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Abstract 

Background Patients treated in the intensive care unit (ICU) may experience a reversal of day and night. The circa-
dian rhythm in ICU patients can be disturbed.

Methods To explore the relationship between ICU delirium and the circadian rhythms of melatonin, cortisol and 
sleep. A prospective cohort study was carried out in a surgical ICU of a tertiary teaching hospital. Patients who were 
conscious during the ICU stay after surgery and were scheduled to stay in the ICU for more than 24 h were enrolled. 
Serum melatonin and plasma cortisol levels were measured three times a day by drawing arterial blood on the first 
three days after ICU admission. Daily sleep quality was assessed by the Richard-Campbell Sleep Questionnaire (RCSQ). 
The Confusion Assessment Method for the Intensive Care Unit (CAM-ICU) was performed twice a day to screen for ICU 
delirium.

Results A total of 76 patients were included in this study, and 17 patients developed delirium during their ICU stay. 
Melatonin levels were different at 8:00 (p = 0.048) on day 1, at 3:00 (p = 0.002) and at 8:00 (p = 0.009) on day 2, and 
at all three time points on day 3 (p = 0.032, 0.014, 0.047) between delirium and non-delirium patients. The plasma 
cortisol level in the delirium patients was significantly lower than that in the non-delirium patients at 16:00 on day 1 
(p = 0.025). The changes in melatonin and cortisol secretion levels exhibited obvious biological rhythmicity in non-
delirium patients (p < 0.001 for melatonin, p = 0.026 for cortisol), while no rhythmicity was found in melatonin and 
cortisol secretion levels in the delirium group (p = 0.064 for melatonin, p = 0.454 for cortisol). There was no significant 
difference in RCSQ scores in the first three days between the two groups.

Conclusions The disturbance of the circadian rhythm of melatonin and cortisol secretion was associated with the 
development of delirium in ICU patients. Clinical staff should pay more attention to the importance of maintaining 
patients’ normal circadian rhythms in the ICU.

Trial registration The study was registered with the US National Institutes of Health ClinicalTrials.gov(NCT05342987) 
(25/04/2022).
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Introduction
Delirium is a common complication occurring in patients 
who are admitted to intensive care units (ICUs), espe-
cially after major surgeries. The reported incidence of 
delirium in ICU patients varies from 11–87% [1–3]. 
Delirium causes a series of adverse consequences, includ-
ing increased mortality [4, 5], length of ICU stay [6, 7] 
and medical costs [8]. Additionally, delirium has been 
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proven to be independently associated with long-term 
cognitive impairment, which threatens the quality of life 
in ICU survivors [9].

Although there are several hypotheses to explain the 
mechanism of delirium, the pathogenesis of delirium is 
still not fully understood. Circadian rhythm disruptions 
have recently drawn increased attention as a possible 
mechanism underlying delirium [10]. This hypothesis 
suggested that disruptions to the 24-h circadian cycle, 
unusual stages of sleep and variations in natural light 
exposure may lead to disturbances in the physiological 
sleep architecture that may contribute to the develop-
ment of delirium [11]. As circadian rhythm cannot be 
directly measured, the sleep–wake cycles of melatonin 
and cortisol secretion are commonly used as substitutes 
to assess circadian rhythmicity [6].

However, because of special environmental and treat-
ment factors in the ICU, patients are more likely to have 
circadian rhythm disturbance in the ICU. A randomized 
controlled trial [12] performed in Denmark using poly-
somnography (PSG) to assess sleep quality revealed that 
47% of ICU patients showed pathologic sleep patterns. 
Akpinar et  al. [13] used the Richard-Campbell Sleep 
Questionnaire (RCSQ) to assess subjective sleep quality 
and found that the average level of sleep quality in ICU 
patients was low, and patients with worse sleep quality 
had an increased risk of delirium. In previous studies, the 
specific circadian rhythm in ICU patients and its rela-
tionship with the development of delirium were reported. 
However, the results are controversial. Dessap et al. [14] 
analysed melatonin levels using the 24-h excretion of 
melatonin’s urinary metabolite 6-sulfatoxymelatonin 
(aMT6s) and found that delirium was associated with an 
alteration in the circadian rhythm of melatonin excretion. 
Song et al. [15] found that delirium patients had a delayed 
cortisol rhythm compared with non-delirium patients, 
but the rhythm of melatonin was similar between the two 
groups.

Therefore, the present study aimed to investigate the 
circadian rhythm in ICU patients and explore the rela-
tionship between circadian rhythm disturbance and 
delirium.

Materials and methods
Design
This was a single-centre, prospective cohort study con-
ducted at a tertiary teaching hospital. The study has been 
reported according to the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) state-
ment [16]. The study was registered with the US National 
Institutes of Health ClinicalTrials.gov(NCT05342987) 
(25/04/2022).

