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Abstract
Introduction Delirium and sarcopenia are common, although underdiagnosed, geriatric syndromes. Several pathological 
mechanisms can link delirium and low skeletal muscle mass, but few studies have investigated their association. We aimed 
to investigate (1) the association between delirium and low skeletal muscle mass and (2) the possible role of calf circumfer-
ence mass in finding cases with delirium.
Methods The analyses were conducted employing the cross-sectional “Delirium Day” initiative, on patient 65 years and 
older admitted to acute hospital medical wards, emergency departments, rehabilitation wards, nursing homes and hospices in 
Italy in 2017. Delirium was diagnosed as a 4 + score at the 4-AT scale. Low skeletal muscle mass was operationally defined 
as calf circumference ≤ 34 cm in males and ≤ 33 cm in females. Logistic regression models were used to investigate the 
association between low skeletal muscle mass and delirium. The discriminative ability of calf circumference was evaluated 
using non-parametric ROC analyses.
Results A sample of 1675 patients was analyzed. In total, 73.6% of participants had low skeletal muscle mass and 24.1% 
exhibited delirium. Low skeletal muscle mass and delirium showed an independent association (OR: 1.50; 95% CI 1.09–2.08). 
In the subsample of patients without a diagnosis of dementia, the inclusion of calf circumference in a model based on age 
and sex significantly improved its discriminative accuracy [area under the curve (AUC) 0.69 vs 0.57, p < 0.001].
Discussion and conclusion Low muscle mass is independently associated with delirium. In patients without a previous 
diagnosis of dementia, calf circumference may help to better identify those who develop delirium.
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Introduction

Delirium is a common and severe neuropsychiatric condi-
tion, characterized by an acute and fluctuating disorder of 
attention and cognitive function [1]. It is strongly associ-
ated with increased mortality, risk of re-hospitalization, 

institutionalization, higher costs of health services [1] and 
increased distress for patients, caregivers and health care 
providers [2, 3].

Older persons are at greater risk of developing delirium: 
between 25 and 33% of older adults who are admitted to 
a medical ward develop this syndrome, either as the pre-
senting sign of underlying acute illnesses or during the 
hospitalization [4–6].

The reduction of muscle mass is another common condi-
tion among older persons: each decade after age 30, between 
3 and 8% of muscle mass is involuntarily lost [7]. Low skel-
etal muscle mass (SMM) is often associated with low muscle 
strength and poor functional performance, configuring the 
diagnosis of sarcopenia [8]. Similarly to those with delirium, 
persons with sarcopenia have increased risk of death, hospi-
talization, and of developing disability and loss of autonomy 
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[8]. Sarcopenia is a main feature of frailty [9], which has 
been found associated with a higher risk of delirium [10].

However, few studies [11] so far have evaluated the over-
lap and the association between delirium and low SMM. 
These two conditions might have common pathogenetic 
mechanisms, such as inflammation, nutritional deficit, and 
low mobility [12, 13]. Furthermore, they may influence each 
other when simultaneously present: for example, a reduction 
in muscle mass may alter the distribution volumes of drugs 
and thus their pharmacokinetic, enhancing the risk of drug-
induced delirium [14]. Lastly, both conditions, although 
common and impactful, are often underdiagnosed [1, 8] even 
if rapid screening and diagnostic tools are available.

In this study, we aimed to investigate if low SMM, defined 
as a reduced calf circumference, is independently associated 
with delirium. Further, we aimed to investigate the possible 
role of calf circumference in finding cases with delirium.

Materials and methods

Study population

We analyzed data from the Italian Delirium Day, 2017 edi-
tion. The aim and the details of the Delirium Day studies 
have been described elsewhere [5, 6]. Briefly, the physi-
cians belonging to 12 Italian scientific societies were invited 
to participate in the study. Data about patients older than 
65 years and admitted to the participating centers were col-
lected from 00:00 to 23:59 on the 27th of September 2017. 
Demographics and information about medical history and 
pharmacological treatment were retrieved through medical 
records review, interview, and physical examination. Length 
of stay was calculated as the number of days between admis-
sion and the index day. Patients affected by aphasia, blind-
ness, deafness, in a coma or in terminal conditions were 
excluded. An informed consent form was signed by either 
the patient or, in case of delirium or severe cognitive decline, 

by a proxy. Detailed information about data collection meth-
odologies was provided and all data were gathered by the 
participating physicians using a web-based form. The study 
was approved by the Brianza Ethics Committee (protocol no. 
2572). This study complies with the Declaration of Helsinki 
ethical standards.

