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Risk Factors for Delirium During Acute and
Subacute Stages of Various Disorders in
Patients Admitted to Rehabilitation Units
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Objective To assess the risk factors for delirium in patients admitted to a rehabilitation unit for acute or subacute
neurological or musculoskeletal disorders.

Methods We reviewed the medical records of 537 patients admitted to a rehabilitation unit and selected 398
patients in the acute or subacute stage of various neurological or musculoskeletal disorders. Among them, patients
who had suffered from delirium were categorized into the delirium group (n=65), and the other patients were
categorized into the non-delirium group (n=333). As potential risk factors for delirium, the patients’ diagnosis,
underlying disease, demographic data, hospital stay duration, surgery, and laboratory findings were reviewed,
and the differences between the two groups with respect to independent risk factors were analyzed.

Results The average age in the delirium group was higher; the hospital stay and pre-transfer periods were longer.
A large proportion of the patients were admitted for musculoskeletal disorders, and many patients had diabetes
mellitus, dementia, and depression as underlying diseases. Laboratory tests revealed increases in the white blood
cells (WBC), glucose, blood urea nitrogen (BUN), total bilirubin, aspartate transaminase (AST), erythrocyte
sedimentation rate (ESR), and C-reactive protein (CRP) levels in the delirium group, while the hemoglobin,
calcium, phosphorus, protein, albumin, and potassium levels were decreased. Depression, musculoskeletal
disorders, traumatic brain injury, elevated WBC, BUN, AST, and CRP levels, and decreased potassium and
phosphorus levels were identified as independent risk factors for delirium.

Conclusion Risk factors treatable before delirium onset were identified in rehabilitation patients in acute and
subacute stages of various disorders. Early diagnosis and prevention of these risk factors could decrease delirium
occurrence and increase rehabilitation effectiveness.
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Risk Factors for Delirium

INTRODUCTION

Delirium is an acute state of confusion, and it can be
defined as reduced ability to direct, focus, sustain, and
shift attention and orientation to the environment. There
is an accompanying change in at least one other area that
may include memory and learning, disorientation, al-
teration in language, or perceptual disturbance. Delirium
develops over a short period of time, usually hours to a
few days, and tends to fluctuate during the course of the
day [1]. Delirium often results in poor outcomes, includ-
ing not only high mortality but also increased hospital
stay duration, cost of care, institutional placement rate,
and functional and cognitive decline [2-4]. Therefore,
delirium must be prevented or managed properly for
achieving a successful rehabilitation outcome.

In patients with predisposing risk factors, delirium is
caused by medical illness, complications, invasive proce-
dures, and environmental stress. Therefore, delirium can
be a sign of underlying diseases in rehabilitation patients
[5]. Delirium significantly impedes the rehabilitation
process, and it is important to prevent delirium by dis-
cerning its risk factors [6,7]. Most patients in rehabilita-
tion units are elderly and they exhibit known delirium-
inducing factors besides age. However, several recent
meta-analyses have not identified consistent risk factors
for delirium. Advanced age, dementia, and electrolyte
imbalance have been reported as risk factors uniformly,
but other factors including sex, medical illness, and psy-
chological problems have been reported discrepantly
[8-12]. To date, studies of delirium risk factors have only
been conducted for specific diseases without considering
each disease as a potential risk factor. Therefore, compre-
hensive research on delirium-causing factors including
all diseases is needed. The authors conducted a study of
the major delirium-causing risk factors in rehabilitation
patients in subacute and acute stages of various neuro-
logical or musculoskeletal disorders.

MATERIALS AND METHODS

Subjects

The present study included patients transferred to
the rehabilitation unit of the Hallym University Sacred
Heart Hospital (Anyang, Korea) between January 2014
and October 2015. It was a retrospective study based on

the review of medical records of each patient. To analyze
the prevalence of delirium in patients admitted to the
rehabilitation unit, discharged patients who had been
transferred to the rehabilitation unit from other hospi-
tals were excluded from the analysis, because they were
considered to be in the chronic or stable stage of disease.
Only patients transferred to the rehabilitation unit from a
different unit of the hospital were included in the study.
All included patients were older than 19 years (Fig. 1).

