
INTRODUCTION

Delirium, or acute confusional state, is a clinical neuropsy-
chiatric syndrome characterized by acute and fluctuating im-
pairments in attention and cognitive dysfunction. Dementia, 
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sleep deprivation, and immobilization have been show to pre-
dict delirium. Postoperative delirium (POD) is delirium that 
happens to individuals who received a surgery. Depending on 
the age of patients and type of surgery, POD rates vary. For 
example, POD is estimated to occur in 35% and 28% to 60% 
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ObjectiveaaPostoperative delirium (POD) is a highly prevalent complex neuropsychiatric syndrome in elderly patients. However, its 
pathophysiology is currently unknown. Early detection and prevention of POD is important; therefore, the aim of this study was to inves-
tigate the link between preoperative insulin growth factor 1 (IGF-1) levels in the serum and POD in the Chinese elderly patients.
MethodsaaOne hundred and three patients who were undergoing an orthopedic operation took part in the study. Preoperative serum 
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acute admission. Preoperative serum IGF-1 levels were correlated with MMSE scores and age (MMSE: r=0.230, p<0.05; age: r=-0.419, 
p<0.001). Baseline serum IGF-1 levels did not differ between patients who did and did not develop POD, even after adjusting for potential 
confounding factors, MMSE score, and age.
ConclusionaaNo association was found between preoperative IGF-1 levels and POD, suggesting that they are not direct biomarkers of the 
incidence of POD among the Chinese elderly population. Further research with larger sample sizes is warranted to clarify the relationship.  
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of patients after vascular operation and after operation for hip 
fracture, respectively.1,2 POD contributes to increased mortal-
ity rates, institutionalization, delayed functional recovery, and 
prolonged hospital stays;1,3 however, its pathophysiology is 
poorly understood and if often neglected by medical profes-
sionals.4,5

Various hypotheses for the pathogenesis of delirium have 
been proposed, including abnormalities in neurotransmission, 
dysregulation of the stress response, anti-inflammatory reac-
tions.6 This complex pathophysiology makes diagnosis and 
disease prevention difficult; however due to its clinical im-
portance, a number of studies have emerged investigating se-
rum cytokines and their association with the development of 
delirium. In particular, biomarkers, such as insulin growth fac-
tor 1 (IGF-1), have been intensively investigated.7-13

One common putative pathophysiologcial mechanism link-
ing IGF-1 to delirium was direct neuroprotection effects of 
IGF-1.14 IGF-1 is a neuroprotective cytokine that plays a vital 
role in promoting development, regulating cell proliferation, 
differentiation, and synaptogenesis.15 IGF-1-knockout mice 
are 40–45% smaller than their wild-type littermates and IGF-
1 deficiency in humans causes growth abnormalities, includ-
ing a smaller brain and mental retardation.16,17 In addition, 
lower serum IGF-1 levels are linked to poor cognitive perfor-
mance, and early administration of IGF-1 after a neural injury, 
such as stroke, reduces secondary neuronal loss.18 These find-
ings suggest a neuroprotective role of IGF-1 in the central ner-
vous system.5

On the other hand, other studies proposed that the role of 
IGF-1 in delirium may be due to direct interaction with other 
cytokines, such as IFN-gamma, IL-6, TNF-alpha, and IL-1be-
ta.14 For example, therapeutic use of IFN-gamma can cause 
delirium and IGF-1 can be regulated by IFN-gamma.19,20 Pa-
tients with low IGF-1 levels may lack an innate immune re-
sponse against the response of cytotoxic cytokines due to physi-
cal or chemical insults. This would make them more vulnerable 
to the development of delirium. However, there are inconsis-
tent findings in the literature, with some studies showing an 
association between lower serum IGF-1 levels and delirium, 
while others reveal no association.7-13

There are several possible reasons for this inconsistency. 
First, the majority of the studies analyzing correlations be-
tween IGF-1 markers and delirium used acutely admitted pa-
tients in medical wards. These results are likely to be con-
founded by underlying medical illnesses.7,8,10,12,13 Second, the 
studies had different experimental designs. Blood sampling 
and delirium occur on the same day in the majority of the 
studies; therefore, it is not possible to ascertain whether serum 
levels of IGF-1 are the cause of delirium or reflected a concur-
rent change due to acute illness.7,8,10 Third, previous studies 

have been conducted in Western countries; therefore, it is not 
known whether these findings can be generalized to other eth-
nic populations.7-13 In the present study, we sought to investi-
gate the association between IGF-1 levels and the incidence 
of delirium in a homogeneous and well-defined population. 
Cytokine concentrations were measured preoperatively in el-
derly patients who had been admitted for orthopedic surgery 
and were not acutely ill.