In total, 3751 patients were recruited for the 2017 Delir-
ium Day edition. Those who did not met inclusion crite-
ria (n = 341) were excluded. Further, 127 were excluded 
because they missed information about demographics or 
delirium and 1582 were excluded because of missing data 
on calf circumference. After excluding 26 patients because 
the recorded value of calf circumference was an outlier, a 
total sample of 1675 patients was analyzed (Figure S1).

Delirium assessment

Delirium was assessed employing the 4AT [15], a rapid 
and validated tool for delirium detection. In a recent meta-
nalysis, it showed high sensitivity and specificity (0.86 
and 0.89, respectively) in the diagnosis of delirium against 
reference standards [16]. Shortly, the tool is based on 4 
items investigating acute changes in alertness, attention, 
and cognition. The probability of delirium is stratified 
according to the final score of the 4AT as follows: absence 
of delirium (0 points), unlikely diagnosis (1–3 points) or 
probable diagnosis (4 + diagnosis). In our study, a 4AT 
score of 4 + points was used to diagnose delirium.

Low skeletal muscle mass assessment

Calf circumference was measured employing a semi-rigid 
tape around the widest part of the calf, applying a mini-
mum pressure in order not to compress the subcutaneous 
tissue.

Calf circumference was dichotomized to operationally 
define low SMM, using sex-specific cut-offs for its identi-
fication (≤ 34 cm for males, ≤ 33 cm for females) [17–19].

Statistical analyses

Calf circumference outliers were identified by dividing the 
study population in 8 age-groups and assessing the distribu-
tion of calf circumference in each group: if the calf circum-
ference was higher than the 3rd quartile or lower than the 
1st quartile by more than three times the interquartile range, 
the value was considered an outlier and the participant was 
excluded.

Study population’s characteristics were described using 
absolute number and proportion, mean and standard devia-
tion (SD) or median and interquartile range (IQR), as 
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appropriate. Differences between patients with a diagnosis 
of delirium and those without were investigated by means of 
chi-squared test, t test or Mann–Whitney U test, as appropri-
ate. The associations between calf circumference and delir-
ium were evaluated employing logistic regression models, 
both unadjusted and adjusted for major confounders. To 
investigate the role of calf circumference in delirium detec-
tion, the discriminative ability of different logistic regression 
models has been assessed using the area under the curve 
(AUC) from non-parametric ROC analyses. The relative 
improvement in terms of goodness-of-fit between models 
was calculated as the difference between the AUC of the 
evaluated model and the one of the reference model, divided 
by the AUC of the reference model. The AUCs of the logis-
tic regression models were compared using bootstrapping 
technique (n = 2000). Non-parametric ROC analyses were 
used to assess the AUC and sensitivity/specificity of calf 
circumference alone in the detection of delirium among par-
ticipants without dementia, stratifying by sex.

All analyses were conducted with R 4.0.3 (R Founda-
tion for Statistical Computing, Vienna, Austria [20]) with 
an alpha level = 0.05 (Table 1).

Results

The mean age of the 1675 participants was 83.1 and 36.9% 
were males. The study population was mostly recruited 
in medical wards (47.1%), followed by nursing homes 
(29.9%), rehabilitation units (16.2%), surgical wards 
(4.9%), and palliative care units (1.9%). The median calf 
circumference was 31.0 cm (IQR = 6.0 cm). The partici-
pants excluded from this study because of missing val-
ues of calf circumference were younger, more likely to be 
male, without a previous diagnosis of dementia, and to be 
admitted to a general surgery ward or an intensive care 
unit in comparison with those included (all p < 0.050). The 
prevalence of delirium was similar between the two groups 
(p = 0.514).

Calf circumference was associated with delirium, even 
after adjustment for age, sex, dementia diagnosis, CCI, 
recruitment setting, and ischemic heart disease diagnosis 
(Table 2). In the adjusted model, each centimeter more in 
calf circumference was associated with a 5% decrease in 
the probability of exhibiting delirium. Participants with 
low SMM were 1.5 times more likely to have delirium 
(adjusted odds ratio 95% confidence interval 1.50–1.09, 
2.08).

A logistic regression model based on age, sex and demen-
tia diagnosis showed a discriminative ability in identifying 
delirium cases of 0.69 (Table 3). Including in the model the 
Charlson’s comorbidity index, the length of stay (shown to 
be associated with delirium in univariate analyses, Table S1) 

and the calf circumference improved the goodness-of-fit by 
15.9% (AUC 0.80, p < 0.001).

Among participants without a diagnosis of dementia, a 
logistic regression model based on age and sex showed a 
discriminative ability lower than 0.60. Including the Charl-
son’s comorbidity index and the length of stay lead to an 
AUC of 0.63. The further inclusion of the calf circumfer-
ence improved the AUC of the model by more than 20%, in 
comparison with the reference one (AUC 0.69, p < 0.001).