Methods

If a patient had new-onset disorientation, hallucina-
tion, cognitive dysfunction, sleep disturbance, anxiety,
hyperactivity, or hypoactivity, the patient was referred to
psychiatrists who had extensive experience in the diag-
nosis of delirium, which was performed according to the
Diagnostic and Statistical Manual of Mental Disorders,
fifth edition (DSM-V), definition [1]. The DSM-V diagnos-
tic criteria for delirium are as follows: (A) a disturbance
in attention (i.e., reduced ability to direct, focus, sustain,
and shift attention) and awareness (reduced orientation
to the environment) is present; (B) the disturbance de-
velops over a short period of time (usually hours to days),
represents an acute change from baseline attention and
awareness, and tends to fluctuate in severity during the
course of the day; (C) an additional disturbance in cogni-
tion is present (e.g., memory deficit, disorientation, dis-
ruptions of language, visuospatial ability, or perception);
(D) the disturbances in criteria (A) and (C) are not better
explained by a pre-existing, established or evolving neu-
rocognitive disorder, and do not occur in the context of a
severely reduced level of arousal, such as coma; (E) there
is evidence from the history, physical examination, or
laboratory findings that the disturbance is a direct physi-
ological consequence of another medical condition, sub-
stance intoxication or withdrawal (i.e. due to a drug of
abuse or a medication), or exposure to a toxin, or is due
to multiple etiologies.

Assessments of risk factors for delirium were derived
from the medical records retrospectively in all patients.
The following factors identified as delirium risk factors in
previous research were studied: demographic data (age
and sex), hospital stay duration (pre-transfer days, post-
transfer days, and days of ICU stay), surgery, reason for
admission, underlying disease, and laboratory findings.
If a patient was admitted presenting with two or more
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537 patients were discharged
from the rehabilitation unit during
study periods
(from January 2014 to October 2015)

( 139 patients were excluded

| because they were transferred

from other hospital and not in
acute or subacute stage

v

398 patients were transferred
from other unit to rehabilitation
unit

A4

65 patients (16.3%)
were diagnosed with delirium by
psychiatrists

333 patients (83.7%)
were non-delirium group

Fig. 1. Participant flow chart. Flow
chart describes the progress of
patients belonging to the delirium

diseases, all diseases were considered as potential risk
factors. Only surgeries and admissions to the ICU during
the study period were considered as risk factors. In the
delirium group, only laboratory findings obtained within
one week from the time of delirium diagnosis were
considered and analyzed. In the non-delirium group,
laboratory findings from the time of transfer to the reha-
bilitation unit were considered and analyzed. All patients
provided written informed consent for their participation
in this study, which was approved by the Institutional
Review Board of the Hallym University Sacred Heart Hos-
pital (IRB No. 2015-1136).

Statistical analysis

Age, hospital stay duration, and blood tests in the two
groups were analyzed using the independent t-test. Data
such as sex, history, and surgery were analyzed using the
chi-square or Fisher exact test. The logistic regression
model included variables that differed between the two
groups—age, underlying depression, dementia and dia-
betes mellitus (DM), admission for musculoskeletal dis-
order, hemorrhagic or ischemic stroke, white blood cell
(WBC), hemoglobin (Hb), hematocrit (Hct), platelet, glu-
cose, blood urea nitrogen (BUN), protein, albumin, total
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group or the non-delirium group.

bilirubin, total calcium (Ca), phosphorus (P), aspartate
aminotransferase (AST), lactate dehydrogenase (LD), po-
tassium (K), and C-reactive protein (CRP); the known risk
factors for delirium—age, sex, surgery on admission, ad-
mission for traumatic brain injury (TBI) and sodium (Na);
and underlying diseases that proved to have an effect on
the reason for admission by chi-square test (hypertension,
DM, dyslipidemia, depression, dementia, stroke, chronic
alcoholism) and calculated odds ratio (OR). SPSS software
ver. 22.0 (IBM, Armonk, NY, USA) was used for analysis,
and the statistical significance was set to a p-value <0.05.