METHODS

Setting and subjects
Between March 2012 and March 2013, we approached el-

derly patients aged 75 years or above, that were admitted to the 
orthopedic ward of a medical center in Southern Taiwan for 
acute or elective vertebral, knee, or hip surgery. Informed con-
sent was obtained from all participants at the time of enroll-
ment. Patients were excluded if 1) they had been prescribed 
cholinesterase inhibitors or NMDA receptor antagonists dur-
ing the research period; or 2) they were delirious at the time of 
admission. The study protocol was approved by the institu-
tional review board at Kaohsiung Veteran General Hospital.

Clinical assessment
Demographic and general clinical details, including age, sex, 

years of education, type of admission (outpatient or emergen-
cy department), and type of surgery (vertebral, hip, or knee) 
were recorded. Patients were assessed using the Barthel Index,21 
Geriatric Depression Scale (GDS-15),22 CAGE questionnaire,23 
Mini-Mental State Examination (MMSE),24 and Charlson Co-
morbidity Index (CCI).25 Further, they were assessed for poly-
pharmacy (≥4 prescriptions). Visual acuity and hearing abil-
ity were tested using the Snellen eye chart and Whisper test, 
respectively.26 The Confusion Assessment Method (CAM) 
criteria were used by a trained researcher to screen for possible 
postoperative delirium daily.27 Visual Analogue Scale (VAS) 
was conducted for the assessment of intensity of pain.

Delirium was diagnosed by a research psychiatrist accord-
ing to the Diagnostic and Statistical Manual of Mental Disor-
ders, 4th Edition, Text Revision (DSM-IV TR) criteria.

Laboratory assessments
Two tubes of blood (15 mL each) were drawn from the pa-

tients the morning before their surgery. One sample was used 
for white blood cell counts and hemoglobin measurements. 
The second sample was centrifuged to obtain serum and stored 
at -80°C for future analysis. A sandwich ELISA kit (Biovendor, 
EU), modified for optimal sensitivity, was used to quantify the 
serum concentration of IGF-1 according to the manufacturer’s 
instructions.
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Table 1. Group comparisons of baseline characteristics and other covariables between subjects with POD and those without POD

Variables
All enrolled patients

(N=103)
Non-delirium patients

(N=80)
Delirium patients

(N=23)
p

Baseline
Age, years 81.74±3.98 81.91±3.63 81.13±5.05 0.494
Male gender, N (%) 76 (64.4) 58 (72.5) 18 (78.3) 0.789
Admission route, N (%) <0.05

Emergency room 15 (12.7)  8 (10.0) 7 (30.4)
Outpatient clinic 88 (74.6) 72 (90.0) 16 (69.6)
Education, years 6.15±4.76 6.19±4.83 6.00±4.59 0.188
Current smoker, N (%) 7 (5.9) 4 (5.0) 3 (13.0) 0.184
Polypharmacy, N (%)* 50 (42.4) 36 (45.0) 14 (60.9) 0.238
Psychopharmacy, N (%) 12 (10.2) 8 (10.0) 4 (17.4) 0.459
Hearing impairment, N (%) 25 (21.2) 18 (22.5) 7 (30.4) 0.335
Vision 79 (66.9) 61 (76.3) 18 (78.3) 0.159
Impairment, N (%) 46 (39) 37 (46.3) 9 (39.1) 0.637
BMI 25.24±3.35 25.82±3.09 23.22±3.48 <0.05
Barthel Index† 91.07±15.71 92.44±14.32 86.3±19.43 0.408
IADL‡ 5.33±1.70 5.54±1.58 4.61±1.90 <0.05
MMSE 23.09±5.21 24.50±4.16 18.17±5.60 <0.001
GDS-15§ 0.96±2.72 0.95±2.69 1.0±2.88 0.092
CCI 1.05±1.25 0.86±1.02 1.7±1.71 <0.05
Hospitalization, days 8.65±2.71 8.62±2.87 8.74 (7–11) 0.385

