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Abstract

Background: the pathophysiology of delirium is not fully understood. 
Inflammation or acute stress responses are less supported Pathophysiological 
mechanisms. 

Objective: To assess the relationship between Procalcitonin (PCT) and 
delirium among newly admitted delirious elderly patients.

Methods: A case control study was conducted on two groups of elderly 
hospitalized patients. The case group comprised of 45 elderly patients 
diagnosed with delirium and compared with 45 elderly patients who are not 
delirious. Patients were screened, on admission, with “Confusion Assessment 
Method” CAM, Acute Physiology and Chronic Health Evaluation II (APACHE) 
score; Erythrocyte Sedimentation Rate (ESR) and Systemic Inflammatory 
Response (SIR) were assessed.

Results: Delirious patients are older and have higher APACHE score and 
ESR. Procalcitonin is significantly higher in delirious group in univariant (0.9±0.6 
vs. 0.4±0.4ng/mL, P<0.001) and multivariate analysis (OR= 35.59, CI (7.73-
163.76)). Procalcitonin is not affected by presence of inflammation defined by 
SIR in delirious patients. Prolacitinon had low diagnostic performance as shown 
by ROC curve (AUC = 0.812, P= <0.001) while APACHE had significantly high 
diagnostic performance in discrimination of delirium (AUC = 0.877, P= <0.001).

Conclusion: Procalcitonin is rising in delirium independent of age and 
inflammation.
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opposed to CRP which begins to rise after 12-24 hours and peaks at 
48 hours [3].

Although PCT is the pro-hormone for calcitonin, the biologic 
activities are distinctly different [4]. In the C cells of the thyroid 
gland and K cells of the lung, elevated serum calcium concentrations 
or neoplastic changes result in transcription of the PCT gene. Sub-
sequently, ribosomal synthesis of the 116-amino-acid PCT molecule 
occurs, with subsequent cleavage of amino acids 60 to 91 yielding 
calcitonin. Calcitonin’s only recognized biologic activity is to lower 
the serum calcium concentration by inhibiting bone resorption [5].

In the presence of bacterial infection, there is a significant 
increase in CALC-1 gene expression in parenchymal tissue and in 
differentiated cell types in the body producing PCT [6]. The rise in 
PCT levels in bacterial infections is not significantly affected by liver 
[7] or renal [8] abnormalities, though patients on hemodialysis are 
an exception in whom elevated PCT levels have been reported in the 
absence of bacterial infection [9].

Several previous investigations in non-ICU patients established 
an association between inflammation and delirium, as correlations 
between proinflammatory cytokine levels and delirium has been found 
[10]. Delirium is common in systemic inflammatory states which 
may contribute to delirium pathogenesis through breakdown of the 
blood–brain barrier, microglial activation, and neuroinflammation 
[11]. Apart from well-established pro- and anti-inflammatory 
cytokines [12], PCT plays a role in inflammation, directly associated 

Abbreviations
APACHE: Acute Physiology and Chronic Health Evaluation II; 

AUC: Area Under the Curve; CAM: Confusion Assessment Method; 
CRP: C-Reactive Protein; DSM-IV: Diagnostic and Statistical Manual 
of Mental Disorders; ESR: Erythrocyte Sedimentation Rate; ICU: 
Intensive Care Unit; PCT: Procalcitonin; SIR: Systemic Inflammatory 
Response

Introduction
Delirium is a common and serious condition among the elderly, 

particularly in hospitalized patients, affecting up to 30% of this 
patient population [1]. Overall, delirium has been associated with 
the increase of hospital stay, cognitive decline, functional decline, 
institutionalization and mortality [2].

The etiology of delirium is usually multifactorial, resulting 
commonly from a combination of predisposing and precipitating 
factors. Its pathophysiological mechanisms remain poorly understood, 
with some evidence for the contribution of neurotransmission 
disruption, inflammation, or acute stress responses [2].

Procalcitonin (PCT) is an amino acid precursor of calcitonin 
which under normal circumstances is produced by the thyroid 
C-cells, Serum concentrations of PCT are normally <0.05 ng/mL 
but in circumstances of systemic inflammation, particularly bacterial 
infection, PCT is produced in large quantities by many body tissues. 
It is detectable within 2-4 hours and peaks within 6-24 hours as 
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with delirium [13].

