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Relation of serum melatonin
levels to postoperative
delirium in older patients
undergoing major abdominal
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Abstract

Objective: Postoperative delirium (POD) is a perennial and distressing complication in older

patients, and it may be caused by various factors. This study aimed to determine whether serum

melatonin levels are associated with POD in older patients who undergo major abdominal

surgery.

Methods: We collected serum samples from patients undergoing major abdominal surgery.

Melatonin was measured by enzyme-linked immunosorbent assay and delirium was assessed by

the Confusion Assessment Method after surgery. We classified the patients into the POD group

and non-POD group.

Results: A total of 120 patients met the inclusion criteria and 104 patients were included

in the analysis. Postoperative serum melatonin levels were significantly lower than preoperative

levels. Multivariate analyses showed that a longer duration of anesthesia (odds ratio [OR]¼ 1.29,

95% confidence interval [CI]¼ 1.02–1.64), advanced age (OR¼ 3.36, 95% CI¼ 1.37–8.22),

and lower postoperative levels of melatonin (OR¼ 0.50, 95% CI¼ 0.25–1.00) were associated

with POD.

Conclusions: Serum melatonin levels significantly decline after surgery and anesthesia. Significantly

decreased serum melatonin concentrations postoperatively may be a biomarker for predicting

POD in older patients undergoing major abdominal surgery with general anesthesia.
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Background

Delirium is a transient dysfunction of cere-
bral metabolism, and it clinically manifests
through a wide range of neuropsychiatric
abnormalities and is reversible.1 The inci-
dence of postoperative delirium (POD),
which leads to increased hospitalization
period and costs,2 has been reported to be
44% in older patients without precautions.3

However, the mechanism of POD remains
unclear. Previous studies have considered
the occurrence of POD to be a consequence
of a complex interrelationship among vari-
ous predisposing factors, such as advanced
age, opioid use, cerebral vascular diseases,
pulmonary diseases,4 and anticholinergic
drugs.5 Robinson et al.3 found that pre-
existing cognitive dysfunction was the stron-
gest predictor of development of POD. Luo
et al.6 suggested that the risk of POD could
be significantly reduced after monitoring the
depth of anesthesia by the bispectral index
(BIS) or auditory-evoked potentials. Recent
reports have also indicated that the patho-
genesis of POD is associated with an inflam-
matory response.7

Melatonin, which is a hormone released
into the blood by the pineal gland, main-
tains circadian rhythms, improves sleep
quality, and regulates mood.8 Melatonin
concentrations vary in the plasma between
day and night, and generally decrease
with age in healthy human subjects.9

Additionally, an increase in expansion of
body size plays a role in the decline in mel-
atonin during childhood and adolescence.10

A previous study11 observed changes in mel-
atonin metabolism in patients undergoing

surgery. Wu et al.12 found that postoperative

cognitive dysfunction was associated with

fluctuations in endogenous melatonin

levels. Lee et al.13 further suggested that mel-

atonin ameliorates cognitive memory

through the anti-inflammatory response in

rats. Another study reported that propofol

anesthesia significantly altered melatonin

levels in blood plasma in rats.14 However,

Scholtens et al.15 reported that preoperative

cerebrospinal fluid melatonin levels did not

differ between patients with and those with-

out POD.
Therefore, we performed a prospective,

observational study to investigate the asso-

ciation between serum melatonin levels

and POD.

Materials and method

Study design

The study was approved by the ethics com-

mittee of The First Hospital of Jiaxing and

all included patients signed informed con-

sent forms. Older patients (�65 years old)

who had undergone major abdominal sur-

gery with general anesthesia were included.

The exclusion criteria were as follows:

a history of neuropsychiatric diseases,

such as depression and schizophrenia; a

Mini-Mental State Examination (MMSE)

score< 24; serious cardiovascular and cere-

brovascular diseases; taking sedatives and

hypnotics or narcotic analgesics; estimated

duration of anesthesia< 2 hours and inabil-

ity to understand Chinese; refusal or
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unsuitable for evaluation of delirium; and

serum samples were not available.
Fentanyl, propofol, cisatracurium, and

sevoflurane were used for the induction and

maintenance of anesthesia in all patients.

Intraoperative BI values were maintained in

the range of 40 to 60. All operations were

completed by 4:00 pm and lights in the

ward were switched off at 10:00 pm.
We calculated the sample size using

PASS 11 (NCSS 11 Statistical Software

(2016); NCSS, LLC, Kaysville, UT, USA.

ncss.com/software/ncss), with an overall

incidence of delirium after gastrointestinal

surgery in older patients of 35%,16 a power

of 0.80, and an a level of 0.05. Based on our

previous pilot study observations, the inci-

dence of POD was set at 4% and 25% at

different melatonin levels, with a total of

86 patients required. However, to account

for possible loss of follow-up, we included

120 patients.