Pre-operative
Body temperature, °C 36.21±0.39 36.22±0.37 36.2±0.46 0.738
Heart rate >100 beats per minute, n (%) 2 (1.9) 1 (1.3) 1 (4.3) 0.398
Time from admission to surgery, minutes 214.54±109.37 209.15±101.90 233.30±133.06 0.978
Hemoglobin, g/dL 12.56±1.79 12.65±1.84 12.52±1.62 0.350
White blood cell count, 109/L 7.13±2.35 7.00±2.01 7.60±3.29 0.994
Sodium, mmol/L 139.14±3.58 139.25±3.61 138.74±3.55 0.478
Potassium, mmol/L 4.19±0.51 4.22±0.52 4.12±0.47 0.637
Creatinine, mg/dL 1.27±0.79 1.22±0.31 1.41±1.59 0.068
Pain VAS scoreǁ 5.07±1.79 4.98±1.77 5.39±1.85 0.289

Intra-operative
Type of surgery, N (%) 0.134

Spine¶ 21 (23.9) 22 (27.5) 7 (30.4)
Hip†† 36 (40.9) 25 (31.1) 10 (43.5)
Knee‡‡ 31 (35.2) 33 (41.3) 6 (26.1)

General anesthesia 46 (44.7) 37 (46.3) 9 (39.1) 0.637
Received blood transfusion during operation, N (%) 26 (25.2) 18 (22.5) 15 (65.2) 0.278
Lowest mean arterial pressure, mm Hg 71.54±10.97 71.81±11.25 70.60±10.15 0.617
PCA, N (%) 20 (19.4) 17 (21.3) 3 (13) 0.552

Data are presented as mean±SD or categorical variables in proportions number of patients (percentage). *≥4 prescriptions, †range 0 (com-
pletely dependent) to 100 (completely independent), ‡range 8 (completely dependent) to 0 (completely independent), §range 0–15, a cut-off 
vale of ≥5 to indicate clinically important depressive symptoms, ǁrange 1 (less painful sensation) to 10 (very painful sensation), ¶spine sur-
gery: includes spinal decompression only and spinal surgery with instrumented fusion, ††hip surgery: includes total hip replacement, bipolar 
hemiarthroplasty, revision hip surgery, and open reduction and internal fixation (ORIF), ‡‡knee surgery: includes total knee replacement and 
other elective knee surgery. BMI: Body Mass Index, CCI: Charlson Comorbidity Index, GDS-15: 15-item Chinese Geriatric Depression Scale, 
IADL: Instrumental Activity of Daily Living, MMSE: Mini-Mental State Examination, MNA-SF: short form Mini Nutritional Assessment, 
VAS: Visual Analogue Scale, POD: postoperative delirium
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Statistical analyses
Data were analyzed using SPSS v18. Baseline demographics 

and clinical characteristics are presented as median±standard 
deviation. Continuous and categorical variables are presented 
as an interquartile range and proportions, respectively. Mann-
Whitney U and t-tests were used to examine the difference in 
characteristics between patients who did and did not develop 
POD. These variables were chosen because of their clinically 
important significance for POD.1,2,4,6 Spearman’s rank corre-
lation coefficients were calculated to evaluate the relationship 
between baseline characteristics and serum IGF-1 levels. We 
performed a logistic regression to identify the association be-
tween serum IGF-1 levels and delirium status after adjust-
ment of possible confounding factors. All results were two-
tailed and p<0.05 was considered statistically significant.

RESULTS

Twenty-three out of 103 patients assessed on admission 
developed POD, as determined by DSM-IV TR and CAM 
criteria.24 The patients were categorized into the POD (n=23) 
and non-POD group (n=80). Demographic and baseline 
characteristics of the patients are shown in Table 1. The POD 
group showed higher and lower CCI and MMSE scores, re-
spectively, compared with the non-POD group. More emer-
gency operations were performed in the POD group than the 
non-POD group (30.4% vs. 10%). No association was found 
between preoperative serum IGF-1 levels and POD in a uni-
variate analysis (Table 2). In addition, serum IGF-1 levels were 
significantly correlated with MMSE scores and age (MMSE: r= 
0.230, p<0.05; Age: r=-0.419, p<0.001), in accordance with 
previous findings.15,17 Studies have been found cognitive status 
and age were well documented risk factors to develop POD.1,6 
Thus, a logistic regression analysis adjusting for MMSE and 
age was conducted to exclude these confounding factors. Af-
ter adjustment, IGF-1 concentrations were not significantly 
associated with POD.