Figure 1 shows the ROC curves of calf circumference 
alone (unadjusted) in identifying delirium cases among 
patients without a diagnosis of dementia, in males and 
females. The AUC was 0.68 for both genders. The cut-offs 
used for the diagnosis of low SMM exhibited a sensitiv-
ity of 0.83 for both genders. Specificity was lower among 
females (0.28) than among males (0.32).

Discussion

In this multi-center study, we show that sarcopenia, meas-
ured by means of calf circumference, is independently 
associated with delirium and that, in patients without a 
previous diagnosis of dementia, calf circumference may 
help to identify delirium cases.

In our study, the prevalence of delirium was similar to 
the one reported in the literature [20], confirming the asso-
ciation between delirium and age, dementia, and the pres-
ence of multiple chronic conditions as already described 
[21].

Conversely, the proportion of patients with low calf cir-
cumference was higher than the one previously reported 
(ranging between 7 and 24% [19, 22–26]). In most of these 
studies, the mean calf circumference exhibited by those 
affected by low skeletal muscle mass (range 31.5–32.4 cm) 
was higher than the one we found. In one study [25], includ-
ing black South African women, the mean calf circumfer-
ence for those diagnosed with low SMM according to DXA 
(28 cm) was similar the one found in our sample. Most stud-
ies, however, enrolled participants living in the community. 
Indeed, this finding may be, at least partially, explained by 
the fact that our study population was on average older than 
80 years old, admitted to a hospital ward or living in nursing 
homes, and with high prevalence of chronic conditions and 
dementia, given the association of all these factors with low 
muscle mass and sarcopenia [8, 27–29].

A previous study [11] reported an association between 
sarcopenia (defined according to EGWSOP criteria) and 
delirium in hospitalized patients in Italy, confirming our 
results. Several pathogenic mechanisms might explain the 
association we found between low SMM and delirium. Low 
muscle mass and sarcopenia are strongly linked with frailty, 
in particular with its physical phenotype [9, 30]: patients 
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with lower calf circumference might be affected by frailty 
and, as such, at higher risk of developing delirium [10]. Fur-
thermore, inflammatory cytokines and markers have been 
shown in the serum of persons with delirium [31] and in 
those affected by sarcopenia and low muscle mass [32]: 
abnormal and dysregulated inflammatory response might 
serve as trigger to both conditions. Changes in body com-
position typical of sarcopenic patients have been associated 
with increased risk of adverse drug reactions [14]: in consid-
eration of the strong association between polypharmacy and 
delirium [33], it is likely that patients with reduced muscle 
mass are at higher risk of developing delirium even when 
therapeutic drug dosage are used. Our study strengthens pre-
vious results about the association of low muscle mass and 
delirium, broadening these findings to calf circumference, a 
simple proxy proposed for the evaluation of muscle quantity 
in the diagnostic algorithm of sarcopenia.

Of notice, among participants without a known diagno-
sis of dementia (26.8% of delirium cases), calf circumfer-
ence significantly improved the AUC of a model based on 
age, sex, comorbidities, and length of staying. Further, calf 

circumference alone showed a moderate discriminative abil-
ity in identifying delirium cases among participants without 
dementia. It is likely that when an overt dementia diagnosis 
is present, the discriminative ability of calf circumference 
in identifying those with delirium is weakened because 
of the strong association between dementia and delirium, 
which may overshadow the association between low SMM 
and delirium. Conversely, it is possible that, among those 
without a known diagnosis of dementia, the discriminative 
ability of calf circumference for delirium identification is 
higher, not only because of the aforementioned mechanisms, 
but also because it may identify those with prodromal or 
undiagnosed dementia, as lower muscle mass, sarcopenia, 
and cognitive impairment are reciprocally associated [24].

The results of our study should be read in light of some 
limitations. First, the Delirium Day is a point-prevalence 
study, preventing the possibility to investigate the causal 
relationship between low SMM and delirium. Second, 
although a high correlation between calf circumference 
and SMM has been reported [19, 22, 34], participants 
with oedema, obesity, or other conditions characterized by 

Table 1  Characteristics of the study population, stratified according to calf circumference

SD standard deviation, IQR interquartile range

Whole sample 
(n = 1675)

Without low skeletal muscle 
mass (n = 443) (26.4%)

With low skeletal muscle 
mass (n = 1232) (73.6%)

p

Age, mean (SD) 83.1 (7.6) 81.3 (7.6) 83.8 (7.5)  < 0.001
Male gender (%) 618 (36.9) 177 (40.0) 441 (35.8) 0.134
Setting (%) 0.075
 Medical ward 789 (47.1) 195 (44.0) 594 (48.2)
 Nursing home 501 (29.9) 130 (29.3) 371 (30.1)
 Rehabilitation unit 272 (16.2) 86 (19.4) 186 (15.1)
 Surgical ward 82 (4.9) 27 (6.1) 55 (4.5)
 Palliative care unit 31 (1.9) 5 (1.1) 26 (2.1)

