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Study Objectives: To provide guidelines for collecting and analyzing
urinary, salivary, and plasma melatonin, thereby assisting clinicians
and researchers in determining which method of measuring melatonin
is most appropriate for their particular needs and facilitating the com-
parison of data between laboratories.

Methods: A modified RAND process was utilized to derive recommen-
dations for methods of measuring melatonin in humans.

Results: Consensus-based guidelines are presented for collecting
and analyzing melatonin for studies that are conducted in the natural
living environment, the clinical setting, and in-patient research facilities
under controlled conditions.

Conclusions: The benefits and disadvantages of current methods of

collecting and analyzing melatonin are summarized. Although a single
method of analysis would be the most effective way to compare stud-
ies, limitations of current methods preclude this possibility. Given that
the best analysis method for use under multiple conditions is not es-
tablished, it is recommended to include, in any published report, one
of the established low threshold measures of dim light melatonin onset
to facilitate comparison between studies.
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elatonin synthesis from the pineal gland is regulated by
the circadian pacemaker located in the suprachiasmatic
nuclei and by ocular light exposure. Melatonin has a circadian
rhythm that peaks during the night in normally entrained indi-
viduals. In the absence of light and other synchronizing signals,
the rhythm of melatonin production persists with an elevation
that occurs during the subjective, as opposed to the actual,
night. There is a relatively direct anatomic pathway between the
suprachiasmatic nuclei and the pineal gland, and comparatively
few exogenous factors are known to affect melatonin concen-
trations (see Table 1 from Arendt, 2005, for a summary of these
factors).! As a result, the rthythm of melatonin production has
been shown to reflect both the phase and, if collected over more
than 1 cycle, the period of the endogenous circadian oscillator,
thus providing a reliable means to estimate the timing of the
internal circadian clock located in the suprachiasmatic nuclei.
The circadian melatonin rhythm is currently the most com-
monly used circadian phase marker in humans.>* A variety of
methods for sampling and analyzing melatonin have been de-
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scribed, but there are no established guidelines on when and
how these various methods should be used. The multitude of as-
sessment methods described can be confusing to those seeking
to assess circadian rthythms in their own patients. Furthermore,
the variety of melatonin phase markers reported in the litera-
ture increases the difficulty of comparing results from different
studies, and the lack of comparable normative values impedes
evaluation of results from clinical populations.

This workgroup was formed following an Associated Profes-
sional Sleep Societies workshop on the use of melatonin as a cir-
cadian phase marker. Our goal was to achieve consensus for col-
lecting and analyzing melatonin, thereby assisting clinicians and
researchers in determining which method of measuring melatonin
is most appropriate for their particular needs, as well as facilitat-
ing the comparison of data among researchers and clinicians. We
present here a consensus statement on the preferred uses of urine,
saliva, and blood samples and discuss the advantages and disad-
vantages of each approach. Also discussed are factors that may
affect the measurement of melatonin and the different circadian
phase markers that might be derived from these methods.

METHODS

This workgroup was formed by the discussion leaders of a
2005 Associated Professional Sleep Societies workshop on the
use of melatonin as a circadian phase marker. Initial discussions,
conducted by email, identified a number of areas of disagree-
ment. We utilized a modified RAND process to determine the
level of consensus for each method of collecting or analyzing



melatonin under specified conditions.’ Briefly, this consisted of
voting independently to assess the acceptability of each of 54
separate items. The “acceptability” of a particular item was based
on reliability, validity, and practical utility. A conference call was
then held to assess the level of agreement and disagreement for
each item, to discuss reasons for disagreement, and to determine
areas of consensus. A consensus-based document was drafted
and recirculated for comments and revisions. The draft document
was finalized upon approval of all of the workgroup members.

RESULTS

The workgroup’s consensus-based summary and recommen-
dations for collection and analysis of urinary, salivary, and plas-
ma melatonin are detailed below. The utility of these methods
for studies conducted outside of the clinic or inpatient facility in
the natural living environment (“field studies”), studies conduct-
ed primarily for phase assessment in a clinical setting (“clinical
studies”), and research studies conducted in an inpatient facility
under controlled conditions (“research studies™) are described.