RESULTS

During the study period, 537 patients were discharged.
After excluding the 139 patients who had been trans-
ferred from other hospitals, 398 patients were selected as
subjects (Fig. 1). Delirium occurred in 65 (16.3%) out of
the initial 398 subjects (delirium group: 65/398, 16.3%),
and the remaining 333 subjects were categorized into
the non-delirium group (non-delirium group: 333/398,
83.7%). The participants’ demographic data are shown in
Table 1. The average age of the subjects in the delirium
group was 69.3113.9 years, which was significantly higher
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Table 1. Demographic characteristics of the subjects

Characteristic Delirium Non-delirium t-value or
Age (yr) 69.3+13.9* 63.5+16.5 -2.6417
Sex (male:female) 35:30 169:164 0.209"”
Total hospital stay (day) 44.8+26.1* 38.3£19.4 -2.317Y
Pre-transfer days 29.1+23.9* 20.3%15.1 -2.860"
Post-transfer days 15.6£9.1 18.0£10.6 1.760"
ICU stay (day) 6.5+7.7 5.4+8.2 -0.994?
Surgery 39 (60.0) 183 (55.0) 0.561"

Values are presented as meantstandard deviation or number (%).
*p<0.05 by independent t-test. “Independent t-test (t-value), ”chi-square test or Fisher exact test (y>).

Table 2. Reason for admission

Table 3. Underlying disease

Variable Delirium | Non- x Variable Delirium Non- x
elirium delirium

Musculoskeletal disorder 22 (33.8)* 57 (17.1) 9.567 Hypertension 41(63.1) 173(52.0) 2.708

(except for spine disorder) Diabetes mellitus 22(33.8)* 73(21.9) 4.255
Spine disorder 13(20.0) 52(15.6) 0.765 Stroke 13 (20.0) 52(15.6)  0.765
TBI 13(20.0)  52(15.6) 0.765 Dementia 10(15.4)* 19(5.7)  7.542
Stroke (hemorrhagic) 10 (15.4)* 96 (28.8) 5.031 Dyslipidemia 9(13.8) 50(15.0)  0.059
SCI 4(6.2)  19(5.7) 0.020 Chronic alcoholism ~ 7(10.8) 22 (6.6) 1.395
Stroke (ischemic) 2(3.1)* 42(12.6) 5.029 Depression 6(9.2)* 6 (1.8) 10.264
Aspiration pneumonia 2(3.1) 6(1.8) 0.449 Parkinson disease 3(4.6) 10(3.0)  0.447
Hypoxic brain injury 1(1.5) 3(0.9) 0.222 Values are presented as number (%).
Drug induced dystonia 1(1.5) 0(0.0) 5.136  *p<0.05 by chi-square test or Fisher exact test.
Guillain-Barre syndrome 0(0.0) 6(1.8) 1.189
Brain tumor/abscess 0(0.0) 4(1.2) 0.789
Seizure 0(0.0) 2(0.6) 0.392 abscess, dementia, seizure, encephalitis, Guillain-Barre
Encephalitis 0(0.0) 2(0.6) 0.392 syndrome, drug induced dystonia, normal pressure hy-
Dementia 0(0.0) 1(0.3) 0.196 drocephalus, and aspiration pneumonia. The number
Normal pressure 0(0.0) 1(0.3) 0.196 of patients who were admitted with musculoskeletal

hydrocephalus

Values are presented as number (%).
TBI, traumatic brain injury; SCI, spinal cord injury.
*p<0.05 by chi-square test or Fisher exact test.

than the average age of the subjects in the non-delirium
group (63.5£16.5 years; p=0.009). Days of hospital stay
(p=0.021) and pre-transfer days (p=0.005) were signifi-
cantly higher in the delirium group; while sex, post-
transfer days, days of ICU stay, and surgery did not show
significant differences.

The reasons for admission were as follows: musculo-
skeletal disorder (except for spine disorder), TBI, hem-
orrhagic stroke, ischemic stroke, spine disorder, spinal
cord injury (SCI), hypoxic brain damage, brain tumor or

disorder (p=0.002) was significantly higher in the de-
lirium group, while the non-delirium group showed a
significantly higher number of patients who were admit-
ted with hemorrhagic stroke (p=0.025) and ischemic
stroke (p=0.025) (Table 2). The occurrence frequency of
delirium was significantly higher in patients who had DM
(p=0.039), dementia (p=0.015), or depression (p=0.015)
as underlying diseases (Table 3).