In a prospective study by McGrane et al, inflammatory 
biomarkers, procalcitonin and CRP (C-reactive protein) were 
measured in mechanically ventilated patients. Investigators found 
that higher levels of procalcitonin and CRP were associated with 
delirium and less coma-free days, implicating inflammation as an 
important the inflammatory changes within the brain [14]. Our 
question is: Do Procalcitonin have a role in delirium? Is this role 
related to inflammation? The aim of this study is to compare between 
delirious and non-delirious as regard Procalctnin level in a group of 
elderly hospitalized patients.

Methodology
Subjects

The procedures and rationale for the study were explained to all 
patients. Because patients had The Confusion Assessment Method, 
CAM, for delirium at study entry, it was presumed that most were 
incapable of giving informed written consent. Family caregivers 
provided a written informed consent using a protocol approved 
by the local ethics committee of Mansoura university hospitals. A 
Mansoura university hospital is a tertiary care teaching hospital 
attached to the faculty of medicine of Mansoura University and its 
capacity is 255 beds. The hospitals include most of the specialties. 
Admission rate is about 20:50 cases per day according to available 
beds and vacant intensive care unit places. This is a case control study. 
Sample of 90 Egyptian elderly aged sixty years and above divided into 
45cases with delirium and 45controls. Subjects have been recruited 
from Mansoura university hospital over a period of four months.

Extensive demographic and clinical data were also collected 
at this time including comorbidities. Extensive demographic and 
clinical data include age, gender, living arrangement, income and 
financial support, level of education, smoking status, substance 
abuse, sensory and visual impairment, drug history, surgical history, 
previous admissions, iatrogenic complications and care giver 

assessment. Information was collected regarding the co-morbidities. 
Calculation of Acute Physiology and Chronic Health Evaluation II 
score (APACHE II): APACHE II score provides a classification of 
severity of disease. It is calculated from the scores for 12 routine 
physiologic measurements made during the first 24h after admission. 
An increasing score (range 0 to 71) was closely correlated with the 
subsequent risk of hospital death. Mortality risk calculated from 
APACHE II score [15]. SIR was determined. SIR is defined as a clinical 
response to a nonspecific insult of either infectious or noninfectious 
origin. SIR is defined as 2 or more of the following variables:

•	 Fever of more than 38°C (100.4°F) or less than 36°C (96.8°F

•	 Heart rate of more than 90 beats per minute

•	 Respiratory rate of more than 20 breaths per minute or 
arterial carbon dioxide tension (Pac 2) of less than 32 mm 
Hg

•	 Abnormal white blood cell count (>12,000/µL or < 4,000/µL 
or >10% immature [band] forms) [16]

Inclusion criteria: elderly patient above 60 years old willing to 
participate in the study.

Exclusion criteria: Patients with the following conditions will 
be excluded as it leads to elevation of Procalciton: Renal failure, 
peritoneal dialysis, hemodialysis [9].

-Thyroid cancer [17].

-Acute myocardial infarction [18].

-Acute pancreatitis [19].

-Sever trauma, burns [20] (Figure 1).

Delirium diagnosis
Diagnostic and Statistical Manual of Mental Disorders, Third 

Revision (DSM-III-R) criteria for delirium [21] And CAM are used 
to diagnose delirium [22]. Assessment was done on day of admission 
and repeated twice daily for three days.

Laboratory tests
Blood sample were withdrawn from all subjects involved in the 

study on admission and for delirious patients, it is taken when diagnosis 
was confirmed. It was used for: Complete blood count is performed 
via Sysmex system (Roch). Arterial blood gases were performed using 
apl 800 system. ESR was performed using Westergren method. When 
serum was frozen, it was frozen at -200C only for 4 months. Human 
Procalcitonin ELISA (Enzyme-Linked Immunosorbent Assay) 
kit is an in vitro ELISA for quantitative measurement of human 
procalcitonin in serum (Human Procalcitonin concentration is pretty 
low in normal serum/plasma, it may not be detected in this assay). 
This assay employs an antibody specific for human Procalcitonin 
coated on a 96-well plate. Standards and Samples are pipette into the 
wells and Procalcitonin present in a sample is bound to the wells by 
the immobilized antibody (Ray Bio ® Human Procalcitonin ELISA 
Kit). Range: 30 pg/ml - 20000 pg/ml; Sensitivity: 30 pg/ml.