Sampling

The primary urinary metabolite of melatonin, 6-sulpha-
toxymelatonin (aMT6s), collected every 2 to 8 hours over a 24-
to 48-hour period, is a practical method to estimate the global
timing and amount of melatonin production (Figure 1A). Urine
sampling is an established method for field, clinical, and re-
search studies. In special populations such as infants and older
adults with dementia, collection of urine by a caretaker may
be the most practical approach. Overnight aMT6s excretion
rates or levels can be calculated from the first morning void.
Thus, this method does not require any disruption of sleep. The
phase of the rhythm is typically estimated from the timing of
the acrophase (time of fitted peak) of a cosine fitted curve (see
Figure 1A). For many field studies, urine collection is the most
feasible method of circadian phase assessment. However, the
practicality of this method should be weighed against the pos-
sibility that measurement of the phase of the circadian aMT6s
rhythm with overnight or 2- to 8-hour bins may be less precise
than the phase measured with more frequent sampling. The fre-
quency of aMT6s measurement is limited by ability to void and
compliance with collection. Frequent sampling, typically con-
ducted with blood or saliva samples as described below, may be
required if small phase changes are of interest.

Saliva sampling is a relatively practical and reliable method
for field, clinical, and research trials, provided that samples are
taken every 30 to 60 minutes under dim light (< 30 lux) for at
least 1 hour prior to and throughout the expected rise in mela-
tonin (Figure 1B). Saliva collection can be conducted at home
(as part of a field study) if the subjects remain in dim light and
follow instructions to avoid contamination of samples with food
particles, food dye, or blood. However, the disruption or com-
plete deprivation of sleep that occurs during frequent salivary
sample collection limits its overnight use. Most assays require
a volume of at least 0.4 mL per tube or a minimum of 1 mL for
duplicates; young children and older adults may require moni-
toring or assistance to ensure compliance with the protocol and
to obtain a sufficient quantity of sample for analysis.
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Figure 1—Illustrations of 3 melatonin sample types and their as-
sociated phase estimates. (A) 24-hour rhythm of the primary uri-
nary melatonin metabolite 6-sulphatoxymelatonin (aMT6s) derived
from urine samples collected in 2-h bins under dim light. The fitted
curve reveals a significant 24-hour rhythm with maximum levels
observed between 04:00 and 08:00 (**p < 0.01). (B) Salivary mela-
tonin profile collected under dim-light conditions. The low-thresh-
old dim-light melatonin onset (DLMO) was defined as either the
first sample to exceed and remain above a threshold of 3 pg/mL or
that was 2 SD above the mean of the first 3 baseline samples (2 SD).
(C) Overnight plasma melatonin profile, plotted as a percentage of
maximum (dashed line) and smoothed with a Lowess curve fit to
the raw data (solid line). Some frequently used phase markers are
shown: DLMO at 10 pg/mL, DLMO or dim-light melatonin offset
(DLMOAY) at 25% or 50% of maximum levels, the midpoint, and
the termination of melatonin synthesis (Synoff).



Blood is typically sampled at frequent intervals through the
use of intravenous catheters. It is a common practice to insert
the intravenous catheter at least 2 hours before sampling to en-
sure that any increase in adrenergic levels during catheter in-
sertion does not affect melatonin levels. The addition of long-
line tubing can allow frequent sampling during the evening and
throughout the night without major disturbance of sleep. Sleep
may be disrupted, however, if there is discomfort or pain asso-
ciated with the intravenous line or if there is a need to replace
the catheter during the night.

Plasma melatonin levels are about 3 times greater than levels
obtained from saliva.® Thus, when comparing results between
studies, a 3 pg/mL salivary dim-light melatonin onset (DLMO)
would be comparable to a plasma DLMO of approximately 10 pg/
mL. The higher melatonin levels present in plasma allow greater
resolution and sensitivity than sampling by urine or saliva, par-
ticularly for individuals with low melatonin concentrations.