Participants
We consecutively recruited patients who were admit-
ted to the surgical ICU from February 2022 to July 2022. 
The inclusion criteria were age > 18, Richmond Agita-
tion-Sedation Scale (RASS) score > -4 (patient could be 
aroused by voice stimulation) and expected ICU stay 
longer than 24  h. The exclusion criteria were as fol-
lows: (a) history of mental or psychological illness; (b) 
remained in coma or deep sedation; (c) delirium occur-
ring at the time of admission; (d) unable to fully partici-
pate in delirium testing, including blind, deaf, illiterate or 
unable to understand Chinese; and (e) neurosurgery and 
maternal patients.

Data collection
The baseline demographic data and medical history 
were recorded by doctors and trained nurses. The Acute 
Physiology and Chronic Health Evaluation (APACHE) II 
score [17] was used to assess the severity of critically ill 
patients.

Confounding control
The study was conducted in a surgical ICU, which is a 
windowless and closed ICU. We used a standardized 
lighting and noise control protocol in our ICU. Regularly, 
the artificial light is on during the daytime and off from 
21:00  pm to 6:00 am, and the lights in the nursing sta-
tion area remain on for 24  h. The lights above patients 
are turned on when interventions are needed during 
the nights. Melatonin and cortisol blood samples were 
obtained from the arterial line. Nurses used a small flash-
light and did not wake up the patients or turn on the light 
when drawing the blood. Eight sound level metres were 
positioned near the patients’ heads for one week of con-
tinuous measurement. The average noise level metre was 
62.50 dB(A) during the day and 58.85 dB(A) during the 
night.

Measurement of serum melatonin and plasma cortisol 
levels
Since direct measurement of circadian rhythm is not 
generally feasible, the secretion of melatonin and corti-
sol is commonly used as a surrogate for circadian rhyth-
micity [6]. Normally, melatonin exhibits a peak during 
the rest period, while cortisol demonstrates a peak dur-
ing the inactivity to activity transition period [18]. Both 
were measured three times a day on the first three days 
after admission to the ICU. Samples were drawn at the 
specified time according to human physiology. Melatonin 
samples were drawn at 3:00, 8:00 and 16:00, while cortisol 
samples were drawn at 0:00, 8:00 and 16:00. We assessed 
cortisol levels in a subgroup of patients who had not used 
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corticosteroids during the experimental period. The mel-
atonin blood sample was immediately centrifuged  and 
stored at -80  °C for later analysis. Serum melatonin was 
measured by a melatonin ELISA® kit (Abcam, USA). 
Plasma cortisol was tested at the central laboratory in 
Zhongshan Hospital, Fudan University.

Sleep quality
Sleep quality was assessed using the RCSQ [19], which 
was translated into Chinese by Li-Xia Chen [20]. The 
RCSQ has been extensively used to assess sleep quality in 
ICU patients. It consists of five items, and each item is 
answered on a 100  mm visual analogue scale. The total 
score was the arithmetic average of the scores obtained 
from five items. Scores ranging from 0–25 are considered 
to indicate poor sleep, and scores ranging from 76–100 
are considered to indicate good sleep. Sleep quality was 
evaluated every day at 8:00–10:00 by trained nurses, 
except for patients who were on mechanical ventilation.

Delirium assessment
We assessed delirium twice a day (from 8:00–10:00 and 
20:00–22:00) from day 1 after ICU admission and con-
tinued for two weeks or until ICU discharged. Delirium 
was diagnosed by means of the Confusion Assessment 
Method for the Intensive Care Unit (CAM-ICU) [2, 21]. 
We defined delirium as at least one positive screening 
during the ICU stay. Prior to the study, all assessors were 
trained by a psychiatrist to use the CAM-ICU. Two asses-
sors used the RASS and CAM-ICU to screen patients. 
When they disagreed with the result, one psychiatrist 
made the final decision.

Delirium assessment was performed in two steps. First, 
level of consciousness was assessed using the RASS [22]. 
This scale has 10 levels ranging from -5 (unarousable) 
to + 4 (combative). If the patient was in deep sedation 
(RASS < -3), assessment was stopped and repeated later. 
Second, the CAM-ICU was used to screen for delirium. 
It takes 2–5  min to complete. The Chinese version of 
the CAM-ICU was translated by Heng-Jing Zou [23]. It 
indicates four features of delirium: (a) an acute onset of 
changes or fluctuations in mental status; (b) inattention; 
(c) disorganized thinking; and (d) an altered level of con-
sciousness. The patient is determined to be CAM-ICU 
positive if the patient manifests both features (a) and (b) 
plus either (c) or (d) [21].

Sample‑size estimation
To determine the sample size, prior to this study, we 
conducted preliminary experiments. In accordance with 
Song et  al. [15], we used melatonin at 3:00 on day 1 to 
measure the sample size. The melatonin levels at 3:00 on 
day 1 after admission to the ICU were 99.28 ± 57.11 and 

48.73 ± 27.44 in the delirium and non-delirium groups, 
respectively (n = 5 each). The calculation resulted in a 
minimum sample size of 13 patients per group. Consid-
ering a dropout rate of 20%, the sample size was deter-
mined to be 32 patients (16 in each group).