Assessment of delirium

Delirium was evaluated by a trained nurse

on the basis of the Confusion Assessment

Method.17 In this method, the diagnosis of

delirium requires the presence of the follow-

ing features: (1) an acute onset of cognitive

impairment showing a fluctuating course;

and (2) at least two of the following items

of (a) perceptual disturbances, (b) a disorga-

nized thought process, (c) disorientation and

memory impairment, (d) an altered level of

consciousness, and (e) hyper- or hypoactive

psychomotor activity. Diagnostic interviews

were conducted in the patients twice a day,

from the second to the fifth day after the

operation.

Measurements

Venous blood samples were collected at

9:00 pm, 1 day before (preoperative), and

after (postoperative) the operation. The

samples were placed in a serum separator

tube and allowed to clot for 2 hours at

room temperature, before centrifugation for

10 minutes. The serum samples were then

transferred into Eppendorf tubes and stored

in a �80�C freezer. Melatonin concentra-

tions were determined using an enzyme-

linked immunosorbent assay (Melatonin

kit; Shanghai Yuduo Biotechnology Co.

Ltd., Shanghai, China). The procedure

included a standard, addition of samples,

incubation, dilution, washing, enzyme addi-

tion, color development, addition of a stop

buffer, and measurement. The standard

curve was plotted with the concentration of

the standard substance on the x-axis and the

optical density (OD) on the y-axis. The cor-

responding concentration was obtained from

the standard curve on the basis of the OD

value of the sample and was multiplied by

the dilution factor. The detection limit was

between 1 and 80 ng/L.

Data collection

The collected demographic data included age,

sex, American Society of Anesthesiologists

scale, living situation, preoperative MMSE

score, serum albumin levels, and the type of

surgery. The duration of anesthesia, the

requirement of postoperative analgesia,

blood loss, and transfusion data were also

recorded.

Statistical analyses

The Kolmogorov–Smirnov test and

Shapiro–Wilk test were performed to exam-

ine the normality of continuous data.

Normally distributed data are presented as

mean� standard deviation, and they were

compared with the t-test. Abnormally dis-

tributed data are expressed as the median

and interquartile range, and were compared

with the Wilcoxon rank-sum test. Binary

data are expressed as percentages and

were compared using the chi-square and

Fisher’s exact tests. Potential confounders
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with a significant effect on POD (P< 0.05), as

confirmed by univariate analysis, were inves-

tigated with multivariate logistic regression

analysis. The results of multivariate logistic

regression are reported as odds ratio (OR)

values and 95% confidence intervals (CIs).

Statistical significance was set at P< 0.05.

Results

Patients’ characteristics

This study was conducted from October

2018 to September 2019. We screened 238

older patients who underwent abdominal

surgery and selected 120 patients.

However, 16 patients were further excluded

from the study for the following reasons.

Four patients were admitted to the inten-

sive care unit (ICU) because of unstable

hemodynamics, five refused diagnostic

interviews, three blood samples from differ-

ent patients did not have melatonin concen-

tration measurements, and four patients

had< 2 hours of anesthesia. A total of 104

patients were finally analyzed. A flow chart

of selection of the patients is shown in

Figure 1 and the baseline patients’ charac-

teristics are listed in Table 1. The POD

group contained 29 patients who were

Figure 1. Flow chart of selection of the patients. ICU: intensive care unit; MMSE: Mini-Mental State
Examination.
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diagnosed with POD, while 75 patients did

not have POD (non-POD group).

Melatonin levels

Postoperative serum melatonin levels were

significantly lower than preoperative

levels in both groups (both P< 0.05).

Preoperative serum melatonin levels were

not significantly different between the

groups. However, postoperative serum mel-

atonin levels were significantly lower in the

POD group than in the non-POD group

(P< 0.05) (Figure 2).

Risk factors of POD

The potential risk factors of POD were ini-

tially analyzed by using univariate analysis

for later entry of significant variables

into multivariate logistic regression analy-

sis. Multivariate logistic regression analysis

showed that patients in the POD group had

a significantly longer duration of anesthe-

sia, advanced age, and lower postoperative

melatonin levels (all P< 0.05) (Table 2).

Discussion

In the current study, we observed a decline
in serum melatonin levels postoperatively.
This observation is consistent with the

Table 1. Baseline characteristics of the patients.

Variable POD Non-POD P value

Age (years) 79.00� 2.51 72.05� 2.94 <0.01

Sex (female/male) 9/20 28/47 0.55

Living alone (Y/N) 17/12 38/37 0.47

Type of surgery

(gastrectomy/enterectomy)

6/23 16/59 0.83

ASA scale (II/III) 17/12 59/16 0.04

Serum albumin levels (g/L) 44.10� 3.56 45.38� 2.34 0.02

Preoperative MMSE score 26 (25, 27) 27 (26, 27) 0.62

Duration of anesthesia (minutes) 165.97� 10.36 147.89� 9.06 <0.01

Blood loss (mL) 336.59� 22.74 328.36� 23.18 0.11

Transfusion (Y/N) 6/23 8/67 0.18

Requirement of postoperative analgesia (Y/N) 10/19 21/54 0.52

Serum melatonin levels

Preoperative (ng/L) 68.35� 7.94 66.72� 8.21 0.36

Postoperative (ng/L) 43.61� 3.60 52.34� 5.73 <0.01

Change in melatonin 26.50� 8.35 14.38� 10.67 <0.01

Abbreviations: ASA, American Society of Anesthesiologists; MMSE, Mini-Mental State Examination; POD, postoperative

delirium; Y: yes; N: no.