Afternoon-through-overnight or 24-hour plasma melatonin
profiles can provide accurate measures of circadian phase, du-
ration, and amplitude (Figure 1C). Therefore, if blood is sam-
pled at frequent intervals (e.g., every 20 to 30 minutes) through-
out the night, plasma melatonin can be the most informative of
these 3 sample types. However, the loss of a viable vein may
become problematic in some subjects, especially those who are
overweight, elderly, or female. Because plasma sampling is via
an intravenous catheter, there are several potential problems: it
is invasive and associated with a slight health risk, there may
be data loss due to technical problems related to the intravenous
catheter and long-line tubing, and it requires trained medical
personnel. Therefore, plasma sampling is not recommended for
field studies or routine clinical use.

Analysis

A variety of methods are currently used to determine circadian
phase from the nocturnal melatonin profile, including absolute
thresholds, relative thresholds (percentage of maximum or 24-
hour mean), and curve-fitting techniques (Figure 1). If only a
partial melatonin profile is available, e.g., from sampling for a
portion of the night, phase can only be determined by the time
of the rise or the fall in melatonin levels. When sampled under
dim light, these phase markers are commonly referred to as the
DLMO or dim-light melatonin offset (DLMOff).** DLMO is an
approximation of the onset of synthesis and secretion. Although
there is no standard definition of this measure, it is currently the
most commonly reported phase marker of the melatonin rhythm.
If the individual’s circadian phase is approximately normal, then
their DLMO will be observed about 2 to 3 hours prior to habitual
sleep. It should be kept in mind that, although the absence of a
detectable level of melatonin at the time of the expected rise may
indicate low melatonin synthesis, very low levels might also re-
sult from active melatonin production at another time (e.g., dur-
ing midday), reflecting an abnormal circadian phase.

Three of the most frequently used ways of determining
DLMO (or DLMOfY) from a partial melatonin profile are (1) an
absolute threshold in the range of 2 to 10 pg/mL, (2) a thresh-
old calculated at 2 SD above the average baseline (i.e., 3 or
more pre-rise) samples, and (3) a visual estimate of the point
of change from baseline to rising (or declining) levels (Figure
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1B). The choice of DLMO may depend on the level of mela-
tonin produced and the sensitivity of the assay used. Although
a low-threshold DLMO may reduce variations in phase esti-
mates resulting from individual differences in amplitude, there
is limited evidence to support the use of any one low-threshold
DLMO over another.>*

The termination of melatonin synthesis (Synoff) is also
likely to represent a unique and important aspect of melatonin
physiology, although there is no consensus on its best method
of measurement.>* Synoff represents the transition from maxi-
mum nocturnal melatonin production to the morning decline
(synthesis off); DLMOff provides a measure of the return to
daytime melatonin levels (Figure 1C). Thus, although some
phase markers are thought to reflect the onset and offset of me-
latonin synthesis, others may reflect the timing and duration
(night to morning) of physiologically effective levels of circu-
lating melatonin. Results should be interpreted cautiously with
disease states or medication use that affects the liver or kidney,
since the morning decline can be influenced by alterations in
melatonin metabolism or excretion.

Under most conditions the relationship between the onset and
offset of melatonin is invariant. However, endogenous and en-
vironmental perturbations can alter the magnitude and direction
of the onset and offset of melatonin secretion differently. These
results have been interpreted as support for a 2-oscillator model
of melatonin secretion in which the onset and offset of mela-
tonin synthesis, although coupled, are differentially regulated.
The 2-oscillator concept remains controversial. In addition, the
physiologic significance of a change in the duration or ampli-
tude of melatonin synthesis in nonphotoperiodic species (i.c.,
those that do not undergo seasonal physiologic changes such as
reproductive status or coat color) is not well understood.

Relative thresholds may be determined when an overnight
or 24-hour melatonin profile is available (Figure 1C). Relative
thresholds normalize differences in amplitude, thereby facilitat-
ing comparisons between individuals and groups. These meth-
ods might include a percentage of maximum levels (e.g., 20%,
25%., or 50% of maximum) on the rising or declining phase, the
midpoint between the rising and declining phases, or a point
(such as the acrophase) determined from a cosine curve that has
been fit to the raw melatonin data. A recently described modi-
fied cosine function that adjusts for fixed low baseline levels
during the day may improve the fit of the curve at the abrupt
transition from baseline to the rising phase.” A limitation of the
relative phase markers is that they require sample collection
throughout the night. Many curve-fitting functions, including
the simple, 2-harmonic, and baseline-adjusted cosine curves,
require close to 24 hours of data.