Statistical analysis
All data were analysed with SPSS 22.0 (IBM Corporation) 
and R 3.6.3 (The R Foundation for Statistical Computing). 
Continuous data are expressed as the median  (25th to  75th 
percentiles) or mean ± standard deviation, and categori-
cal data are presented as percentages. The Pearson χ2 test 
was applied to all categorical variables for demographic 
and medical characteristics data. Normally distributed 
continuous variables were compared between the delir-
ium and non-delirium groups using the independent 
sample T test; otherwise, the Mann‒Whitney U test was 
used. We used CircaCompare [24] to measure the dif-
ferential rhythmicity of melatonin between delirium and 
non-delirium patients. The mesor is the average level of 
values over 24 h [15]. Amplitude corresponds to the dis-
tance between the mesor and the peak of the wave [15]. 
Acrophase is the phase of the maximal value assumed 
by the curve [15]. Missing values of continuous variables 
were imputed with the mean, and there were no miss-
ing values of categorical variables. P values less than 0.05 
were considered statistically significant.

Result
Demographic and medical characteristics
A total of 76 patients were included in the study. During 
the study period, 17 patients developed delirium, result-
ing in an overall ICU delirium rate of 22.37% (17 of 76). 
Table 1 shows the demographic and medical characteris-
tics of the patients. There were significant differences in 
APACHE II score, intubation in ICU, dexmedetomidine 
use and length of ICU stay between the two groups.

Serum melatonin and plasma cortisol levels
Tables  2 and 3 show the serum melatonin and plasma 
cortisol levels at the indicated time points during the 
first three  days between the delirium and non-delirium 
groups. The difference in serum melatonin levels was sta-
tistically significant at almost all points except for day 1 
at 3:00 and 16:00 and day 2 at 16:00. The plasma cortisol 
level was measured in 72 (94.74%) patients. There was a 
significant difference at 16:00 on the first day (p = 0.025), 
and differences at the other time points were not signifi-
cant (Table  3). Additionally, all variation coefficients of 
both serum melatonin and plasma cortisol levels showed 
no significant differences.
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Circadian rhythm of melatonin and cortisol
The overall presentation of melatonin levels in 
ICU patients was rhythmic (p < 0.001). In the first 
three days, there was rhythmicity of melatonin levels in 
the non-delirium group (p < 0.001), while there was no 
rhythmicity of melatonin levels in the delirium group 
(p = 0.064) (Fig.  1). The cyclic presentation of cortisol 
levels was similar to that of melatonin levels (Fig.  2), 
and the overall cortisol level had a rhythmic pattern in 
ICU patients (p = 0.044). In the first three  days, there 
was rhythmicity of cortisol levels in the non-delirium 
group (p = 0.026), while there was no rhythmicity of 
cortisol levels in the delirium group (p = 0.454).

Richard Campbell Sleep Questionnaire scores
RCSQ scores were not significantly different between the 
two groups except for the awakenings on day 2 (Table 4).

Discussion
This study aimed to explore the relationship between 
circadian rhythm and ICU delirium. The results showed 
that the levels of melatonin and cortisol in ICU patients 
varied according to obvious biological circadian rhythms. 
However, patients who developed delirium during the 
ICU stay showed disturbed circadian rhythms of mela-
tonin and cortisol secretion. The subjective RCSQ scores 

Table 1 Characteristics of patients with and without delirium

APACHE II Acute Physiology and Chronic Health Evaluation II score, OR Operation room, GA General anaesthesia, GA + EA General anaesthesia + Epidural anaesthesia
* P value <0.05

Characteristics Total (n = 76) Delirium (n = 17) Non‑delirium (n = 59) P value

Age (years), mean ± SD 65.08 ± 11.14 66.41 ± 10.52 64.69 ± 11.37 0.565

Sex 0.521

 Male, n (%) 56(73.68%) 11(64.71%) 45(76.27%)

 Female, n (%) 20(26.32%) 6(35.29%) 14(23.73%)

APACHE II 8.80 ± 5.40 11.00(7.50,15.00) 7.00(5.00,11.00) 0.025*

Medical history

 Diabetes, n (%) 13(17.11%) 4(23.53%) 9(15.25%) 0.665

 Hypertension, n (%) 39(51.32%) 10(58.82%) 29(49.15%) 0.482

 History of surgery, n (%) 37(48.68%) 9(52.94%) 28(47.46%) 0.690

 History of chemotherapy, n (%) 19(25.00%) 3(17.65%) 16(27.12%) 0.634

 Coronary heart disease, n (%) 4(5.26%) 2(11.76%) 2(3.39%) 0.456

 Arrhythmology, n (%) 5(6.58%) 1(5.88%) 4(6.78%) 1.000

 Valvular disease, n (%) 2(2.63%) 1(5.88%) 1(1.69%) 0.928

Surgery type 0.089

 General surgery, n (%) 30 (39.47%) 7 (41.18%) 23 (38.98%)