Figure 2. Comparison of serum melatonin levels
between the POD and non-POD groups. POD:
postoperative delirium.

Shen et al. 5



previous results,18 and could be attributed

to the following reasons: (1) a reduction in

melatonin synthesis due to N-acetyltrans-

ferase inhibition, caused by increased

cortisol levels during surgery;19,20 (2) a

reduction in melatonin levels through

c-aminobutyric acid antagonists by general

anesthetics such as propofol;21 and (3) dis-

appearance of oxidized melatonin by reac-

tive oxygen free radicals.22

Melatonin is secreted in the pineal gland

and reaches maximal levels at approximate-

ly 2:00 am in response to changes in

light.23,24 Melatonin is an important neuro-

endocrine hormone that maintains the

circadian rhythm and regulates the sleep

arousal cycle. Furthermore, neuroprotec-

tive and anti-inflammatory effects of mela-

tonin have been reported.13,25 Several

studies have focused on the correlation

between delirium and melatonin.12,15 Wu

et al.12 suggested that urinary 6-sulfatoxy-

melatonin levels could serve as a method for

diagnosing POD. However, because light is

an inevitable factor that could affect results,

we turned off the lights at 10:00 pm and

collected blood samples at 9:00 pm to

reduce bias.
Our study showed an inverse correlation

between serum melatonin levels and the

incidence of POD. Miyazaki et al.26

reported a possible correlation between

ICU psychosis and melatonin rhythm in

patients after undergoing thoracic esopha-

gectomy, but only patients in the ICU were

included. Another study that was con-

ducted on 40 critically ill patients reported

that regulating light and noise in the ICU

improved recovery after major surgery by

increasing melatonin levels.27 However,

the size of the sample in this study was

small. Therefore, we investigated the corre-

lation between melatonin levels and the

incidence of POD in the current study.

However, we excluded the patients with a

score of <24 on the MMSE, which may

have decreased the number of patients

with POD. Adogwa et al.28 suggested that

postoperative delirium is associated with

decreased preoperative cognitive reserve.
The incidence of POD was relatively

high in the present study and could be

attributed to the longer duration of anes-

thesia (longer than 2 hours). Zhang et al.29

reported that continuous anesthesia and

surgery induced delirium-like behavior in

susceptible mice. Wu and his team evaluat-

ed the postoperative cognitive situation in

patients who underwent surgery that lasted

longer than 2 hours.12 To reduce clinical

bias, we recruited patients who had longer

than 2 hours of anesthesia.
In our study, risk factors of POD were a

longer duration of anesthesia and advanced

age, which are consistent with previous

studies.4,30 Decreased prior cognitive func-

tion with aging might increase the incidence

of POD.3 However, we found that in

patients who required postoperative analge-

sia, preoperative serum albumin levels and

Table 2. Multivariate analysis of risk factors for postoperative delirium.

Factor B S.E. Wald P value OR 95% CI

Age 1.211 0.457 7.0366 <0.01 3.358 (1.372, 8.218)

ASA scale (II/III) �0.960 1.698 0.320 0.57 0.383 (0.014, 10.664)

Duration of anesthesia 0.256 0.121 4.470 0.026 1.292 (1.019, 1.637)

Postoperative serum

melatonin levels

�0.703 0.357 3.873 0.038 0.495 (0.246, 0.997)

Serum albumin levels �0.282 0.525 0.289 0.591 0.754 (0.270, 2.110)

Abbreviations: S.E.: standard error; OR: odds ratio; CI: confidence interval; ASA, American Society of Anesthesiologists.
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transfusion were not significantly associated

with the risk of POD. We attributed this

finding to the small sample of patients

who suffered from POD and performing

laparoscopic surgery, which causes less

trauma. Additionally, improvement of pre-

operative serum albumin levels could have

been a factor related to this lack of risk

associated with POD.
This study has the following limitations.

(1) Although we turned off the lights at the

same time, the environment and noise in

the hospital may have affected production

of melatonin. (2) Blood samples were only

collected twice and individual variance may

have resulted in bias. (3) We did not assess

the severity of delirium. (4) Only patients

who had longer than 2 hours of anesthesia

were included. (5) Although we excluded

patients with MMSE scores<24, we did

not assess other aspects of preoperative

cognitive status for the included patients.

Conclusion

Our study shows that melatonin levels

are significantly reduced after surgery.

Significantly decreased postoperative mela-

tonin levels could be used to predict the

incidence of POD in older patients who

undergo major abdominal surgery with

general anesthesia. However, more exten-

sive studies are required to confirm these

conclusions
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