Intraindividual melatonin profiles (both timing and ampli-
tude) are, in general, very stable. In contrast, there are often
large interindividual differences in the amount of melatonin
synthesized. As discussed above, several strategies have been
developed to minimize the influence of this variability on the
measurement of phase, including the use of a low-threshold
DLMO, a change in slope, or relative thresholds that are based
on a percentage of maximum levels.** An alternative approach
calculates individual secretion and clearance rates to estimate
the onset and offset of melatonin secretion.® This differential
equation-based method can also be used to estimate onset if



only the rising portion of the profile is available. Whatever
method of analysis used, it is critical to visually inspect the data
for artifacts and not rely solely on digital processing.

Lighting and Posture Caveats

It is well known that melatonin synthesis is acutely sup-
pressed by light.’ Therefore, to accurately measure the timing of
the underlying circadian clock it is necessary to maintain light
at a level that does not suppress melatonin production. Collec-
tion of samples in dim light of less than 30 lux is considered
acceptable for most purposes. Some investigators prefer main-
taining light levels at less than 10 lux to ensure measurement
of a DLMO that is not acutely suppressed or masked by light
exposure. Light that is very dim in comparison with a subject’s
habitual light/dark cycle may serve as a dark pulse, potentially
altering the timing of the melatonin onset or offset,.

It is not necessary to keep subjects under dim light during
urine collection, allowing the continuous monitoring of circa-
dian melatonin rhythms in natural “field” conditions over many
days. However, if samples are collected under natural lighting,
the observed rhythm of aMT6s may be of lower amplitude.
Natural lighting also raises the possibility of masking of the
acrophase, the likelihood of which depends on the timing of the
nocturnal melatonin rhythm relative to the external light cycle.
Phase estimates determined in the field may, therefore, require
confirmation with more frequent sampling under dim light.

Prior light-exposure history has also been shown to influ-
ence the amount of melatonin suppression following exposure to
light.'® Thus, when examining the effect of light on the melatonin
rhythm (e.g., for suppression or phase shifting), the subject’s
light exposure prior to sampling may affect the magnitude of the
response. Measuring and reporting the subject’s light exposure
during the week (or at least the day) prior to sample collection
will facilitate the comparison of results from different studies.

Evidence to date suggests no difference in the time of the
DLMO if a subject is recumbent, reclining, or sitting. However,
posture, particularly standing, may affect the concentration of
circulating melatonin. Frequent changes between postural posi-
tions could therefore result in changes in amplitude that would
complicate determination of phase." Given that standing-in-
duced increases in plasma melatonin concentration can be re-
versed within 10 minutes, it is recommended that activity and
postural changes be minimized just prior to and during collec-
tion of plasma or saliva samples."

DISCUSSION

This consensus document describes available methods for
collecting and analyzing melatonin. Although it would be de-
sirable to have a single method of analysis by which to compare
studies, limitations of the collection methods preclude this pos-
sibility. For example, collection of saliva samples during the
evening hours necessitates the use of a low threshold; this ap-
proach would not be satisfactory for 2- to 8-hour urine samples,
which are analyzed by the acrophase of a cosine fit.

The most diversity in published methods occurs with deter-
mination of the onset of melatonin secretion following over-
night or 24-hour sampling of blood or saliva, as DLMO can be
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assessed by many different methods (i.e., visual inspection of
a change in slope, a low-threshold change from baseline, the
fit of a cosine curve, a threshold based on a change from av-
erage baseline levels or a threshold based on a percentage of
maximum levels). Therefore, to facilitate comparison of results
between published partial and overnight or 24-hour melatonin
profiles, we suggest including in the report (when feasible from
the data available) an established low-threshold DLMO (e.g. 2
SD, or < 10 pg/mL for plasma or < 3 pg/mL for saliva) along
with any other method used. Development and comparative
testing of other objective measurements, such as computerized
assessment of changes in slope or improved curve-fitting func-
tions, could potentially standardize the measurement of both
the onset and offset of the melatonin profile.
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