functional 
loss (Fig. 1). In agreement to our case, previous stud-
ies 19,20 showed that the presence of delirium at hospital 
admission might lead to a surgical delay, a prolonged 
immobility, higher risk of hospital complications (such as 
infections) and a delayed and/or limited physiotherapic 
treatment, contributing to further loss in Basic Activities 
Daily Living (BADL). Eventually, according to literature 8, in 
our patient we recognized other risk factors that sustain 
a state of prolonged delirium, including advanced age, 
dehydration and nutritional status, and use of physical 
restraints and several medical devices (such as bladder 
catheter, PICC line, mechanical ventilation). 
As previously pointed out, our patient was likely sarco-
penic at hospital admission. According to the European 
Working Group on Sarcopenia in Older People criteria 
(EWGSOP2) 21, sarcopenia is classified in three types: 
probable sarcopenia (low muscle strength), definite sar-
copenia (in addition, low muscle mass) and severe sar-
copenia (in addition, low physical performance). Based 
on the current literature  15,16, in community-dwelling 
older adults the prevalence of sarcopenia ranges be-
tween 3 to 75% in hip fractured patients, depending 
on both the diagnostic criteria and instruments used 
to asses muscle mass, muscle strength and physical 
performance  21,22. The complex pathogenetic mecha-
nisms of sarcopenia are summarized in Fig. 2. Beyond 
the aging process, also malnutrition, anemia and poly-
pharmacy are important contributors to loss of muscle 
mass and strength, and physical performance. 
Of note, sarcopenia is also a known risk factor for falls 
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and fractures, inasmuch loss of muscle mass and 
strength negatively affects balance and decreases the 
mechanical loading of the skeleton 23,24. Moreover, be-
yond the presence of both sarcopenia and delirium, our 
clinical case presented other important risk factors for 
falling, such as visual impairment and polypharmacy 25. 
Previous studies 25 reported that taking ≥ 4 medications 
per day was significantly associated with a higher risk 
of falls. This association is probably explained by the 
presence in patients with polypharmacy of an increased 
risk of adverse drug events and drug-drug interactions, 
with subsequent electrolyte alterations and balance 
impairment. Among medications, benzodiazepines is 
one of most strongly pharmacological class associated 
with a higher incidence of hip fractures 25, indeed con-
sidered potentially inappropriate in advanced age 26,27. 
Moreover, among the intrinsic risk factors for falls, also 
the presence of low vision, as in our case, is widely re-
ported in literature 28. 

CONCLUSIONS

In conclusion, we reported a case of prevalent and 
persistent delirium in a hip fractured older patient with 
cognitive impairment at onset and sarcopenia. The pre-
sent clinical case suggests a direct association between 

sarcopenia and delirium, an issue poorly explored by the 
current literature. Sarcopenia should be systematically 
assessed in hospitalized older patients with hip fracture, 
together with the other predisposing risk factors for 
delirium, to timely identify people at higher risk for both 
delirium and disability. 
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Figure 2. Pathogenetic mechanisms of sarcopenia.



A. Sala et al.14

References
1 Inouye SK, Westendorp RG, Saczynski JS. Delirium in 

elderly people. Lancet 2014;383:911-922. https://doi.
org/10.1016/S0140-6736(13)60688-1

2 American Psychiatric Association, DSM-5 Task Force. Di-
agnostic and statistical manual of mental disorders: DSM-
5™ (5th ed.) American Psychiatric Publishing, Inc. 2013.

3 Marcantonio ER. Delirium in hospitalized older adults. N 
Engl J Med 2017;377:1456-1466. https://doi.org/10.1056/
NEJMcp1605501

4 Brauer C, Morrison RS, Silberzweig SB, et al. The cause 
of delirium in patients with hip fracture. Arch Intern Med 
2000;160:1856-1860. doi: 10.1001/archinte.160.12.1856.

