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Abstract Purpose: Properly reg-
ulated circadian rhythm supports
physical and immunologic function.
This rhythm is disrupted in patients
with critical illness. We assessed the
association between ambient light and
circadian melatonin release, mea-
sured by urinary
6-sulfatoxymelatonin (6-SMT), in
medical intensive care unit (MICU)
patients with severe sepsis. Meth-
ods: After excluding patients for
renal failure or hepatic failure,
blindness, and intracranial disease,
seven patients were studied. No
environmental manipulation was per-
formed. Urinary 6-SMT specimens
were obtained every 4 h. Light was
measured in 1-min epochs for two
sequential 24-h periods and compared
to 6-SMT levels. Results: No sig-
nificant differences among urinary
6-SMT levels were found across 4-h
time periods or between the 2 days
(range 1,190.26 ± 1,040.81–
4,738.57 ± 5,543.08 ng, 4-h period

p = 0.09, 24-h day p = 0.50). Light
levels were low and differed among
4-h periods, but not 24-h averages
(minimum 2.32 ± 3.65 lux/min
00:01–04:00, maximum
70.11 ± 79.12 lux/min from
12:01–16:00, 4 h period p = \0.001,
24 h period p = 0.53). There was no
relationship between light levels and
6-SMT excretion. Conclu-
sions: Circadian rhythm was
disrupted in patients with severe
sepsis, as reflected by disordered
diurnal variation of urinary 6-SMT
excretion. Light levels were low,
exhibited limited diurnal variation,
and did not entrain circadian rhythms
in these patients.
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Introduction

Circadian rhythms are disrupted in the medical inten-
sive care unit (MICU) by illness, unregulated noise,
patient care interactions, and unregulated light–dark
patterns [1–4]. In vivo administration of endotoxin
results in disruption of cellular circadian rhythms [5].
Laboratory and clinical studies have demonstrated that
disruption of circadian rhythm results in immune sys-
tem impairment [6, 7], increased incidence and severity

of infection [8], and worse outcomes in critically ill
patients [9, 10].

Light is the most potent entraining stimulus for circa-
dian rhythm [11]. However, the effect of unregulated light
on circadian rhythm of patients in the MICU has not been
characterized. Melatonin, a hormone released by the
pineal gland, is widely accepted as a marker of circadian
rhythm; it is increased during sleepiness and lowest during
wakefulness [12]. Serum melatonin or urinary 6-Sulfat-
oxymelatonin (6-SMT) have been studied previously and
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are accepted biomarkers of circadian rhythm in critically
ill patients [13].

The aim of this study was to assess the relationship
between routinely occurring, ambient light and circadian
rhythms of patients with severe sepsis by performing a
prospective, observational study of ambient light levels in
MICU patient care rooms and urinary 6-SMT levels. We
hypothesized that ambient light levels in the MICU would
maintain a normal circadian relationship with 6-SMT in
patients with severe sepsis.

Methods

This study was approved with waiver of consent by the
Institutional Review Board of the University of Maryland,
Baltimore (Protocol H-29771).

Study design and setting

This was a prospective, observational pilot study of
patients admitted to the University of Maryland Medical
Center (UMMC) MICU with a diagnosis of severe sepsis
in November 2008, February 2009 and March 2009.
UMMC is a 705-bed tertiary care teaching hospital with a
‘‘closed’’ model MICU consisting of 29 separate patient
rooms, staffed by medical intensivists. Bedside care was
provided by critical care registered nurses. There was no
specific protocol for environmental regulation with
respect to light, noise, and patient—staff interactions, nor
were there mandated patient quiet hours or designated
sleep times.

The patient care rooms had mean area of
380.7 ± 39.4 sq. ft, each with a window allowing expo-
sure to outside light. The unit was built as a rectangle
around central nursing stations. Each room had exposure
to ambient light from one of four directions (north, south,
east, west).

Patient selection

Eligible patients were between the ages of 18 and
80 years old, with first admissions to the UMMC MICU,
and a diagnosis of severe sepsis as defined by the 2001
SCCM/ESICM/ACCP/ATS/SIS Consensus Criteria [14].
Patients were screened for inclusion within 24 h of
admission to the MICU.

Patients were excluded if they had a condition
resulting in abnormal melatonin production or clearance,
including hemodialysis dependent chronic renal failure,
cirrhosis or hepatic failure, evidence of renal (admission
serum creatinine [1.8 mg/dl or an increase in serum
creatinine by 25% in 24 h) or hepatic (transaminases [2

times upper limit of normal) injury, were blind, or had
acute intracranial disease (e.g., intracranial hemorrhage or
space occupying lesion).