 Thoracic surgery, n (%) 35 (46.05%) 5 (29.41%) 30 (50.85%)

 Vascular surgery, n (%) 6 (7.89%) 3 (17.65%) 3 (5.08%)

 Orthopaedics, n (%) 2 (2.63%) 1 (5.88%) 1 (1.69%)

 Urology, n (%) 2 (2.63%) 0 (0.00%) 2 (3.39%)

 Gynaecology, n (%) 1 (1.32%) 1 (5.88%) 0 (0.00%)

Anaesthesia type 0.060

 GA 43 (56.58%) 13 (76.47%) 30 (50.85%)

 GA + EA 33 (43.32%) 4 (23.53%) 29 (49.15%)

Intubation in OR, n (%) 20(26.32%) 7(41.18%) 13(22.03%) 0.205

Intubation in ICU, n (%) 6(7.89%) 4(23.53%) 2(3.39%) 0.028*

Time of mechanical ventilation(h) 30.19 ± 27.09 33.88(16.81,71.63) 15.25(9.00,27.65) 0.077

Use of sedatives

 Propofol, n (%) 21(27.63%) 8(47.06%) 13(22.03%) 0.084

 Dexmedetomidine, n (%) 14(18.42%) 7(41.18%) 7(11.86%) 0.017*

 Remifentanil, n (%) 19(25.00%) 7(41.18%) 12(20.34%) 0.153

 Fentanyl, n (%) 3(3.95%) 2(11.76%) 1(1.69%) 0.241

Length of ICU stay (days) 3.42 ± 1.90 4.00(3.00,6.50) 2.00(2.00,3.00) 0.002*
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were not different between the delirium and non-delir-
ium patients.

Critically ill patients are particularly susceptible to cir-
cadian disruption, and the most obvious manifestation of 
circadian dysrhythmia in the ICU is delirium [25]. Several 
existing studies have been designed to explore the rela-
tionship between circadian rhythm and delirium in ICU 
patients. However, previous studies have several limita-
tions. Olofsson et al. [26] analysed melatonin levels over 

three consecutive days in eight ICU patients and found 
that impairment of the melatonin rhythm may play a role 
in the development of sleep disturbances and delirium. 
However, the limited sample size could affect the ration-
ality of the study conclusion. Hu et  al. [27] tested urine 
aMT6s, the metabolite of melatonin, as a surrogate for 
serum melatonin in a simulated ICU environment and 
showed that the difference in nocturnal urine melatonin 
level of aMT6s was significant. Nevertheless, the results 

Table 2 Serum melatonin level(pg/ml)

* P value <0.05

N Total N Delirium N Non‑delirium P value

Day 1

 3:00 73 97.33 ± 48.83 15 97.33(48.97,97.33) 58 97.33(80.72,97.33) 0.123

 8:00 76 76.62 ± 80.83 17 41.61(28.18,72.46) 59 62.79(50.20,76.62) 0.048*

 16:00 76 77.41 ± 91.17 17 42.40(25.54,68.88) 59 61.73(41.52,80.10) 0.084

 CV 76 0.40 ± 0.38 17 0.23(0.09,0.97) 59 0.26(0.12,0.55) 0.940

Day 2

 3:00 76 138.72 ± 151.56 17 58.80(36.13,95.52) 59 106.09(68.34,162.12) 0.002*

 8:00 76 75.39 ± 67.80 17 47.35(29.54,66.47) 59 64.54(45.40,89.27) 0.009*

 16:00 50 72.55 ± 74.34 15 41.71(27.35,70.15) 35 61.12(29.24,94.63) 0.216

 CV 76 0.42 ± 0.31 17 0.29(0.10,0.36) 59 0.41(0.24,0.63) 0.050

Day 3

 3:00 48 132.73 ± 122.13 15 53.52(31.74,115.75) 33 114.93(62.91,179.48) 0.032*

 8:00 48 76.10 ± 74.62 15 38.88(15.94,70.20) 33 75.66(42.21,119.87) 0.014*

 16:00 26 68.03 ± 74.82 11 34.54(18.29,68.03) 15 68.03(39.63,93.22) 0.047*

 CV 48 0.45 ± 0.36 15 0.59(0.15,0.75) 33 0.36(0.14,0.55) 0.225

All CV 76 0.50 ± 0.35 17 0.44(0.20,0.79) 59 0.39(0.24,0.70) 0.704

Table 3 Plasma cortisol level (nmol/L)