According to the complete blood count test, WBC
(p<0.001), neutrophil count (p<0.001), and neutrophil
percentage (p<0.001) were significantly increased in
the delirium group. The percentage of lymphocytes
(p<0.001), monocytes (p=0.002), eosinophils (p=0.007),
and basophils (p<0.001), platelets (p=0.001), and the
Hb (p=0.038) and Hct (p=0.006) levels were reduced in
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the delirium group. Serologic tests in the delirium group albumin, and K levels were significantly reduced. The
showed significant increases in the levels of glucose erythrocyte sedimentation rate (ESR; p=0.006) and CRP
(p=0.010), BUN (p=0.036), total bilirubin (p=0.006), AST levels (p<0.001) were significantly higher in the delirium
(p=0.009), and LD (p=0.002), while the Ca, P, protein, group (Table 4).

Table 4. Comparison between the delirium group and the non-delirium group in terms of laboratory findings

Variable Delirium Non-delirium t-value
Complete blood count
WBC (/10%/uL) 9.98+4.24* 7.52+2.51 -4.522
Neutrophil count (/10%/pL) 7.78+4.32* 4.97+2.30 -5.092
Neutrophil (%) 74.57+11.72*% 64.01+11.93 -6.547
Lymphocyte (%) 15.20+9.12*% 23.58+9.58 6.499
Monocyte (%) 6.44+2.34* 7.58+2.82 3.069
Eosinophil (%) 2.46+2.74* 3.43+2.60 2.722
Basophil (%) 0.31+0.26* 0.50+0.32 5.022
Hb (g/dL) 11.19+1.70% 11.66+1.64 2.080
Hct (%) 32.90+4.73* 34.56+4.49 2.761
Platelet (/103/pL) 245.25+137.64* 298.17+£113.90 3.306
Serology
Glucose (mg/dL) 128.45+40.00* 114.34+40.17 -2.592
Ca (mg/dL) 8.42+0.63* 8.79+0.517 4.489
P (mg/dL) 3.17£1.03* 3.6910.76 3.928
Uric acid (mg/dL) 3.74+1.58 3.75x1.52 0.045
BUN (mg/dL) 18.29+11.52* 15.13+7.30 -2.135
Cr (mg/dL) 0.9149+1.10 0.74%0.51 -1.254
Cholesterol (mg/dL) 149.05+45.20 158.03+38.50 1.670
Protein (g/dL) 6.09+0.83* 6.47+0.70 3.419
Albumin (g/dL) 3.49+0.44% 3.67+0.45 3.028
Total bilirubin (mg/dL) 0.83+0.68* 0.58+0.34 -2.842
AST (IU/L) 37.09+24.86* 30.37+17.35 -2.642
ALT (IU/L) 27.551+26.85 27.23+35.38 -0.070
ALP (U/L) 115.94+118.75 125.724+93.40 0.736
LD (IU/L) 499.37+153.03* 444.77+122.73 -3.143
GGT (IU/L) 55.46+56.79 63.32+102.44 0.600
Na (mmol/L) 139.25+4.31 139.71+3.47 0.815
K (mmol/L) 3.83+0.52* 4.19+0.48 5.498
Cl (mmol/L) 102.63+4.36 102.19+3.46 -0.776
Total CO, (mmol/L) 2.7610.34 23.34+2.90 1.856
Others
ESR (mm/hr) 43.71+26.37* 29.20+20.66 -2.945
CRP (mg/L) 61.91+76.16* 14.68+23.68 -4.954

Values are presented as mean+tstandard deviation.

WBC, white blood cells; Hb, hemoglobin; Hct, hematocrit; BUN, blood urea nitrogen; AST, aspartate aminotransfer-
ase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; LD, lactate dehydrogenase; GGT, gamma glutamyl
transferase; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.

*p<0.05 by independent t-test.
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Table 5. Risk factors for delirium

Variable B p-value OR (95% CI)
Underlying depression 2.067 0.006* 7.899 (1.829-34.110)
Admission for musculoskeletal disorder 1.122 0.009* 3.071 (1.322-7.132)
Admission for TBI 1.072 0.018* 2.922 (1.200-7.111)
WBC 0.191 0.003* 1.210(1.068-1.372)
BUN 0.059 0.006* 1.061 (1.017-1.107)
AST 0.021 0.012* 1.021 (1.005-1.037)
CRP 0.014 0.001* 1.015 (1.006-1.023)
K -1.935 <0.001* 0.144 (0.064-0.327)
P -0.511 0.036* 0.600 (0.372-0.966)
Albumin 0.859 0.068 2.360 (0.940-5.928)
Admission for stroke (ischemic) -1.256 0.117 0.285 (0.059-1.370)

B, beta coefficient; OR, odds ratio; CI, confidence interval; TBI, traumatic brain injury; WBC, white blood cells; BUN,
blood urea nitrogen; AST, aspartate aminotransferase; CRP, C-reactive protein.