Statistical Methods
The collected data were coded, tabulated, and statistically 

analyzed using IBM SPSS statistics (Statistical Package for Social 
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Figure 1: Consort chart of Methodology.
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Sciences) software version 22.0, IBM Corp., Chicago, USA, 2013. 
Descriptive statistics were done for quantitative data as minimum 
& maximum of the range as well as mean ±SD (standard deviation) 
for quantitative parametric data, while it was done for qualitative 
data as number and percentage. Inferential analyses were done 
for quantitative variables using independent t-test in cases of two 
independent groups with parametric data and Chi square test for 
differences between proportions. Logistic regression model was used 
to find out independent factors affecting osteoporosis. ROC curve 
was used to evaluate the performance of different tests differentiate 
between delirious and non -delirious cases. The level of significance 
was taken at P value < 0.05 is significant, otherwise is non-significant. 
Univariate and multivariate logistic regression models were used 
to predict delirium as a definite diagnosis. Sensitivity, specificity, 
Positive Predictive Value (PPV), Negative Predictive Values (NPV), 
and Receiver Operating Characteristic (ROC) curves were also 
assessed for each factor.

Results
There is no difference between delirious and non-delirious as 

regard marital status and smoking (P= 0.832&0.619 respectively). 
Age is significantly higher in delirious group (71.2±7.9 vs. 67.5±8.0 
years, p= 0.031). Female represent (60%) of cases and (57.8%) of 
controls. There was no significant difference between both as regard 
sex (Table 1). Likewise, APACHE score, its related mortality, SIR and 
ESR are significantly higher in delirious patients as shown in (Table 
1). There is no difference between delirious and non-delirious as 
regard prevalence of diabetes, hypertension, ischemic heart disease 
and stroke (P≥0.05). Chronic liver diseases were significantly higher 
in delirious patients (P ≤ 0.05). Procalcitonin is significantly higher in 
delirious patients in univariate (0.9±0.6 vs. 0.4±0.4ng/mL, P<0.001) 
and multivariate analysis (OR= 35.59, CI (7.73–163.76)) (Table 2). 
Procalcitonin was lower in SIR positive patients in delirious patients 
(Figure 2). Prolacitinonand ESR had low diagnostic performance 
as shown by ROC curve (AUC = 0.812, P= <0.001 AND AUC = 

0.668, P= 0.006) respectively while APACHE had significantly high 
diagnostic performance in diagnosis of delirium (AUC = 0.877, P= 
<0.001) (Table 3 & Figure 3).

Discussion
The current study shows Significant and independent association 

Variables Case
(N=45)

Control
(N=45) P OR

(95% CI)

Age
(years)

Mean±SD 71.2±7.9 67.5±8.0 ^
0.031* --

Range 60.0–91.0 57.0–92.0

Sex
(N, %)

Male 18 (40.0%) 19 (42.2%) #
0.830

0.91
(0.39–2.11)Female 27 (60.0%) 26 (57.8%)

APACHE
Mean±SD 16.4±5.8 8.5±4.0 ^

<0.001* --
Range 6.0–32.0 3.0–22.0

Mortality risk
Mean±SD 25.3±14.9 10.6±6.2 ^

<0.001* --
Range 4.0–73.0 2.0–40.0

ESR
(mm/hr)

Mean±SD 37.5±38.8 8.6±2.9 ^
<0.001* --

Range 4.0–120.0 4.0–16.0

SIR 23 (51.1%) 9 (20.0%) #
0.002*

4.18
(1.64–10.66)

Procalcitonin(ng/ml)
0.9±0.6 0.4±0.4

<0.001*
0.1–2.7 0.0–1.7

Table 1: Demographic and clinical characteristics among the study groups. 
Table show that: Age was significantly higher among case group. Total APACHE 
score, APACHE Mortality risk and ESR were higher among case group.

^Independent t-test, #Chi square test, *Significant, OR: Odd Ratio; CI: 
Confidence Interval

Variables β SE P OR (95% CI)
Procalcitonin (ng/

ml) 3.57 0.78 <0.001* 35.59 (7.73–163.76)

Table 2: Logistic regression for factors increasing the likelihood of delirium.
Procalcitoninwas significant factors increases the likelihood of delirium.

β: Regression coefficient; SE: Standard Error; *Significant Odd ratio; CI: 
Confidence interval

Figure 2: shows that Procalcitonin (ng/ml) is lower in SIR positive patients 
in delirious group. 