Patients were treated for severe sepsis using a protocol
based on the Surviving Sepsis Guidelines [15].

Data collection

Demographic and clinical data were collected from each
patient’s medical records. Acuity was assessed using the
APACHE II scoring system [16]. After patient enroll-
ment, light levels in the room were measured in 1-min
epochs over a 48-h period. Measurements were obtained
with an Actitrac actigraph/luxmeter (IM Systems, Balti-
more, Maryland) mounted on a central column located at
the head of each patient’s bed, in a central location at eye
level. Eye closing and opening was spontaneous accord-
ing to level of consciousness or sedation. In our study,
subjects’ eyes were closed spontaneously and not covered
with ophthalmic dressings. Measurements were taken
continuously over the recording periods, and reported in
mean lux/epoch and ranges (lowest to highest measure-
ment in lux). As there was no environmental protocol in
place for light control, levels were measured without
attempts to control intensity or variation. Patients were
admitted to rooms according to patient flow, regardless of
patient acuity.

Urine samples were collected from the urinary cathe-
ter system every 4 h for a 48-h period beginning from the
time of enrollment. Twelve urine samples were obtained
for each patient over the 48-h period and analyzed for
concentration of 6-SMT, the main melatonin metabolite.
Urine volume was also recorded, coinciding with the
urine specimen collection. Urine sampling occurred con-
currently with continuous light monitoring during the
observation period. These samples were stored at -70�C.
After collection of samples for the study, the urine
specimens were analyzed for 6-SMT using standard
ELISA technique (Genway Biotech Inc., San Diego, CA,
USA). 6-SMT is secreted and excreted independent of
body size, thus no correction for body habitus is necessary
[17]. 6-SMT secretion (ng) over each 4-h time interval
was calculated as the product of urinary melatonin con-
centration and urine volume excreted.

Data analysis

Light levels and melatonin concentration measurements
were grouped into six time periods: morning (08:01–
12:00), day (12:01–16:00), early evening (16:01–20:00),
evening (20:01–midnight), night (00:01–04:00), and
early morning (04:01–08:00). Light levels were collected
continuously in 1-min epochs for 48 h and were aver-
aged over 4-h periods. 6-SMT levels were expressed in
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nanograms secreted per time interval. Mean light levels
and total 6-SMT measurements were compared across
periods using two-way analysis of variance (ANOVA) for
repeated measures (time and day as independent vari-
ables). Measurements were expressed as mean ± standard
deviation unless otherwise noted. Patients’ 6-SMT levels
were averaged and plotted against light during each of the
measured time periods. Linear regression was performed
comparing total urinary 6-SMT secretion (dependent
variable) and light levels (independent variable). R2 was
calculated to determine the proportion of variance in
6-SMT levels explained by changes in light levels.

Analyses were performed using GB Stat v 9.0 (Silver
Spring, MD, USA) using p B 0.05 to denote statistical
significance.

Results

During the enrollment period, 70 patients were admitted
for severe sepsis. Fifty-nine were excluded for hepatic or
renal failure, or failing to be screened within 24 h of
admission (Fig. 1). Of the remaining 11 patients, 3
patients died prior to data collection, and 1 patient was
transferred from the MICU prior to completion of data
collection; 7 patients remained to be studied. All patients
in our cohort had normal renal function on admission to
the MICU, which remained consistent during the experi-
mental period, supporting the assumption of stable
melatonin elimination rates. All patients enrolled in the
study remained in the same room for the duration of the
48-h monitoring period.

Mean age was 63.0 ± 19.5 years. Six patients were
African American, and one was white. The mean
APACHE II score of patients in our cohort was 24.4 ± 9.4
(Table 1).

A total of 2,880 light measurements were collected for
each patient and analyzed. Light levels were found to be
highest during daytime hours (40.53 ± 35.27 lux/epoch

on day 1 and 70.11 ± 79.12 lux/epoch on day 2) and
lowest during night hours (2.32 ± 3.65 lux/epoch on day
1 and 2.59 ± 3.96 lux/epoch on day 2). There was strong
evidence that light differed by time period, but not by day
(p \ 0.001 across time, p = 0.053 across day, Fig. 2).

Analysis of 6-SMT levels according to time period and
day with two-factor ANOVA demonstrated no significant
effects on 6-SMT level (range 1,190.26 ± 1,040.81–
4,738.57 ± 5,543.08 ng, 4 h period p = 0.09, 24 h day
p = 0.50, Fig. 2).

Linear regression of 6-SMT on light levels showed no
appreciable relationship (R2 = 0.0076, Fig. 3).