*p<0.05 by logistic regression analysis.

ESR was excluded from the logistic regression analysis
because it had several missing data. Only WBC was in-
cluded in the logistic regression analysis model because
the significant increase in WBC along with increases in
neutrophil count and percentage could have been the
reason for significant reductions in the other compo-
nents (lymphocytes, monocytes, eosinophils, and baso-
phils). The OR was the highest in cases in which depres-
sion was the underlying disease (p=0.006, OR=7.899).
Admissions due to musculoskeletal disorder and TBI had
significant OR of 3.071 (p=0.009) and 2.922 (p=0.018),
respectively. Among the laboratory findings, the WBC
(p=0.003, OR=1.210), BUN (p=0.006, OR=1.061), AST
(p=0.012, OR=1.021), and CRP (p=0.001, OR=1.015) levels
showed significant positive correlations with the increase
in the risk of delirium. The K (p<0.001, OR=0.144) and P
(p=0.036, OR=0.600) levels in blood showed negative cor-
relations with delirium occurrence (Table 5).

DISCUSSION

DSM-V was used in this research to diagnose delirium.
The criteria for delirium in DSM-V underwent a substan-
tial change by narrowing the spectrum of arousal states in
which delirium can be identified [13]. According to a pre-
vious research, the prevalence of delirium was 14%-56%
in internal medicine inpatients based on the criteria for
delirium in DSM-III [8], and 5%-20% in patients in elder-
ly hospital settings based on the criteria in DSM-IV [14-

16]. The present study, which used the criteria in DSM-V,
showed a prevalence of 16.3%, similar to the results of a
previous research.

Delirium is rarely caused by a single factor. In most cas-
es, the complex interaction between patients’ underlying
conditions (cognitive impairment, old age, alcoholism,
visual impairment, etc.) and factors within the hospital
(medication, invasive procedure, etc.) causes delirium.
The occurrence frequency of delirium increases as the
number of underlying diseases increases [7,17]. Accord-
ing to a meta-analysis by Elie et al. [9], the four major
underlying diseases in patients suffering from delirium
are dementia, severe internal disease, alcoholism, and
depression. Pompei et al. [18] showed that delirium oc-
curred in patients with cognitive impairment, associated
diseases, depression, and alcoholism. The results of the
present study revealed that the risk of delirium increased
in the presence of DM, dementia, and depression as un-
derlying diseases. Logistic regression analysis showed
that underlying depression had the highest OR, and
therefore, it is the most potential factor that increases
the risk of delirium. Depression has been confirmed to
be a strong risk factor for delirium in all previous studies
[9,19]. Patients with depression require closer observa-
tion during rehabilitation. This study did not take into ac-
count the effects of antidepressants in patients who had
taken them previously.

Aging has been identified as the single biggest risk
factor for the development of delirium in a previous re-
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search [20]. Among the people in the Netherlands who
received nursing home care, delirium was reported in
1%-2% of the population aged over 65 years and in 10% of
the population aged over 85 years [21]. In stroke patients,
age over 65 years has been reported to be an independent
factor for causing delirium [22]. The average age in the
delirium group (69.3 years) was statistically significantly
higher than that in the non-delirium group (63.5 years) in
the present study. However, in the present study, age was
not an independent risk factor in the logistic regression
analysis. To confirm multicollinearity, the correlation co-
efficient for age was analyzed with all other variables, and
the result (<0.4) did not show a statistically significant
correlation. Although it was not shown to be an indepen-
dent risk factor in this study, age is an important factor
nonetheless, because most underlying diseases (e.g.,
hypertension, DM, and dementia) that are considered
to be independent variables in the clinical aspect of this
study are age-related geriatric problems. Therefore, treat-
ment of the underlying geriatric disease is important for
the prevention or treatment of delirium. Previous studies
have reported contrasting effects of gender on delirium,
stating that delirium occurrence is higher in either males
[9,23,24] or females [25]. However, the present study
showed no significant differences between the sex ratios
in the two groups (p=0.648).