Variables AUC SE P 95% CI

APACHE 0.877 0.036 <0.001* 0.806‒0.948
Procalciton 

(ng/ml) 0.812 0.045 <0.001* 0.724‒0.899

ESR (mm/hr) 0.668 0.058 0.006* 0.554‒0.781

Table 3: Diagnostic performance of APACHE, procalcitonin and ESR in 
diagnosis of delirium. APACHE had significantly high diagnostic performance in 
diagnosis of delirium, while Procalciton and ESR had significantly low diagnostic 
performance.

AUC: Area Under Curve; SE: Standard Error; *Significant, CI: Confidence Interval

 
Figure 3: ROC curve among the study groups.
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between delirium and elevated PCT level. This was confirmed 
by multiregression analysis which shows that procalcitonin is 
independently associated with delirium irrespective of other 
confounders. 

This matched with McGrane et al. 2011who found that high 
baseline inflammatory biomarkers (PCT and ESR) predicted 
prolonged periods of acute brain dysfunction, implicating 
inflammation as an important mechanism in the pathophysiology 
of delirium and coma during critical illness, irrespective of whether 
patients had sepsis or not [23].

In an exploratory observational study, included ICU patients with 
or without delirium and with (inflamed) and without (noninflamed) 
infection/ (SIR) showed that PCT was significantly higher in the 
delirium group compared with the non-delirium group [24].

In another prospective observational study of adult patients on 
mechanical ventilation, 24 hours after extubation, PCT was Higher 
in delirious than non-delirious indicting an association between 
prolonged inflammation and delirium in the period of mechanical 
ventilation [25].

On the contrary, a study done by Hirayama and his colleagues, 
2015 showed that PCT in ICU admission was not associated with 
delirium. PCT was almost the same between delirious and non-
delirious patients [26]. The difference between that study and 
the current study may be clear if we know that Hirayamaand his 
colleagues measured PCT on admission before onset of delirium 
while in the current study PCT level measured within 24 hours of 
onset of delirium.

In the current study,  a comparison between patients with SIR 
and patients without ,in delirious patients, revealed that Procalcitonin 
level is less in patients with SIR than those without in delirious group  
which indicate that the significant rise of Procalcitonin level in 
delirious patients was independent of presence of SIR.

Stucker and his colleagues, 2005 ran a study to compare a 
procalcitonin level on infected and non-infected elderly patients. 
They found out that PCT may be a useful tool to identify severely ill 
elderly patients but not to discriminate patients with infections and 
those without [27].

To explore if Procalcitonin can be used as a helping test to 
discriminate delirious and none, ROC curve for Procalcitonin is 
assessed. AUC for ROC was 0.812 (p= <0.001*, 95% CI = 0.724‒0.899) 
which indicate that Procalcitonin had significantly low diagnostic 
performance in differentiating delirious and none.

This low yield of Procalcionin either to identify delirium or to 
rise in relation to SIR in elderly may be explained by aging because 
aging is associated with many functional biological modifications, 
especially in the immune system. There is now good evidence of a 
shift from T helper cell 1 and T helper cell 2 productions in older 
people and also for decreased levels of Tumor Necrosis Factor (TNF)
α, IL-1β, and other proinflammatory cytokines in response to acute 
stress [28]. It has also been demonstrated that TNFβ can stimulate 
PCT secretion, suggesting that low levels of PCT may be related to 
these lower cytokine levels [29,30]. In addition, the sensitivity of PCT 
to detect bacteremia in emergency departments is lower in the elderly 

population (57%, with a cutoff of 0.5 ng/mL) [31] than in the younger 
population (92%, with a cutoff of 0.4 ng/mL) [32] suggesting a real 
effect of senescence on PCT levels.

Conclusion
In elderly patients admitted to an acute care ward with delirium 

found to have a higher PCT level and irrespective of presence of SIR.  
Delirious patients have found to be older and are associated with 
higher mortality in relation to non-delirious patients. Procalcitonin 
cannot be used to discriminate delirious patients. These results do 
not allow the systematic use of PCT measurement in acute care 
wards to detect delirium in older people. Serial PCT levels may be 
more accurate than a single measurement but a potential use of PCT 
measurements in severely ill elderly patients could be adopted.
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