* P value <0.05

N Total N Delirium N Non‑delirium P value

Day 1

 0:00 65 566.29 ± 285.80 14 566.29(562.22,567.22) 51 566.29(566.29,566.29) 0.771

 8:00 72 547.46 ± 364.21 16 434.50(231.75,606.25) 56 547.46(361.00,695.75) 0.278

 16:00 72 479.68 ± 331.88 16 305.00(122.50,386.75) 56 475.00(315.50,636.50) 0.025*

 CV 72 0.40 ± 0.36 16 0.36(0.27,0.53) 56 0.26(0.17,0.46) 0.122

Day 2

 0:00 72 334.97 ± 156.23 16 298.00(193.25,414.00) 56 332.50(233.00,425.00) 0.416

 8:00 72 422.07 ± 187.67 16 381.00(294.50,457.75) 56 392.00(331.25,518.50) 0.401

 16:00 48 403.27 ± 187.65 14 362.57 ± 203.72 34 420.03 ± 181.13 0.340

 CV 72 0.32 ± 0.23 16 0.31(0.17,0.58) 56 0.26(0.17,0.39) 0.364

Day 3

 0:00 47 311.88 ± 152.67 14 276.84 ± 154.22 33 326.74 ± 151.92 0.311

 8:00 47 400.85 ± 135.76 14 347.00(223.25,525.25) 33 389.00(339.50,465.50) 0.377

 16:00 25 397.99 ± 177.43 10 399.27 ± 198.82 15 397.13 ± 168.98 0.977

 CV 47 0.31 ± 0.24 14 0.31(0.13,0.51) 33 0.22(0.11,0.37) 0.295

All CV 72 0.46 ± 0.27 16 0.46(0.31,0.58) 56 0.44(0.28,0.52) 0.303
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of a recent study confirmed that urinary melatonin secre-
tion aMT6s is not a reliable measure of the melatonin 
level in critically ill patients [28]. In our study, we used 
arterial blood samples to test melatonin and cortisol lev-
els, hoping to obtain a more objective reflection of the 
circadian rhythm of melatonin secretion in ICU patients.

Melatonin plays multiple physiological roles in the reg-
ulation of the sleep–wake cycle [29]. Under normal cir-
cumstances, melatonin secretion starts at approximately 
21:30 and stops at approximately 7:30, peaking at approx-
imately 3:00 [30]. In delirium patients, we observed a sig-
nificantly lower melatonin level at 8:00 on day 1, at 3:00 
and 8:00 on day 2, and at all three time points on day 3 
after ICU admission. Previous studies have been contro-
versial, and different studies have yielded different results 
in comparisons of melatonin levels between delirium 
and non-delirium patients. In a study by Oxlund et  al. 
[29], serum melatonin levels were measured at 14:00, 
22:00 and 3:00 every day for four consecutive days, and 
the results indicated no significant effect of suppressed 
melatonin concentration between delirium patients and 
non-delirium patients. Ángeles-Castellanos et  al. [31] 

collected saliva melatonin samples at 7:00 and 21:00 
from the day of admission until hospital discharge, and 
the results showed that the melatonin rhythm was lost 
in patients who developed delirium and that the mean 
melatonin levels were decreased as early as three days 
before in patients who developed delirium. This study 
also observed that salivary melatonin levels were signifi-
cantly lower at night in hospitalized delirium patients. 
Wu et al. [32] tested morning urine samples on the day of 
surgery and on days 1, 2 and 7 after surgery and used the 
6-sulfatoxymelatonin  (6-SMT)  /creatinine ratio to pro-
vide a more objective estimate of urine 6-SMT concen-
tration. The high 6-SMT group exhibited a ratio increase 
of more than threefold postoperatively and presented a 
significantly higher incidence of postoperative cognitive 
dysfunction in patients. Therefore, ICU delirium was 
associated with circadian rhythm. However, these studies 
involved differences in measures and sample collection 
timing, which would influence the result.

Our study showed that cortisol levels were not sig-
nificantly different between delirium and non-delirium 
patients except at 16:00 on day 1. However, other studies 

Fig. 1 Circadian rhythm of melatonin with and without delirium. Data were shown as mean. Delirium group: mesor:67.60 amplitude:21.78 
acrophase:23.33. Non-delirium group: mesor:102.93 amplitude:42.85 acrophase:0.18

Fig. 2 Circadian rhythm of cortisol with and without delirium. Data were shown as mean. Delirium group: mesor:399.52 amplitude:25.36 
acrophase:5.64 Non-delirium group: mesor:450.94 amplitude:39.20 acrophase:11.19