5 Francis J. Delirium in older patients. J Am Geriatr Soc 
1992;40:829-838. https://doi.org/10.1111/j.1532-5415.1992.
tb01859.x

6 Francis J, Young GB. Diagnosis of delirium and confusional 
states. Waltham, MA: UpToDate 2012.

7 Dolan MM, Hawkes WG, Zimmerman SI, et al. Delirium on 
hospital admission in aged hip fracture patients: prediction 
of mortality and 2-year functional outcomes. J Gerontol 
A Biol Sci Med Sci 2000;55:M527-M534. https://doi.
org/10.1093/gerona/55.9.m527

8 Inouye SK, Charpentier PA. Precipitating factors for delirium 
in hospitalized elderly persons. Predictive model and interre-
lationship with baseline vulnerability. JAMA 1996;275:852-
857. https://doi.org/10.1001/jama.1996.03530350034031

9 Alagiakrishnan K, Wiens CA. An approach to drug induced 
delirium in the elderly. Postgrad Med J 2004;80:388-393. 
https://doi.org/10.1136/pgmj.2003.017236

10 Divani AA, Vazquez G, Barrett AM, et al. Factors associ-
ated with injury attributable to falling among elderly popu-
lation with history of stroke. Stroke 2009;40:3286-3292. 
https://doi.org/10.1161/STROKEAHA.109.559195

11 Mattig T. Falls in the elderly: a major public health challenge 
with some encouraging developments. A mini review. 
Journal of Gerontology and Geriatrics 2020;68:180-183. 
https://doi.org/10.36150/2499-6564-428

12 Bellelli G, Zambon A, Volpato S, et al. The association be-
tween delirium and sarcopenia in older adult patients ad-
mitted to acute geriatrics units: results from the GLISTEN 
multicenter observational study. Clin Nutr 2018;37:1498-
1504. https://doi.org/10.1016/j.clnu.2017.08.027

13 Sala A, Scaroni P, Bagalà V, et al. Associazione tra sar-
copenia e delirium in pazienti anziani ospedalizzati per 
frattura di femore prossimale. 66° Congresso Nazionale 
SIGG (Roma, 1-4 dicembre 2021).

14 Zucchelli A, Manzoni F, Morandi A, et al. The association 
between low skeletal muscle mass and delirium: results 
from the nationwide multi-centre Italian Delirium Day 
2017. Aging Clin Exp Res 2022;34:349-357. https://doi.
org/10.1007/s40520-021-01950-8

15 Volpato S, Bianchi L, Cherubini A, et al. Prevalence and 
clinical correlates of sarcopenia in community-dwelling 
older people: application of the EWGSOP definition and 
diagnostic algorithm. JGMS 2014;69:438-446. https://doi.
org/10.1093/gerona/glt149

16 Rustani  K, Kundisova  L, Capecchi PL, et al. Prevalence 
of sarcopenia and its impact on mortality and readmission 
rates amongst geriatric patients. Journal of Gerontology 
and Geriatrics 2019;67:200-206.

17 Nawawi A, Justine M, Razali RM, et al. Quality of life, hospi-
talisation and sarcopenia among the elderly: a systematic 
review. Journal of Gerontology and Geriatrics 2020;69:45-
52. https://doi.org/10.36150/2499-6564-340

18 Sánchez-Castellano C, Martín-Aragón S, Bermejo-Bescós 
P, et al. Biomarkers of sarcopenia in very old patients with 
hip fracture. Journal of Cachexia, Sarcopenia and Muscle 
2020;11:478-486. https://doi.org/10.1002/jcsm.12508

19 Neerland BE, Hall RJ, Seljeflot I, et al. Associations be-
tween delirium and preoperative cerebrospinal fluid C-
reactive protein, interleukin-6, and interleukin-6 receptor 
in individuals with acute hip fracture. J Am Geriatr Soc 
2016;64:1456-1463. https://doi.org/10.1111/jgs.14238