DISCUSSION

Serum biomarkers for delirium could be of three types: 1) 
risk markers that can be identified prior to disease onset to 
identify subjects at risk of developing delirium; 2) disease mark-
ers that occur with disease onset; and 3) markers that correlate 

with disease severity or consequence.28 Previous studies have 
shown an association between lower levels of IGF-1 and de-
lirium; however, these studies do not consider the effect of 
acute illness in this relationship. For example, Egberts et al.10 
found that 21 out of 23 patients who were diagnosed with 
delirium at the time of enrollment reported lower mean lev-
els of IGF-1 compared with patients without delirium. An-
other study has reported that 42 out of 164 (25.6%) patients 
were diagnosed with delirium at the time of blood sampling 
and had lower serum IGF-1 levels when compared with non-
delirious control patients.7 Cytokines are non-specific and 
their expression can be altered by different physical condi-
tions. Changes in cytokine levels arise after various insults, 
such as delirium;28 therefore, IGF-1 could serve as a suitable 
disease biomarker.7,8,10 However, it is unknown whether IGF-
1 is a risk marker because few studies that have been con-
ducted assessing this and results show inconsistency.9,11-13

Abnormal IGF-1 levels have been implicated in several neu-
rological and psychiatric disorders, such as Alzheimer’s dis-
ease (AD), schizophrenia, and ischemic stroke.29-31 Serum IGF-
1 induces the clearance of amyloid beta, a pathological hallmark 
of AD, from the brain via modulation of the expression of 
the carrier proteins transthyretin and albumin. A decline in 
circulating IGF-1 level reduces IGF-1 uptake in the brain and 
enhances AD development.29 Venkatasubramanian and col-
leagues assessed serum IGF-1 levels in 44 antipsychotic-naïve 
patients with schizophrenia and found that their levels were 
lower than those of control cases.30 In line with this, Bondanel-
li and colleagues suggested that patients who have ischemic 
stroke with higher levels of IGF-1 have better outcomes.31 
These observations suggest that IGF-1 is neuroprotective. Fur-
thermore, several studies have found that acute stress induces 
a reduction in serum IGF-1.32 The association between lower 
serum IGF-1 levels and the prevalence of delirium, including 
delirium at the time of admission, suggests, in part, that an 
alteration in IGF-1 levels is a consequence, rather than a cause, 
of delirium.

The present study could not replicate some of the previous 
findings of reduced serum IGF-1 in delirious patients.7,8,10,13 
Differences in the methodological design and study popula-
tion might explain this. We excluded patients who presented 
with delirium at the time of admission to reduce the effect of 
acute illness. In addition, the mean CCI score of patients in the 
present study was 1 and 74.6% of patients were undergoing 

Table 2. Group comparisons of baseline IGF-1 serum levels between subjects with POD and those without POD

Variables
All enrolled patients

(N=103)
Non-delirium patients

(N=80)
Delirium patients

(N=23)
p

Preoperative serum IGF-1 level (ng/mL) 96.35±47.31 96.14±47.58 97.05±47.41 0.751
Data are presented as mean±SD. IGF-1: insulin-like growth factor 1, POD: Postoperative delirium
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elective operations. This suggests a relatively healthy popula-
tion in this study sample. As such, we avoided the influence of 
confounding factors, such as infection, physical insult from an 
operation, or other comorbid conditions, on baseline serum 
IGF-1 levels. Additionally, the risk of delirium among patients 
who are preparing for an operation might differs from those 
of acutely ill inpatients who have higher comorbidities and 
poor physical status.33 Two studies conducted in orthopedic 
wards have shown no association between premorbid IGF-1 
levels and incidence of delirium.9,11 Conversely, results are con-
flicting among studies on inpatients with acute illness.7,8,10,12 
It is difficult to control for confounding factors in these pa-
tients because of the multifactorial nature of insults that can 
lead to delirium and relatively small sample size in most stud-
ies. Adamis and colleagues did not adjust for cognitive func-
tion and disease severity in their study, which may have im-
pacted their results.7 Cognitive impairment is a significant risk 
factor for developing delirium in elderly hospitalized patients; 
therefore, not adjusting for this may lead to different conclu-
sions.33 The use of an homogeneous population with less co-
morbidities, such as patients undergoing orthopedic surgery, 
may help to isolate the influence of biomarkers on postopera-
tive delirium from patient- or illness-associated factors.5