Page 7 of 9Li et al. BMC Anesthesiology          (2023) 23:203  

have led to opposite conclusions. Sun et al. [33] collected 
venous blood samples at 2:00, 6:00, 10:00, 14:00, 18:00 
and 22:00 for 24 h during the ICU stay, and higher cor-
tisol levels were found in the delirium group than in the 
non-delirium group at all observed times. Colkesen et al. 
[34] obtained blood samples at 6:00 the next morning 
after admission to the CCU and found that the median 
cortisol level in delirium patients was significantly higher 
than that in non-delirium patients. We did not find a 
significant difference in cortisol levels between delirium 
and non-delirium patients, which might be due to the 
use of corticosteroids during the operation. Since all the 
enrolled patients underwent surgical procedures, the 
operative injection of dexamethasone or methylpredniso-
lone might have affected the secretion of cortisol. Addi-
tionally, cortisol secretion was unstable in ICU patients, 
which could be affected by several factors. Many clinical 
studies have confirmed that cortisol levels are easily influ-
enced by the inflammatory response [35, 36] and stress 
[37]. The relationship between cortisol levels and ICU 
delirium needs to be further explored in future studies.

Notably, we described the rhythm of melatonin and 
cortisol using a cosine curve, which was a novel para-
metrization of a nonlinear curve-fitting procedure to the 
circadian dataset [24]. Our study not only revealed that 
the melatonin level was significantly different at most 

time points but also revealed differences in the melatonin 
secretion rhythm. In the first three days, the melatonin 
level exhibited biological rhythmicity in the non-delirium 
group, while no obvious rhythmicity was observed in the 
delirium group. Although there was no significant differ-
ence in the level of cortisol, we observed obvious rhyth-
micity in the non-delirium group and rhythm disruption 
in the delirium group. A previous study [15] revealed 
rhythmicity in both groups, and the mesor of cortisol 
rhythm was higher in the delirium group. More studies 
and larger sample sizes are needed to explore the circa-
dian rhythm of ICU patients using cosine curve analysis 
in the future.

In our study, we used the Richard Campbell Sleep 
Questionnaire to assess sleep quality, applying the most 
widely used method in the ICU. Our results indicated 
no significant difference, and this was in agreement 
with many previous studies in which the same ques-
tionnaire was used [38, 39]. Kamdar et al. [39] analysed 
ICU patients’ sleep quality using the RCSQ and found 
no significant differences in any of the five individual 
RCSQ sleep quality item ratings. This result may be 
due to the influence of sedation drugs on delirium and 
tracheal intubation patients, so the subjective experi-
ence of patients may not accurately reflect the objective 
quality of sleep.

Table 4 Richard Campbell Sleep Questionnaire scores

* P value <0.05

Total Delirium Non‑delirium P value

Day 1 n = 58 n = 10 n = 48

Total 42.98 ± 21.11 37.00 ± 14.64 44.23 ± 22.14 0.329

 Sleep depth 43.88 ± 21.13 40.00(20.00,52.50) 40.00(30.00,60.00) 0.511

 Sleep latency 43.28 ± 20.89 36.00 ± 14.30 44.79 ± 21.83 0.229

 Awakenings 41.38 ± 21.48 30.00(20.00,50.00) 40.00(22.50,57.50) 0.259

 Returning to sleep 42.24 ± 21.44 35.00(20.00,50.00) 45.00(22.50,60.00) 0.414

 Sleep quality 44.14 ± 22.40 40.00(20.00,52.50) 50.00(30.00,60.00) 0.517

Day 2 n = 67 n = 12 n = 55

Total 45.58 ± 21.91 35.00 ± 23.27 47.89 ± 21.12 0.064

 Sleep depth 45.52 ± 22.38 35.00(20.00,57.50) 50.00(30.00,60.00) 0.191

 Sleep latency 45.37 ± 21.83 30.00(20.00,57.50) 50.00(30.00,60.00) 0.070

 Awakenings 44.48 ± 21.34 30.00(20.00,50.00) 50.00(30.00,60.00) 0.022*

 Returning to sleep 45.37 ± 22.45 35.00(20.00,57.50) 50.00(30.00,60.00) 0.137

 Sleep quality 47.16 ± 23.41 35.00(20.00,60.00) 50.00(30.00,70.00) 0.170

Day 3 n = 43 n = 12 n = 31

Total 47.86 ± 21.16 41.33 ± 16.34 50.39 ± 22.48 0.212

 Sleep depth 48.37 ± 21.04 42.50 ± 17.12 50.65 ± 22.20 0.260

 Sleep latency 47.44 ± 21.83 40.00(30.00,55.00) 50.00(30.00,70.00) 0.289

 Awakenings 45.81 ± 20.73 40.00(30.00,47.50) 50.00(30.00,60.00) 0.211

 Returning to sleep 47.91 ± 21.55 40.00(30.00,55.00) 50.00(30.00,60.00) 0.221

 Sleep quality 49.77 ± 22.41 40.00(32.50,60.00) 50.00(30.00,70.00) 0.369
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However, there were several limitations in this study. 
First, we monitored only the first three  days of mela-
tonin and cortisol levels. The full circadian rhythm in 
ICU patients was not described. Second, although we 
measured noise and light in the ICU, we could not 
avoid sudden changes in light and noise due to emer-
gency situations. Third, we collected blood samples at 
0:00/3:00, 8:00 and 16:00 on the first three days after 
ICU admission to measure the levels of melatonin and 
cortisol, seeking to reference the time points corre-
sponding to highest and lowest levels in healthy people. 
Fourth, we did not consider intraoperative hypotensive 
events in our study. However, the circadian rhythm 
might be changed in ICU patients, and the preset 
observation time points of our study might not depict 
the real highest and lowest points in ICU patients.