20 O’Keeffe S, Lavan J. The prognostic significance of delirium 
in older hospital patients. J Am Geriatr Soc 1997;45:174-
178. https://doi.org/10.1111/j.1532-5415.1997.tb04503.x

21 Dolan MM, Hawkes WG, Zimmerman SI. Delirium on hos-
pital admission in aged hip fracture patients: prediction of 
mortality and 2-year functional outcomes. The Journals of 
Gerontology: Series A 2000;55:M527-M534. https://doi.
org/10.1093/gerona/55.9.m527

22 Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: revised 
European consensus on definition and diagnosis. Age Ageing 
2019;48:16-31. https://doi.org/10.1093/ageing/afy169

23 Studenski SA, Peters KW, Alley DE, et al. The FNIH sarco-
penia project: rationale, study description, conference rec-
ommendations, and final estimates J Gerontol Ser A Biol 
Sci Med Sci 2014;69:547-558. https://doi.org/10.1093/
gerona/glu010

24 Yeung SSY, Reijnierse EM, Pham VK, et al. Sarcopenia and its 
association with falls and fractures in older adults: a systemat-
ic review and meta-analysis. J Cachexia Sarcopenia Muscle 
2019;10:485-500. https://doi.org/10.1002/jcsm.12411

25 Steihaug OM, Gjesdal CG, Bogen B. et al. Sarcopenia 
in patients with hip fracture: a multicenter cross-sec-
tional study PLoS One  2017;12:e0184780. https://doi.
org/10.1371/journal.pone.0184780

26 Lai SW, Liao KF, Liao CC et al. Polypharmacy correlates 
with increased risk for hip fracture in the elderly: a popula-
tion-based study. Medicine 2010;89:295-299. https://doi.
org/10.1097/MD.0b013e3181f15efc

27 Giannotti C, Nencioni A, Odetti R, et al. Medication man-
agement ability in older patients: time for a reappraisal. 
Journal of Gerontology and Geriatrics 2019;67:8-12.

28 Lord RS, Smith ST, Menant JC. Vision and falls in older peo-
ple: risk factors and intervention strategies. Clin Geriatr Med 
2010;26:569-581. https://doi.org/10.1016/j.cger.2010.06.002

https://doi.org/10.1016/S0140-6736(13)60688-1
https://doi.org/10.1016/S0140-6736(13)60688-1
https://doi.org/10.1111/j.1532-5415.1992.tb01859.x
https://doi.org/10.1111/j.1532-5415.1992.tb01859.x
https://doi.org/10.1093/gerona/55.9.m527
https://doi.org/10.1093/gerona/55.9.m527
https://doi.org/10.1001/jama.1996.03530350034031
https://doi.org/10.1136/pgmj.2003.017236
https://doi.org/10.1161/STROKEAHA.109.559195
https://doi.org/10.36150/2499-6564-428
https://doi.org/10.1016/j.clnu.2017.08.027
https://doi.org/10.1007/s40520-021-01950-8
https://doi.org/10.1007/s40520-021-01950-8
https://doi.org/10.1093/gerona/glt149
https://doi.org/10.1093/gerona/glt149
https://doi.org/10.36150/2499-6564-340
https://doi.org/10.1002/jcsm.12508
https://doi.org/10.1111/jgs.14238
https://doi.org/10.1111/j.1532-5415.1997.tb04503.x
https://doi.org/10.1093/gerona/55.9.m527
https://doi.org/10.1093/gerona/55.9.m527
https://doi.org/10.1093/gerona/glu010
https://doi.org/10.1093/gerona/glu010
https://doi.org/10.1002/jcsm.12411
https://doi.org/10.1371/journal.pone.0184780
https://doi.org/10.1371/journal.pone.0184780
https://doi.org/10.1097/MD.0b013e3181f15efc
https://doi.org/10.1097/MD.0b013e3181f15efc
https://doi.org/10.1016/j.cger.2010.06.002