Charlson’s comorbidity index, median (IQR) 3.0 (3.0) 2.0 (3.0) 3.0 (4.0)  < 0.001
Number of prescribed drugs, median (IQR) 7.0 (4.0) 7.0 (4.0) 7.0 (4.0) 0.361
Ischemic heart disease (%) 276 (16.5) 60 (13.5) 216 (17.5) 0.062
Heart failure (%) 412 (24.6) 106 (23.9) 306 (24.8) 0.751
Severe chronic kidney disease (%) 292 (17.4) 73 (16.5) 219 (17.8) 0.586
Dementia (%) 555 (34.8) 115 (27.6) 440 (37.4)  < 0.001
Length of stay, days, median (IQR) 12 (142.2) 12 (216.5) 12 (135.0) 0.880
Calf circumference, cm, median (IQR) 31.0 (6.0) 36.0 (3.0) 29.0 (4.0)  < 0.001
Delirium (%) 403 (24.1) 75 (16.9) 328 (29.3)  < 0.001

Table 2  Associations of calf 
circumference measures with 
delirium

Adjustment: age, sex, Charlson’s comorbidity index, dementia, ischemic heart disease, and setting
OR odds ratio, 95% CI 95% Confidence intervals

Unadjusted OR (95%CI) Adjusted OR (95%CI)

Calf circumference 0.95 (0.93–0.97) 0.95 (0.92–0.97)
Low skeletal muscle mass 1.78 (1.35–2.36) 1.50 (1.09–2.08)
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increased calf circumference and decreased muscle mass 
could not be correctly identified, thus possibly hampering 

the reliability of such measure in a minority of patient [34, 
35].

Some study strengths may also be considered. This is 
the first multi-center study identifying such association in a 
large cohort of older patients from several settings of care. 
Moreover, the diagnosis of delirium was obtained with a 
well-validated screening tool, which does not require pre-
liminary training to be administered.

Our study has implications for the everyday clinical prac-
tice. Calf circumference is simple to measure by all health-
care workers in hospital and long-term care wards. For 
example, the calf circumference cut-offs suggested for the 
identification of low SMM exhibited high sensitivity in the 
identification of delirium cases. If future studies will confirm 
the study findings, calf circumference could be proposed as 
a method to identify patients at risk of developing delirium 
and other adverse outcomes.

Conclusion

Calf circumference is a rapid, easy to perform, and economic 
tool for SMM quantity evaluation: the inclusion of such sim-
ple measure in clinical practice might help to find cases of 
delirium, in particular those without manifest risk factors for 
delirium, such as dementia.

Table 3  goodness-of-fit (AUC) of different in logistic regression models in predicting delirium, in the whole sample and in the subsample of 
participants without a diagnosis of dementia

OR odds ratio, 95% CI 95% Confidence Interval, AUC  area under the curve

Whole sample Without a dementia diagnosis

OR (95%CI) AUC p AUC relative 
improvement

OR (95%CI) AUC p AUC relative 
improvement

Age 1.02 (1.00–1.04) 0. 69 Ref Ref 1.03 (1.00–1.06) 0.57 Ref Ref
Male Gender 1.19 (0.90–1.58) 1.33 (0.87–2.02)
Dementia 9.06 (6.93–11.93) –
Age 1.02 (1.00–1.04) 0.78  < 0.001 13.0% 1.03 (1.00–1.06) 0.63 0.012 10.5%
Male Gender 1.14 (0.86–1.52) 1.19 (0.77–1.82)
Dementia 9.14 (6.97–12.06) –
Charlson’s com. Index 1.04 (1.00–1.09) 1.08 (1.02–1.14)
Length of stay 1.00 (1.00–1.00) 1.00 (1.00–1.00)
Age 1.01 (1.00–1.03) 0.80  < 0.001 15.9% 1.03 (1.00–1.06) 0.69  < 0.001 21.0%
Male Gender 1.21 (0.91–1.62) 1.41 (0.90–2.20)
Dementia 9.31 (7.08–12.34) –
Charlson’s com. Index 1.04 (0.99–1.08) 1.07 (1.01–1.13)
Length of stay 1.00 (1.00–1.00) 1.00 (1.00–1.00)
Calf circumference 0.94 (0.92–0.97) 0.90 (0.87–0.93)

Fig. 1  Receiver-Operating-Characteristic curve for the identifica-
tion of delirium in the subsample of patients without adiagnosis of 
dementia, stratified by sex (blue = males, purple = females)
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Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40520- 021- 01950-8.
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