Conclusion
In summary, our study proved that differences in circa-
dian rhythm occur in ICU delirium and non-delirium 
patients. Delirium patients had a disordered rhythm 
of melatonin and cortisol, and their overall melatonin 
and cortisol levels were lower than those in the non-
delirium group. Rhythm disturbance may be associated 
with ICU delirium. The mechanism by which rhythm 
disturbance affects delirium needs to be further verified 
in the future. Clinical staff should pay more attention 
to the importance of maintaining patients’ circadian 
rhythms in the ICU.

Acknowledgements
All authors thank all participants for their huge contribution to this study, 
especially the nursing team of the Surgical Intensive Care Unit in Zhongshan 
Hospital, Fudan University.

Authors’ contributions
Jingjing LI wrote the main manuscript. Shining CAI and Yuxia ZHANG revised 
manuscript critically for important intellectual content. Xiao LIU, Jinghua MEI 
and Wenyan PAN ensured the implementation of the research. Ming ZHONG 
played an important role in interpreting the results. Yuxia ZHANG approved 
the final version. All authors reviewed the manuscript..

Funding
This study was supported by Shanghai Municipal Health Commission Clinical 
Research grant (20194Y0137) and Zhongshan Hospital, Fudan University for 
talent training fund (2021ZSYQ17).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study protocol was approved by the Ethics Committee of Zhongshan 
Hospital, Fudan University (B2021-825R). The study was conducted in 
accordance with the International Council for Harmonization and Good 
Clinical Practice principles. Written informed consent was obtained from 
each patient.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 14 February 2023   Accepted: 6 June 2023

References
 1. Aldemir M, et al. Predisposing factors for delirium in the surgical intensive 

care unit. Crit Care. 2001;5(5):265–70.
 2. Ely EW, et al. Evaluation of delirium in critically ill patients: validation of 

the Confusion Assessment Method for the Intensive Care Unit (CAM-ICU). 
Crit Care Med. 2001;29(7):1370–9.

 3. Klein Klouwenberg PM, et al. The attributable mortality of delirium in 
critically ill patients: prospective cohort study. BMJ. 2014;349:g6652.

 4. van den Boogaard M, et al. The impact of delirium on the prediction of 
in-hospital mortality in intensive care patients. Crit Care. 2010;14(4):R146.

 5. Ely EW, et al. Delirium as a predictor of mortality in mechanically venti-
lated patients in the intensive care unit. JAMA. 2004;291(14):1753–62.

 6. Jobanputra AM, et al. Circadian disruption in critical illness. Front Neurol. 
2020;11:820.

 7. Thomason JWW, et al. Intensive care unit delirium is an independent pre-
dictor of longer hospital stay: a prospective analysis of 261 non-ventilated 
patients. Crit Care. 2005;9(4):R375–381.

 8. Vasilevskis EE, et al. The cost of ICU delirium and coma in the intensive 
care unit patient. Med Care. 2018;56(10):890–7.

 9. Girard TD, et al. Delirium as a predictor of long-term cognitive impair-
ment in survivors of critical illness. Crit Care Med. 2010;38(7):1513–20.

 10. Maldonado JR. Neuropathogenesis of delirium: review of current 
etiologic theories and common pathways. Am J Geriatr Psychiatry. 
2013;21(12):1190–222.

 11. Maldonado JR. Delirium pathophysiology: An updated hypoth-
esis of the etiology of acute brain failure. Int J Geriatr Psychiatry. 
2018;33(11):1428–57.

 12. Boyko Y, et al. Sleep in intensive care unit: the role of environment. J Crit 
Care. 2017;37:99–105.

 13. Akpinar RB, Aksoy M, Kant E. Effect of earplug/eye mask on sleep and 
delirium in intensive care patients. Nurs Crit Care. 2022;27(4):537–45.

 14. Dessap AM, et al. Delirium and circadian rhythm of melatonin during 
weaning from mechanical ventilation: an ancillary study of a weaning 
trial. Chest. 2015;148(5):1231–41.

 15. Song Y, et al. Effects of general versus subarachnoid anaesthesia on cir-
cadian melatonin rhythm and postoperative delirium in elderly patients 
undergoing hip fracture surgery: a prospective cohort clinical trial. 
EBioMedicine. 2021;70:103490.

 16. von Elm E, et al. The Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) statement: guidelines for reporting 
observational studies. Int J Surg. 2014;12(12):1495–9.