Our findings were in agreement with some previous stud-
ies;9,11,12 however, we do find differences in our data. Lemstra 
and colleagues have reported that preoperative IGF-1 serum 
levels do not predict the development of POD in their study of 
elderly patients undergoing hip surgery (mean age, 80 years). 
However, gender is a main risk factor for POD and was not 
controlled for in the study.11 Cerejeira and colleagues enrolled 
younger surgical patients (mean age, 73 years) undergoing 
elective hip arthroplasty and found no association between 
IGF-1 levels andincidence of postoperative delirium.9 The in-
nate immunity of the brain is more reactive in older people; 
ageing populations show exacerbated neuroinflammation 
when exposed to stress or comorbid conditions, which poten-
tially leads to neurobehavioral changes and delirium.34 In the 
present study, we confirmed that preoperative IGF-1 levels 
were not associated with POD in an older population with 
same sex distribution.

Premorbid serum IGF-1 levels were not predictive of sub-
sequent POD; however, dysfunctions in the growth hormone 
(GH)/IGF-1 axis are vital pathophysiological mechanisms of 
POD. Cerejeira and colleagues enrolled 101 non-demented 
patients aged 60 years and above who were undergoing elec-
tive hip arthroplasty and measured pre- and postoperative 
plasma IGF-1 levels. Preoperative IGF-1 levels were not dif-
ferent between patients with and without POD, similar to our 
findings; however, a greater elevation in IGF-1 relative to base-
line was found in patients who developed POD. This impli-

cates a dysregulation in the GH/IGF-1 axis; a decreased sup-
pression of GH/IGF-1 signaling may be associated with POD.9 
As we only measured preoperative serum IGF-1 in the pres-
ent study, we were unable to measure any changes in the GH/
IGF-1 axis.

This study replicates the previous findings from western 
countries and confirmed no association between POD and 
serum IGF-1 levels in an Asian population. In accordance with 
Lemstra and colleagues, we did not find an association be-
tween preoperative IGF-1 levels and POD in our elderly 
population.11 However, this study had several limitations. 

Firstly, our study is to apply the simplified model of mark-
ers of inflammation and stress system of predicting POD. Re-
gard of this, considering complex interaction of IGF-1 with 
various cytokines such as IFN-γ, IL-6, TNF-α, and IL-1β are 
needed. However, we did not measure these cytokines in our 
study and that may influence the pathophysiological effect of 
IGF-1 on delirium. Secondly, increases in IGF-1 levels during 
the course of acute illness have been reported.35 Therefore, 
sequential measurements of IGF-1 levels in serum before 
and at several time points after an operation could shed more 
light on this issue. Since we only measured IGF-1 at baseline, 
we were unable to examine potential associations between 
changes over time in IGF-1 concentrations and delirium. Fu-
ture longitudinal studies including serial measurements of 
IGF-1 and other cytokines to better clarify the role of IGF-1 in 
the neurological effects of critical illness are warranted. Third-
ly, the small sample size might lower the power of this study. 
Interpretation of our results should be cautious and cannot be 
generalized to the population as a whole. Fourth, serum con-
centrations of a biomarker that is derived from peripheral 
blood may not indicate the concentration of that biomarker 
in the brain. Future studies investigating the association be-
tween peripheral and central biomarker concentrations will be 
necessary. However, it may be difficult to identify a biomark-
er that significantly influences the process of delirium. Fifth, 
we cannot discount the contribution of dementia in these find-
ings because cognitive impairment was strongly associated 
with the development of delirium. However, our regression 
analysis controlled for cognitive function and cognitive status 
could not explain the null association.

In conclusion, we did not find an association between pre-
operative IGF-1 serum levels and POD. This may not be a 
direct biomarker for predicting the incidence of POD among 
a relatively healthy elderly population. Further research with 
larger sample sizes is needed to clarify the relationship be-
tween biomarkers and neurological outcomes after surgical 
operations.
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