Previous reports are not consistent about whether sur-
gery is a delirium-causing factor [23,26,27], and some
researchers suggest that delirium occurs in patients who
have pre-operative cognitive dysfunction, sedentary life
style, low weight, or delayed postoperative ambulation
combined with surgery [28-31]. Although surgery was
not an independent risk factor for delirium in the pres-
ent study, the significant increases in the WBC, ESR,
CRP, and BUN levels, and the significant decrease in the
K levels in the delirium group suggest that surgery, in-
stead of being an independent factor, increases the risk
of delirium indirectly through secondary factors such as
postoperative infection, inflammation, dehydration, and
electrolyte imbalance. This finding indicates that post-
operative care is important in rehabilitation patients.

Most of the previous researches on delirium have fo-
cused on patients with a single specific disease. The pres-
ent study is significant as it included all patients in acute
and subacute stages of various disorders and who were
transferred to the rehabilitation unit. Musculoskeletal
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disorder was the most common delirium-causing disease
in the delirium group, where hip fracture was present
in 62 out of the 70 patients (88.6%). According to Kamel
et al. [29], a delay in ambulation after a hip fracture not
only caused delirium but also pneumonia, and it was the
reason for long-term admission. It is not possible to state
with certainty that delirium was caused in these subjects
by delayed ambulation, because time to ambulation was
not taken into account. However, it is important to en-
courage early ambulation in patients based on the results
of the previous research.

Hemorrhagic or ischemic stroke was present in only
a small percentage of patients in the delirium group in
this study, and it was not identified as a risk factor in the
logistic regression analysis. According to McManus et al.
[32], stroke itself is a risk factor for delirium, and lesion
location, lesion size, cause of stroke, as well as compli-
cations such as decreased cerebral perfusion, cerebral
edema, and aspiration pneumonia, were related to the
occurrence of delirium. Therefore, both initial stroke
treatment and rehabilitation can play a role in prevent-
ing delirium after a stroke. The risk of delirium would be
reduced if a patient was treated in a stroke unit that had
well-established initial stroke treatment and rehabilita-
tion programs. The recently published Korean stroke
rehabilitation guidelines recommend that acute stroke
patients should be evaluated for rehabilitation within 72
hours of admission and rehabilitation should be started
as soon as possible once the patient is medically stable
[33]. The hospital where the present research was con-
ducted also places all acute stroke patients into an early
rehabilitation program after consulting the physiatrist
within 24 hours of admission. Since the prevalence of de-
lirium was reduced owing to the well-established stroke
rehabilitation program, it is possible that the rehabilita-
tion program was the reason why stroke was not identi-
fied as an independent risk factor for delirium in this
study. In contrast, TBI was confirmed as a risk factor for
delirium. Delirium may result from brain injury itself or
from associated medical complications that predispose
the patient to develop delirium [34]. Therefore, if TBI pa-
tients receive treatment including rehabilitation during
the early part of their stay in the specialized unit, the oc-
currence of delirium may decrease.

Various medical conditions affect the development of
delirium. In the study of Dickson [35], the most frequent
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laboratory abnormality was hypoalbuminemia. The
most common chronic medical problems included DM
and cardiovascular disease, while infections and trauma
were the most common acute problems. In the present
study, the two groups showed significant differences in
the WBC, Hb, Hct, platelet, glucose, Ca, P, BUN, protein,
albumin, total bilirubin, AST, LD, K, ESR, and CRP levels
in blood. The WBC, ESR, and CRP levels in the delirium
group indicated increased inflammation or infection,
which is in agreement with previous studies that reported
infection as a major cause of delirium [36,37]. In particu-
lar, WBC and CRP have been identified as independent
risk factors for delirium with OR of 1.210 and 1.015, re-
spectively. Since these two factors are correctable, it is
important to actively treat and prevent infections in or-
der to prevent delirium. Patients suffering from delirium
showed significantly lower levels of Hb and Hct, indica-
tive of hypoxia and anemia, which in turn can reduce
the acetylcholine concentration in the cerebrum and
produce delirium [38]. Brauer et al. [38] have reported
electrolyte imbalance and metabolic disorders as risk
factors for delirium. Hyponatremia is the most common
electrolyte disorder present in hospitalized patients and
a known risk factor for delirium [39]. However, the results
of the present study showed no significant difference in
the Na levels between the two groups, and instead they
indicated low levels of K and P as independent risk fac-
tors related to the onset of delirium. The BUN levels in
the delirium group were significantly higher and were
identified as an independent risk factor for delirium with
an OR of 1.06. Inouye et al. [40] stated that a high BUN/Cr
ratio was one of the four independent underlying factors
along with cognitive impairment, severe disorder, and
visual impairment. An increase in BUN levels is related
to dehydration. Since low levels of K and P are caused
by a deficit of fluid supply, including electrolytes, it is
important to supply fluids carefully in order to prevent
delirium. Since hypophosphatemia can cause muscle
weakening and damage, it is a crucial factor that needs
to be corrected in rehabilitation patients who have low
muscle strength.