 17. Knaus WA, et al. APACHE II: a severity of disease classification system. Crit 
Care Med. 1985;13(10):818–29.

 18. Hofstra WA, de Weerd AW. How to assess circadian rhythm in humans: a 
review of literature. Epilepsy Behav. 2008;13(3):438–44.

 19. Richards KC, O’Sullivan PS, Phillips RL. Measurement of sleep in critically ill 
patients. J Nurs Meas. 2000;8(2):131–44.

 20. Chen LX, et al. Richards-Campbell sleep questionnaire: psycho-
metric properties of Chinese critically ill patients. Nurs Crit Care. 
2019;24(6):362–8.

 21. Ely EW, et al. Delirium in mechanically ventilated patients: validity and 
reliability of the confusion assessment method for the intensive care unit 
(CAM-ICU). JAMA. 2001;286(21):2703–10.

 22. Sessler CN, et al. The Richmond Agitation-Sedation Scale: validity and 
reliability in adult intensive care unit patients. Am J Respir Crit Care Med. 
2002;166(10):1338–44.

 23. Hengjing Z, et al. Reliability and validity for the CAM-ICU in inten-
sive care in postoperative patients. Chin J Behav Med Brain Sci. 
2010;19(11):1046–7.



Page 9 of 9Li et al. BMC Anesthesiology          (2023) 23:203  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 24. Parsons R, et al. CircaCompare: a method to estimate and statistically 
support differences in mesor, amplitude and phase, between circadian 
rhythms. Bioinformatics. 2020;36(4):1208–12.

 25. McKenna H, et al. Clinical chronobiology: a timely consideration in critical 
care medicine. Crit Care. 2018;22(1):124.

 26. Olofsson K, et al. Abolished circadian rhythm of melatonin secretion in 
sedated and artificially ventilated intensive care patients. Acta Anaesthe-
siol Scand. 2004;48(6):679–84.

 27. Hu RF, et al. Effects of earplugs and eye masks on nocturnal sleep, mela-
tonin and cortisol in a simulated intensive care unit environment. Crit 
Care. 2010;14(2):R66.

 28. Maas MB, et al. Factors disrupting melatonin secretion rhythms during 
critical illness. Crit Care Med. 2020;48(6):854–61.

 29. Oxlund J, et al. Serum melatonin concentration in critically ill patients ran-
domized to sedation or non-sedation. Ann Intensive Care. 2021;11(1):40.

 30. Daou M, et al. Abnormal sleep, circadian rhythm disruption, and delirium 
in the ICU: Are they related? Front Neurol. 2020;11:549908.

 31. Ángeles-Castellanos M, et al. Loss of melatonin daily rhythmicity is asoci-
ated with delirium development in hospitalized older adults. Sleep Sci 
(Sao Paulo, Brazil). 2016;9(4):285–8.

 32. Wu Y, et al. Do fluctuations in endogenous melatonin levels predict the 
occurrence of postoperative cognitive dysfunction (POCD)? Int J Neuro-
sci. 2014;124(11):787–91.

 33. Sun T, et al. Sleep and circadian rhythm disturbances in intensive 
care unit (ICU)-acquired delirium: a case-control study. J Int Med Res. 
2021;49(3):300060521990502.

 34. Colkesen Y, et al. Relation of serum cortisol to delirium occurring after 
acute coronary syndromes. Am J Emerg Med. 2013;31(1):161–5.

 35. Coiffard B, et al. Circadian rhythm disruption and sepsis in severe trauma 
patients. Shock. 2019;52(1):29–36.

 36. Sertaridou EN, et al. Melatonin and cortisol exhibit different circadian 
rhythm profiles during septic shock depending on timing of onset: a 
prospective observational study. Ann Intensive Care. 2018;8(1):118.

 37. Papaioannou V, et al. “Chronomics” in ICU: circadian aspects of immune 
response and therapeutic perspectives in the critically ill. Intensive Care 
Med Exp. 2014;2(1):18.

 38. Jaiswal SJ, et al. Melatonin and sleep in preventing hospitalized delirium: 
a randomized clinical trial. Am J Med. 2018;131(9):1110–7 (e4).

 39. Kamdar BB, et al. Delirium transitions in the medical ICU: exploring the 
role of sleep quality and other factors. Crit Care Med. 2015;43(1):135–41.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Circadian rhythm disturbance and delirium in ICU patients: a prospective cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Introduction
	Materials and methods
	Design
	Participants
	Data collection
	Confounding control
	Measurement of serum melatonin and plasma cortisol levels
	Sleep quality
	Delirium assessment
	Sample-size estimation
	Statistical analysis

	Result
	Demographic and medical characteristics
	Serum melatonin and plasma cortisol levels
	Circadian rhythm of melatonin and cortisol
	Richard Campbell Sleep Questionnaire scores

	Discussion
	Conclusion
	Acknowledgements
	References