Medications affecting melatonin levels are shown in
Table 2 [13, 18–20]. Of the medications our patients
received, some are known to increase and others to
decrease melatonin levels. The most common of these
were norepinephrine and phenylephrine. Two of the seven
patients studied received sedative medications, which
were titrated to maintain a goal Richmond Agitation
Sedation Scale (RASS) of -2 [21]. The patients who did
not receive sedatives maintained RASS scores between
-1 and -5.

Discussion

We found that circadian rhythms, as reflected by urinary
6-SMT levels, were disrupted in patients with severe
sepsis. 6-SMT levels failed to exhibit the usual peak in the
early morning or nadir during the daytime hours. MICU
light levels exhibited diurnal variation but remained low
in patient care rooms compared to daytime hours. These
light exposures were not associated with entrained cir-
cadian rhythms.

To our knowledge, this is the first study to demonstrate
that unregulated, naturally occurring ambient light in a
MICU environment does not entrain circadian rhythms, as

70 Admissions 
For Severe Sepsis

59 Excluded For Renal,
Liver Failure or Out of 
Enrollment Window

11 Patients Qualified

3 Patients Died
Prior to Completion 
of Data Collection

1 Patient Transferred 
From MICU Prior to 
Completion of Data 

Collection

7 Patients Studied

614 Admissions to 
UMMC MICU

(Nov 2008, Feb & Mar 2009)

Fig. 1 Patient flow diagram of admissions for severe sepsis during
3 months period

Table 1 Cohort characteristics (n = 7)

Characteristics

Age 63.0 ± 19.5
Male 3
Race
White 1
African American 6

Sepsis source
Pneumonia 4
Bacteremia 2
Cellulitis 1

APACHE II 24.4 ± 9.4
BMI 30.0 ± 10.0
Mechanical ventilator 5
Continuous tube feeda 6

a Continuous tube feed refers to fixed rate, enteral feeding by
gastric tube
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reflected by urinary 6-SMT measurements. Prior studies
have demonstrated circadian rhythm disruption as
reflected by melatonin levels in septic [11, 22, 23] and
non-septic critically ill patients with respiratory failure
[24, 25]. Our findings demonstrated loss of circadian
rhythmicity of 6-SMT levels consistent with those studies
and further assessed concurrent light levels, finding them
ineffective as entraining stimuli in the MICU setting.

Urinary 6-SMT level is an accepted metric for mea-
suring circadian rhythm and has been shown to be highly
reflective of serum melatonin concentration [26]. Mela-
tonin is a neurohormone released by the pineal gland that
is increased during sleepiness and lowest during wake-
fulness [12]. Although primarily centrally active,
melatonin has peripheral activity, including immune

system-enhancing effects [27], activity as a free radical
scavenger [28], and protective effects against reperfusion
injury in gut mucosa [29]. Light has been shown to be
effective in suppressing melatonin secretion and entrain-
ing circadian rhythms in humans [11, 30, 31]. In normal
subjects, peak serum melatonin levels are noted between
1:00 and 3:00 a.m. ([40 pg/ml), and nadirs during the
daytime between 10:00 a.m. and 6:00 p.m. (\7 pg/ml)
[32], with overall melatonin secretion gradually declining
with age [33]. Compared to normal urinary 6-SMT levels
our cohort demonstrated an abnormally high secretion of

Fig. 2 Total urinary
6-sulfatoxymelatonin secretion
and average light levels.
Urinary 6-sulfatoxymelatonin
measured in nanograms/4-h
period and light in lux/minute.
Error bars represent standard
deviations. Measurements
recorded over 48 h divided into
4-h periods. Light levels across
time periods had a significant
relationship with 4-h period
(p \ 0.001, two-way ANOVA
for repeated measures)

Fig. 3 Relationship between urinary 6-sulfatoxymelatonin and
light levels. Linear regression does not demonstrate a relationship
between and light levels and 6-SMT secretion. All points from each
individual 6-SMT specimen plotted versus corresponding light
level

Table 2 Patients on medications that affect melatonin secretion

Patient Medication Effect on melatonin
secretion

1 Norepinephrine :
Phenylephrine :
Vasopressin :
Corticosteroids ;

2 Phenylephrine :
Propofol ;a

3 Beta blocker ;
4 Propofol ;a

Dexmedetomidine ;
Corticosteroids ;

5 Norepinephrine :
6 Norepinephrine :
7 None noted

a Propofol causes an initial decrease in melatonin levels from
administration for up to 3 h after discontinuation of medication,
followed by a possible increase in levels approximately 20 h
later [20]
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6-SMT in all time periods, even when taking night into
account, when both our patients and normal patients
consistently had their eyes closed. One previous study did
evaluate circadian rhythm measuring urinary 6-SMT
levels concurrently with light levels in patients with
respiratory failure, but did not relate these levels to light
intensity [34]. 6-SMT levels in that study were low in
relation to ours, but also demonstrated loss of diurnal
rhythm.