A number of variables examined in this study are
thought to increase or decrease indirectly, depending on
their interactions with the other factors. The significant
decrease in platelets is not equivalent to thrombocyto-
penia in patients with delirium, but rather can be caused

by the postoperative state, anemia, or infection. The al-
bumin and protein levels were reduced in the delirium
group; however, they were not identified as independent
risk factors for delirium in this study. It is possible that
low Ca levels in the delirium group were a secondary ef-
fect of reduction in the albumin levels.

Delirium negatively affects recovery from a disease.
Inouye and Charpentier [17] showed that delirium is an
independent prognostic factor that affects the length of
hospitalization even after adjusting for other factors such
as age, sex, dementia, severity of disease, and ability to
carry out daily life activities. In the present study, the to-
tal days of hospital stay and pre-transfer days were higher
in the delirium group, while there was no difference in
post-transfer days. Fifty-eight of the 65 patients suffering
from delirium were diagnosed with delirium before be-
ing transferred to the rehabilitation unit. The extension
of total days of hospital stay in the delirium group was
in part due to delirium before the transfer. If delirium is
prevented or diagnosed early, transfer to a rehabilitation
unit may be completed sooner, giving the patient suf-
ficient opportunity for rehabilitation. The patient’s treat-
ment costs will also be reduced.

To the best of our knowledge, the present study of de-
lirium was the first such study in Korea that involved pa-
tients in acute and subacute stages of various diseases as
subjects. The present study is highly significant because
the authors considered the risk factors for delirium from
various angles. Risk factors for delirium were evaluated
based on the patients’ histories, reasons for admission,
and laboratory findings as well as demographic data.
Another significance is that the study was conducted in
a well-established rehabilitation unit that had a system
for multidisciplinary management where physiatrists
actively participate in the management of all diseases in
acute stages requiring rehabilitation. Since delirium is
heavily affected by the patient’s environment, our study
could have produced different results if it had been con-
ducted in a hospital that did not have a system for mul-
tidisciplinary management, as was the case in previous
studies. In the future, it is important to conduct research
for assessing the general prognosis of delirium in cases
in which delirium is caused by various diseases as well as
for developing an outcome scale that can be used in all
diseases.

Nevertheless, this study had several limitations. First,
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unlike patients presenting with hyperactive delirium
symptoms at the time of diagnosis, patients with hypoac-
tive delirium, who have restricted communication abili-
ties, could have had a delay in diagnosis after their deliri-
um subtype had changed from hypoactive to hyperactive.
Second, there is a possibility that the medical histories of
patients were incomplete, since the research was retro-
spective in nature. Third, medication was not considered
as a risk factor for delirium in the present study because
there are several types of medication and there are no
rules that doctors must abide by while selecting drugs for
the same symptoms even in the same rehabilitation unit.
Therefore, the authors considered that including medica-
tion as a factor in this retrospective study could confound
the results. Fourth, multiple reasons for admission (as-
piration pneumonia, hypoxic brain injury, drug-induced
dystonia, Guillain-Barre syndrome, brain tumor/abscess,
seizure, encephalitis, dementia, and normal pressure hy-
drocephalus) were present in fewer than 10 cases, which
is a very small number. But, these factors should not be
disregarded.

In conclusion, this study identified depression, admis-
sion for musculoskeletal disorder, admission for TBI, el-
evated WBC, CRP, BUN, and AST levels, and low K and P
levels as independent risk factors for delirium in patients
in acute and subacute stages of various diseases who
were transferred to a rehabilitation unit. Early identifica-
tion of the risk factors can be effective in reducing the
occurrence of delirium and in increasing the efficiency of
rehabilitation.
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