Uncharacteristically high melatonin and subsequent
6-SMT secretion reflects circadian rhythm disruption,
likely as a result of critical illness in combination with
overall low light levels. It has been shown that other
critical illnesses, such as myocardial infarction [35],
traumatic brain injury [9], and surgical and medical ICU
delirium [36, 37], are associated with circadian rhythm
and sleep-wake cycle disruption, but until now little work
has documented MICU light levels in relationship to
circadian rhythm disruption.

Although our finding that circadian rhythm was dis-
rupted in patients with severe sepsis is consistent with
prior work, the lack of association between room light
levels and urinary 6-SMT excretion is unexpected. Two
possible explanations are to be considered: first, light
levels present in the patient rooms may have lacked the
intensity or duration to influence circadian rhythm. Also,
it is possible that light as a circadian rhythm entraining
force may not influence patients with severe sepsis, as the
melatonin overproduction may be a physiologic response
to critical illness.

When using light therapy to treat disorders such as
seasonal affective disorder or jet lag, typically 30–60 min
of 5,000 to 10,000 lux exposure is administered [38].
Although circadian rhythm entrainment has been dem-
onstrated in healthy individuals with extended exposure to
as little as 180 lux [39], a study conducted by Perras
found that exposure to 1 h of 10,000 lux failed to influ-
ence circadian rhythms in a critically ill population with
respiratory failure [22]. The intensity of light exposure
experienced by our patients was far lower than
10,000 lux, with the highest intensity being approxi-
mately 650 lux. Thus, the light intensity experienced by
our patients was lower than the therapeutic levels used in
psychiatric disorders and in entraining circadian rhythms
in prior studies performed on critically ill patients.
Although the overall light intensity was low relative to
therapeutic exposure, the light exposure experienced by
our patients maintained a diurnal variation, in addition to
peaks of moderate intensity (650 lux). Despite this cir-
cadian pattern and magnitude, such exposure was not
sufficient to entrain 6-SMT secretion in our cohort.

It is also possible that light is ineffective in entraining
circadian rhythms in patients with severe sepsis. Circa-
dian rhythm is disrupted in animal models exposed to
endotoxin [40] and humans with severe sepsis [10]. As
noted, prior human studies have demonstrated that

intense, but limited light exposure in the early morning
period has little effect on urinary melatonin [22]. Thus,
severe sepsis itself may be a pathology characterized by
circadian rhythm disruption, refractory to short bursts of
timed light as an entraining force. Prior to ours, no study
has evaluated the effect of normally occurring, ambient
light on the circadian rhythm of individuals with severe
sepsis.

Further circadian rhythm disruption may have been
precipitated or perpetuated by the unscheduled treatments
and interactions conducted by patient care personnel
occurring around the clock [4]. Certain medications
commonly used in treating the critically ill could have
affected overall melatonin secretion (Table 2), specifi-
cally adrenergic infusions [13]. These infusions result in
an increase of melatonin secretion while administered.
Potential disruption of cyclic melatonin release can result
from continuous vasoactive infusions.

The evaluation of urinary 6-SMT is predicated on
normal renal and hepatic function. We excluded patients
with chronic insufficiency or frank failure of these organs
to avoid misinterpretation of impaired metabolism of
melatonin as increased secretion. Unrecognized, subclin-
ical organ impairment influencing these values could
diminish sensitivity to normal circadian relationships but
not, in our opinion, to the extent that we observed.

It is possible that the seasonality of our study could
have affected our results. Our light measurements were
obtained in the winter months. Comparing winter to
summer periods, total time of bright light exposure differs
when measuring intensities greater than 1,000 lux [41].
Thus, it is possible that entrainment might be observed in
other seasons. Additionally, we evaluated natural light
levels only in our MICU rooms; findings might be dif-
ferent in other MICU settings, characterized by different
light levels, patient populations, and medication practices.

Conclusion

This study illustrates circadian rhythm disruption, as
represented by high levels of urinary 6-SMT secretion
that varied no more than could be expected by chance
over 4-h periods, in patients with severe sepsis. MICU
patient room light levels were not associated with circa-
dian rhythm entrainment. Since proper circadian rhythm
and the associated sleep-wake cycle are important, future
study of regulated light in higher intensities and longer
durations and its association with circadian rhythm is
warranted. A better understanding of this relationship and
the possible impact of environmental protocols on circa-
dian rhythm may result in improvement in patient care
and clinical outcomes.

Conflicts of interest None.
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